Ext ended Thermal Managenent FIELD OF | NVENTI ON [ 0001]

The present invention generally relates to the field
wobodshersanl managenent. More particul arly, an PCT/US2005/020975

enbodi nent of the present invention relates to thernal

managenent based on thermal rel ati onship anong

conponents in a system BACKGROUND [0002] Pl atform

per f ormance g [ 0 i tiple

hi gh- power co h%éﬁ‘?éatw&@#'ww&e pl at f orns
of desktop conputer systens into the platforns of

nmobi | e conput er systens. Leveragi ng the sane

F@gg&ﬁpqm@ﬂﬂmthe pl atforns of both desktop and
nobi T'e

computer systens has certai n advant ages.
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has reﬂl teg in inpl e?rent gt ibgsgs %ﬁat ma? ﬁenriﬁyrﬁ{eﬁ\gi’én
relates forthienmal managérahtbadethom evétal Feigtioriih ariohgce
conponents when these conponents are inplenmented in
cotiponeints inca sgstem. nobi | e conput er systens. BRI EF
DESCRI PTI ON OF THE DRAW NGS [ 0003] The invention may
be best understood by referring to the follow ng
description and acconpanyi ng drawi ngs that are used to
BA¢K@£$HN@ embodi ments of the invention. In the
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components typically found in the platforms of desktop computer systems into

the platforms of mobile computer systems. Leveraging the same components
into the platforms of both desktop and mobile computer systems has certain
advantages. However, the difference in thermal dissipation capability between
the platforms of the desktop computer systems and of the mobile computer
systems has resulted in implementations that may limit the performance of
certain high-power, high-performance components when these components are

implemented in the platforms of mobile computer systems.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] The invention may be best understood by referring to the following
description and accompanying drawings that are used to illustrate embodiments

of the invention. In the drawings:

[0004] Figure 1 is a diagram illustrating an example of a prior art system

with a single thermal zone.



with a single thermal zone.[0005] Figure 2 is a
diagramillustrating an exanple of a systemthat

WO p@b0a®s2 mul ti pl e thermal zones, i n accor dancBCWUB1005/020975
one enbodi nent. [0006] Figure 3 is a block diagram
illustrating an exanple of information provided by a
thermal ly control |l abl e conponent, in accordance with

enbodi.ment. [0007] Figure 4 illustrates one
I°§5§lm| e %lgarerﬂﬁ aidiagrasn lidsiatingan kxample abasystem that
. [.0008] Fi.qure 5 is a flow diagramillustrating an
mé%@%@'&ﬁeéh%ﬂ@ééegewataqcer iane gmp eely
manager when an over-tenperature signal is received,
i n accordance with one enbodi nent. [0009] Figure 6 is
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enfeiflerent . DESCRI PTION [ 001 1] For one enbodi ment, a
nmet hod and system for thermal nmanagenent in a conputer
systemis disclosed. There nmay be nultiple thernal
zones, with each zone having two or nore thermally

[0607i r ol | Higare diisatdsond brample 6fd TRTOMS BedsrdaBEVR@R one
the thermally controll abl e conponents in a thernal
emhodimeny, be used to i nprove the thernmal nmanagenent of
the thermal zone.[0012] In the follow ng detailed
description of enbodi ments of the present

[0008] Figure 5 is a flow diagram illustrating an example of a process
that is performed by a policy manager when an over-temperature signal is

received, in accordance with one embodiment.

[0009] Figure 6 is a flow diagram illustrating an example of process used

to determine cooling operations, in accordance with one embodiment.

[0010] Figure 7 illustrates one example of a computer system, in

accordance with one embodiment.

DESCRIPTION

[0011] For one embodiment, a method and system for thermal
management in a computer system is disclosed. There may be multiple thermal
zones, with each zone having two or more thermally controllable components.
Thermal relationships between the thermally controllable components in a
thermal zone may be used to improve the thermal management of the thermal

zZone.



i nvention nunmerous specific details are set forth in

order to provide a thorough understandi ng of the
w@e@sent99t nventi on. However, it will be appar ePCT/AUS2005@20975

skilled in the art that enbodi nents of the present

i nvention may be practiced w thout these specific

details. In other instances, well-known structures and

devi ces are shown in block diagramform rather than

in detail, in order to avoid obscuring the present
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I lTustrating an exanple of a prior art systemwt

devicegate shewith blsukediagane farhl, Yather iy Ritdetgibne o'r&er to avoid
defined as a platformentity and may be referred

obseurngithespr@sengiavgntidrer nal zone. Referring to Fi gure
1, the legacy thernmal zone 100 (illustrated within the
dotted lines) may include a processor 105. Typically,
throttling and performance state controls are
Qfla%lcr | becﬁigqf@rlenpﬁen theoeregifigationso “gne emhedimentior fian
al so incl ude other conponents 110-140.
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embodiment of the invention. The appearances of the phrase “for one
embodiment” in various places in the specification are not necessarily all

referring to the same embodiment.

- LEGACY THERMAL ZONE
[0014] Figure 1 is a diagram illustrating an example of a prior art system
with a single thermal zone. Generally, a thermal zone is déﬁned as a platform
entity and may be referred to herein as a legacy thermal zone. Referring to
Figure 1, the legacy thermal zone 100 (illustrated within the dotted lines) may
include a processor 105. Typically, throttling and performance state controls
are desc‘ribed for the processor 105. The legacy thermal zone 100 may also
include other components 110-140. The processor 105 may include an
embedded thermal sensor 106. The thermal sensor 106 may be used to
monitor the thermal condition of the processor 105 and of the legacy thermal

zone 100. Among all of the components 105-140 within the legacy thermal



nonitor the thermal condition of the processor 105 and

of the | egacy thermal zone 100. Anong all of the
weoeompon®ot s 105- 140 within the | egacy thermal zpOEUSDI05/020975

the processor 105 may be the only conponent that

i ncl udes the enbedded thermal sensor 106. There i s not

much conprehensi on of tenperature or thermal controls

of rhe conponents 110-140. The inplication is that by
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ey HIde Paral Sehe By o hesn s ol uch pomAreensidEs AL

te PRIt 8f Perino Ry dinf 1, ribaeRh 105145, HaF iRplcation is
R Cont iy GRS TRel b alh e TR e s mpertyrg o
e P RORT A Uy the el LN e e BB o

