Power Management and
Lin ux

In recentyearsascomputerecomemorepower hungryandmore
peoplehave accesgo notebookcomputerspower managemerttas
becomeamoreimportantto thewider computerusingpopulation.The
power managementuilt into Linux allowsit to performfairly well in
suchbenchmarkssbatterylife andpower consumption.

We will discusghe historyof theLinux power management
implementationtheinternalkernel API’s involvedandthefuture.

1. Notes

1.1. Original presentation

Theoriginal presentatiomf this talk occurredn roomB of the Ottawa Linux
SymposiumQttava Congres<entre Ottava, Ontario,Canadaon the 22ndof July,
2000at 11:30localtime. This presentationvasgivenby StepherRothwell.

1.2. Presenter bio

StepherRothwellcameto Linuxcarefrom NEC Australia.At NEC he helpedsetup
andadministemNEC’s externallnternetconnectiorandintranet.He alsosetup,
maintainedandsupported.inux firewalls andWeb senersfor variousNEC customers.
Stepherdevelopsandmaintainsan AdvancedPover Managemendriver for Linux
licensedunderthe GPL.He is amemberof the AustralianUNIX andOpenSystems
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UsersGroup(AUUG) andhaspresentegbapersat two of its Canberralechnical
ConferencesStepherwasoneof the organizersof the Canberrd.inux Usersgroupand
is alsooneof theadministratve teamof the CanberrdCUGS Internetservice.Stephen
beganprogrammingoy teachinganIBM 360how to cheatat Blackjack,andhasbeen
known to tell threefunny jokesin oneyear

1.3. Presentation recor ding details

Thistranscriptwascreatedusingthe OLS-supplied-ecordingof theoriginallive
presentationThis recordingis availablefrom
ftp://ftp.linuxsymposium.ag/ols2®0/20M0-07-22 12-58-04 B_64.mp3

Therecordinghasa 64 kb/sbitrate,32KHz samplerate,monoaudio(dueto the style of
singlemicrophoneecordingused)andhasafile sizeof 2947564&ytes.The MD5
sumof thisfile is: 383c433727dead8a73741adbf7fda2

1.4. Creation of this transcript

1.4.1. Request for corrections

This transcriptwasnot createdby a professionatranscriptionistjt wascreatedcoy
someonaeavith technicalskills andaninterestin the presentead¢ontent.Theremay be
errorsfoundwithin this transcript,we askthatyou reportthemto usingthe bug
trackinginterfacedescribedt http://olstrans.sourcefge.net/ligs.php3

1.4.2. Tools used in transcript creation

This transcriptionrwasmadefrom the MP3 recordingof the original presentationysing
XMMS for playbackandlyx (with docbooktemplate)or thetranscription.
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1.4.3. Format of transcript files

Thetranscribeddatashouldbe availablein a numberof formatssoasto provide more
readyaccesdo this datato alargeraudienceThetranscriptswill beavailablein atleast
HTML, SGML andplain ASCII text formats;otherformatsmaybe provided.

1.4.4. Names of people involved with this transcription

This transcriptwascreatedoy JacobMoormanof the Marble HorseFreeSoftware
Group(whosepagedive at http://www.marblehorse.q). He maybereachedt
roguemtl@marblehorse gr

The primaryquality assurancéor this documenivasperformedoy Stephanie
Donovan.Shemaybereachedat sdonwan@achilles.net

1.4.5. Notes related to the use of this document

This documents distributedin the hopethatit will beuseful,but WITHOUT ANY
WARRANTY; without eventheimplied warrantyof MERCHANTABILITY or
FITNESSFORA PARTICULAR PURPOSEWHhiIle quality assuranceheckson this
transcriptwereperformedjt wasnot createchor checled by a professional
transcriptionistthetechnicalaccurag of this transcriptis neitherguaranteedor
confirmed.Pleaseeferto theoriginal audiorecordingof this talk in the event
confirmationof the spealer’s actualstatementsreneeded.

1.4.6. Ownership of the content within this transcript

Thesetranscriptdik ely containcontentowned,undercopyright, by the original
presentatiorspealer; pleasecontactthemfor licensingrequestsbut do soin a polite
mannefpleaselt mayalsobeusefulto contactthe coordinatorfor the Ottava Linux
Symposiumthe original venuefor this presentationAll trademarksrepropertyof
theirrespectre owners.
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1.5. Markup used in this transcript

1.5.1. Time markers

At theendof eachparagraptwithin the body of this transcript,atime offsetis listed,
correspondingo thatpointin the MP3 recordingof the presentationT his time marker
is emphasizedin documenformatsin which emphasiss supportedpandis placed
within bracletsatthevery endof eachparagraphFor example,05m, 30s stateghat
this paragraplendsat thefive-minute thirty-secondnarkin the MP3 recording.

