
Power Management and
Lin ux

In recentyearsascomputersbecomemorepowerhungryandmore
peoplehaveaccessto notebookcomputers,powermanagementhas
becomemoreimportantto thewider computerusingpopulation.The
powermanagementbuilt into Linux allows it to performfairly well in
suchbenchmarksasbatterylife andpowerconsumption.

Wewill discussthehistoryof theLinux powermanagement
implementation,theinternalkernelAPI’s involvedandthefuture.

1. Notes

1.1. Original presentation
Theoriginal presentationof this talk occurredin roomB of theOttawaLinux
Symposium,OttawaCongressCentre,Ottawa,Ontario,Canadaon the22ndof July,
2000at 11:30local time.Thispresentationwasgivenby StephenRothwell.

1.2. Presenter bio
StephenRothwellcameto Linuxcarefrom NECAustralia.At NEChehelpedsetup
andadministerNEC’sexternalInternetconnectionandintranet.Healsosetup,
maintainedandsupportedLinux firewalls andWebserversfor variousNECcustomers.
StephendevelopsandmaintainsanAdvancedPowerManagementdriver for Linux
licensedundertheGPL.He is a memberof theAustralianUNIX andOpenSystems
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UsersGroup(AUUG) andhaspresentedpapersat two of its CanberraTechnical
Conferences.Stephenwasoneof theorganizersof theCanberraLinux Usersgroupand
is alsooneof theadministrativeteamof theCanberraPCUG’s Internetservice.Stephen
beganprogrammingby teachinganIBM 360how to cheatat Blackjack,andhasbeen
known to tell threefunny jokesin oneyear.

1.3. Presentation recor ding details
This transcriptwascreatedusingtheOLS-suppliedrecordingof theoriginal live
presentation.This recordingis availablefrom
ftp://ftp.linuxsymposium.org/ols2000/2000-07-22_12-58-04_B_64.mp3

Therecordinghasa64kb/sbitrate,32KHzsamplerate,monoaudio(dueto thestyleof
singlemicrophonerecordingused)andhasafile sizeof 29475648bytes.TheMD5
sumof this file is: 383c433727dead85fa73741adbf7fda2

1.4. Creation of this transcript

1.4.1. Request for corrections

This transcriptwasnot createdby aprofessionaltranscriptionist;it wascreatedby
someonewith technicalskills andaninterestin thepresentedcontent.Theremaybe
errorsfoundwithin this transcript;weaskthatyou reportthemto usingthebug
trackinginterfacedescribedat http://olstrans.sourceforge.net/bugs.php3

1.4.2. Tools used in transcript creation

This transcriptionwasmadefrom theMP3recordingof theoriginal presentation,using
XMMS for playbackandlyx (with docbooktemplate)for thetranscription.
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1.4.3. Format of transcript files

Thetranscribeddatashouldbeavailablein anumberof formatssoasto providemore
readyaccessto thisdatato a largeraudience.Thetranscriptswill beavailablein at least
HTML, SGML andplainASCII text formats;otherformatsmaybeprovided.

1.4.4. Names of people involved with this transcription

This transcriptwascreatedby JacobMoormanof theMarbleHorseFreeSoftware
Group(whosepagesliveat http://www.marblehorse.org).Hemaybereachedat
roguemtl@marblehorse.org

Theprimaryquality assurancefor this documentwasperformedby Stephanie
Donovan.Shemaybereachedat sdonovan@achilles.net

1.4.5. Notes related to the use of this document

Thisdocumentis distributedin thehopethatit will beuseful,but WITHOUT ANY
WARRANTY; without eventheimplied warrantyof MERCHANTABILITY or
FITNESSFORA PARTICULAR PURPOSE.While quality assurancecheckson this
transcriptwereperformed,it wasnotcreatednorcheckedby aprofessional
transcriptionist;thetechnicalaccuracy of this transcriptis neitherguaranteednor
confirmed.Pleasereferto theoriginal audiorecordingof this talk in theevent
confirmationof thespeaker’s actualstatementsareneeded.

1.4.6. Owner ship of the content within this transcript

Thesetranscriptslikely containcontentowned,undercopyright, by theoriginal
presentationspeaker; pleasecontactthemfor licensingrequests,but dosoin apolite
manner, please.It mayalsobeusefulto contactthecoordinatorfor theOttawaLinux
Symposium,theoriginal venuefor this presentation.All trademarksarepropertyof
their respectiveowners.
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1.5. Markup used in this transcript

1.5.1. Time marker s

At theendof eachparagraphwithin thebodyof this transcript,a timeoffsetis listed,
correspondingto thatpoint in theMP3recordingof thepresentation.This timemarker
is emphasized(in documentformatsin whichemphasisis supported)andis placed
within bracketsat theveryendof eachparagraph.For example,05m, 30s statesthat
this paragraphendsat thefive-minute,thirty-secondmarkin theMP3 recording.

1.5.2. Questions and comments from the audience

Theserecordingswerecreatedusingabud microphoneattachedto thespeakerduring
their presentation.Dueto theinherentrangelimitationsof this typeof microphone,
someof thecommentsandquestionsfrom theaudienceareunintelligible.In cases
wherethespeaker repeatstheaudiencequestion,thequestionshallbeomittedanda
markerwill beleft in its place.Eventswhichhappenin theaudienceshallbebracketed,
suchas:Theaudienceapplauds.

Further, in caseswheretheaudiencecommentsor questionsarenot repeatedby the
speaker, they shallbeincludedwithin this transcriptandshallbeenclosedwithin
doublequotesto delineatethatthestatementscomefrom theaudience,not from the
speaker.

1.5.3. Editorial notes

Theeditorof this transcript,thetranscriptionist(if youwill), andthequality assurance
resourcewhohaveexaminedthis transcriptmayeachincludeeditorialnoteswithin this
transcript.Theseshallbeplacedwithin brackets.

1.5.4. Paragraph breaks
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Theparagraphbreakswithin this transcriptareverymucharbitrary;in many casesthey
representpausesor breaksin thespeechof thespeaker. In othercases,they havebeen
insertedto allow for enhancedclarity in thereadingof this transcript.

1.5.5. Speech corrections by the speaker

During thecourseof thetalk, thespeakermaycorrecthimselfor herself.In thesecases,
thecorrectedspeechwill beplacedin parenthesis.Thereaderof this transcriptmay
usuallyignoretheparenthisedsectionsasthey representcorrectedspeech.For
example:My auntoncehad(a dognamedSpot,sorry)acatnamedCleopatra.

1.5.6. Unintelligib le speec h

In sectionswherethespeechof theauthoror audiencehasbeendeemeduseful,but
unintelligibleby thetranscriptionistor by thequality assuranceresource,amarkerwill
beinsertedin theirplaces,unintelligible.Severalattemptswill bemadeto correct
wordsandphrasesof this nature.In caseswheretheunintelligiblewordsor phrasesare
clearlynotof importanceto themeaningandunderstandingof thesentence,they may
beomittedwithoutmarker insertion.

2. Transcript
I’m StephenRothwell,I’m theLinux AdvancedPowerManagementmaintainer;
advancedis abadword...

Thereis acommentfrom anaudiencemember.

Sometimesit works.