[0016] For one enbodi nent, each of the thermal zones
201 , 202 may have its own thermal sensor 206 or 207,
MUETIFLE THERMAE@ONESt her enbodi nent, each of the
thermal zones 201 , 202 may have its own active
[0et8) i ng dégure2 (eagliagrant dogtrating as brample éha 8gétertthat
cooling device 245 nmay be used to cool to the
incddedeomentiple flEsmag 20nes, ,in 285oidanth avithhemerambodineent? Olhe
202 when there is no thermal zone specific active
CORYINERtS e BYstem mapde grouped intbitwotdnanore tbermakzanesisuch
a_thermal zone is coupled to a dedicated active
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. COVPONENT
lines.
[0016] For one embodiment, each of the thermal zones 201, 202 may

have its own thermal sensor 206 or 207, respectively. For another embodiment,
each of the thermal zones 201, 202 may have its own active cooling device
(e.g., a fan) (not shown). An active cooling device 245 may be used to cool to
the components 205, 210,.., 235 in the thermal zones 201, 202 when there is no
thermal zone specific active cooling device. It may be possible that a
component in a thermal zone is coupled to a dedicated active cooling device.

(not shown).

THERMALLY CONTROLLABLE COMPONENT

[0017] For one embodiment, a thermal zone may include two or more
components that are thermally controllable. A thermally controllable component
may be able to provide information about its thermal condition. For one

embodiment, a thermally controllable component is a component that is



[0017] For one enbodinent, a thermal zone may i ncl ude
two or nore conponents that are thermally
wa@oobnoisbabl e. A thermally control | abl e conmponedt/UREYS/020975
be able to provide informati on about its thermal
condition. For one enbodinent, a thermally
control | abl e conponent is a conponent that
i sassociated with a thermal sensor. The thermal senspr
assanjated with 2 thesonad gensesr nidle bersal sengos W@%ﬁ@rﬂm%ﬁﬂ%d

include a thermal interface fo export or provigde
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condition, etc. [0018] The ther.npl ..conditi,on )
proviss iReraionetow d Jarranal cans e e, it efoialdBoditen, etc.

Cel sius). The thermal condition may al so include

current thermal |oad (CTL) (e.g., 4 Watts). Being
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val ue , I nformati on about
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rottle State(s) (T states), etc. The
cofpBhBRt hé\ﬁﬁglﬂéwﬂi? towtovide|infdembtion abolbitsitiermal when
the conponent is idle and its nmaxi num | oad information
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(e.g., P state or linear throttle) may be inferred.
abpGDASEsie tpeirfiormance staie(se (Matates) and/ehpessiblgtaroilg state(s)
that when the current tenperature of the _tPerrmI I
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val ue may be associated with a different tenperature
(e.g., hot, critical, catastrophic, or

[0019] A trip point value may be a temperature value that when the
current temperature of the thermally controllable component crosses or violates,
a signal is generated by the component. A thermally controllable component
may have one or more trip point values. The trip point values may be preset
and may be dynamically modified by software. Each trip point value may be
associated with a different temperature (e.g., hot, critical, catastrophic, or
intermediate etc.) and, when crossed, may necessitate different types of cooling

operations to be performed.

[0020] The P states and the T states of a thermally controllable
component may correspond to different operating states that the component
may operate in. The P states may provide more favorable power versus

performance tradeoff (e.g., reducing performance by 20% may reduce average



internmedi ate etc.) and, when crossed, may necessitate
different types of cooling operations to be perforned.

W@ 0dR0}19The P states and the T states of a ther@EU§3005/020975
control | abl e component nmay correspond to different
operating states that the conponent nay operate in.

The P states may provi de nore favorabl e power versus
er formance, tradeof f reduci ng performance by
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thermally controll abl e conponent, in accordance with
one enbodi nent. Referring to the exanple in Figure 3,
[00R¢] i nf OrFTRLI®S |§bcb4bt§i@éla§¥aﬁlh?sﬁ%ﬁﬁ&%‘ﬁ@x%ﬂlé% nfbfnation
the thermal” zone 300 may inclu ItsTcurre

progidpdbytaltteraiallp CoARENARS coRlpoNEAL, if béc&rﬁbhbé Hith one
tenperature at 82 degrees Celsius, its first trip

embodiment Referting 8o Memiap@ahsﬁlgare anthel |hﬁ)rﬁ7éhoﬁfpr6wded by

Watts. The information provi ded by t he conponent
th@ gompoaedt A (303pin thedhernsal Zohk B0 mag éhdludéd he cevtemm e.

NON- CONTROLLABLE COVPONENT [ 0022] A thermal zone
temperatdrengt 8Q deawcesfirlgiuseits critigal teroperaduretat|S2adagrees
ry control | abl e conponents and zero or nore

C‘?l%'HSg&% s Mpeiat vajHe & dRtdegreem elsiug, ra@|d| itsC EL at 4 Watts.
The |'rT1PoorPn%%ton psfovagedtb %e co%mp%%tenp 8 (3%8) an tCe(%15) are also

illustrated in the example.

NON-CONTROLLABLE COMPONENT

[0022] A thermal zone according to one embodiment may include at least
two thermally controllable components and zero or more non-controllable
component. A non-controllable component is one that may not be associated
with a thermal sensor even though it may have some thermal dissipation. The
non-controliable component may not have a thermal interface to provide
information about its thermal condition. The non-controllable component may
not be capable of operating in different P states or T states. Referring to the
example in Figure 3, component 320 is illustrated as a non-controllable
component. It may be noted that the temperature of a non-controllable
component may be influenced by the temperature of nearby hot components.
Similarly, the cooling of a hot controllable component may indirectly help cool a

nearby non-controilable component. It may be possible to have components



with a thermal sensor even though it nmay have sone
thermal dissipation. The non-control |l abl e conponent
wogenotvhave a thermal interface to provide PCT/US2005/020975
i nformati on about its thermal condition. The
non-control | abl e conponent may not be capabl e of
operating in different P states or T states. Referring
t he exa e in Figure 3, conmponent 320 is

