WO 2006/ 011992 PCT/ US2005/ 020975 Extended Thermal Managenent FlIELD OF .
| NVENTI ON [ 6001] The present invention generally relates to the field of
thermal rmanagenent. More particularly, an enbodi ment of the present
invention relates to thermal managenent based on thermal rel ationship

among conPoMERts n a system BACKGROUND [0002] Pl dtF8YSHBEPHR mance

goal s continue to drive nultiple high-power conponents typically found in
the platfornms of desktop conmputer systens into the platforns of nobile
conput er systens. Leveragi ng the sanme conponents into the platforns of
both desktop and nobi | EXtended ThegnahManagement n  advant ages. However, -
the difference in thermal dissipation capability between the platforns of
t he desktop conmputer systens and of the nobile conmputer systens has

resul ted d,a, i L ons that may limt the performance of certain

hi gh- pom&HELh{%\fﬁ?#‘iMnce conponent s when these conponents are

i mpl ementrggloq Eﬁ-[lhfr; ‘]g.hf- i %wl% I BRI EF DESCRI PTI ON
OF THE WIJI 83(55% ﬂ‘ﬁ’gﬁﬁ%@éﬁ'ﬁ}gw %1@8 e gg"?@u%é@%%od by referring to
the fol | owéniigens®s.CMopé paicalaty, aaCabediXieAtofdhad pratant ibaktion € used to
illustrate enbodi nents of the invention. In the drawi ngs: [0004] Figure 1
i s a di agelatasi tblthermehmanggemeaikizagedeondhemal réletiorship amehgm with a single
thermal zone. WD 20061011992 PCT/ US2005/ 020975 [0005] Figure 2 is a

di agr am iPMPONEREI ™G SYAteBkanpl e of a systemthat includes nultiple thermal
zones, in accordance wi th one enmbodi nent.

BACKGROUND

[0002] Platform performance goais continue to drive multiple high-power
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 platfiorms 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.




[0006] Figure 3 is a block diagramillustrating an exanple of information
provided by a thermally controll abl e conponent, in accordance with one
enbodi ment. [0007] Figure 4 illustrates one exanple of a TRT, in accordance
with one_enbodinent. [0008] Figure 5is a flowdiagramillustrating an
exampl e dYOPH&¥ss that is perforned by a policy fos an
over-tenperature signal is received, in accordance with one enbodi nent.
[0009] Figure 6 is a flowdiagramillustrating an exanple of process used
to determ ne cooling operations, in accordance with one enbodi nent. [0010]

Fi gure 7 [000S]st r at Eigure iesadigrandifiudratingRintedanipys bldlsystém tikatcor dance with
one enbodi nent. DESCRI PTION [0011] For one enbodi nent, a nethod and system

f or t her risg¢ludemmaliipfecthermal zanes rip aceosrdaye with bee éimbolinsand. There may be
multiple thermal zones, with each zone having two or nore thermally
control |l abl e conponents. Thernmal relationships between the thermally

controll conpongnts itn a,,thernmal ng _mmy be used to.inprove the

t her rmal ﬂghgsg}enent Figuda; 'St%BPﬁg(ﬁ'ag?d'ﬂéﬁsgan%S@’Bﬁ'f IPIOSERB82005/ 020075
[0012] | hrbliged BY babihig SortrbpBICES bl IR aBboriaRaEBhe Of Lhe present

i nvention nunmerous specific detalls are set forth in order to provide a

t hor ough emtisdttebtandi ng of the present invention. However, it wll be
apparent to one skilled in the art that enbodi nents of the present
invention may be practiced wthout these specific details. In other

i nst ance I'l-kn structures and
_ S[DD&“ﬁ 9¥\gn1:re 4 illustrates one example of a TRT, in accordance with one

embodiment.

[0008] Figure § 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 aAnd 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

Zone.




devices are shown in block diagramform rather than in detail, in order to
avoid obscuring the present invention. [0013] Reference in the
specification to "one enbodi nent” or "an enbodi ment” neans that a

parti cul f structure, or characteristic des #@%ﬁ dn connection
with thea‘g%@z}o#@% is included in at |east one enbo%‘? 6" he

I nvention. The appearances of the phrase "for one enbodinent” in various
pl aces in the specification are not necessarily all referring to the sane
enbodi nent. 1Cl  LEGACY THERMAL ZONE [0014] Figure 1 is a diagram

il lustrating an exanple of a prior art system wth a single thermal zone.

Generally, a thermal zone is defined as a platform entith/ and nmay be
referred P818er ei nimthefoliavjng detefied descriptior of embediments ofdhe pragent” 1, the

o br oves B1SHon FURFsp s ae aft oo oo BowheBnt 1ol o are
oS0t | Do ind PRIt et NGFERY, L IATEOARIR Gy al 50

i ncl ude ot her conponent e processor de an

enbedded skiled imthesan et eddRdinddies bIRE PRésche MYERtIH D afBY phectivsgd to nonitor
the thermal condition of the processor 105 and of the | egacy thermal zone

100. Anorwjthalut theke ishecifodpaile ninsoth€Sndtdtcas, eiltknbwe stregtacas drter mal 3 WO
2006/ 011992 PCT/ US2005/ 020975 zone 100, the processor 105 may be the only
conponentdeVitgs areeheie i bipek diagizaytam, raegrihan iedelal, in osler thavaid i s not nuch
conpr ehe or thermal controls of the conmponents

ion.of,. tenperat ur
110- 140. r@ﬁgﬁ'%ﬁhﬁgég%dqugnﬁ?mat by controlling performance state of the

processor 105, the tenperature or

[0013] Reference in the specification to “one embodiment” or “an
embodiment” means that a particular feature, structure, or characteristic
described in connection with the embodiment is included in at least one
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 déﬂned 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 desclribed 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




thermal condition of the | egacy thermal zone 100 may be controll ed.