More advancedthanturningit off. Theaudiencelaughs.
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Ahh, yeah.BeforeI start,I shouldask:noneof youguysactuallyprogramBIOSes,do
you?Ohgood.Theaudiencelaughs.00m, 26s

This is basicallywhatI’m goingto talk abouttoday. A bit of motivationaboutwhy we
wantpowermanagement,abit aboutwhy I did it. A bit of history. And thenI’m going
to talk aboutAPM, which is whatI did. ThenI’ ll talk a little aboutACPI,which is what
I didn’t do.And we’ll talk abouttheimplementation,how wedid it andhow youuseit.
And talk aboutdeviceAPIsandif thereareany devicedriverwritershere,I urgeyou to
listenandtakenote.Down to thatpoint, I’ ll betalking aboutIntel andmainly APM. As
I keeptelling PaulMackerras,talkingaboutIntel coverslike90 of themarket,sothe
restarejustnoise.I’ ll talk a little bit aboutotherarchitectures,likePPCandTransmeta.
ThenI’vegotsomereferencesandI’ ll takesomequestions.01m, 25s

Thefirst time I did this talk, I thoughtaboutmotivationandit sortof camedown to
justification,ratherthanmotivation.But I wasthinkingaboutthis andjustificationis
easy. How many peopleherehavegota laptop?Okay. How many peopletraveledmore
thantwo hoursto gethere?That’s thejustification.Theotherjustificationis thatthese
dayspeoplebuild thesegreatbig farmsof PCsor havePCsall over their corporations,
like thousandsof them,andthey’reall sitting thereburningpower. Especiallyif they’re
runningLinux, becauseyoudon’t shutthemdown everynight.And wewantto reduce
powerbills, turn fansoff, savenoise;thingslike that.02m, 13s

My motivationwasthefactthatI got a laptopaboutsevenyearsagowhennot somany
peoplehadlaptops.And it wasrunningWindows.And I thought:this is abit of asilly
thing to do,soI’ ll putLinux on it. SoI putLinux on it, satdown andput it onmy lap
andalmostburntmyself.Thiswasn’t good.Theotherthing was,of course,thaton
Windowspowermanagementsortof worked.It did things,in particularit would turn
itself off whenyoushutit down. And Linux didn’t do that;andI thoughtanything
Windowscando,we’vegot to beableto doaswell. 02m, 54s

Theothermotivationis longerbatterylife. It’ s like theflight betweenSydney Australia
andLA LosAngeles,California,UnitedStatesof Americais like fourteenhours.On
my first laptop,thebatterywould lastaboutanhourif I wasvery lucky. Whichdoesn’t
getyouvery far. And thesedays,your PentiumIII (P3)laptopsandsomeof the
PentiumII laptopscomewith fanswhichmakeabit of noise.If you turn thefanoff and
you don’t do any powermanagement,theP3is liable to melt throughthebottomof
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your laptop,straightthroughyour knee.And thathurtsa lot. Onethingyou’ll noticeon
mostLinux laptopsthesedaysis thatthefansdon’t run.Well, they don’t onmine,
anyway, exceptwhenyoubuild kernels,andthenthey run.03m, 44s

A bit of history... Before1992,therewastotal chaos,becauseI hadn’t thoughtabout
this yet,andneitherhadanybodyelse.Linux, of course,existedonly just.Linux on
laptops,thereweren’t thatmany laptops.But somebodywasthinkingaboutthis;
unfortunately, thesomebodywasMicrosoft andIntel. And in 1992they cameup with
this thing calledAdvancedPowerManagement.It wasAdvancedbecausebeforethat,
therewasnone.04m, 16s

So,astepforward.Mid-1993,I gotmy first laptop;thingschanged.I didn’t know about
APM at this pointandI thought:let’sseewhatthis hardwareis andwhatwecando
with it. Unfortunately, I couldn’t do anythingwith it becausetherewerenohardware
specs.Soyou’resortof stuck.But I waslooking throughabookshoponedayandI
saw abookon theshelfcalled,Intel’sSL Architecture.I thought:interesting.I opened
thebookandwhatit talksaboutis powermanagementandI thought:good,hardware
specs.Unfortunately, it wasfor a386;I hada486laptopandthingswereabit different.
SoI tried to do someof this stuff. 05m, 08s

Thefirst thing you learnaboutpowermanagementandIntel’swayof doingthingsis
whatthey inventedwasanew modeon yourprocessor. You all know you’vegot real
mode,you’vegotprotectedmode;well they inventedthis thing calledsystem
managementmode.WhenI describedthis thing to a friendof mine,hegot really
scared,becausesystemmanagementmodeis amodeyoucangetinto andtheoperating
systemcan’t do anythingaboutit. You endupbeingin 32-bit realmodeandall
interruptsaredisabled,includingNMIs. And there’s nowayof stoppingtheprocessor
from goinginto thismode.Youdon’t getbackunlessthething that’s runningputsyou
back.05m, 49s

I thought:okay, this looksfun. I switchedmy machineinto systemmanagementmode
andit just crashed.Thespeaker laughs.I neverfiguredouthow to do this. It’ sprobably
betterdocumentedthesedays.Soall of thelate386es,mostof the486esandall of the
Pentiumshavesystemmanagementmode.Oneof thethingsthatit wouldbegoodfor,
if someonereally felt like it, wouldbewriting a really gooddebugger, becauseyoucan
just stoptheoperatingsystemdeadandyou’vegot accessto all of yourmemory. It
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wouldbehard.06m, 19s

September1993,anew APM speccameout.TheAPM version1.0specleft an
enormousamountto your imagination,which is nevergoodin aspecification.APM 1.1
tried to clarify a lot of that.It sortof did. This is aboutwhenI foundtheAPM spec.
Unfortunately, I foundit on theMicrosoft site,but it wason theIntel siteaswell, soI
downloadedit from there.And I startedhackingawayat it. I got themachineto power
off; thatwasn’t toohard.I alsodiscoveredI neededmy first workaroundfor aBIOS
bug,almostimmediately. 07m, 05s

In 1994,weput ourfirst APM into thekernel.Thingsgetbetter, I getlots of bug
reports,do lots morestuff. In 1996,wegetAPM version1.2,which clarifiedan
enormousamount,whichwasreally goodbecausepeoplewereaskingall these
questionsandsaying:well thespecdoesn’t sayanythingaboutthat,soI’m notgoingto
do it. Unfortunatelyin 1.2 they clarifiedall thisstuff, soI hadto do it to make it work.
Thespeaker laughs.07m, 32s

Microsoft andIntel wererealizingthatAPM wasreally abadmistake.And it sortof
wasprettyclearfrom thebeginning.Soin December, they releasedthis thing calledthe
ACPI spec.ACPI standsfor AdvancedConfigurationandPower Interface.They like
advanced.Therewereno non-advancedthings,only advancedthings.07m, 53s

Well version1.2of theAPM spec,which wasthelatest,is about60 to 70pages.The
ACPI spec,whichcoversmorethanpowermanagement,is 300to 400pages.It’ s like
this thick. I’venever readthewholething. It’ sa goodwayof gettingto sleepat night.
It’ samazing.08m, 20s

TheACPIversion2 is in draft,asof Januaryor Februaryof this year. ACPI version2 is
interesting,becauseyouhave to actuallysignup on theirwebsiteandjoin the
consortiumto getaholdof thespec,soI haven’t gotacopy, becauseI don’t necessarily
believe thatpeopleshoulddo that.(Wheredowego from here?)08m, 51s

In ACPI,ToshibajoinedIntel andMicrosoft,whichprobablyhelpedbecauseat least
Toshibamanufacturedlaptops.Sothey knew theissueshere.With version2, Compaq
andPhoenixjoinedtoo,whichwasusefulbecausePhoenixwritesBIOSes.It doesn’t
necessarilymeanthatthey do it ACPI right, though.09m, 17s

Whatis APM?APM is actuallyaBIOS interfacespecification.This is why this is abad
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mistake;becausesomebodyelseis writing thesoftwareandwehaveno controlover it.
And they tried to definetheinterfacebetweentheoperatingsystemandtheBIOS,
which comessuppliedwith your laptopor whateveryourPCis. As I said,they left a lot
of thingsto your imagination.I don’t think Microsofthasa lot of experiencein writing
realAPIs.As Andrew Tridgell wouldknow, youmight beokayafterwards,to do what
you implemented.09m, 59s