1.5.2. Questions and comments from the audience

Theserecordingsverecreatedusinga bud microphoneattachedo the spealer during
their presentationDueto theinherentrangelimitations of this type of microphone,
someof the commentsandquestionsrom the audienceareunintelligible.In cases
wherethe spealer repeatshe audienceguestionthe questionshallbe omittedanda
marlkerwill beleft in its place.Eventswhich happenn theaudienceshallbe bracleted,
suchas:Theaudienceapplauds.

Furtherin casesvherethe audiencecommentor questionsarenotrepeatedy the
spealer, they shallbeincludedwithin this transcriptandshallbe enclosedvithin
doublequotesto delineatethatthe statementsomefrom theaudiencenot from the
spealer.

1.5.3. Editorial notes

Theeditorof this transcriptthetranscriptionis{(if youwill), andthe quality assurance
resourcevho have examinedthis transcriptmay eachincludeeditorial noteswithin this
transcript.Theseshallbe placedwithin braclets.

1.5.4. Paragraph breaks
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The paragraptbreakswithin this transcriptarevery mucharbitrary;in mary caseshey
represenpause®r breaksn the speeclof thespealer. In othercasesthey have been
insertedo allow for enhancedlarity in thereadingof this transcript.

1.5.5. Speech corrections by the speaker

During the courseof thetalk, the spealer may correcthimselfor herself.In thesecases,
thecorrectedspeectwill beplacedin parenthesisThereaderof this transcriptmay
usuallyignorethe parenthisedectionsasthey representorrectedspeechFor
example:My auntoncehad(a dognamedSpot,sorry)acatnamedCleopatra.

1.5.6. Unintelligib le speech

In sectionsvherethe speeclof theauthoror audiencéhasbeendeemediseful,but
unintelligible by the transcriptionisor by the quality assuranceesourcea marker will
beinsertedn their placesunintelligible. Severalattemptswill be madeto correct
wordsandphrase®f this nature.In casesvherethe unintelligiblewordsor phrasesre
clearlynot of importanceo the meaningandunderstandingf the sentencethey may
be omittedwithout marker insertion.

2. Transcript

I’'m StepherRothwell,I'm theLinux AdvancedPover Managemeninaintainer;
adwanceds abadword...

Thereis acommentfrom anaudiencenember
Sometimest works.

More advancedthanturningit off. Theaudiencdaughs.
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Ahh, yeah.Beforel start,| shouldask:noneof you guysactuallyprogramBIOSes,do
you?Ohgood.Theaudiencdaughs.00m, 26s

Thisis basicallywhatI’m goingto talk abouttoday A bit of motivationaboutwhy we
wantpower managemeng bit aboutwhy | did it. A bit of history. And thenI’m going
to talk aboutAPM, whichis whatl did. Thenl’ll talk alittle aboutACPI, whichis what
| didn’t do. And we’ll talk abouttheimplementationhow we did it andhow you useit.
And talk aboutdevice APIs andif thereareary device driverwritershere,| urgeyouto
listenandtake note.Down to thatpoint, I’ Il betalking aboutintel andmainly APM. As

| keeptelling Paul Mackerras talking aboutintel coverslik e 90 of the market, sothe
restarejustnoise.l’ll talk alittle bit aboutotherarchitecturedjke PPCandTransmeta.
Thenl’ve gotsomereferencesndl’ |l take somequestions01m, 25s

Thefirsttime | did thistalk, | thoughtaboutmotivationandit sortof camedown to
justification,ratherthanmotivation.But | wasthinking aboutthis andjustificationis
easyHow mary peopleherehave gotalaptop?Okay How mary peopletraveledmore
thantwo hoursto gethere?That's thejustification.The otherjustificationis thatthese
dayspeoplebuild thesegreatbig farmsof PCsor have PCsall overtheir corporations,
like thousand®f them,andthey’re all sitting thereburning power. Especiallyif they’re
runningLinux, becausgou don't shutthemdown every night. And we wantto reduce
power bills, turn fansoff, save noise;thingslik e that.02m, 13s