t
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G SRR sy Mk /56 e sl PRI GEG i it e Bperature of
nponent s. Sl mlarly, the cooling of a hot
ne%g@{?%ﬁnpgh?ﬁgwnponent may indirectly help cool a
near by non-control | able conponent. It may be possible
to have conponent st hat have tenperature sensors but
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COMPTNMENTT € of nearby conponents. SIGNI FI CANT AND
T NONFSITGNTFI CANT THERMAL PRODUCI NG COVPONENT [ 0023]
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zone may have a different anount of thernal

halveraddiffe reéfd ransowantiolf ¢hermedl &vad ogbdrdehi @mrexampllél Greféﬁlng)fo
the conponent B (310) is at 15 Watts, while the CTL of
Flguze 3othedrElof the( GoBponent (340)ys at Vé\Watts, whiletthe CTL of the
anpl e, the conponent A (305) is |ocated close to the
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thé‘rﬂﬂﬂ 'cbh8ftioRof tHE cSAFBRERS (310). The thermal condition of the

component B (310) may also influence the thermal condition of the component

C (315) and the non-controllable component 320.

[0024] When the current temperature of the component A (305) crosses
its first trip point value at 78 degrees Celsius, the temperature of the component
A (305) may be reduced by changing its P state and/or the T state. For one
embodiment, the temperature of a compohent (e.g., component A (305)) may
also be reduced by reducing the thermal impact or influence caused by another

component (e.g., component B (310)).

THERMALLY SENSITIVE COMPONENT

[0025] . Within a thermal zone, there may be a component that is more
thermally sensitive than others. This component may not have a high thermal

load and may have little thermal dissipation. For example, the component C



C (315) and the non-controll able conponent 320. [0024]

When the current tenperature of the conponent A (305)
weews®ed9tts first trip point value at 78 degrB€BUS2005/020975

Cel sius, the tenperature of the conponent A (305) may

be reduced by changing its P state and/or the T state.

For one enbodi nent, the tenperature of a conponent

S component A (305)) may al so be reduced by
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nent jtself
coRBA ot apelist Sommneatiq hesadner Bhd0R% SRR, ey
copn%on with aI lt&h ?her%'(l:atl I(t)at]csa mayebe more likely to be thermally

controlled to help cool other components in the same thermal zone.

THERMAL RELATIONSHIP TABLE (TRT)

[0026] The CTL of a component may contribute to the thermal condition
of another component and to the thermal condition of a thermal zone. For one
embodiment, a TRT is established to describe thermal relationships between
the components within a particular thermal zone. As such, a thermal zone may
include, for example, a processor, storage, memory, and a TRT as data input,

along with the component interfaces for temperature and trip point values.

[0027] Figure 4 illustrates one example of a TRT, in accordance with
one embodiment. The TRT 400 in this example may be used to describe the
various thermal relationship between the components A (305), B (310) and C

(315) in the thermal zone 300, as illustrated in Figure 3. The TRT 400 may be



condi tion of another conponent in the sanme thernal

zone. Simlarly, a conponent with a high thermal | oad
woryosloedpnre | i kely to be thermally control | edP¢DURBO®020975

cool other conmponents in the sanme thernal zone.

THERMAL RELATI ONSHI P TABLE ( TRT) [0026] The CTL of a

conponent may contribute to the thermal condition of
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of a TRT in accordance with one enbodi nent. The TRT
400 in this exanple may be used to describe the
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[028(] B (310) and C (315) in the thermal zone 300, pﬁ
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as a matrix of nine entries (3x3) to accomopdate the
influenee ovenByaadttse ehtry 436r(Bis/theayal influesemnvdverhd) magmohbe

i nfluence that one conponent has on another conponent.
the-samex dmadditionnitmayibe poapiblestat the thermakload|of one

i nfluence that the conponent A has on the conponent B.
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(change delay time), etc.

[0029] It may be possible that a thermally controllable component may be
relocated from one location on a platform to another location on the platform.
This change in location may affect the thermal relationship between the
components. This change may occur within one thermal zone or it may affect
two thermal zones (the old thermal zone and the new thermal zone). For one
embodiment, the TRT 400 may be dynamically updatable in order to reflect
changes in the thermal relationship between the components. For example,
airflow in a thermal zone may change when a fan is activated. This may cause
a change in the thermal relationships. For one embodiment, in the presence of
a static control policy (i.e., one that does not understand bias/budget), the TRT

may be updated to influence that status policy.



conmponent may overwhel mthe thermal | oad of another
conponent in a thermal relationship. The TRT 400 nay
wabk®e/0t®szri be how nuch to change one conmponenPCT/NS2005/020975
order for that change to have an effect on another
conmponent, how long it takes for a change in one
conponent to affect another conponent (change del ay
tinme etc. [0029 It nmay be possible that a thermally
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when the s%rr]%réfgrenc% r?grsngre wec?ec? %warg Iow thermal dissipation

bodiment,

or energy conservation (e.g., long battery life), the passive cooling techniques

may be applied before the active cooling techniques.

[0031] For one embodiment, the user preference settings

may not only be towards performance or energy conservation but may also be
bias to a specific preference or experience from the user(s) themselves. For
example, a user may have a specific preference for gaming experience which
may mean that the processor and the graphics controller components getting

more budget or resource allocation than perhaps a networking component.

POLICY MANAGER

[0032] A policy manager may use the TRT to control the thermal
condition of a thermally controllable component or of a thermal zone.

Depending on the implementation, there may be a single policy manager, or

10



|l ong battery life setting may correspond to | ow
thermal dissipation and | ow performance. In general,
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cool, while active cooling may include using power to
cool or reducing power while not reducing perfornmance
to cool. For one enbodi nent, when the user preference
settings are directed toward perfornmance, active
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graphi cs conttol I er conponents getting ge

detieonnatetoald @siAg aqsridritiaatiore sERdfhie 2 ARStYENiKpiEhat the policy
conponent. PCLI CY MANAGER [ 0032] A policy manager may

marsxger imeayT€dnsiderds iforhatidre rélatingal powerdisedocoliettively by
thermally controll abl e conmponent or of a thermal zone.

mamypsystiemg that may exoeed adacilityiasmack liriteamdihebpolicyshagager
policy manager, orthere may be nmultiple instantiation

mayru'iﬁ){h'wfma@tmasﬁymlghgstaym&\ctmpuhernm zone is
associated with a thermal manager to receive signals
fromthe conponent interfaces and nmake deci sions. The

[OtPﬁ]i oY R e{hengt}/rréirlitstgmtp%lr(a%ure of a thermally controllable
component crosses a trip point value, an over-temperature signal may be
generated by the component and sent to the policy manager. The policy
manager may query each of the thermally controllable components in the
thermal zone to find out their thermal conditions. This may be performed using
the thermal interface provided by the component. The policy manager may
then use the TRT to determine which component in the thermal zone has the
highest thermal influence on the over-temperature component. The policy

manager may then apply appropriate active or passive cooling operations.