MULTI PLE THERVAL ZONES [0016] Figure 2 is a diagramillustrating an exanple
of a systemthat includes nultiple thernmal zones, in accordance with one
enbodi ment, The conponents in a system may be grouped into two_or nore
thermal Z0R&YeOUAE as, for exanple, thermal zones 20HCTYBWSPPIZtrated in
Figure 2 within the dotted lines. [0016] For one enbodi nent, each of the
thermal zones 201, 202 nmay have its own thernmal sensor 206 or 207,
respectively. For another enbodinent, each of the thermal zones 201, 202

may have zane 1@ntreqgirovessood D5 rmydsyihe@nly @rdbonent fadnclugies tighown) . An
active cooling device 245 may be used to cool to the conponents 205,
210, .., 2>2mbeddediaenmalsgasors esTl”@w.iS mmuﬂhmmmanmsiicm ofo thermal zone

[ be possible that a conponent in a

i f t
f E\g(r”ma: Cztg%é’lef “%?ﬂ(}ﬁh%%'aﬁi gg%ﬁfﬁ%ﬂf @&t"@d‘%’@?m‘ﬁé 101G ntheislisation i not  shown) .

THERMAL L t th |
may i ncl :J{H% orﬁﬁhﬁe conf%e’g?% q%‘é% p'g’rcgsﬁqﬁgpﬁanﬁ'ﬁae%nﬁgwlﬁgloéb?remiA “one
t her mal | whépwel cahdindh 8f I.‘Fl@o'l@é%in bﬁﬁﬁer’r:nalﬁab( ﬁn'gx%et&n‘ﬂroﬁé(d de information

about its thermal conditi one e a thermally controllable
conponent is a conponent that is 4 WO 2006/011992 PCT/ US2005/ 020975
associated with a thermal sensor. The thermal sensor may be an enbedded

t her mal JMHETIPLETHAE RMAMEBNEShay i ncl ude a thermal interface to export or

rovi de i mat i op. aboyt. its ther constraints, its thernal condition,
gtc C;Qéfg]The t Higure 2 i3 g Qr?‘d‘rlnﬁséﬁtm%@f‘l?démé’lﬁ'?féﬁysﬁﬁﬁ'@*ature (e.qg.

includes multiple thermal zones, in accordance with one embodiment. The
components in a system may be grouped into two or more thermal zones such
as, for example, thermal zones 201, 202 fllustrated in Figure 2 within the doited

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 embediment, 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




degrees Cel sius). The thermal condition may al so include current thernal
load (CTL) (e.g., 4 Watts). Being thernmally control |l able may al so include
the conponent having the ability to provide information about its thermnal
constraints. The thermal constraints may include trip_point val ue(s),

i nf or mat i\gﬁzoog%m)z possi bl e performance state(s) (P s]fg%%z}m’é"ﬁﬁ’ﬂbr possi bl e
throttle state(s) (T states), etc. The thernmal constraints may include

| oad i nformati on when the conponent is idle and its nmaxi num | oad
informati on so that given a current |oad, the effect of a control (e.g., P

state or gkidgREd Withad thkahalnyiséie Thef themeal sen§dt0td] bé\aheimbeddedt val ue may -
be a tenperature value that when the current tenperature of the thermally

cont r ol | gErmat senmonefihe comporentanawinolude ashermal tgifage OLXPEREF at ed by t he
conmponent. A thernally controllabl e conponent mag/ hav.(ta one or nore trip
poi nt vabtavde mfsmation apesitits themal sopsitainie. s herpa! copdita®e dynani cal Iy
nodi fi ed by software. Each trip point value may be associated with a
different tenperature (e.g., hot, critical, catastrophic, or internediate

ete.) anfeotien Cf@ﬁm%nng%fug%ﬁm Abpdd clirenaampbige (efg. @l i ng

operatio be p or med. 020] The P states and the States of a

t her mal | ﬁe?@&r@iéia@l e hedth8PRA €Bhditiay magraissipolnde torrentfthemeatfoagper at i ng
states that the conponent nmy operate in. The P states nay provide nore

f avor abl ¢CBbnerg.véWatts). Beingdhenmally contselisbler may algo ingledriBieng per f or nance by
20% may reduce average 5 WO 2006/ 011992 PCf‘T/ tégzoo,gi/rtgzogm power by
appr oxi mgesppnanbhavingibe abdiyfodroyds NieEiAtGR AR EMA/ar power  ver sus

performance tradegtf (e. g ' X BYrmi-8idHCe average
power by CBBfStF?J%SrTaI@SI‘t_ erg%%cpﬁ%ﬁaéﬁ %@ﬁ"é’ﬁﬁ%‘ts‘%w (g?tg%éle"s%%é?hd Miates are
known t 0 ,@Rg: SedsitiePelidinidnte dtdte(s) (P states) and/or possible throttle state(s)

(T states), etc. The thermal constraints may inciude load information when the

component is idle and its maximum load information so that given a current

joad, the effect of a control (e.g., P state or linear throttle) may be inferred.