This is anexamplefrom Miguel deIcazaof why youdon’t dopolicy low-level, because
theAPM basicallydefinespolicy in theBIOS.Which basicallymeansyou’restuck
with whatever theBIOS implementerthoughtwasagoodidea,which is not always
right. Alternatively, they provide this setup;yougetasetupscreenwhenyou bootinto
your BIOS configandyou setall of thesetimeoutsandthings.Not veryusefulwhen
you don’t wantto rebootveryoften.10m, 36s

WhatAPM allowsyou to do is for theoperatingsystemto cooperatewith theBIOS,
andabit theotherwayaswell. Whatcanhappenis theoperatingsystemcaninform the
BIOS whenit considersthemachineidle, which is useful.My first laptop,theBIOS
wasbadlywritten,andwhattheBIOS consideredto beidle wasthatyouhadstopped
typing,which is not veryusefulwhenyou’redoingkernelcompiles.WhatI discovered
is thatmy kernelcompileswent8-10timesfasterif I typed.SoI’d starta compileand
go awayandcomebackthreehourslaterandfind it’ sgot throughlikea third of it and
starttypingandzoomnoiseit wouldfinish.11m, 20s

Soif theoperatingsystemcantell theBIOS whenit is idle, this is muchbetterbecause
theoperatingsystemactuallyknows.Theoperatingsystemactuallyknowsthatthere
areprocessesout theredoingthingsandcanstoploweringthespeedof theCPU.The
operatingsystemcan,in theory, managethepowerof devices.That’swhatthetheory
says.In practice,it’ sactuallyreallyhardto figureoutwhattheBIOScallseachdevice.
11m, 53s

Basically, you cansay:turn thepoweroff on this typeof device;all of this typeof
deviceor thisparticulardeviceof this type.There’sno way to find outwhatthey are.
There’s noenumeration,which is aproblem.And theoperatingsystemcanmanagethe
poweroverall.Again theBIOS will do thingssortof its own, it will basicallytell the
operatingsystem:we’regoingto suspendnow becauseI think we’re idle. Which is
sometimesgood,for instance,becausetheBIOS knowswhenthebatteryis goingdead
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andit cansayto theoperatingsystem;we’re gone.Theoperatingsystemdoesn’t getto
sayanything,but at leastyouknow it happened.12m, 36s

Something thatareaproblemhere,likeonly theBIOS hasaccessto thesleepbutton.
Sowhenyoupushthesleepbuttonon here(which I won’t do), theBIOS getstold
aboutit. And whattheoperatingsystemgetstold is thattheuserdid somethingand
would like to suspend.But theoperatingsystemcanthensay:okay, we’ll suspend;or
no wewon’t. But it can’t decideto do somethingelse,for instance.It’ svery
coarse-grained.Basically, youcansuspend,youcanresume,youdon’t getto decideto
resume.Weneeda lot morethanthat.13m, 23s

ACPI...ACPI is actuallya lot morethanpowermanagement.In theory, it’ s supposedto
provide theoperatingsystemwith adescriptionof all of thehardwarethatthe
motherboardat leastknowsabout.Which ona laptop,asyou would imagine,is really
usefulbecauseeverythingis on themotherboard.In practice,theBIOS writersgetin
thewayagain;andthey tell youaboutsomeof thethings,but they don’t tell you about
everything.They tell youaboutwhatthey wantyou to know about.13m, 59s

On topof that,theACPI providesyou with methodsor functionsfor doingthingsto
devices,soyoudon’t actuallyhave to know how to do thingsto a device;youcan
basicallylook up in theACPI in theparticularmethod,like themethodto turn adevice
off, andyoucanexecuteit. Thesemethodsarewritten in aninterpretedlanguagecalled
AML, whichstandsfor ACPIMachineLanguage,which is prettyimaginative.14m, 34s

Theproblemwith this is thatyouneedtheinterpreterfor AML in orderto actuallyrun
themethods.TheACPI guysfor Linux haveactuallywrittensuchaninterpreterfor
Linux anda few weeksagoit wentinto thekernel.Thebig warningin theconfiguration
helpsays:if youselectthis,youwill add120K to your kernel;which everybodywants.
Thespeaker laughs.Somebodywassayingto metheotherdaythatMicrosoft is forcing
usall to belikeMicrosoft,becauseif you implementACPI,youendup with all this
stuff. 15m, 10s

Thedifferencewith ACPI is thattheoperatingsystemhascompletecontrol.Basically,
theACPI saysyou collar thesedevices;youcando thesethingsto them,go for it. This
is good,becausetheoperatingsystemactuallyknowswhatit wantsto do. It’ s exported
thepolicy at leastuponelevel. Theoperatingsystemcanthenexport thepolicy
wherever it wants,which is whatwedobecausewe don’t wantto makeactual
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decisionsaboutthings;we’ll let someoneelsedo that.15m, 44s

You’vegotaccessto thesleepbuttonsandthings.Basically, if theuserpushesthesleep
button,theoperatingsystemgetsaneventthatsays:theuserpushedthesleepbutton,
do whatyou likewith it. You couldmake it popup nethack.Theaudiencelaughs.
There’s still somedependenceon theBIOS writers.16m, 04s

Microsoft, in Windows98, thefirst editionof Windows98dependedonACPI; if it was
there,it woulduseit. Thiscausedall sortsof interestingproblems.And thefirst bug
releaseandcertainlythesecondeditionof Windows98 disabledtheuseof ACPI for
any BIOSwritten beforethefirst of December, 1999,whichgivesyou someindication
of how well they weregoing.It thenhadawhite list thatsays:if this is a BIOSI
recognizeandI know works,thenuseit; otherwise,wewon’t. 16m, 37s

Which is theinverseof whatyouwantto do; maybeyouwantto saythatyouknow this
oneis really bad,andall therestareokay, but that’snot theway it worked.So
basically, therewasincorrectinformation,methodswouldn’t work; therewas
incompleteinformation,soyoucoulddo someof thestuff, but doingsomeof thestuff
is notenough,becausethis otherdeviceoverheredoesn’t recoverwhenyou resume
becauseyou didn’t suspendit properly. All thesesortof thingsgoon.17m, 07s

You’vegotmuchfiner-grainedpowermanagement.Thespecdefinesfour power levels
for your CPU,four power levelsfor eachdevice,and(fivepower levels)fivesleep
modeswhich areeffectively for thesystemasawhole...it’ sgoingto beapain.
Basically, you canhave theCPUrunningeitherat differentspeedsor whateveryou
needto do to lower its powerusage.Theonly differencebetweenthedifferentlevelsis
how long it takesyou to getbackto runningfull speed.Sogiventhis information,you
candecideif you wantto put yourCPUinto a low-powermodebecauseit might take
you 10msto getbackfrom powermodeC1,whereasit might takeyou100msto get
backfrom C3andif youneedto havesomesortof responsewithin 20ms,thenyou
don’t wantto go to sleepthat’sgoingto take100msto getback.18m, 12s

Soyou’vegot all of this informationnow andyoucanmakerationaldecisions.The
sleepmodes,again,adjusthow long it takesto getback,how mucheffort it takesto get
back.Obviously thebottomsleepmodeis basicallypoweroff. Which is waydown
there.Thelevel abovethatis effectively hibernation;poweroff andyoucancomeback
againafterwards.They also,just for theheckof it, put in this thing calledS4BIOS,
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which is BIOS-assistedhibernation.Soyoucanjust sayto theBIOS: I wantto go to
sleepnow, but saveeverything.Sothat’seffectively theold APM-stylehibernation,
which is usefulof course.18m, 54s