[0034] The policy manager may need to comprehend the user preference
'settings to apply the appropriate active or passive operations. For one
embodiment, when the user preference setting is directed toward performance,
the policy manager may first activate a dedicated active cooling device of the

over-temperature component if one is available. When one is not available or
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user preference or operating system (OS) requirenents
as inputs. There may be m ni mal performnce goal s that
WO h@e@Bants to provide. There nay al so be  PCT/US2005/020975
appl i cations running that have m ni mum performnce
goals. As such, these potentially conflicting goals
need to be reconciled by the policy nanager to decide
what to do using a prioritization schene. Another )
- whengdhat israt sufficigntite spohtheRyer-temperaiuks ermporent, the policy
information relating to pomer_used,coIIectiveJy,F .
M3RAIET Ak Q%’X?t%'%? zopesspeciic agtiveiqopling dexicr | g’?‘ﬁ S,

and ,th ol .cY. er se this informati ogn as.the
avlihib. P bt i SIERRHs iRy wikeh eeoniesrastic active
2 re of a. roml Ly. controllable ¢ onent
cob i85 EL4 ot bR Tt edicanakr ek sEMAEIES bragform
. qe g 0 . .
acl i cdAEISIA & il e PueCBERlEriient oyl tatis st
nol STE @A, e ROLOPMANE0e i, (ETRMITEhdndiflg WP et ior T
stal€lof He15vbremperatie thripoRknt Nt er face provi ded by the
conmponent. The policy manager may then use the TRT to
det ermi ne whi ch conponent in the thermal zone has the
hi ghest thermal influence on the over-tenperature
[0@35}ponenfor Bhe gmibodiment; ivetgear applyingithe paspivg cooling
appropriate active or passive cooling operations.
OppCHI®AE, theepglisyiragnageranay limitthe eothpopeobapeanpadentsavith the
user preference settings to apply the appropriate

highest thergal filience to e avardamperatire gempaper teeanhievertas
the yser preference setting is directed toward ]
desipd Hiarmal conditien Eer eyamales dae PRiGY Managenmay et dirget a

théjr(rendalllg %toﬁgroﬁlglglle\é%mcp%%leln? % g%\éleciﬁc %Eatte rEn%t rather may limit the top-

end state(s) available to the component. The top-end state(s) may be higher
performance states but may also have higher thermal dissipation. For example,
given a component with five P states, the policy manager may limit the
component to onIyi the bottom three P states in order to bring down its thermal

dissipation.

[0036] The policy manager may periodically query the over-temperature
component to insure that any thermal control operations performed are
effective.

The policy manager may use the TRT to find out information about how long it
takes for a change in one component to affect the thermal condition of the over-
temperature component and uses that information to determine when to do a

next query of the over-temperature component.
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over-tenperature conponent if one is available. Wen

one is not available orwhen that is not sufficient to
w@owb/011982 over -t enper at ure conmponent, the pol i BYI/US2005/020975

manager may then activate the zone-specific active

cooling device if one is available. Wen that is still

not sufficient or when the zone-specific active

OB 00, 555 e 5 4 e FBE e v
o B EARER e o
R PTG )
i T
cotfditibnsh d ot Eimih B Addkt éoﬂidd@ﬁﬁ% frfe %Egnglezsaneetgat has the

over-tenperature conponent t'o achieve t

hid st TBé reaInefiudnee. o e c%@mhperétb% é&hb@ﬂerﬁf?‘ﬁ%ﬁg peRY

not direct a thermally controll able conponent to

possible that thisatext boinpbaehehayie theSaimd B6mpenémahat the policy
state(s) available to the conponent. The top-end

manager(dgaltwith Bftehihglprevioasfquemance states but may al so
have hi gher thermal dissipation. For exanple, given a

conmponent with five P states, the policy manager nay
[imt the conponent to only the bottomthree P states

[0038br der Ras aste empbediment: thetpalieymansagss may nesd tq lospetrack
of hict CompBRETIS 8 the AT FORG thatdave Beayiraiey @:es it high
ool Bho 8L b YPleP e BSoRh LR by Saor o5 Bobi
ond8%hé Mmd! condition of the over-temperature component has been
abated. As mentioned above, it may be possible that there are some
components in a thermal zone that are not thermally controllable and thus not
capable of participating in the TRT or being configured by the policy manager.
These components may rely on the thermal management of the nearby

components to help control their thermal condition.

[0039] For one embodiment, the policy manager may also receive an
over-temperature signal when the thermal condition of a thermal zone exceeds
a zone trip point. Upon receiving the signal, the policy manager may read
the current temperature and trip points of all of the components in the
thermal zone. When the temperature of a component is above a trip point
then P state and/or T state controls or active cooling controls may be
applied to the component or to another component in the thermal zone that

is causing the over-temperature condition.
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takes for a change in one conponent to affect the

thermal condition of the overtenperature conponent and
was@s/oitvar i nformation to determ ne when to doPEI/N82005/020975

query of the over-tenperature conponent.[0037] For one

enbodi nent, when the policy manager determ nes that

the thermal condition of the over-tenperature

conmponent is still unacceptable (e.g., at or above a

trip point), the policy manger may agai n query each of

b1 P T 4814 PS8 5o,
o 5y 0 SRR B 4B Bl
tef @raturdmRe ﬁﬁé‘lrforfeogyr‘?ﬁ‘&rﬁe ?Léwgf*é’d b?opgﬁﬁeﬁtﬁ?ﬁg@qt when