[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 paint 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




[0021] Figure 3 is a block diagramillustrating.an exanple of information
provided by a thermally controll abl e conponent, in accordance with one
enbodi ment. Referring to the exanple in Figure 3, the information provided
by the ¢ n (305) in the thermal zone 300 may_jnclude its current

t enper at u\ggggf[g%éégéegrees Cel sius, its critical terrpe?éﬂﬂ#z 0320909@ degr ees
Celsius, its first trip point value at 78 degrees Celsius, and its CIL at 4

Watts. The information provided by the conponent B (310) and C (315) are
also illustrated in the exanple. NON CONTROLLABLE COVPONENT [0022] A

t her mal zpowenbyappioxinately diéo)e Thedi states maypronide dsealiné Srgsdwert WO
thermal |y control | abl e conponents and zero or nore non-controllable
conponent YEBUH BRIeANCE| tragiept (e anpedising perfasmance by 5a%ymayptredieeassoci at ed

non- cont r 8191287 BOUEHP ABNOH AR N G0 o JBE LoD FRARAT PistRles POGE Ropr ovi o |
i nformati gn B to!dre gk?t%thec%pdi tion. The non-controll abl e conponent may

not be capable of operating In different P states or T states. Referring to
the exanple in Figure 3, conponent 320 is illustrated as a

non-control | able conponent. It may be noted that the tenperature of a

non- cont r [1023bl e  dogwrenista biagk Diagramh illustratind dryexdneplé enpesraiaibs of near by

hot conmponents. Simlarly, the cooling of a hot controllable conponent nmay
i ndi r ect | BroXigeg bysothermaliysantpliatie comnenent] isiceordengowihionel t nay be

I bl t VWO 2006/ Q11992 PCT/ US2005/ 020975 that h
Femper at uf B088HEnF SRRGIALG Ra S atebde Hgien. tisiploraion Biovidegy « heso
conponent geBRhpdheRt Re3dH Vit ineth¥rmidl ZoHE 366 thdpinbilie byt &HPEr at ure of

near by conponents.
temperature at 80 degrees Celsius, its critical temperature at 82 degrees

Celsius, its first trip point value at 78 degrees Celsius, and its CTL at 4 Watts.
The information provided by the component B (310) and C (315) are also

iHustrated 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-controliable
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-controllable 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




SI GNI FI CANT AND NON- SI GNI FI CANT THERVAL PRODUCI NG  COVPONENT [ 0023] Each
thermally controll able conponent in a thermal zone may have a different
anount of thermal |oad or burden. For exanple, referring to Figure 3, the
CTL of t nt B (310) is at 15 Watts, while t Q
conponen5§%2§%8§@ﬁis at only 4 Watts. In this exanplgﬁnﬁgem%é%%%ﬁent A
(305) is located close to the conponent B (310), and therefore the thernal
condition of the conmponent A (305) nay be significantly inpacted or

i nfluenced by the thermal condition of the conponent B (310). The therma
condi t i orthafhavedemperabenesens®s (1 bavarny Paitate orii-statenamtrolse andier nal
condition, of the conponent C (315) and the non-controllable conmponent 320.
[0024] WHBSSE FRMERantsnay @lascharadiessaly influencashipbihe hot lemustire pbsses i ts
first tr”%aﬁgjg%g e at 78 degrees Celsius, the tenperature of the
conponent ( § "be reduced by changing its P state and/or the T
state. For one enbodinent, the tenperature of a conponent (e.g., conponent
A (305)) may al so be reduced by reducing the thermal inpact or influence
caused bySIGMNIEICANT SANIDNONCSIGMNIFICANT THERMAL PRASIOING THERMALLY SENSI TI VE
COMPONENT [0025] Wthin a thermal zone, there nmay be a conponent that is
mor e théﬂ&ﬁEI&Lﬁﬁﬁsitive than others. This conponent may not have a high

t her mal ad and ave little thermal dissipation. For exanple, the
corrponent[b%?ﬂ7 WO 53&7 alycontrellalle sompgnentin a theyma zape MaYCTL of 0.5

Watt. Th ' I I . k (WA

v o g IARERh SR e Bod oY b eE: i Shahmecl SRS RO LA

to contr FHigiifees, the CTRI of @ EHhpHEneB (B16) iE 87 BRVANS, SRS td ¥PL of the
component A (305) is at only 4 Watts. In this example, the component A (305)

is located close to the component B (310), and therefore the thermal condition
of the component A (305) may be significantly impacted or influenced by the
thermal condition of the component B (310). The thermal condition of the
component B (310) may also influence the thermal condition of the component

C (315) and the non-controliable 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




conponent C (315) by relying solely onits P states and/or T states. For
one enbodinent, to control the thermal condition of the thermally
sensitive conponent it may be necessary to reduce the thermal inpact or

i nfl uenckP%@%a%Py anot her thermally controll able C}%’éﬁ%}ﬁ%@zﬁbat has

hi gher t oad (e.g., the conponent B (310)). | oted that a
conponent with a very small thermal |oad may be less likely to be
thermally controlled except when the conmponent itself is in an
over-tenperature condition. This is because the small thermal |oad

- conponent(3ffyhasoa OTihtefi0.51Watt. aTHeccdmpdnent 846 15) mayg bediwiredessabealnot her
conponent in the sane thermal zone. Simlarl conponent with a high

, a
t her mal |&8a neiyork &AM modude gnd mﬁYé)etthemK'ISpﬂSiﬁmt Asiieh ittroahel p cool
ot her co nents. in.the sane thermal zqne. THERMAL RELATI ONSHI P TABLE ( TRT)
0026 TSR Bt Kb e Heprasenanan el Neanerealy REFRRIS condi < on  of
anot her { . I.t10 r ral ne. For one
enbodi WW}%&C@?‘@S@JSI%%%&@ nd{eggf:]rgﬂiai)es %}hazérrr;@ftta%% g%r(?ﬁghi ps between
the conpasifédEmeht, fé Borrd!id ineHhall conBRIBARE tHeOREmmdl§y seHsiflve @ t her mal zone
may include, for exanple, a processor, storage, nenory, and a TRT as data

i nput, aoomgpnent i mdydecmegesaanytio redusefthe terhal imtpaspariafiueneeand tri p poi nt
val ues. [0027& Figure 4 illustrates one exanple of a TRT, in accordance
Y

with oneasrgday genther theemealircasmliableiemposraiibatchasdiighss therewlt o descri be
and © (498 €9 MReeorEinar 1300 sdEm AR Be nolGLALE Bepret i@ 5. The TRT
i ne ont reote P HRaPLRd S o S Ry e oty oD@l Bt STy
r epr esentwhidretht Reripahehtitdelfen eart bair-téRperature condition. This is because