But there’s aguyup therewho’swrittenasoftwaresuspendpatch,which youprobably
all know about.Which is actuallyusefulunderLinux becauseit only saveswhatwe
needto save.Like,we don’t saveall of thesepagesthathavegotnothingusefulin
them.Whereasthehibernationbuilt-in to theBIOS hasto saveall of memory, all of
videostate,all of videomemoryandanythingelseit canthink of into this enormous
file. 19m, 22s

Let’s talk a little bit aboutimplementation.Whathaveyou got to do?Theoperating
system;first thing it hasto do is initialize theAPM subsystemandenableit; you’vegot
to doboth,I guessthatmakessense.This,of course,is theveryfirst thing youhave to
do.Theveryfirst thing I hadto dowastheveryfirst BIOS bug I found.19m, 49s

I hada laptopfrom NECbecauseI workedfor NECandit camewith adockingstation.
And this is useful.Thetroublewas,if youenabledAPM while thelaptopwasin the
dockingstation,thelaptopwould freeze.Sothere’s avery long-standingconfiguration
optionthatsays:do youwantto enableAPM?Becauseyoudon’t necessarilyneedto
do theenablebecauseit couldalreadybeenabled.But this particularlaptop,evenif it
wasenabled,if youdid theenable,it would freeze.Sothere’s acompile-timeconfig
optionfor it. 20m, 26s

At onepoint,wehadtencompile-timeoptionsfor theAPM codein thekernel.And I
think all but oneof themwerefor BIOS workarounds.Soif youhadthis particular
laptop,youenabledtheseoptions;if youhadthatparticularlaptop,youenabledthose
options;just soyourmachinewouldn’t die,which is notgood.20m, 48s

Next thing wedid wassoftwarepowerdown. In 2.0andbefore,whatthatdid waswe
hadanoptionthatsaid:poweroff at shutdown. Youdid it at compiletime.Anytime
somebodydid ashutdown to a halt, it wouldpoweroff or not,dependingon whether
you configuredtheoption.In 2.1,Linusdecided,or someonedecided,thatit wasa
goodideato split halt andpoweroff into two separatethings;andthey wereright of
course,but I got all of thebug reportssaying:I do ahalt andit doesn’t poweroff any
more.And I said:well whatdid youdo?And hesaid:I only upgradedmy kernel.
Good.Thespeaker laughs.21m, 34s
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Sowe thengot rid of thepowerdown on halt configurationoption,soonegoesaway,
that’sgood.But youhadto pass-p to halt,otherwiseit didn’t powerdown. And of
course,themostpopulardistributionat thetime,RedHat,didn’t pass-p to halt by
default.Soassoonaseverybodyupgradedtheir kernels,I gotall thesebug reports.I
think I answeredthequestionprobablyseveralhundredtimesin ayearandahalf, by
saying:just put -p. Oh,they say, it works.Good.22m, 06s

Thenext thing thatcameupwas,aboutayearago,ayearandhalf ago,oneof theBIOS
writersreleasedanew BIOS.And obviously they testedit underWindows,which is
fine,but they didn’t testit on anything thatstayedin protectedmodewhenit haltedor
tried to poweroff. And soall of thesepeopleweregetting:they wouldgo halt andit
wouldpanic,afterit, right at theend.It’ snotabig problembecauseeverythingis
unmountedat theend,but they wouldgetthis panic.I thought,oh good.Sowe
inventedtherealmodepowerdown option,whichmeantswitchingthekernelbackinto
realmodebeforewepowereddown andthatsolvedthatproblem.Weactuallygot some
of theBIOS manufacturersto fix theirbug andwegotat leastoneof themto
acknowledgeit on their webpage,but therestof themcalledit aLinux problem.The
speaker laughs.23m, 01s

Thenext thing wewantedto dowasto improvetheidle loop,sowhenyou’re idle you
canactuallysavepowerbecause:whatdo youwantto do whenyou’re idle?Nothing.
And whenyou’redoingnothing,how muchpowerdo youwantto absorb?As little as
possible.ThisactuallystartedbeforeAPM camealong.Linuscameupwith this
brilliant idea,hecameupwith halting.Whenyou’renot doinganything,don’t do
anything.Windowsstill hasn’t figuredthisout;whenyou’renotdoinganything,you do
something.Thespeaker laughs.I don’t know whatthey do,but they dosomething.
23m, 38s

On Intel, anyway, there’s aninstructionthatsayshalt andit doesexactly that,it just
stops.And it doesn’t do anythinguntil it getsaninterrupt,which is useful.If there’s
nothingto do, there’s no point in doinganything.Thisbecomesevenbetterbecauseon
the486SLchips,thelaterones,thepowermanagedones,andall of thePentiums,when
you halt, it actuallystopstheclock becausetheinsidesof thechipsarestatic,soyou
cando this.And whenyoustoptheclock, thepowerusageof thechipdropsthrough
thefloor prettywell. Sodoingahalt actuallyturnedout to beausefulthing andpeople
suddenlydiscoveredthatall their laptopswererunningquitea lot coolerwhenLinus
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put thehalt in. And their fansdidn’t turnon somuchin theirdesktops;all sortsof
thingswerereally good.23m, 23s

Thenext thing youwantto do is, youcanactuallytell theBIOS thatyou’re idle, the
APM. And whenyou tell theAPM BIOS you’re idle, it will do thingslikesay:we’re
notusingthis andpowerdown all thesethings.Or it will say:let’s run theCPUslower.
Which is actuallynot usefulif you’rehalted,becausetheCPUis not runningat all. But
it canbeusefulif you’redoingotherthings,likeWindowsdoes;soyou run theCPU
slower. Theproblemwith that,of course,is thatyou have to tell thething whenyou’re
not idle anymore,otherwiseyour CPUrunsat like...someof theseBIOSesactually
loweredtheCPUto onepercentof its ratedspeed.Soyoucanimagine,you’vegotyour
100MHzPentium,suddenlyit’ s runningat1MHz. Which is why my kernelcompiles
weretakingsolong.25m, 10s

In 2.2andbefore,webasicallyhadahookinto theidle loop,sothatif wehadAPM
enabled,wewould just tell theBIOS thatwe’re idle. In 2.3,Linus thoughtit wouldbea
goodideaif wehadaseparatepowermanagementidle loop,so(he)we inventedthe
kernelAPM daemonandI startedgettingbug reportsaboutthis processthatwasusing
all our time,calledkapmd.And if you sattherejust runningtopon a2.3kernel,thetop
process,if you’renotdoinganythingelse,will bekapmdandit will beusinglike85or
90 or 95of your CPUtime.Thesepeoplewereworriedbecauseit wasidle: why is it
usingall of thetime?Well actually, it’ s just thatthetime is gettingaccountedto that
process.It’ snotdoinganything, it’ s theidle loop.26m, 12s

(Whatelsehavewe got?)Oneof thebiggestabsorbersof poweron thesethingsis not
theCPU.TheCPUis oneof thebiggestones,but not thebiggest.Up to 40of thepower
(in yourCPU)canbeusedby thebacklightonyourLCD andtheLCD panel.Soagood
thing to do is whenyou’renot looking at themonitor, turn thebacklightoff. Soweput
ahookinto thevirtual consoleblankingroutinethatwouldactuallyturn thebacklight
off. BecausejustblankingtheLCD andleaving thebacklighton doesn’t saveyou
anything,almost,you’restill driving all thepixelsandthebacklightis actuallya little
neonlight; they usedto belittle neonlights, I’m notsurewhatthey arenow. 27m, 01s

Sowedo that.Wehave /proc/apm,whichbasicallytells you status,soyoucanlook in
thereandit will tell you thatyou’vegot thismany secondsof batterylife left, if the
BIOS knowsandtells you.And wehave /dev/apmbios,which is aninterfacebetween
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usermodeandthekerneldevicedriver, soyou cando thingslike tell thekernelto
suspendnow. Or youcangettold whentheBIOS wantsto suspend.27m, 30s