My motivationwasthefactthatl gotalaptopaboutserzenyearsagowhennot somary
peoplehadlaptops.And it wasrunningWindows. And | thought:thisis abit of asilly
thingto do,sol’ Il putLinux onit. Sol putLinux onit, satdown andputit onmy lap
andalmostburnt myself. This wasnt good.The otherthing was,of coursethaton
Windows power managemergortof worked. It did things,in particularit would turn
itself off whenyou shutit down. And Linux didn’t dothat;andl thoughtanything
Windows cando, we've gotto beableto do aswell. 02m, 54s

Theothermotivationis longerbatterylife. It s like theflight betweernSydne Australia
andLA Los Angeles,California, United Statesof Americais lik e fourteenhours.On
my first laptop,the batterywould lastaboutan hourif | wasvery lucky. Which doesnt
getyou very far. And thesedays,your Pentiumill (P3)laptopsandsomeof the
Pentiumll laptopscomewith fanswhich make a bit of noise.If youturnthefanoff and
you don't do ary power managementheP3is liable to meltthroughthe bottomof
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your laptop,straightthroughyour knee.And thathurtsalot. Onething you’ll noticeon
mostLinux laptopsthesedaysis thatthefansdon'’t run. Well, they don't on mine,
anyway, exceptwhenyou build kernels,andthenthey run. 03m, 44s

A bit of history... Before1992 therewastotal chaos pecause hadnt thoughtabout
thisyet, andneitherhadarnybodyelse.Linux, of course existedonly just. Linux on
laptops therewerent thatmary laptops.But somebodywvasthinking aboutthis;
unfortunatelythe somebodywasMicrosoftandintel. And in 1992they cameup with
this thing calledAdvancedPonver Managementlt wasAdvancedbecausdeforethat,
therewasnone.04m, 16s

So,astepforward.Mid-1993,1 gotmy first laptop;thingschangedl! didn’t know about
APM atthis pointandl thought:let's seewhatthis hardwareis andwhatwe cando
with it. Unfortunately| couldnt do anything with it becauseherewereno hardware
specsSoyou're sortof stuck.But | waslooking througha bookshoponedayandl

sav abookontheshelfcalled,Intel’'s SL Architecture.l thought:interestingl opened
thebookandwhatit talksaboutis power managemerandl thought:good,hardware
specsUnfortunatelyit wasfor a386;1 hada 486 laptopandthingswerea bit different.
Sol tried to do someof this stuff. 05m, 08s

Thefirst thing you learnaboutpower managemenrdandintel’s way of doingthingsis
whatthey inventedwasanev modeon your processarYou all know you've gotreal
mode,you've got protectednode;well they inventedthis thing calledsystem
managemennode.Whenl describedhis thing to afriend of mine,hegotreally
scaredpecausesystemmanagemennodeis a modeyou cangetinto andthe operating
systemcant do anything aboutit. You endup beingin 32-bitrealmodeandall
interruptsaredisabledjncludingNMIs. And theres no way of stoppingthe processor
from goinginto thismode.You don't getbackunlessthething that’s runningputsyou
back.05m, 49s

| thought:okay, thislooksfun. | switchedmy machineinto systemmanagemenmnode
andit justcrashedThespealerlaughs. neverfiguredouthow to dothis. It’s probably
betterdocumentedhesedays.Soall of thelate 386esmostof the486esandall of the
Pentiumshave systemmanagemenmnode.Oneof thethingsthatit would be goodfor,
if someoneeallyfelt likeit, would bewriting areally gooddehugger becausegou can
just stopthe operatingsystemdeadandyou’ve got accesgo all of your memory It
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would behard.06m, 19s

Septembefl993,anev APM speccameout. The APM versionl.0specleft an
enormousamountto yourimaginationwhichis nevergoodin aspecificationAPM 1.1
tried to clarify alot of that. It sortof did. Thisis aboutwhenl foundthe APM spec.
Unfortunately| foundit onthe Microsoftsite,but it wasontheIntel siteaswell, sol
downloadedt from there.And | startedhackingaway atit. | gotthe machineto power
off; thatwasnt too hard.| alsodiscoveredl neededny first workaroundfor aBIOS
bug, almostimmediately 07m, 05s

In 1994,we put ourfirst APM into thekernel. Thingsgetbetter | getlots of bug
reports,dolots morestuff. In 1996,we getAPM versionl.2,which clarifiedan
enormousamountwhichwasreally goodbecaus@eoplewereaskingall these
guestionsaandsaying:well the specdoesnt sayanything aboutthat,sol’'m notgoingto
doit. Unfortunatelyin 1.2they clarifiedall this stuff, sol hadto doit to make it work.
Thespealerlaughs.07m, 32s