the small thermal load component may not materially affect the thermal

condition of another component in the same thermal zone. Similarly, a

component with a high thermal load may bé 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 te 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




conponent has on anot her conponent. For exanple, entry 425 represents the
thermal influence that the conponent A has on the conponent B. [0028] The
thermal influence of one conmponent over another conponent nmay not

necessari trical. For exanple, the entry 4 'S Jmal
i nfl uence‘b%\%@gﬂ’%ﬂ;ﬁd the entry 435 (B's thermal inf Izll%:é[&@égod’bg@g%) may not
be the sane. In addition, it nmay be possible that the thermal | oad of one
conponent may overwhel mthe thernmal | oad of another conponent in a thernal
rel ati onship. The TRT 400 may al so descri be how nuch to change one

conponentilustraieddisra fatrix ¢ofatine bririge (2S) teacommeddte dhie threeanot her conponent

how long it takes for a change in one conponent to affect another conponent
(change &eMmppnentseFacheptry mpyXgpresentihg tharmsd ddiupnee thakens t hermal Iy

|1 | b | d f | i | f
anot her  ORRERGITEN O e e oamAnent i xR SPiY (38 SevBre Ay ™l f oct the.
ther mal ?ﬁﬁrﬁ\ta'l RRSSh L et WD @genpﬂﬁagteﬁ@ﬁéc?rﬁgbﬁerﬁ@ange may occur w thin

one t her zone or It may a t two ermal zones (the old thermal zone
and the new thernmal zone). For one enbodinment, the TRT 400 nay be

dynam cal ly updatable in order to reflect changes in the thermnal

rel ati on§028]bet wekhe thesmabinfiuansatof ongoompsaentiayer andthél companeat t her mal
zone nmay change when ﬁ{fan is actijvated. This may cause a change in the

ther mal ~ MAYAFHGEPISFENY hopyrometrieab Jar seample, the sitnpsdrethesnal 3 static

coy be uliuEBe breriiatife ek 41 B sttt LEh AL B AT B, 1 T
PCT/ US20Q% 9287 adRR, RRFEEREDSEitHE Tl MeStehfiaNsakef e embodi nent, user

preference settings nay be taken into
component may overwhelm the thermal load of another component in a thermal

relationship. The TRT 400 may also describe how much to change one
component in order for that change to have an effect on another component,
how long it takes for a change in one component to affect another component

(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.




consi deration when controlling the thermal condition of a thermal zone. A
user interface nmay be available to specify the user preference settings.
The user preference settings may be directed toward hi gh perfornmance or

| ong batt A high performance setting may correspond to high

t her mal d§§§W$£{?Eh A long battery life setting naymg%wgggﬁaﬁ§’to | ow
thermal dissipation and |low perfornmance. In general, passive cooling may
i ncl ude reduci ng performance to cool, while active cooling may i ncl ude
usi ng power to cool or reducing power while not reducing perfornmance to
cool . ForUSER RREFERBNCE, SBITENGS e user preference settings are directed
toward performance, active cooling techniques nay be applied before

passi ve d8@30Ing t eCondrpiembodiorensusehprefaranesisettimgs maybe takemantoser

pr ef erence settln S are dlrﬁcted oward | ow thermal dissipation or energy

conser vatG8s F@t'ﬁ Whesrrgniating fie nerey! copifion ka3 ithemabapieh o Ugehni ques  may

Che-uoer ThpBFer I peafinhilo S e bEH Pe@itiin aeibdse ThE us8hce o ener gy
conser Vatdré’f@ré?\% W8 lisy Bedirbiiedidard h@ﬁ%férfokﬁaﬁé&&ﬁﬁﬁ@ﬁ&tt experi ence

fromthe user(s) thefsel ves. For exanpl € user pecific

pr ef er endiée. fAhlmgmmencesetangmawmspmomntﬁehahl dissipatiopcessor and the
graphics control |l er conponents getting nore budget or resource allocation
t han per hefssbattene fifecetinggmay spoesrend to mmmmmo[nmzpw pol i cy
manager % use thﬁ TRT t control the ther onditign of a thermally
cont r ol | R5Q"EYHFonBHENEH (ﬁasa'VFﬁeP'l‘Peﬂ mi‘bﬁ‘é pepéried Rerymange o

pCT) Usz00er b3B U R odBth B inalidPh 5%“.”%@% Gftes®hp BB ey “manger s.

as |ong %ll@&@brédm@fn@?derformance to cool. For one embadiment, when the user

preference setting_s are directed toward performance, active cooling technigques
may be applied before passive cooling techniques. For another embodiment,
when the user preference settings are directed toward low thermal dissipation
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 anly 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
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zone is associated wth a thermal nanager to receive signals fromthe
conponent interfaces and nake deci sions. The policy nanager may al so take
user preference or operating system (QOS) requirenments as inputs. There nmay

be m ni f nce goals that the OS wants to proyide. There_nmay al so
be apprﬁgg%'%{?gh%nni ng that have m ni mum perforrrancgcﬂg%og"'.m%"such,

these potentially conflicting goals need to be reconciled by the policy
manager to decide what to do using a prioritization schene. Another input
that the policy manager may consider is information relating to power used

col | ecti vihkse gy bemmyitisy dtstartiatibabf palicy exdareees, asficing 4d bxctPihefragk linit, and
the policy manager nmay use this information as the highest priority input.
[ 0033] Wennetihassnniated withenthermaalunanager to tebeivesignalsdfoom tied | abl e conponent

crosses a trip point_value, an over-tenperature signal may be generated by

the conpdifEmengRtinigsiaces gnd meakedlqdsjonsa ldgarolicrmangaes gy alsadaker nay query
h of t | tr.ol | ts in th t | to find

out 't hei h bITE s R POTGlED SIS (RTPHTSIRNlS AR BPUS: NP REY: hor rml

i nt er f acesedmmindRshrid¥mahse n%@é‘[&%ﬁ%e OEGafiold GibvigRNANREe FRY aldd Yol use the