This is adeadend.Thelastversionof theAPM speccameout in 1996;that’s four
yearsago.All of theconcentrationandenergy seemsto beonACPI now. I’m still
doingwork onAPM, occasionally;I still getbug reports.Lotsof people’s laptopsare
still only runningAPM; lots of desktopsdon’t implementACPI yet.Well, any new
desktopor any new laptopyoubuy will supportACPI,however theACPI in Linux is
not really up to it yet,soAPM is notquitedead,but dying.28m, 11s

ACPI...ACPI requiresausermodedaemon.Otherwise,it doesn’t do anything.Good
start;that’sokay. That’sexported...all of thepolicy is now outof thekernel.Thekernel
is justaninterfaceto theACPI andthepolicy is now in theusermode;thedaemon
decideswhento go to sleep,whatdevicesto poweroff, it cando all thatsortof stuff.
28m, 36s

It currentlyis capableof doingsoftwarepoweroff. It currentlywill suspendonsome
laptopsbecauseI’veseenonethatit did it on,but notmine.Soit’ sstill gettingthere.It
actuallyusesthesedifferentCPUpowerstatesin theidle loop.Sothelongeryoustay
idle, thelower thepoweryou use.Soin this sense,it probablydoesabetterjob of
idling thanAPM does.ACPI is definitelyawork in progress.There’s lots of work
goingon.As I said,theACPI guysrecentlygotabig patchinto thekernel.I tried it out
yesterdayandit didn’t do anythingdifferentthantheold stuff, which wasthis big and
now it’ s this big. 29m, 26s

This is, in theory, thewayof thefuture.However, it’ sprettylarge.29m, 39s

Thespeakercallsfor aquestionfrom anaudiencemember.

Explainwhatsortof thingsACPI breakson right now?

Breakson?Ahh, sorry. This is read:theway to go; asopposedto it’ sgotaway to go. It
doesalsohaveaway to go.For instance,there’sno implementationof any policy. It’ s
verysimpleat themoment,it knowshow to poweroff themachine.Onsomelaptops,it
will actuallysuspend.There’s aprocentry... /proc/sys/acpi/sleepandif you write
anything in there,themachineshouldgo to sleep.This laptopdoesn’t do that,but I’ve
seenonethatdid. 30m, 21s

Thereis anunintelligiblequestionfrom thesameaudiencemember.
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It usesthedifferentCPUpowerstatesin theidle loop,soit doesthataswell. The
infrastructureis now in thereto do powermanagementof all of thedevices,except
there’s nouserlevel interfaceto do it at themoment.I’m notactuallyon theACPI
mailing list, soI don’t actuallyknow wherethey’regoing;all I cantell you is whatI
canseefrom their releasedcode.30m, 50s

There’s a tiny bit of applicationcontrol.Theacpidaemonexportsasocket whichyou
canconnectto andsendcommandson.Theonly commandwhich I think is
implementedis: getmethebatterystatus.Which maybeuseful;at leastyouknow your
batteryis dying.31m, 13s

DriverAPIs...I’veaddedthis just recently;this beinga technicalconference,I thought
I shouldtalk aboutsomethingtechnical.Whatweneedfrom driverwritersat the
momentis for thedriversto cooperatein thepowermanagementof thesystem.
Becauseif thedriversdon’t cooperatethenwedon’t saveany power; in fact,in theory,
if adriver refusesto suspend,you shouldn’t actuallysuspendthesystem,becausewhen
you resume,thedriverwon’t know andmaywell needto reinitializeits hardwareand
won’t know that.Theclassicalexampleis whenyou’re in X andyoususpend,andyou
comeback,you’renot in X anymore.32m, 05s

Sowhatweneedis...well that’smoreof ausermodeissue,but thesameis trueof like
soundcards;a lot of soundcardsdon’t recover from beingsuspended;Ethernetcards,it
goesonandon.Therearecurrently, underIntel, threeAPIs for driversto interactwith
thepowermanagement.You cantalk directly to thepowermanagement;under2.2,that
wastheonly way, no that’snot true.Under2.2,asa PCcard,youcouldalsointeract
with thepowermanagement.Under2.3,you can,asany PCI devicecanjust register
itself with suspendandresumecallbacks,soit will know what’sgoingon.And all PC
cardscanregisterfor deviceeventsaswell, which is actuallyveryusefulwhenyou
think aboutit. 33m, 01s

Now thedirectway... Under2.2,wehadAPM registercallback,becauseAPM wasthe
only wayon Intel. Basically, you saidto theAPM code:here’sa function,just call it
whenyougetanevent.SotheAPM idle loop is sitting theregoing:arethereany
events,arethereany events;andtheBIOS says:yeah,wewantto suspendnow. Any
driver thathadregisteredwith theAPM will getthis callbacksaying:wewantto
suspend.And thedrivercansay:just let medoa few things,okay, go.Or it couldsay:
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no,youcan’t do thatnow, we’rewaiting for somethingandwe’re halfway through
pagingin acritical page,don’t do it. Thereis alsoausermodeequivalentof this; if you
listento /dev/apmbios,youwouldgetaneventout of there,andyou havegot the
choice,youcouldsay:that’sokaynow. If you tried to say:that’snotokaynow, it
wouldn’t do whatyou wantedto doanyway. This is somethingI wantto fix. 34m, 05s

In 2.3,theACPI guysinventedpmregister, whichwasuseful.It meanswe’re now
independentfrom theunderlyingpowermanagement.It is effectively thesame,though;
you saypmregisterandyougetacallbackroutineandit will call you backfor certain
events.Basicallyonly suspendandresumeat themoment.But it doesallow you to do
anythingyou needto do.34m, 33s

pmaccess:if you’regoingto accessyourhardware,youshouldcall pmaccessto make
sureyour hardwareis awakebeforeyouaccessit, otherwisebadthingshappen.And
pmdevidle is ahint to thepolicy to saythatthis device is now idle, youcanpower it
down now if youwantedto, but just soyouknow it is idle. Okay, sothesebeingwhat
you wantto register;whatyouwantto find out aboutthings.35m, 05s

ThePCI device registration...Whenyou registeraPCI devicedriver, two of thethings
you cando is give it a suspend/resumehooksowhenever thepowermanagement
policy driver, whatever thatis, decidesit wantsto suspendthemachine,all thePCI
devicesgettold aboutit, if they’ve registeredthesehooks.This is actuallyveryuseful
becauseoneof thethingsyou cando to aPCI busis turn it off. If you turn thePCI bus
off while thedevicesarestill alive,thedevicesaren’t reallyhappy. Sowhatyou’vegot
to do is do thingsin theright order. 35m, 45s

Theotherthing is thatPCI bussescanbechained,sothis PCI buscanhangoff of that
PCI busandif you turn this oneoff first, you’re in trouble.SothePCI subsystemtakes
careof this andgoesthrough,effectively recursesacrossall PCI busses,bottomup,
tellsall of thedevices,tellsall of thebusses,thenturnsoff thetop-level PCI bus,if
thereis sucha thing.Soyoucanactually, in theory, goaroundandturnoff the
particularPCI devices,or youcanturn off a wholebusif you’renotusingit. All this
just savespower in goodways.PCI devicesshouldalsoregisterdirectlywith thepower
managementsothey candopmaccessandpmdevidle calls,becausethey’regoodhints
to thepolicy, soweknow what’sgoingon.36m, 37s