Microsoftandintel wererealizingthat APM wasreally a badmistale. And it sortof
waspretty clearfrom the beginning.Soin Decemberthey releasedhis thing calledthe
ACPIspec ACPIstandgor AdvancedConfigurationandPawver Interface.They like
advanced.Therewereno non-adwancedhings,only advancedhings.07m, 53s

Well versionl.2 of the APM specwhichwasthelatest,is about60to 70 pagesThe

ACPI specwhich coversmorethanpower managements 300to 400 pageslit’'slike
thisthick. I've never readthewholething. It'sa goodway of gettingto sleepat night.
It'samazing 08m, 20s

The ACPIlversion2 is in draft, asof Januaryor Februaryof this year ACPI version2 is
interesting becausegou have to actuallysignup on their websiteandjoin the
consortiumto geta hold of thespec,sol haven't gotacopy, becausé don't necessarily
believe thatpeopleshoulddo that. (Wheredo we go from here?)08m, 51s

In ACPI, Toshibajoined Intel andMicrosoft, which probablyhelpedbecauseat least
Toshibamanugcturedaptops.Sothey knew theissueshere.With version2, Compaq
andPhoenixjoinedtoo, whichwasusefulbecaus&hoenixwrites BIOSes.It doesnt
necessarilyneanthatthey doit ACPIright, though.09m, 17s

Whatis APM? APM is actuallya BIOS interfacespecificationThis is why thisis abad
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mistale; becaussomebodyelseis writing the softwareandwe have no controlover it.
And they tried to definetheinterfacebetweernthe operatingsystemandthe BIOS,
which comessuppliedwith your laptopor whateseryour PCis. As | said,they left alot
of thingsto yourimagination. don't think Microsofthasalot of experiencan writing
real APIs. As Andrew Tridgell would know, you might be okay afterwards,to do what
you implemented09m, 59s

Thisis anexamplefrom Miguel de Icazaof why you don’t do policy low-level, because
the APM basicallydefinespolicy in the BIOS. Which basicallymeansyou're stuck

with whatever the BIOS implementethoughtwasa goodidea,whichis not always
right. Alternatively, they provide this setup;you geta setupscreenwhenyou bootinto
your BIOS configandyou setall of thesetimeoutsandthings.Not very usefulwhen
you don't wantto rebootvery often.10m, 36s

WhatAPM allows youto dois for the operatingsystemto cooperatavith the BIOS,
anda bit theotherway aswell. Whatcanhapperis the operatingsystemcaninform the
BIOS whenit considerghe machinedle, whichis useful.My first laptop,the BIOS
wasbadlywritten, andwhatthe BIOS consideredo beidle wasthatyou hadstopped
typing, whichis not very usefulwhenyou’re doing kernelcompiles What| discovered
is thatmy kernelcompileswent8-10timesfasterif | typed.Sol’ d starta compileand
go away andcomebackthreehourslaterandfind it's got throughlik e a third of it and
starttypingandzoomnoiseit would finish. 11m, 20s

Soif the operatingsystemcantell the BIOS whenit is idle, thisis muchbetterbecause
the operatingsystemactuallyknows. The operatingsystemactuallyknows thatthere
areprocessesut theredoingthingsandcanstoploweringthe speedf the CPU.The
operatingsystemcan,in theory managehe power of devices.That's whatthetheory
says.In practice,it’ sactuallyreally hardto figure out whatthe BIOS callseachdevice.
11m, 53s

Basically you cansay:turn the power off onthistypeof device; all of this type of
device or this particulardevice of this type. Theres noway to find outwhatthey are.
Theres no enumerationwhichis a problem.And the operatingsystemcanmanagehe
power overall. Againthe BIOS will do thingssortof its own, it will basicallytell the
operatingsystemwe’re goingto suspendow becausé think we'reidle. Whichis
sometimegyood,for instancepecausehe BIOS knows whenthe batteryis goingdead
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andit cansayto the operatingsystemwe’re gone.The operatingsystemdoesnt getto
sayarything, but atleastyou know it happenedl2m, 36s

Something thatarea problemhere like only the BIOS hasaccesgo the sleepbutton.
Sowhenyou pushthe sleepbuttonon here(which I won'’t do), the BIOS getstold
aboutit. And whatthe operatingsystemgetstold is thatthe userdid somethingand
would lik e to suspendBut the operatingsystemcanthensay:okay, we’ll suspendor
nowewon't. But it cant decideto do somethingelse for instancelt’svery
coarse-grainedBasically you cansuspendyou canresumeyou don't getto decideto
resumeWe needa lot morethanthat. 13m, 23s