I'S next corrponent e sane COfT'pO

it @q{dtgibs@dlégs rco‘i'r%ﬂtta We?r'i\a%bﬁ&tnbhetﬁg Yliy PndHiffef m

For one enbodi nent, the policy nager nee

shh@db&ﬁpthb&@%rﬁ oN@M@hhéPE’ﬁ@ﬁ@ﬂéﬁtma’l tb iy stdirdpdratione
that have been limted (e.g., limt high perfornmance

Altaraathegly ithe otiey mawna@émaytéhwt downat the Shtiredsystem) as
possi bl e once the thermal condition of the
over -tenperature conponent has been abated. As
nentloned above, it may be possible that there are
nponents in a thermal zone that are not
rnall controllable and thus not capabl e of
IO%ﬁt i Ci p iguee 3 i5 2 lewdiagam Hlustigting an iexamaple pfaprecess

thdtis pEieHH &ﬂga@w{%@fﬁaﬁﬁ Hb9n G isTEde i rg?qrtsha?mad s
A i, A B e
s:g‘h‘éf@a&ed??éc% Weréih véé‘}s&p%PaetuFé“S&ﬁan‘éRP&' f%rﬂ Wnver-

Z0he excee
temperature thermal zone, this example is based on the over-temperature

component. At block 505, the over-temperature signal is received by the policy
manager. At block 510, the policy manager may read the current thermal load
of the thermally controllable components in the thermal zone. This may be
done using the thermal interface. At block 515, the policy manager may use the
TRT to find a component that has a highest thermal influence on the ovér—
temperature component. At block 520, the change delay is read from the TRT.
This change delay is the time it takes for a change to the thermal condition of

one component to take effect on the over-temperature component.

[0042] At block 525, the user preference setting is determined. At block
530, appropriate cooling operations are applied based on the user preference
setting and information from the TRT. At block 535, a delay timer may be set to

wait for the cooling operations to take effect on the over-temperature
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a zone trip point. Upon receiving the signal, the
policy manager nay read the current tenperature and
wo eoop/oppnt s of all of the conponents in the tpPer/meto0s/020975
zone. Wen the tenperature of a conponent is above a
trip point then P state and/or T state controls or
active cooling controls may be applied to the

oo TG " Bl ) Gy BRRRRE ek ol aiaen ecoenty
el SRS A B S oA G P Hema
oo ARl S LSRR purn
tetfperatlfe b¥erthk tROPBIY, thd Brocess %Bhtimeg@g %Bblf 810 Otherwise,

condi tion, the policy nmanager may shu

thé eBBRiEoperations patdrmed ntdy beé eahsiered eration.
Al temg:lt?vel y tﬁg pol i cy nyanagerSImag/ sﬂjﬁ&ggﬁm t he

entire system PROCESS [0041] Figure 5 is a flow
diagramillustrating an exanple of a process that is
[0043) or mreFigyren6 imhifloy dimgeaye illustratinganas@mple P praess &ised
signal is received, in accordance with one enbodi nent.
to deterBung coalingoperationp dn acaerdasice wdth ome etmbodinenty ekt block
from an over-tenperature conponent or from an _
608y artestip pedonned to detaimine whetheiitke ugahpreference setingds
.th ver-tenperature conponjnt. At bl ock 505, the
dirggied toward pefformanse, AR fowasd low dhermpl gissipationaer lepger battery
. er. At block 51 the policy manager 'may read the
in R e SapSit fosmanie. Phaiieses, coBinues at i 610
E : 0 hi be done. usi ng
wERGREAS koot OBSTRLEAS FRY (F BSored FRY aBfys BSing
opBRItRHE MAPIhCIRde A&ating one or more of a component dedicated active
cooling device, a thermal zone active cooling device, and a platform active

cooling device. The process then continues at block 620.

[0044] From block 605, if the user preference setting is directed toward
low thermal dissipation (i.e., long battery life), the process continues at block
615 where passive cooling operations may be performed. The passive cooling
operations may include transitioning a component to a different P state and/or T
state. The component may be the over-temperature component, or a
component that has a high thermal influence on the over-temperature
component, or both. The process then continues at block 620. As mentioned
above, the policy manager may keep track of the components that have been
controlled so that these components can be returned to their higher

performance states when the adverse condition is remedied.

15



TRT to find a conmponent that has a hi ghest thernal
i nfl uence on the overtenperature conponent. At bl ock

WO 2@6/0119e2 change delay is read fromthe TRT. ThACHUS2005/020975
change delay is the tine it takes for a change to the
thermal condition of one conponent to take effect on
the over-tenperature conponent. [0042] At bl ock 525,

ence setting is determ ned. At bl ock
Mm cool i ng operations are appl i ed based
(oGS e Fpuf FARERS 8 erafie o Shipls' SBern.gn
ff
aCWa."Icgnp*e”Pé?%?eco%ﬂ%ﬁﬁi@Emﬁﬂﬁqrosﬁafe%ﬁgoﬁm%"baf’qd@y
pr&?é&%?Vogayi'h@girtbcé’ésd?WSVmEy%eQé’ otcggﬁ’@r |ﬁ %?arm‘ly of Pentium

conponent to ermne 1ts her con

proéde¥sERd nafhdiieq tﬂf Inﬁél@&b%l‘atfo‘ﬁrm%a?ﬁé' @ar%of‘j%ﬂfb‘?ﬁ‘lta | Gther

still not acceptabl g., current tenperature ov

prodessors magailss be uTsBG mrec@zﬁﬁ @@nbys}éﬁﬁmﬁ n@yq%luéé‘%torage
O herwi se, the cooling operatl ons” perfor ned may

devives? eamnd memdry A 160t Thé BieAadryF 1Gunay bei §c@mb|rmﬁon of one or
diagramillustrating an exanple of process used to
meretstatid rendoovaceassapemary (3RAM)ndyrarictrandenmvaddess ngemory
enbodi nent. At bl ock 605, a test is perfornmed to
(DRANY: Feaonlianemony (ROWYeetcpr ef er ence setting is
directed toward performance or toward | ow t her nmal
di ssi pation or longer battery life. If it's directed

d f nti pnues at bl ock
[oQd)™" Wit Be oSt sestey C&%S{ta%@c 380l mapager 720,

g e R i N .
Altgﬁg%;ffi?not SndWA! B! théPha Akl 790 M Heagcljéggfgé?wgﬁ%&mally |

orm active cool i ng device.
cofPodLl' 88niponBhfaC Kalidligh not shown, the computer system 700 may

also include other components to enable it to perform various functions.