ThePCCarddriver registrationis verysimilar; if you’reaPCI deviceandaPCCard
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device, i.e. you areaCardbusdevice,youdon’t needto do this becauseyou’re
registeredwith thePCI subsystemanyway. But if you’renot, if you’rea regularsortof
PCCard,thenthis is usefulbecausethePCCardsubsystemhassortof aglobal
callbackthing,whichallowsyou to tell driversthingslike:yourcardhasgoneaway;or
wewantto go to sleepnow. And again,youwantto know thatbecauseyouwantthe
devicedriver for thecardto know thatyou’vegoneto sleepbeforeyou turn thepower
off to thePCCardcontroller, thePCMCIA controller, otherwisethedrivermayjust die
badlythenext time it triesto accessthecard.And it doesthingsin theright order, soit
turnsthecardsoff beforeit turnsthePCMCIA controlleroff aswell. 37m, 41s

As well asthis,which I haven’t gotaslidefor, there’s ausermodeinterfaceto APM, at
least.TheACPIonewill haveanequivalent.And I’ ll talk aboutPowerPCin aminute.
Which allowsany usermodeprocessto connectto /dev/apmbiosandbetold aboutall
of theevents,soyouknow whentheBIOS wantsto suspend;you know whentheuser
haspushedthesuspendbutton.Thereareotherthingsthatyou know; there’s astandby
modewhich is sortof half-asleep,you canfind outaboutthat.Thiswasn’t beingused
by agreatmany things,excepta thingcalledapmd,maintainedby AveryPennarun
overhere.This is whatyou do,you write theinfrastructureandyou leavepolicy to
somebodyelse.And I’vegotsomebodyelse,sothis is all right. 38m, 31s

Averycommentson this matter.

I leave it to thedistributionsto decideexactlywhatthey wantto do with thepower.

Yeah,well, you’vepushedit up anotherlevel. Somebodyelsewill do thepolicy, that’s
okay. But apmdallowsyou to doarbitrarythings,becauseit basicallycallsashellscript
on eacheventandtheshellscriptcandoarbitrarythings,like it candoasoftwareeject
on yourPCCards,becausetherearesomePCCardsthatdon’t likebeingsuspended,
they needto beejectedwhenyou doapoweroff. You couldalsodo thingslikeswitch
away from your X serverbeforeyoususpendandthenswitchbackafterwards,because
suspendworksin text mode,but it doesn’t work in graphicsmode.39m, 11s

Thishasbecomelessnecessarynow, becauseI got this mail from oneof theXFree4
developerswhosaid:we’vediscoveredthis APM stuff; it wouldbereally usefulif you
did this little patch.SoI did thepatchandsonow XFree4 knowsaboutAPM, sonow
whenyoususpend,theX servergetstold thatyou’regoingto suspend,soit cansaveall
this data,thegraphics,anddowhatit needsto do.And whenyou resume,more
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importantly, it canput it all backagain.Sosuddenlyeverybody’sX serverswork. 39m,
46s

Thereis aquestionfrom anaudiencemember.

There’s adifferencebetweenAPM andACPI supportfor devices,right?

Absolutely.

Thecodethey run to turn themselvesoff, is it written in machinelanguage?

It canbe,or if youknow enoughaboutthedevice,a lot of devicesthesedayshave
powermanagementthingsyoucando to them.Okay, soin particular, thePCI spec
definesa genericwayof turningPCI deviceson andoff, or changingtheir power level.
But in thecaseof a deviceyoudon’t know about,yes,you basicallyinterprettheAML
associatedwith theparticularpoweroff methodfor thatdevice.And that’swhy you
needtheinterpreterin thekernel,becauseyoumayhave to do this whenyoucan’t load
modulesor whenyou can’t go out to usermode,like it’ syour diskcontrollerthat
you’rebootedoff andyouneedto do it. Yeah,soit is abit differentandit’ sactually
reasonablyhardanda pain.40m, 59s

We’veactuallyfoundagoodusefor theAML code,though,becauseyoucaninterpret
it by hand,whichmeans:if thepeoplethatput togetheryour laptopbotheredto build
theACPI stuff for your laptop,you canfind outaboutinterestingdeviceson thelaptop
thatthey won’t tell you aboutwithoutanNDA or they won’t eventell youaboutat all,
but they still allow you to enableanddisabledevicesandpowermanagethem,even
without knowing whatit is, which is useful.41m, 27s

But theXFreethingwasactuallyuseful.Unfortunately, it’ salreadyoutof datebecause
APM is goingawayandACPI is takingover. But ACPI doesn’t currentlydefineauser
modeinterface,sowe’re sortof stuckat themoment,which is why APM still runsona
lot of laptops,I guess.41m, 47s

Otherarchitectures,quickly... besidesthese,there’salsoSPARC, which I’m told you
canpoweroff in software,but I haveno ideahow to do thatandI’vegotno ideaif
there’s anythingelseuseful.Weknow thathappensbecausewhenyou installSolarison
anUltraSPARC, oneof thequestionsis: doyou wantthis machineto turnoff after
thirty minutesof idle time?Youdo this at installationtime,months,andyou sayyes,
andyou leave themachineidle for thirty minutesandit turnsitself off. 42m, 20s
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Thereis acommentfrom anaudiencemember.

Thereis an/etc/powerd.conf,but I’m not surewhatit does.

I’m notaSolarisperson.We just discoveredthis becausewecamein onedayandthe
machinewaspoweredoff. Theaudiencelaughs.42m, 32s

On thePowerPC,laptopsat least,Paul Mackerras,who’s themaintainer, did hisown
thing. In asensehe’s lucky, becausethere’s basicallyonesetof hardware.There’sa
PMU, aPowerManagementUnit, andI assumethere’s specificationsfor it. 43m, 00s

Thereis acommentfrom anaudiencemember.

Apple mayhavesomespecsinternally, but they haven’t releasedit.

Paul figuredouthow to dealwith this device.And so,thePPCport doessomepower
management.Basically, it hasausermodedaemonthatdoesall thework, likeACPI
does.Any applicationsthatwantto interactwith thepowermanagementinteractwith
thatusermodedaemon.And there’s a restrictedsetof hardware,whichmakes
managingthateasy. However, I suspectPaul is goingto discover thathardwaregetsa
lot hardersoon,becausethere’sall thesePowerPCmachinesout therewith PCI busses
andpeopleareputtingcardsinto them.And it’ sgoingto geta lot harder. 43m, 47s

Oneof thethingsweneedto do is to integratethepowermanagementfrom the
differentarchitectures,sothat,asfar asthedriversareconcerned,it’ s thesame.At the
moment,it is differenton thePowerPC.44m, 01s

TransmetaCrusoe,this slidewaswrittenawhile agoandwedidn’t know muchabout
it. We still don’t know ahell of a lot aboutit; DaveTaylorof Transmetacantell usa lot
more.Thespeaker laughs.Onethingwedo know, though,from thewhitepapers,is that
it candonot only speedchangingof theCPU,but voltagechangingof theCPU,which
tendsto saveyou a lot of power. Thehardware,again,is fairly restricted,sothey
understandit well andcando whatthey likewith it. My impressionwas,andI’m not
surethis is correct,thatthefirst pass,they did anAPM BIOS.44m, 39s

Thereis amostlyunintelligiblecommentfrom DaveTaylor of Transmeta.Thegistof
hiscommentsappearto bethatthey don’t supportCPUthrottling yet,alsoknown as
dutycycling, althoughthey do changethefrequency. Controlof this is doneby MSRs
andhebelievesthey havealreadyput togetheranapplicationfor controlof this, though
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it hasnotbeenintegratedinto thekernelyet, thoughthey’ve really just startedchecking
in thecrusoetree.ED: Theprecedingsectionof this transcriptionrepresentsa
best-guess.Readersareencouragedto seekvalidatedinformationregardingpower
managementcapabilitiesfrom Transmeta,ratherthanrelyingon thestatementshere.
45m, 21s

We’ll watchfor it. I did noticethatyou now recognizeCrusoes,thatwentin there.So
they now recognizeaCrusoeandsay:we’vegotaCrusoe,good.Thespeaker laughs.
Again, it’ sall softwarecontrolled.There’s acoupleof whitepapersall aboutit on the
Transmetasite.I think, Daveyousaidyou weregoingto switchto amoreACPI style.
45m, 44s