ACPI...ACPlis actuallya lot morethanpower managementn theory it's supposedo
provide the operatingsystemwith a descriptionof all of thehardwarethatthe
motherboardt leastknows about.Which on alaptop,asyou would imagine,is really
usefulbecauseverythingis on the motherboardln practice the BIOS writersgetin
theway again;andthey tell you aboutsomeof thethings,but they don't tell you about
everything.They tell you aboutwhatthey wantyou to know about.13m, 59s

Ontop of that,the ACPI providesyou with methodsor functionsfor doingthingsto
devices,soyoudon't actuallyhave to know how to do thingsto a device; youcan
basicallylook up in the ACPIin the particularmethod ik e the methodto turn a device
off, andyou canexecuteit. Thesemethodsarewrittenin aninterpretedanguagecalled
AML, whichstanddor ACPIMachineLanguagewhichis prettyimaginatve.14m, 34s

The problemwith this is thatyou needtheinterpreterfor AML in orderto actuallyrun
themethodsThe ACPI guysfor Linux have actuallywritten suchaninterpreterfor
Linux andafew weeksagoit wentinto the kernel. The big warningin the configuration
helpsays:if you selectthis, youwill add120Kto your kernel;which everybodywants.
Thespealerlaughs.Somebodywassayingto methe otherdaythatMicrosoftis forcing
usall to belike Microsoft, becauséf youimplementACPI, you endup with all this
stuff. 15m, 10s

Thedifferencewith ACPIlis thatthe operatingsystemhascompletecontrol. Basically
the ACPI saysyou collarthesedevices;you cando thesethingsto them,gofor it. This
is good,becausé¢he operatingsystemactuallyknows whatit wantsto do. It’s exported
thepolicy atleastup onelevel. Theoperatingsystemcanthenexport the policy
wherever it wants,which is whatwe do becauseve don’'t wantto make actual
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decisionsaboutthings;we’ll let someoneslsedo that.15m, 44s

You've gotaccesdgo the sleepbuttonsandthings.Basically if theuserpusheghesleep
button,the operatingsystemgetsaneventthatsays:theuserpushedhe sleepbutton,
dowhatyoulikewith it. You couldmake it popup nethack.Theaudiencdaughs.
Theres still somedependencenthe BIOS writers. 16m, 04s

Microsoft, in Windows 98, thefirst editionof Windows 98 dependean ACPI; if it was
there,it would useit. This causedll sortsof interestingoroblems And thefirst bug
releaseandcertainlythe secondedition of Windows 98 disabledthe useof ACPI for
ary BIOS written beforethefirst of December1999,which givesyou someindication
of how well they weregoing. It thenhadawhite list thatsays:if thisisaBIOSI
recognizeandl know works,thenuseit; otherwisewe won’t. 16m, 37s

Which s theinverseof whatyou wantto do; maybeyou wantto saythatyou know this
oneis really bad,andall therestareokay, but that's nottheway it worked.So
basically therewasincorrectinformation,methodsvouldn’t work; therewas
incompleteinformation,soyou coulddo someof the stuff, but doingsomeof the stuff
is notenoughpecausehis otherdevice over heredoesnt recoser whenyou resume
becausgou didn’t suspendt properly All thesesortof thingsgoon. 17m, 07s

You've got muchfiner-grainedpower managemeniThe specdefinesfour power levels
for your CPU, four power levelsfor eachdevice, and(five power levels)five sleep
modeswhich areeffectively for the systemasawhole...it’s goingto bea pain.
Basically you canhave the CPUrunningeitherat differentspeed®r whateveryou
needto doto lowerits power usageTheonly differencebetweerthe differentlevelsis
how longit takesyouto getbackto runningfull speedSogiventhisinformation,you
candecideif youwantto putyour CPUinto alow-power modebecausét might take
you 10msto getbackfrom power modeC1, whereast mighttake you 100msto get
backfrom C3 andif you needto have somesortof responsavithin 20ms,thenyou
don’'t wantto goto sleepthat’s goingto take 100msto getback.18m, 12s