TRT to determ ne which conponent in the ther e I ghest

t her mal iapplicstione romihd thaphave hifipRhBpefemMano®gose! AsEiehpakiey manager
may then apply appropriate active or passive cooling operations. [0034]

The pol i dPtentiadyeenflictingranals needtorhs rehenaled by thespoligymedreagentee  settings to
apply the agfero riate active or, gassi ve operations. For one enbodinent,
when' t he 9§¢ alfe daysingaproriization sgheme: nathgidpeutsbatithe ralitye, t he
policy ' | : i i ve .cool i ng device of the
over -t errpn?@r aﬁjerr g%é'ogr‘#ﬂ%@teea% qb?yﬁégoﬁe?%@gﬁ?égﬁgéﬁ%ﬁ%%oIISHtéveilys ot avail abl e
or 11 WOrR&Ki6eyick® thalPfrbly €xE08P & P24 Br rack limit, and the policy manager

may use this information as the highest priority input.

[0033] When the current temperature 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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when that is not sufficient to cool the over-tenperature conponent, the
policy manager nmay then activate the zone-specific active cooling device
if one is available. Wien that is still not sufficient or when the
zone-specific active cooling device is not available e poljcy manager
may acti V‘X?é"‘{ﬁﬁbﬂ’%ﬁ atform active cooling device to c%%ﬁt’g%zﬂ‘g%2697¥
over-tenperature conponent. Wen that is still not sufficient, the policy
manager may then start changing the P state and/or T state of the
over-tenperature conponent. [0035] For one enbodi nent, when applying the
passi ve  ogEn that is epEs@ticientsto dobEthe@vesienifstages campondntithe bblicyconponent or
conponents with the highest thermal influence to the over-tenperature
conponentmarpges Maythen hetivatietherzometdpecifialactivenetidling deviFe if osgdsmpl e, t he

pol i cy manager not direct a _.thermally controll able conponent to a
speci fic aypitle phendhacs sfihpol suffjaient ge WEp IhefenestRaciicsdctieai | abl e to the

Do hoy coplif aeits £t Bl dlaBle Ind Blich Foali-daf ey BEVAERRIRESHE, o0 Ot WY,
five P Sta%ii@‘écoéli*ﬂg deRlck Y cHBNAYBlelR giragiéltv% éd?ﬁ‘por@ﬂmﬁlﬁﬂtth tqs 8l Y the

bottomthree P states in order to bri I't's therm I SSi pati on.

[ 0036] Thwt pofficient, epgiey niemageeragdhernstayt chapging theP avte aha/apadr at ur e
conponent to insure that any thermal control operations perforned are

ef f ect i velatFipbtheoivesyemperatize caeponed. t he TRT to find out information about
how long it takes for a change in one conponent to affect the thernal
condition of the over- tenperature conponent and uses that information to

Geter I NSGBAY | 0 B8 G BFBbAMNSL it BSIRYBl JSERELBbIGS corPonent. 12 0

operations, the policy manager may limit the component or components with the
highest thermatl influence to the over-temperature component to achieve the
desired thermal condition. For example, the policy manager may not direct a
thermally controllable component to a specific state but 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 o onlyl the bottom three P states in order to bring down its thermal

dissipation.

[0636] 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 thermai 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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[ 0037] For one enbodi nent, when the policy manager determ nes that the
thermal condition of the over-tenperature conponent is still unacceptable
(e.g., at or above a trip point), the policy manger may agai n query each of

the ther Il%mcontrol | abl e conmponents in the thermal _zone to find out
their the f964¢5R%i ti ons and to determine a next conﬁ%ﬂgwﬂﬁmw’ﬁe t her mal
zone that has the highest thermal influence on the over-tenperature
conponent. It nmay be possible that this next conponent nmay be the sane
conponent that the policy nanager dealt with after the previous query.

[ 0038] Fo{0037¢ enbochrmmetembdiiment, iwbgn teenpglicy nmamageedetetminksémtt rack  of
whi ch conmponents in the thermal zone that have been limted (e.g., limt

hi gh per &y tharpadl conditian pf the avestamperatusereomperent dostil unaicoeptable soon as
possi bl e ,once,the thermal conditign of the over-tenperature conponent has
been abal%®: gh%’ ﬁ?ﬁ’(ﬁi tr'i'Bdmé{ﬁ)m%f pﬁl‘:ymﬁgﬁénﬁd@?m qhgech A8 are sone
conponent g4 . ' lLe and thus
not - capag]ééﬁgg %@t@#'g?@ﬁﬁghgﬁ&tlﬁ[e%%I}(éé%h%doﬁmé%fbﬁ@ft he policy
manager . cdiiichsCAHID0 MR By nbR doniibrieREintthe iHENha B8 EERYs RE the nearby
conponents to help control their thermal condition. [0039] For one

enbodi menbighestdherohal gyluencage thensuerdérmpemabgeicompanentoienay Bsper at ure si gnal
when the thermal condition of a thermal zone exceeds a zone trip point.

Upon r ecePoSsikje tha this gaxh comnasepbmay petee seae cemponeatdhatthe poliey ent

tenperatu rhR..points of all of the conponents in the thernmal zone.
When t he &%Hg@%acielﬂngwg'fafgeri%%@ﬁ@% 9“€Yapove a trip point then P state

and/or T state controls or active cooling controls may be applied to the
conponent or to another conponent in the thermal zone that s causing the

over -t enpg@038Lr e cFotliohe @mbolidnent, the policy manager may need to keep track
of which components in the thermal zone that have been limited (e.g., limit high
performance states) in order to remove the constraints as soon as possible
once the thermal condition of the over-temperature component has been
abated. As mentioned above, it may be possibie 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 p_o!icy 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 coocling controls may be
applied to the component or ta another component in the thermal zone that

is causing the over-temperature condition.