Thereis amostlyunintelligiblecommentfrom DaveregardingCrusoeandACPI.Yeah,
we’vebeentalking aboutACPI becausewe thoughtAPM wasdead.And we’vebeen
pushingfor this veryhardbecausewehaveall thesewebslates.You mentionedearlier
thatthebacklightis sometimesup to forty percentof thepower;but for us,it is up to
two- or three-hundredpercent.Soit’ sa terrifying problem...Theremainderis
unintelligible.46m, 24s

Onethingyoudiscover, thoughis thatevery timeyour laptopcomesout, for instance,it
hasanew videochipsetthatyou can’t getthespecsfor. SoI assumeyou’regoingto
have thesameproblemwith thewebpadsandthings;it will just bea new videochipset
in every time. I don’t know; they like to put thegee-whizlatestthing into thesethings
andit’ s just bad.46m, 44s

That’saboutall I wantto say. I’vegota list of referenceshere;theseslideswill be
availableon my website,which is thetopone.Not at themoment,but they will be.The
APM daemonwebsite,that’sAvery’swebsite.47m, 03s

It’ s spelledwrong,there’s only onep in apenwarr.

There’s acorrectlink off my website;it works,I’ve tried it. TheACPI website;this
maynotbeactuallycorrectanymore,but it will getyou to theright place.If you want
thedocumentation,Intel doesn’t actuallypublishthedocumentationon theirwebsite
anymore,which wasreally exciting for mebecausethat’swhereI usedto link it from. I
hadaboutthreedozenpeopletell methatthelink broke,soI wentsearchingandit’ s
just not there,asfar asI cansee,soyou’vegot to getit off theMicrosoft site,if you
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wantit. TheAMP thereis nota typo, I don’t know, that’swhatthey did. 48m, 00

Whataboutotherembeddedchips,thathaveregistersandthingsto let you slow the
processordown; is theretheability to addsupportfor that?

Of coursewehave theability; wehave this genericpowermanagementinterfacenow.
Thehardbit is gettingthedevicesto do thingsat theright time,andwe’vegot thatasa
genericinterface.Sodevicescanregisterandsay:I wantto know whenthingsare
happeningto thepower levels.But to do theactualCPUthrottling or changingthe
speedof thechipandthings,that’sall up to theparticulararchitecture,hardware.I just
don’t know aboutany of theotherarchitecturesandI don’t know if any of themdo any
throttling at all. I meanit’ smainly comefrom thelaptops,webpadsortof arena.And
almostall of thelaptopsareIntel. 48m, 53s

Is theresomemechanismto handlethechangein clock rate,sothejif fies...

No; this is aninterestingthing aboutit. Therearesomelaptopswhich, if you bootthem
andtheir batteriesarelow, they actuallybootinto low-speedmode.Likeoneof the
IBM ThinkPadswill bootinto 100MHzinsteadof 400MHz.And if you do that,it does
theBogoMIPScalculationat100MHzandgetsthisnumber, thenyouplug thepower in
andit speedsup.Soall theudelayloopsarea quarterof whatthey needto be,all of the
delayloopsareaquarterof whatthey needto be,andthis causesreally interesting
behavior. Thereis nosupportin Linux for changingtheclock rateandcoping.It’ sokay
if youdo theBogoMIPScalculationat full speed,andyou only slow down, it’ s
probablyokaybecausethedelayloopsonly getlonger. 49m, 43s

Whatabouttimeanddatewhenyouslow down your clock?

Thatall works,that’sokay. That’soneof thethingswedo, is settheclock back.Well, I
don’t know. It’ssupposedto work. 49m, 57s

I’vegot this old 486laptopthatyoucanchangethespeedbetween66MHzand33MHz
with akeystroke.

Oh good.Startat 66MHz. It’ sbeendiscussed.Theonly thing youcanreally do is
recalculatethedelayloop.50m, 20s

Immediately.

And youdon’t know thattheclock ratehaschanged.
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On theseembeddedsystems,you would...

If youknow, thatwouldbeuseful,excepton Intel systems,anyway, you’vegot to turn
all theinterruptsoff andbasicallyrun for a secondor sowith all of theinterrupts
disabledandfigureout how many instructionsyou canexecutein asecond.Which is a
pain,andyou don’t wantto do thatat arbitrarytimes.50m, 49s

Thespeakercallsonanaudiencememberfor aquestion.

What’s thegranularityof theudelayyou weretalking about?

udelay?Microseconds.

Socouldyounotuseunintelligible?

Thekernel’sbeenchangedduring2.3 to usetheclockcounter. Theproblemwith that,
of course,is thatIntel’sTRCchangesspeedwith the...I think Transmetaguaranteed
thatit wouldn’t change,is thatright. 51m, 17s

Well we fakedit soit wouldn’t change.

Intel’schanged.Oneof them,Cyrix I think, hasabug sothatits possibleto readthe
TRC,which is thecyclecounter;you readit twice andit’ spossiblefor thedifferenceto
bezero.Which is not agoodthing.Youwouldn’t imaginethat’spossiblegivenyou
really can’t executethetwo readsin lessthanacycle,but they did it. Basicallyif you
wentto sleepbetweenthereadsandcameback,they didn’t updatethecyclecounter.
Thespeakeradds,with sarcasm.This is good.51m, 47s

Thespeakercallsonanotheraudiencememberfor a question.

How wouldyougoaboutdebuggingabug involving PCMCIA suspendandtheBIOS.I
meanI’vegot this Sony Vaio laptopwhichdoesn’t work aftera suspend...

Oh,you’vegotaVaio thatdoesn’t work. Oh, thereareVaiosthatdo;mostof theVaios
work.

Therearemany thatdon’t. unintelligibleinterruptcontrolleraftersuspend.Something
screws up theinterruptcontroller. How wouldyouactuallystartto debug this?

You’ve reallygot to guess,you’vegot to getspecificationsfor thedevicesandseewhat
they’redoing.Try thingsandsee.For instance,therewasonemachinewherewhenyou
suspendedandresumed,thetick clockwassetbackto 18Hz likeWindowshas.And so
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wenow haveapatchin which reinitializestheclock backto 100Hz again.Thereare
just...you’ve just got to find thesethingsout andtry to guesswhat’sgoingwrong.52m,
54s

Whendid thatpatchgo in?

A long timeago.

Becausemy laptopstoppedworkinga long timeago,for sortof exactly theopposite...

Well, it’ s thesamecodethatreally initializesthething in thefirst place,soI’m really
not surethatwouldbeaproblem;thatit wouldbetheproblem,there’s lots of
possibilities.53m, 19s

ThespeakercallsonDaveTaylorof Transmetafor a comment.