Soyou've gotall of thisinformationnow andyou canmalke rationaldecisionsThe
sleepmodes again,adjusthow long it takesto getback,how mucheffort it takesto get
back.Obviously the bottomsleepmodeis basicallypower off. Whichis way down
there.Thelevel above thatis effectively hibernationjpower off andyou cancomeback
againafterwards.They also,justfor the heckof it, putin thisthing calledS4BIOS,

11
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whichis BIOS-assistethibernation Soyou canjust sayto the BIOS: | wantto goto
sleepnow, but save everything.Sothat’s effectively the old APM-style hibernation,
whichis usefulof course18m, 54s

But theres aguy up therewho’s written a softwaresuspengatch which you probably
all know about.Whichis actuallyusefulunderLinux becauset only saveswhatwe
needto save.Like,we don't save all of thesepageghathave got nothingusefulin
them.Whereaghe hibernationbuilt-in to the BIOS hasto sase all of memory all of
videostate all of videomemoryandarnything elseit canthink of into thisenormous
file. 19m, 22s

Let'stalk alittle bit aboutimplementationWhathave you gotto do?Theoperating
systemfirst thingit hasto dois initialize the APM subsystenandenableit; you've got
to doboth,| guesgshatmakessenseThis, of coursejs the veryfirst thing you have to
do. Theveryfirst thing | hadto dowastheveryfirst BIOS bug | found.19m, 49s

| hadalaptopfrom NEC becausé workedfor NEC andit camewith a dockingstation.
And thisis useful. Thetroublewas,if you enabledAPM while thelaptopwasin the
dockingstation,thelaptopwould freeze Sotheres avery long-standingconfiguration
optionthatsays:do you wantto enableAPM? Becausg/ou don't necessarilyneedto
dotheenablebecauset couldalreadybe enabledBut this particularlaptop,evenif it
wasenabledjf youdid theenablejt would freeze Sotheres a compile-timeconfig
optionfor it. 20m, 26s

At onepoint,we hadtencompile-timeoptionsfor the APM codein thekernel.And |
think all but oneof themwerefor BIOS workaroundsSoif you hadthis particular
laptop,you enabledheseoptions;if you hadthatparticularlaptop,you enabledhose
options;just soyour machinewouldn't die, whichis notgood.20m, 48s

Next thing we did wassoftwarepower down. In 2.0 andbefore,whatthatdid waswe
hadanoptionthatsaid:power off at shutdavn. Youdid it atcompiletime. Anytime
somebodydid a shutdavn to a halt, it would power off or not, dependingon whether
you configuredthe option.In 2.1, Linus decided or someonealecidedthatit wasa
goodideato split haltandpower off into two separatehings;andthey wereright of
courseput | gotall of thebug reportssaying:l do ahaltandit doesnt power off ary
more.And | said:well whatdid you do?And hesaid:| only upgradedny kernel.
Good.Thespealerlaughs.21m, 34s
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Sowe thengotrid of the power down on halt configurationoption,soonegoesaway,
that's good.But you hadto pass-p to halt, otherwiseit didn’t power down. And of
coursethe mostpopulardistribution atthetime, RedHat, didn’t pass-p to halt by
default. Soassoonaseverybodyupgradedheir kernels,| gotall thesebug reports.
think | answeredhe questionprobablyseveralhundredtimesin ayearanda half, by
saying:just put-p. Oh, they say it works.Good.22m, 06s

Thenext thing thatcameup was,aboutayearago,ayearandhalf ago,oneof the BIOS
writersreleased new BIOS. And obviously they testedit underWindows, whichis
fine, but they didn’t testit on anything thatstayedn protectednodewhenit haltedor
tried to power off. And soall of thesepeopleweregetting:they would go haltandit
would panic,afterit, right attheend.It'snotabig problembecauseverythingis
unmountedht the end,but they would getthis panic.l thought,oh good.Sowe
inventedtherealmodepower down option,which meantswitchingthe kernelbackinto
realmodebeforewe powereddown andthatsolvedthatproblem.We actuallygot some
of the BIOS manufcturergo fix theirbug andwe got atleastoneof themto
acknavledgeit ontheirwebpage but therestof themcalledit aLinux problem.The
spealerlaughs.23m, 01s

Thenext thing we wantedto do wasto improve theidle loop, sowhenyou'reidle you
canactuallysave power becausewhatdo you wantto do whenyou're idle? Nothing.
And whenyou're doing nothing,how muchpower do youwantto absorbAs little as
possible This actuallystartedoeforeAPM camealong.Linus cameup with this
brilliant idea,he cameup with halting.Whenyou're notdoingarything, don’t do
anything. Windows still hasnt figuredthis out; whenyou’re notdoinganything, you do
somethingThespealerlaughs.l don't know whatthey do, but they do something.
23m, 38s