13




WO 2006/ 011992 PCT/ US2005/ 020975 [0040] It may be possible that after
successi ve cooling operations, the thermal condition of an
over -t enperature conponent or of an over tenperature thermal zone cannot be

al | evi at 9\9035:0%[0119556 enbodi ment, when it is not possil{)‘%@g&g&é@%@%ct a

t hermal condition,” the policy manager may shut down ents that
are not critical to systemoperation. Alternatively the policy manager may
shut down the entire system PROCESS [0041] Figure 5 is a flow diagram
illustrating an exanple of a process that is performed by a policy nmanager
when an over-tenperature signal is received, in accordance wth one

enbodi ne 6Lt hough thg over-tenperature signal may be received froman
over-ten&bpﬁ re cHiPpBhBAPosEibig Biat affepvuscessveraoling operationsathezone, this

le | 7 th i At block 505, th
oot oo ff8ionBtic o i Sl MBI EamBRRRRLG 5% a gl **h: "br bck 10,
the poli ay¥mpRRAGRS tHERal 845k Egﬁmﬁtﬁé Svidiber @'r ohgaeqnbcgéeam%ﬂ? Wik mel Ty

control |l abl e conmponents in the thermal zone. This may one using the

ther mal iihiserdtpoesibhi tbéaredct Blhermbecqraitichy thepapey manggesmayhe TRT to
find a conponent that has a highest thermal influence on the over- -
t enper at §het dewpdhesr compopeniskthabare ndieritinatgesydtdrappertionad from t he TRT.

This cha delay (s the tinme it takes for a change to the thernal

condi ti Ogﬂ%ma%\;%y t’t?n‘b‘gﬁ‘é(rﬁ‘a??ﬂ?améy éh‘F%‘g‘?W’bH‘q fRirg ey staenper at ur e
conponent. [0042] At bl ock 525, the user preference setting is determ ned.
At bl ock 530, appropriate cooling operations are applied based on the user
pref erenrOeed ng and information fromthe TRT. At bl ock 535, a del ay

timer may be sef to wait for the cooling operations to take effect on the
over -t emi@04k]ur e 1Bigure 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. Although the over-temperature
signal may be received from an over-temperature component or from an over-
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

14




WO 2006/ 011992 PCT/ US2005/ 020975 conponent. At bl ock 540, the policy
manager may poll or query the over- tenperature conponent to determne its
thermal condition. If the thermal <condition of the over-tenperature

conponent_ | i not acceptable (e.g., current tenperature over the trip
poi nt), t‘ﬁé%%ﬂfﬁ}&%ézs continues at block 510. O herw sg?CT[?Sﬁg%@aQ?f’? ng

operations perforned may be considered sufficient. [0043] Figure 6 is a
flow diagramillustrating an exanple of process used to determ ne cooling
operations, in accordance with one enbodi nent. At block 605, a test is
per f or medcrBPRNEINEr At bleckhiéed Hbe poliny aragep meyepalireuest themgei-s  di rect ed

t owar d perforn%nce or toward, |l ow thermal dissipation or |onger battery
life. |f PMPErYHecqrarPneshiia detpinipg s igmpal ‘E%L‘J‘ttﬂﬂodé@g teeyAmal nues at bl ock

610, wh i i tior [ f The acti i
BB A vy T TP IR
active cieppensiueief the Ripldtfi e r%éssa&édtihﬁeﬁ896|b&9§ﬂf"bﬁn%gtvégd a

pl atformactive cooling device. The process then confinues 1 ock 620.

[ 0044] Frthencbblingkoationsfperfoemes atayecdrisiieesy seisibmg i s directed toward
| ow thermal dissipation (i.e., long battery life), the process continues at
bl ock 615 where passive cooling operations may be perfornmed. The passive

| i ti . i .ncl yde t i tioni tt di ff t P
state andPOSSlr | ot EIGHIOAIE adomngnim Wisalooamessinle ptarpesssuned component
. . ' . i.nf.d th - 1 t
Comonents S e o bpPrls ) AEance WL R Bl b OREC nent | onea

above, tIBD5paltéstys PEGERI tBRISIHRR WhaRK Bb JsB?pFe@éJER&B rﬁng{ gat have been
controlled so that these conponents can be returned to theiTt higher
per f or nardirecteddowsrdprrformaecadvienaed bantietrmantisspatenediader Battery

life. If it's directed toward performance, the process continues at block 610,

where active cooling operations may be performed. The active cooling

operations may include activating 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 infiuence on the over-temperature
component, or boih. The process then continues at block 620. As mentioned
above, the policy manager may keep track of the components that have been
controiled so that these components can be returned to their higher

performance states when the adverse condition is remedied.
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WO 2006/ 011992 PCT/ US2005/ 020975 COVPUTER SYSTEM [ 0045] Figure 7
i1lustrates one exanple of a conputer system in accordance with one
enbodi ment. Conputer system 700 may include processor 705. The processor
705 may sor in the famly of Pentium proce nuf act ured by
I ntel Cor 8?%@{081(;?50]: Santa Clara, California. O her %?Ig@%ggg’?@g?my al so be
used. The conputer system 700 may i nclude storage device 710 and nenory
715. The nenory 715 nay be a conbination of one or nore static random
access nenor SRAM), dynam c¢ random access nenory (DRAM, read only
menory ( P S The conputer system 700 may al so include a policy
manager Z@ﬁ a thgr mal relationship table (TRT) 725 and two or nore