I just wantedto answerthequestionaboutdebuggingpowermanagement.Oneof the
thingswe,first of all sortingthroughit is really hard.And thelongeransweris oneof
thethingsyou’vegot to do is to takewhateversystemyouhaveandcall the
manufacturerandsay:canI have this PCI cardformat?And thenyoucandebug it on
thedesktop.Onceyoucandebug it on thedesktop,youcanplug in aPCI bussniffer
andthebussniffer cantell youall kindsof neatthingsaboutwhethertheSouthbridgeis
insertingunintelligible,soyoucanfind outwhetheryourPCI spaceunintelligible.54m,
08s

Basically, you needa lot of hardwarearoundyou to figureit out.Becausethesoftware
is reallyout of controlhere;there’snothingwecando.Especiallyin APM mode
becausewe don’t haveaccessto systemmanagementmode;if wehadaccessto system
managementmode,we couldin theorybuild a debuggerinsidethatcouldwatchwhat
wasgoingon,at leastpartly, it wouldn’t beableto dowhataPCI sniffer cando,but at
leastit wouldgiveyousomewhereto go.But you’ll find with any machinerunning
APM, there’sno wayyoucangetinto systemmanagementmode,becauseassoonas
you jump into systemmanagementmode,you’re in theAPM BIOS andit’ sdoing
things.54m, 43s

Thesearejust thelastof thereferences.This Intel’sSL architecturebook;I wouldn’t
recommendanybodyreadit, it’ s just whereI first foundoutaboutthesystem
managementmodeandstuff. And documentation/apm.txt,all of thedriverwriters
shouldreadthis.Thefirst thing it saysis: if you’rewriting adevicedriver, it mustdo
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powermanagement.Thespeaker laughs.Full stop.Otherwise,we just can’t do things.
At themoment,it’ sabit strangebecauseif you’rea PCIdeviceandyoudon’t havea
suspendhook,wewill still turn thepoweroff on thePCI buson you,whichmeans
whenwecomeback,youmayor maynot recover. Soeverybodyshoulddo it. 55m, 26s

Thespeakercallsonanaudiencememberfor aquestion.

Would it bepossibleto havesortof havepowermanagementoperateat ahigherlevel,
likealwayscall devicecloseanddeviceopenon,say, a network interface?Insteadof
having everysinglenetwork interfacehaveaspecialsuspendandresume.

Thereis acommentfrom anotheraudiencemember.

Someof thenetwork driversalreadydo that.

Theoriginal audiencememberexpandshisquestion.

That’swhatI’m saying,though,why shouldI have to changeeverysinglenetwork
driver?Why not addit onat ahigherlevel andcall everynetwork driverandsayclose
andopenonsuspendandresume.

Becausecloseandopenmaynotbesufficient.Therearesomedeviceswhichcopewith
suspendandresumeokayanddon’t needreinitialization.Therearesomedeviceswhich
basicallyhaveto bereinitializedasthoughthey werejustpoweredup,or they justdon’t
comeback.56m, 11s

Theoriginal audiencemembercontinues.

I usedthenetwork cardasanexamplebecauseI know driversaresupposedto
reinitializewhenyou reinitializeandwhenyoudo anifconfig up.

Not all of themdo that.56m, 23s

It’ sa bugmorethananything.Soyou shouldbeableto catchmostproblemsjust by
downing theinterface,right?

You should,most,yes.Most is theproblem,right?56m, 33s

It’ sbetterthannothing,though.

It’ s thesamewith PCI devices;there’sagenericway to controlthepowermanagement
level of aPCI device.ThePCI specdefinesagenericway, but thecodein thekernel,if
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you look, saysthey don’t defineasuspendandresumehook,we’re notgoingto do the
genericwaybecausesomePCI devicesjust don’t cope.Evenif they say, there’s a
capabilitybit in thePCI busthatdoespowermanagement,andthethingswe’ll do...
evenif they do saythat,someof themdon’t copeandsobasicallywe’vegot to work
aroundall of this buggyhardware.Thebestplaceto do it is in eachdevicedriver
becausein theory, eachdevicedriverknowsaboutthebugsin thehardware,hopefully.
57m, 16s

Thereis acommentfrom anaudiencemember.

I’veheardabove thebugsin thehardware,sometimestheBIOS is theonethat
initializesthehardware,soif yougo into apowerdown stateandthencomebackto a
powerupstate,thedevicedrivermaynothaveenoughknowledgeto bring it up to a
workingstate.

There’s just toomany unknowns.57m, 38s

Thespeakercallsonanotheraudiencememberfor a question.

UsermodeACPI,what’smissing?

UsermodeACPI.

Wealreadyhaveacpidandacpictl.

Yeah.ThelastversionI’vegot,whichwasfrom May, acpidmerelyinitialized some
thingssothekernelcoulddo thesleepmodesandwould listenfor interactionsfrom
otherusermodethingssaying:whatis thebatterystatus.And asfarasI know, that’sall
it did. 58m, 19s

It gotupgradedin earlyJulywhenthey put thecodein thekernel.

That’swhatI needto look at,becauseasI saidI haven’t hadtimeover thelastcouple
of monthsto actuallyfollow-upwith what’sgoingon with them,soI don’t know
what’smissing.TheACPI controlprogramthatcameout in May wouldn’t even
compile,soI didn’t getvery farwith it. In theory, theinfrastructureis now all there.So
they canjust sortof power forwardandgetthingsdone.And I wouldbemorethan
happy for themto getit all done,becausethenwhenpeoplecometo meandsay:my
APM doesn’t work; well I’ ll tell themto goandtry ACPI.But for themoment,I can’t
tell themto go andtry ACPI,becausetheirmachineswon’t evensuspend.59m, 04s
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Thereis amostlyunintelligiblecommentabouthaving to fix all of theBIOSeswith bad
ACPI.

Well, thereareworkaroundsin theACPIcodefor BIOSesthey know arebroken.And
so,wecantry. 59m, 13s

Thespeakercallsonanotheraudiencememberfor a question.

In the2.0kernels,I foundaprogramthatwascalled,I forgetwhatthey calledit, a
powermanagementversionof thebdflushprogram,thatwouldbasicallyspindown
your harddriverandthenrefuseto flushany of thekernelbuffersuntil theharddrive
wasspunbackup againfor a read.I haven’t beenableto find anything like thatfor 2.2;
haveyouheardof anything like that?

No. Onething I’vedonerecently, though,is talk to theIDE maintainerandsay:why
don’t youhooktheAPM stuff? And hewrotebackto merecentlyandsaid:did youfix
all yourproblemswith theIDE andI haven’t writtenbackyet,but my reply will be:the
problemswith theIDE aren’t my problemswith theIDE. TheproblemsaretheIDE
problemswith thepowermanagement,becausefor instancetheIDE stuff doesn’t know
whenyoususpendandresumeatall, becauseit doesn’t hookthestuff. 60m, 08s

And in particular, if youcompileAPM into thekernel,theonly differenceto theIDE
driver is it will wait 30 secondsfor thecommandto completebecausethediskmay
have to spinup,whereasit normallywaitslike5 millisecondsor something.But it has
no knowledgeof thepowermanagement.If it hadknowledgeof thepower
management,thenit coulddo thingslikeblockingthedevicequeuesuntil you really
wantedto do something.And thediskscouldthenspindown andthey wouldn’t just
spinupbecausesomebody’s justwrittena log message,like theAPM daemonhasdone
a log messageandit hasto spinthediskupagain.Or theAPM devicedriverhasdonea
log messagebecauseit’ s in debugmodeor thingslike that.It wouldbenicefor thedisk
subsystemsto know aboutwhat’sgoingon.Becauseyoucouldjust blockdevice
queues,andthat’sausefulthing.61m, 00s

Thereis acommentfrom anaudiencemember.

Whenthepulledbdflushinto thekernelfor 2.2,wesortof lost theability to do that;
easily, anyway.

27



Power Management and Linux

Well, youcanpatchthekernel;we’vegot thesource.Thespeaker laughs.Anything
else?Done,good.

Theaudienceapplauds.61m, 24s

3. Additional resour ces

3.1. Presentation materials
Theslidesusedin this presentationmaybefoundat
http://www.linuxcare.com.au/sfr/pmtalk/index.html

3.2. APM for Lin ux home page
DetailsregardingthecurrentAPM implementationin theLinux kernel,aswell as
informationregardingAPM itself maybefoundat http://www.linuxcare.com.au/apm

3.3. apmd
Detailsregardingtheapmdapplicationandprojectmaybefoundat AveryPennarun’s
site,locatedat http://www.worldvisions.ca/~apenwarr/apmd

3.4. ACPI for Lin ux home page
DetailsregardingtheACPI for Linux projectmaybefoundat
http://phobos.fs.tum.de/acpi
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