COMPUTER READABLE MEDIA

[0047] It is also to be understood that because embodiments of the
present invention may be implemented as one or more software programs,
embodiments of the present invention may be implemented or realized upon or
within a machine readable medium. For example, the policy manager may be
implemented in software and the instructions associated with the policy
manager may be stored in a machine readable medium. A machine readable
medium may include any mechanism for storing or transmitting information in a
form readable by a machine (e.g., a computer). For example, a machine
readable medium may include read only memory (ROM); random access

memory (RAM); magnetic disk storage media; optical storage media; flash
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[0044] From bl ock 605, if the user preference setting

is directed toward | ow thermal dissipation (i.e., |ong
whatbeiwoti fe), the process continues at bl ockP@L/B5S2005/020975

wher e passive cooling operations may be perforned. The

passi ve cooling operations may include transitioning a

conponent to a different P state and/or T state. The

conponent may be the over-tenperature conmponent, or a
mggﬁg%HEWFe?H%P'has a high thermal influence on the

over -tenperature conponent, or both. The process then

conti nues at block 620. As nentioned above, the policy

ger ents that haye .

IOgBBF 2, s 78abBsheeiicalifn SBRTAMRENED nakbetdesoribed

. t Jdes i . t
witElefeRAe 10 SPREE cXeR i R SRBRTRIYCILME Bolefer. be
evidéhttRatvd iGAi -

R AT A SRS e bR BBy
depaytingfromctte irea@srsepirit 4y sddie FItAE FRvetitionls S&MolR irfithe

processor in the famly of Pentium processors
appendédciaimsd The $peoificaion midadramin aréaﬁb@orﬁirfyu?l}_,to be

California. OQther processors nay al so be used. The
regaidedtinansiiysteativegathenyhamalresteictiveosewgse. devi ce 710 and

menory 7 15. The nenory 7 15 may be a conbi nati on of

one or nore static random access nenory (SRAM,

dynam ¢ random access nenory (DRAM, read only nenory

(ROV), etc. [0046] The conputer system 700 may al so

i nclude a policy manager 720, a thermal relationship

table (TRT) 725 and two or nore thermal zones 730-735.

Al t hough not shown, the thermal zone 730 may incl ude

two or nore thermally
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control | abl e conmponents. Although not shown, the
conputer system 700 may al so i nclude other conponents
wootsnalwe it to performvarious functions. COMPUUER05/020975
READABLE MEDI A [0047] It is also to be understood that
because enbodi nents of the present invention may be
i npl emented as one or nore software prograns,
e iments of the present invention may be
CL mented or realized upon or within a machine
readabl e nmedium For exanple, the policy manager may
be inplenmented in software and the instructions
Whatssciaimed isi t h t he policy manager may be stored in a
machi ne readabl e medi um A nmachi ne readabl e nedi um nay

1. IR eetied adbmpmsihgni sm for storing or transmtting
information in a formreadabl e byarmchlne(eg a

R e B YOS &1y BRSSP  BBhenos
d di I
o e IR o ladhgLace 1o # g ool pLoraoe

foregoi ng specification, the invention has been
described wth reference to specific exenplary
enbodi nents thereof. It wll, however, be evident that
2. vkhe methadcbal ¢lainad | wherein the theemmas retatjorishipsaofethe lenmgionents
wi t hout departing fromthe broader spirit and scope of

in thiecthermahzoreningiudees trfepmbmrvfmehb@trfsmemde@brﬁb@mém hakh¢h a
speci fication and drawi ngs are, accordingly, to be

seéGURESPPohEnE AN d th%%ﬁF infiehcd ff‘l%itﬁé‘éé‘c&?}]o* gﬁﬁﬁbﬁédt‘fﬁs on

sense. CLAIMs What i1s clained Is

theATPESMpBAent.

3. The method of claim 2, wherein managing the thermal condition of the
thermal zone includes reading thermal properties of the components in the

thermal zone.

4. The method of claim 3, wherein the thermal properties of a component

include its thermal constraints and its thermal condition.
5. The method of claim 4, wherein the thermal constraints include one or more

trip point values and the thermal condition includes current temperature and

current thermal load (CTL).
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managi ng thermal condition of a thermal zone based
upon thermal relationships of conponents in the

wo b@omeivozone. 2 . The nmethod of claim1l, wherePCTUS1065/020975
thermal rel ationshi ps of the conponents in the thernal
zone include a thermal influence that a first
corrponent has on a second conponent, and a thernmal

6. Hhe meatbed of glaim {e whereindnanagiog dme theamaboondition of e
conponent. 3 . The method of claim 2, wherein managi ng

theimealtZzoeerntiudes detérmining usbepidieremnae séﬁmigsi. ncl udes
readi ng thernmal properties of the conponents in the

7. t'hﬁé Fdth8@BE clafin 6, W?\%ré‘iﬁttﬁ@@sef th@fér'e'i‘ibé Wﬁ@%‘%rﬁ o‘rrlé%

thermal properties of a conponent | ncl ad erna

oLt 4T Dt 1

one or nore trip point values and the thernal
condition includes current tenperature and current
thermal load (CTL).6. The nethod of claim 3, wherein
8. i giatiaod pECiai Thwhereindnanaging the thermabeonditiomnbthe
i ncl udes determ ning user preference settings. 7. The
thenmal adnefinclldéesrpérformhiag aictive lceolisg operatibas evien the user
settings are directed toward performance, energy

réfereriie/géttings afd divsdtéd WS RsHfdtmahce B pEHdRTInG bassive
P claim?7, V\hﬁge]sr ei n managi ng the thernmal condl tion %P ﬂv

cobm?# HPEra?ﬂ‘BHE Vi lﬁ@e&ep ?Féf@h%ﬂc‘%gse?ﬁﬂ g/ Crﬂfgc't&g Ytoward

I ons when the user preference I Ngs

engw%’,gs%t% rd per f or mance and perform ng passwe

i ons when the user preference settings
are directed toward

9. The method of claim 7, wherein managing the thermal condition of the
thermal zone includes allocating resources to appropriate components to meet

the user experience.