t her mal 43 730- Figyre Tijlysimtemonr examRief aCRBIPURS SHBEMz Bhe 730 may

i | ud [ 1.abl .. Alth h h ,
Lo corpuofiant® Win'die dibdime 0 G oRp LS BB PTG RENAE 1o anabie |1 Lo
perform Vibéedddr fWCTﬁ@B%ceM%E%W?We S¥EOhAnd 804 ]c%f!F;en.iiﬁmal so to be

under st ood t hat because enbodi nments present 1 nvention nay be

i npl ementprdceasorsTaanufactire B fritedRperabien aNSanta OHMAJCERBESa. 0btidie present
i nvention may be inplemented or realized upon or wthin a machi ne readabl e

medi um FA¥PCessamNay atshdeptiede \ hesnvattersygteine 700 malyémahiecstoragesof t war e and
t he inst r(%ct i ?"@ associ at e_?l}%/i h the policy nanager may be stored in a
machi ne EXEE0110 RGIPEROYA Trac i @emeay 2hp Brayhed combiagtiomel anecorany

mechani s r | 1 L1} i lgn.in a formreadable by a
machi ne &6%3@2&%(}3%%3%9%&6%%&0@@%@? d%%@tct{%ﬁgomraéﬁ%mg%i um may.y

i ncl ude ERAMINtSadEIPHEMIRAMROM) aitdom access  memory (RAM; nagnetic di sk
st orage nedi a; optical storage nedia; flash

[0046] The computer system 700 may also include a policy manager 720,
a thermal relationship table (TRT) 725 and two or more thermal zones 730-735.
Although not show.n? the thermal zone 730 may include two or more thermally
controltable components. Although 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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16 WO 2006/ 011992 PCT/ US2005/ 020975 nenory devices, etc. (0048) In the
foregoing specification, the invention has been described wth reference
to specific exenplary enbodi nents thereof. It will, however, be evident
that vari i fications and changes may be made t W t

departi ng&#?!%o%?#ei broader spirit and scope of the irrke/éelﬁlﬁﬁgﬁr?mé\@?%et forth
in the appended clains. The specification and drawi ngs are, accordingly,
to be regarded in an illustrative rather than a restrictive sense. 17
CLAIMS: What is clainmed is: 1. A nethod, conprising: dynam cally during
runtine deeory devieesaetther mal i nfluence a second conponent has on a first.
conponent is greater than a thermal influence a third conponent has on the
first conponent; and dynami cally during runtinme managi ng a thernal

diti he fi D d . the. d i ion b dj i
Cher nal *olBaBl 'on' 8 Heore MR e RRE AR i e R esoth t o T educe a
t enper at U RifeleRBe BLEMIMC és@nﬁﬁﬂmy%?ndo@ﬁﬁ&ﬂétrgéere dj Ush! Dllyébet s el

condition of the third conponent reduce t enperature of the third

conponentgviddrd tigativarbud adificativhseindldmanés Slay bedid@a Meteto Wi ogeCONd
conponent, and the third conponent is a processor. 2. The nethod of claim
1, wher ei $epaaingfirery theneroader snifit arshstiope oh thefinvérdiohiassdet fartripaieent i ncl udes
receiving therml info tion associated with the second conponent. 3. The
met hod of SRACRFRA E',a'%ef-ggﬁp?‘ﬁf@af’%laﬁﬂId“i"ﬂf‘@? A REPPTEIBSYctaked wit h

regarded in an illustrative rather than a restrictive sense.
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t he second conponent include one or nore trip point values, current
tenperature and current thermal load (CTL). 4. The nethod of claim 2,
wherein managi ng the thermal condition of the first conponent includes
determ ning user preference settings as related to the first conponent. 5.
The nethod of claim4, wherein the user preference settings relate to

per f or re@kAIMSher gy conservation, or user experience. 6. The nethod of
claimb5, wherein managing the thermal condition of the first conmponent

i ncl udes enabling active cooling operations when the user preference

set t i ngsWhet ataaitnedder f or mance and enabl i ng passive cooling operations when
the 18 user preference settings relate to energy conservation. 7. The

nmet hod of claimb5, wherein managing the thernmal condition of the first
conponent, i nchugstRod| dopfsinyg addi tional resources when the user preference
settings relate to user experience. 8 A nethod, conprising: receiving
dynani cal |y difanycaliynfpiRg JustiggadeterBining fi tharmabipbiease 2 98O her nal
zone dur édipshdr g drl ARirftCEdrifondrli®s SHaé! R B0 irklighed ol i el
condition of the first conponent Is crossing a trip point; 1dentifying
dynani catdmpenent hgs eoribé fiest gompooent: aathponent in the thermal zone, wherein

a thermal congitian.f ohh% SERANE_FAMMANGNL ARPmBPRANGfS] Simiped o have
nore inpact ofr cooling e” first “conporieft than a thermal ~condition of a
third cosgropmmeni bandd manthg! defedyinatio dlyl adjalstingng themtal mentitien tdidhaal

diti f the fi , based t he det 1 nat i b [
the. t her Eondaiiar G ot TEBEAGEL e Corpie \TOPP e P RbaNat ur e of

t he secofiinssHEpeneditad \WhIRistingta thermal condition of the third component to
reduce the temperature of the third component, wherein at least one of the first

component, the second component, and the third component is a processor.

2. The method of claim 1, wherein managing the thermal condition of the first
component includes receiving thermal information associated with the second

component,

3. The method of claim 2, wherein the thermal information associated with
the second component include one or more trip point values, current temperature

and current thermal load (CTL).

4, The method of claim 2, wherein managing the thermal condition of the first
component includes determining user preference settings as related to the first

component.

5. The method of claim 4, wherein the user preference settings relate to

performance, energy conservation, or user experience.