OnIntel, anyway, theres aninstructionthatsayshalt andit doesexactly that, it just
stops.And it doesnt do anything until it getsaninterrupt,whichis useful.If theres
nothingto do, theres no pointin doinganything. This become®venbetterbecausen
the486SLchips,thelateronesthe powver manageanesandall of the Pentiumswhen
you halt, it actuallystopsthe clock because¢heinsidesof the chipsarestatic,soyou
cando this. And whenyou stopthe clock, the power usageof the chip dropsthrough
thefloor prettywell. Sodoinga haltactuallyturnedout to be a usefulthing andpeople
suddenlydiscoveredthatall their laptopswererunningquite alot coolerwhenLinus

13
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putthehaltin. And their fansdidn’t turn on somuchin their desktopsall sortsof
thingswerereally good.23m, 23s

Thenext thing youwantto dois, you canactuallytell the BIOS thatyou'reidle, the
APM. And whenyoutell the APM BIOS you'reidle, it will dothingslike say:we're
not usingthis andpower down all thesethings.Or it will say:let'srunthe CPUslower.
Whichis actuallynot usefulif you're halted,because¢he CPUis notrunningatall. But
it canbeusefulif you're doingotherthings,like Windows does;soyou runthe CPU
slower. The problemwith that,of coursejs thatyou have to tell thethingwhenyou'’re
notidle anymore,otherwiseyour CPUrunsatlike...someof theseBlOSesactually
loweredthe CPUto oneperceniof its ratedspeed Soyou canimagine,you've got your
100MHz Pentium,suddenlit’srunningat LMHz. Whichis why my kernelcompiles
weretakingsolong. 25m, 10s

In 2.2 andbefore,we basicallyhada hookinto theidle loop, sothatif we hadAPM
enabledwe would justtell theBIOS thatwe’reidle. In 2.3, Linus thoughtit would bea
goodideaif we hada separat@power managementlle loop, so(he)we inventedthe
kernelAPM daemorand| startedgettingbug reportsaboutthis procesghatwasusing
all ourtime, calledkapmd.And if you sattherejustrunningtop ona2.3kernel,thetop
processif you're notdoingarything else,will bekapmdandit will beusinglike 85 or
90 or 95 of your CPUtime. Thesepeoplewereworriedbecausdt wasidle: why is it
usingall of thetime?Well actually it’ s justthatthetime is gettingaccountedo that
processlt’s notdoinganything, it stheidle loop. 26m, 12s

(Whatelsehave we got?)Oneof the biggestabsorber®f power on thesethingsis not
the CPU.The CPUis oneof thebiggestones but notthebiggest.Up to 40 of the power
(in your CPU)canbeusedby thebacklightonyour LCD andthe LCD panel.Soagood
thing to do is whenyou're notlooking atthe monitor, turn the backlightoff. Sowe put
ahookinto thevirtual consoleblankingroutinethatwould actuallyturn the backlight
off. Becausgustblankingthe LCD andleaving the backlighton doesnt save you
arything, almost,you're still driving all the pixelsandthe backlightis actuallya little
neonlight; they usedto belittle neonlights, I’'m notsurewhatthey arenow. 27m, 01s

Sowe do that.We have /proc/apmwhich basicallytells you status soyou canlook in
thereandit will tell youthatyou've gotthis mary second®f batterylife left, if the
BIOS knows andtells you. And we have /dev/iapmbioswhichis aninterfacebetween
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usermodeandthekerneldevice driver, soyou candothingslik e tell the kernelto
suspendaow. Or you cangettold whenthe BIOS wantsto suspend27m, 30s

Thisis adeadend.Thelastversionof the APM speccameoutin 1996;that’s four
yearsago.All of the concentratiormandenegy seemgo beon ACPInow. I'm still
doingwork on APM, occasionally] still getbug reports.Lots of peoples laptopsare
still only runningAPM,; lots of desktopsion’t implementACPIyet. Well, ary new
desktopor any new laptopyou buy will supportACPI, howeverthe ACPIin Linux is
notreally upto it yet,soAPM is not quitedead but dying. 28m, 11s

ACPI...ACPIrequiresausermodedaemonOtherwisejt doesnt do anything. Good
start;that's okay That's exported..all of thepolicy is now out of thekernel. Thekernel
is justaninterfaceto the ACPIl andthepolicy is now in theusermode;thedaemon
decideswvhento goto sleep,whatdevicesto power off, it cando all thatsortof stuff.
28m, 36s