10. A method, comprising:
receiving a signal from a first component in a thermal zone during a first time
period, the signal indicating that a thermal condition of the first
component
crossing its trip point; and
managing the thermal condition of the first component using thermal
relationship
information between the first component and a second component in the

same thermal zone.
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energy conservation. 9. The nmethod of claim7, wherein
managi ng the thermal condition of the thermal zone
WO p@b0a®92 al | ocati ng resources to appropriate PCT/US2005/020975

conmponents to neet the user experience. 10. A nethod,
conprising: receiving a signal froma first conponent

in a thermal zone during a first tinme period, the

signal indicating that a thermal condition of the

first conponent crossing its trip point; and managi ng

the thermal condition of the first conponent using
thermal relationship information between the first

C . 0 tim .same..t her mal
1 TR Mo 8By 35 B eFAR Hmiaf cbifof R marieha
condition of the first conponent includes its current
CO{'QPFSE"AM%J%'PW&H%EW;P@U%@ maasyeed By atbeapalsengor
with the first conponent. 12. The net hod of claim 10,
asgpeiatadwitl tag firsg compongst.mal condition of the first
conmponent is further perfornmed using one or nore of
user preference settings, operating system
requi renents, and application requirenents. 13. The

120ETH®heBiod bREIAIM 40, WREFeth MdFtiyie the thBEmbNEsH@tion of the first

condition of the first conponent 1s performed using a

corii@dhre!nf % ftﬁﬁt@@fﬁerf&ﬁve&— Ugigpﬁ%ggrorﬁg{eﬁé@élgrri;}%efe\fl@r%eegé}tings,

nagi ng ermal ~con
operating system requirements, and application requirements.

13. The method of claim 12, wherein managing the thermal condition of the first

component is performed using a priority scheme.

14. The method of claim 13, wherein managing the thermal condition of the first

component includes reducing thermal dissipation of the second component.

15. The method of claim 14, wherein the second component is a thermally

controllable component.

16. The method of claim 15, further comprising determining the thermal

condition of the first component during a second time period.

17. The method of claim 16, further comprising restoring the second

component to its original operating state when the thermal condition of the first
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conmponent includes reducing thermal dissipation of the
second conponent. 15. The nethod of claim 14, wherein
wo b@edevond conponent is a thermally control | abCBUS2005/020975
conponent. 16. The nethod of claim 15, further
conprising determining the thermal condition of the
first conponent during a second tinme period. 17. The
comgidneat & deteaninettduring theeecondptimes padod &sbe beltdv it &rip
second conponent to its original operating state when
pointe thermal condition of the firstconponent is
determ ned during the second tine period to be bel ow

18, A ot ol Fresfh mMﬁgvﬁ%ﬂ@%@@uwgmvhan gegouted

of o Or nore processors, causes said set

by 3 setd et 'aobégpmeﬁﬁarsnﬁem 34 381 PLPigesTRdgpPREOM 2

thermal condition of two or nore thermal zones in a
'“%WQﬂeﬁWBp”@QQng thermal condition of two or nore

conmponents in each of the thermal zones. 19. The

mareaging thererad abhditior dif two of mdreitherhfal 20hesén & systend by weing
thermal conditions of two or nore conponents i ncludes

théleial icohditiosl ofR6RImére! nsordhit® ubséa}?smﬁehﬁeﬁm ibrnes

nore conponents. 20. The machi ne-readabl e nedi um of

claim19, wherein the thermal relationships between

the two or nore conponents i ncl ude a thermal influence
rst c t. has nd .CO

a e P inBire R BB o1 S8R 1B AP EtRIR R (R daerdhe

e first corrponent 2 1. The machi ne readabl e of

COEQ%EPF}% M%émrﬁ CoRwanestsaciudes sletesmining thamnal relationship

between the two or more components.

20. The machine-readable medium of claim 19,' wherein the thermal
relationships between the two or more components include a thermal influence
that a first component has on a second component, and a thermal influence that

the second component has on the first component.

21. The machine readable of claim 20, wherein the thermal relationship among

the two or more components is dynamic.

22. The machine-readable medium of claim 20, wherein using the thermal
condition of the two or more components includes:
receiving an over-temperature signal from the first component during a first time

period; and
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the two or nore conponents is dynamc. 22. The
machi ne- readabl e nmedi um of cl ai m 20, wherein using the
wo b@soeloorondi ti on of the two or nore conponenkPEI/US2005/020975
i ncludes: receiving an over-tenperature signal from
the first conmponent during a first tinme period;
andreduci ng thermal dissipation of one or nore of the
refluciag tbempairdissipatioh ofunesecmoe obthedirentordpohest #nd the
second tinme period. 23. The machi ne-readabl e nedi um of

sePoht BoArponEne tating astéehbdinid pefib@r mal di ssipation of

one or nore of the first conponent and the second
conmponent is perfornmed based on a priority schene
anong user preference settings, operating system

uirenents. and thermal rel atiQnship with ot her
24, o AP e e AtRD S T of Rlfi 23 dihepain reducing the thermal
.machi ne-readabl e nedi um of claim 23, wherein reducing
digs{patiqnepiene af meore ot thefirst cenporentandthefsecendfdomponent is
conmponent or the second conponent conprises shutting
pettormediiasedsireanprigty scheyrss amongarser pséfecence seMings,
manager to nmanage thernmal conditions of thermally

operatingsystemaeqQifdments, andahéinidtreldiehsMp wit'8ther components
including a first set of thermally controllable

in GUTBAMBth&rmadnd. second thermal zone including a
second set of thermally controll abl e conponents,

wherein each of the thermally controll abl e conponents
in
24. The machine-readable medium of claim 23, wherein reducing the thermal
dissipation of one or more of the first component or the second component

comprises shutting down the system.