6. The method of claim 5, wherein managing the thermal condition of the first
component includes enabling active cooling operations when the user preference
settings relate to performance and enabling passive cooling operations when the
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| east one of the first conponent, the second conponent, and the third
conponent is a processor. 9. The nethod of claim8, wherein the thernal
condition of the first conponent includes its current tenperature as
measured by a thernmal sensor associated with the first conponent. 10. The
met hod of claim8, wherein the thermal condition of the first conponent is
managed Wses gicferensaessetiingsoelatd toocermrgy condandition. user preference settings,
operating systemrequirenents, and application requirenents. 11. The net hod
of claim 10, wherein the one or nore factors is evaluated based on a
priority7.schenie mthodlbieclairt 8odhetinchahagihd thevrenaiahcormiitigi ofghé fiestt her mal

condition of the second conponent includes redycing thermal dissipation of
the secciMAeeaE ipRiideR oGO TRERNA SESeHTOR? Y e HReh BeiciehgeSecond
conponendetiifgsireldie tdBsdrexpendhde! | abl e conmponent. 14. The nmethod of claim
13, further conprising: determning the thermal condition of the first

conponent during a second tine period. 15. The nethod of claim 14, further

conprisigg: when he 5019,% .condition of the first conponent is determ ned
during téﬂe secon{} t'i me ge@{lgod to be belowits trip point, restoring the

second conporeaeiving dynagiaaly during tuhémsee siwhat topoadingt aeaspdnentiuy &ng t he
R e A B e e
conponendonditherdfitine fat bompohére i$ crassingenpipnenit; and
identifying dynamically during runtime a second component in the thermal
zone, wherein a thermal condition of the second component has been
determined to have more impact on cooling the first component than a thermal
condition of a third component; and
-, managing dynamically during runtime the thermal condition of the first
component based on the determination by managing the thermal condition of the
second component to reduce a temperature of the second component, wherein at
least one of the first componeht, the second component, and the third component

iS a processor.

9. The method of claim 8, wherein the thermal condition of the first
component includes its current temperature as measured by a thermal sensor

associated with the first component.

10. The method of claim 8, wherein the thermal condition of the first
component is managed based on one or more factors including user preference

settings, operating system requirements, and application requirements.

11. The method of claim 10, wherein the one or more factors is evaluated

based on a priority scheme.

12.  The method of claim 11, wherein managing the thermal condition of the
second component includes reducing thermal dissipation of the second
19




t he second conponent includes a thermal interface configured to provide its
thermal properties, wherein the policy manager is to reduce a thermal

di ssipation of the second conmponent in response to receiving a signal from
the first conponent, and wherein at |east one of the first conponent and
the second conponent is a processor; data describing a thermal influence a
second cesmpereent. and a third conponent on a first conponent, wherein the
first, second and third conponents each are configured with a thernal
interface to provide thermal properties; and a policy manager to,

dynam cafd.y diiné mgethodtaf ataimud?, wherdiattiee secolet eomporenthis 4 Hieenvallyi nf | uence
t he second ﬁogﬁonent haﬁ on the first conponent is greater than the

t her mal CHAANARIGEOMARYEhi rd conponent has on the first conponent; and
manage a thernmal condition of the first conponent based on the

determ nation_by adjusting a thermal condition of the second conponent to
reduce a't-enpEr@m@tieodef dlajm §3HRBECIMIIIRNE | nstead of adjusting a

thermal condi §éi@fniRing! A€ thBihdl PRRBRES thE Firdt rlehe dbLARPEr flcehg of the

20 third conponent, erein at least one of the tirst conponent, the second
conponentime pgrigdt he third conponent is a processor. 17. The system of claim
16, wherein each of the first conponent, the second conponent, and the
third conponent includes a thermal sensor. 18. The systemof claim 17,
further thnprTise mgthad ofsgaim M, doftaereconqurzired to t he policy manager and

manager 1s  Hge e BertarorBiendl die rst AP BPRATTIOn IgEnE R o S ranagi ng
t he thergadonaairtd pérudl ©fbd bsloWiitsStip point, restoring the second component to a

state that the second component was in during the first time period.

16. A system, comprising:
a policy manager to use the data to manage thermal condition of the first
component and the second component, wherein each of the first component and
~ the second component includes a thermal interface configured to provide its
thermal properties, wherein the policy manager is to reduce a thermal dissipation
of the second component in response to receiving a signal from the first
component, and wherein at least one of the first component and the second
component is a processor;
data describing a thermal influence a second component and a third
component on a first component, wherein the first, second and third components
each are configured with a thermal interface to provide thermal properties; and
a policy manager to, dynamically during runtime,
use the data to determine the thermal influence the second
component has on the first component is greater than the thermal
influence the third component has on the first component; and
manage a thermal condition of the first component based on the
determination by adjusting a thermal condition of the second component
to reduce a temperature of the second component instead of adjusting a
thermal condition of the third component {o reduce the temperature of the
20




conponent. 19. The system of claim 18, wherein when the thermal condition
of the first conponent crosses a trip point associated with the first
conponent, the first conponent is to send a signal to the policy manager.
20. The systemof claim 19, wherein the policy nmanager is to reduce therma
di ssi pation of the second conponent in response to receiving the signal

fromthe firtirdcomament.. 21

wherein at least one of the first component, the second component,

and the third component is a processor.

17.  The system of claim 16, wherein each of the first component, the second

component, and the third component includes a thermal sensor.

18.  The system of claim 17, further comprising:

a user interface coupled to the policy manager and configured io receive
user preference information, wherein the policy manager is to use the user
preference information as a factor in managing the thermal condition of the first

component.

19.  The system of claim 18, wherein when the thermal condition of the first
component crosses a trip point associated with the first component, the first

component is to send a signal to the policy manager.
20.  The system of claim 19, wherein the policy manager is to reduce thermal

dissipation of the second component in response to receiving the signal from the

first component.
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