25. A system, comprising:

a policy manager to manage thermal conditions of thermally controllable
components;

a first thermal zone including a first set of thermally controllable components,

and

a second thermal zone including a second set of thermally controllable
cdmponents, wherein each of the thermally controliable components in

the
first set and in the second set of components is to include a thermal

sensor and a thermal interface to provide its thermal properties.
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the first set and in the second set of conponents is
to include a thermal sensor and a thermal interface to
w@e@eiotwot ts t hermal properties. 26. The syst enP©f/Ustoas/m0975

25, further conprising: a first set of data to include
thermal relationship informati on anong the thermally
control | abl e conponents in the first thermal zone and

a second set of data to include thernal relationship

i nformati on anong the thermally controll able

265 TR BRstEm bfclAife28 efupther EbMpABIngzone. 27. The system
of clalm25, wherein the thermal "properties include

2 fRESERYT AN Iyt fitol R RRPR Risfion oy TR

hermmal constraints inglud trip _pojint, and wherein

gV rorirhiableckaponetia i s TrshihErBal i 404 a eepnd Set of
enerate an over-tenperature signal when its current

data i echider theppakredatignship infgsmadipnamonyg thenbespetiem of
claim 25, wherein the policy manager is to apply

coptroiable compomneintsincthelsecgnd pleeratdl aoaet o nanage t he
thermal conditions of the thernmally controll able
conmponents. 30. The system of claim?29, wherein the
policy manager is to manage the thermal condition of a

27E ih Ttﬁ%»s;féiéﬁw'@ﬂ IXinE o5t KRElAPIR tﬁ@FFHQP%r‘é?eHéstngluHa :t@érmal

ermel zone by applying active or Sive €00

oo BBl ARl ehnSiaRle. enTEIRenYnRARal 8ottt om o

claim 30, wherein the policy manager is to ,
periodically poll the first conmponent to determne if
further cooling operations are to be applied to the

285 clhensy stempdiaim 37, whergin thierthetroalzanstrairits indhede a trip point,
thermal zone.

and wherein each of the thermally controllable components is to generate an

over—témperature signal when its current temperature crosses its trip point.

29. The system of claim 25, wherein the policy manager is to apply passive or
active cooling operations to manage the thermal conditions of the thermally

controllable components.

30. The system of claim 29, wherein the policy manager is to manage the
thermal condition of a first thermally controllable component in the first thermal
zone by applying active or passive cooling operations on a second thermally

controllable component in the first thermal zone.
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32. A nethod, conprising: managi ng operation of a
system usi ng user preference settings and thernal
wambaeiteneshi p i nformati on of conmponents in thecayss2e05020975
wherein the systemincludes two or nore thermal zones.
33. The nethod of claim 32, wherein managi ng the
operation of the systemis further performed using
31oplheasgystemsf laim Qé@yhgem thezpplicy ppanageriivto pergdicallypoll
The net hod of claim 32, wherein the user preference
thes fitst cogponehbtoedétermimeriffurihensoolirsg operatiprs tics toabe applied
or user specific experience. 35. The nethod of claim
to five sédUdEEdn PRt dtd0 Rir@RBAHoneAt A thd fRYSthBhal zone.
i ncl udes managi ng thermal condition each of the two or
nore thermal zones. 36. The nethod of clai m 35,
wherei n managi ng the thermal condition of each of the
t or re thermal zones conprises: receiving an
32008F“¥%&Eé¥ERQﬂ%P%1gnal froma first conponent in a
t hermal zone; andapplying cooling operations on a
managingioperaien«aia systemasfheserpefesenca settingm andithednal
first conponent and the second conponent are thermally
relationstop lirfbimeati@v of ddrap omerits rire threesyckidrine witecein the systear m
32, wherein applying the cooling operations on the
inclede v ONMRRE tHerABOohess det erm ning ther mal
i nfluence that the second conmponent has on the first
conmponent. 38. A system conprising: data descri bing
thermal rel ationship between two or nore conponents in

332 The method of claim 32, wherein managing the operation of the system is

further performed using operating system (OS) goals and application goals.

34. The method of claim 32, wherein the user preference settings relate to

energy conservation, performance, or user specific experience.

35. The method of claim 32, wherein managing the operation of a system

includes managing thermal condition each of the two or more thermal zones.

36. The method of claim 35, wherein managing the thermal condition of each of
the two or more thermal zones comprises:
receiving an over-temperature signal from a first component in a thermal zone;

and
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thermal zone; and a policy manager to use the thernal

relati onship to manage thernmal condition of the two or
worne/oteaponent s, wherein each of the two or nEEEUS2005/020975

conmponents includes a thermal interface to export its

thermal condition and thermal constraint. 39. The

system of claim38, wherein each of the two or nore
awﬁsﬁeﬁh@ pPReTatiges oa a serand caparent indhe Samedhetraah zone,

of claim39, further conprising: a user interface to
whegreii the fﬂsUmppmmtamme seeohd cgmpaneneare tHeemafly i cy

manager is to further use the user preference setting
controllaplage the thermal conditions of the two or nore

conmponents. 4 1. The system of claim40, wherein when

the thermal condition of a first conponent in the

thermal zone violates a trip point associated with the

i onent irst c ent e rt an )

3oy Li¢ (RIS ARl Seshin of BRI Gh i aiarakpdring B copling

sy sten1of claim4 1, wherein the policy nmana isto
O%ﬂlqnsc%r %@e%@r%mw&emwommwémt@mm@set%ermal infieence

thermal zone in response to receiving the
thalthe-secopd camponest hasonfthefirstceniponent.conponent . 43,

The system of claim42, wherein the second conponent

i nfl uences the thermal condition of the first

conponent .

38. A system, comprising:

data describing thermal relationship between two or more components in a
thermal zone; and

a policy manager to use the thermal relationship to manage thermal condition of
the two or more components, wherein each of the two or more
components includes a thermal interface to export its thermal condition

and thermal constraint.

39. The system of claim 38, wherein each of the two or more components

includes a thermal sensor.

40. The system of claim 39, further comprising:
a user interface to specify a user preference setting, wherein the policy
manager is to further use the user preference setting to manage the thermal

conditions of the two or more components.
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41. The system of claim 40, wherein when the thermal condition of a first
component in the thermal zone violates a trip point associated with the first
component, the first component is export an over-temperature signal to the

policy manager.
42. The system of claim 41, wherein the policy manager is to apply cooling
operations on a second component in the thermal zone in response to receiving

the over-temperature signal from the first component.

43. The system of claim 42, wherein the second component influences the

" thermal condition of the first component.
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