It currentlyis capableof doing softwarepower off. It currentlywill suspendnsome
laptopsbecausé’ ve seenonethatit did it on, but notmine.Soit’ s still gettingthere.It
actuallyuseshesedifferentCPU power statesn theidle loop. Sothelongeryou stay
idle, thelower the poweryou use.Soin this senseit probablydoesa betterjob of
idling thanAPM does. ACPlis definitelyawork in progressTheres lots of work
goingon.As | said,the ACPI guysrecentlygotabig patchinto thekernel.l tried it out
yesterdayandit didn’t do arything differentthantheold stuff, which wasthis big and
now it’ sthis big. 29m, 26s

Thisis, in theory theway of the future. However, it’ s prettylarge. 29m, 39s
Thespealer callsfor aquestionfrom anaudiencanember
Explainwhatsortof thingsACPI breakson right now?

Breakson?Ahh, sorry. Thisis read:theway to go; asopposedo it's gotaway to go. It
doesalsohave away to go. For instancetheres noimplementatiorof any policy. It's
very simpleatthe moment,it knows how to power off the machine On somelaptops,it
will actuallysuspendTheres aprocentry../proc/sys/acpi/sleegndif you write
arythingin there,themachineshouldgoto sleep.This laptopdoesnt do that,but I've
seenonethatdid. 30m, 21s

Thereis anunintelligible questionfrom the sameaudiencenember
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It usesthedifferentCPU power statesn theidle loop, soit doesthataswell. The
infrastructurds now in thereto do power managemenf all of the devices,except
theres no userlevel interfaceto doit atthemoment.I’'m notactuallyonthe ACPI
mailing list, sol don't actuallyknow wherethey’re going;all | cantell youis whatl
canseefrom their releaseatode.30m, 50s

Theres atiny bit of applicationcontrol. The acpidaemorexportsa socket which you
canconnecto andsendcommand®n. Theonly commandwvhich| think is
implementeds: getmethebatterystatus Which may be useful;atleastyou know your
batteryis dying. 31m, 13s

Driver APIs...I've addedhis justrecently;this beinga technicalconferencel thought
| shouldtalk aboutsomethingechnical Whatwe needfrom driverwritersatthe
momentis for the driversto cooperaten the powver managemenf the system.
Becausef thedriversdon't cooperateghenwe don't save arny power;in fact,in theory
if adriverrefusedo suspendyou shouldnt actuallysuspendhe systempecausavhen
you resumethedriverwon’t know andmaywell needto reinitializeits hardwareand
won’t know that. The classicalexampleis whenyou'’rein X andyou suspendandyou
comeback,you're notin X arymore.32m, 05s

Sowhatwe needis... well that's moreof ausermodeissue but the sameis true of like
soundcards;alot of soundcardsdon't recover from beingsuspendedethernetcards,it
goesonandon. Therearecurrently underintel, threeAPIs for driversto interactwith
the power managementyou cantalk directly to the power managementinder2.2, that
wastheonly way, no that'snottrue.Under2.2,asa PCcard,you couldalsointeract
with the power managementJnder2.3,you can,asary PCl device canjust register
itself with suspendaindresumecallbackssoit will know what's goingon. And all PC
cardscanregisterfor device eventsaswell, whichis actuallyvery usefulwhenyou
think aboutit. 33m, 01s

Now thedirectway... Under2.2,we hadAPM registercallback,becauséAPM wasthe
only way on Intel. Basically you saidto the APM code:heres afunction,just call it
whenyou getanevent.Sothe APM idle loopis sitting theregoing: arethereary
events,arethereary events;andthe BIOS says:yeah,we wantto suspendow. Any
driverthathadregisteredwith the APM will getthis callbacksaying:we wantto
suspendAnd thedriver cansay:justlet medo afew things,okay, go. Or it couldsay:
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no, you cant do thatnow, we're waiting for somethingandwe’re halfway through
pagingin acritical page,don't doit. Thereis alsoausermodeequialentof this; if you
listento /dev/apmbiosyouwould getaneventout of there,andyou have gotthe
choice,you couldsay:that’s okaynow. If youtriedto say:that’s not okaynow, it
wouldn’t do whatyou wantedto do anyway. Thisis something wantto fix. 34m, 05s

In 2.3,the ACPI guysinventedpmregister which wasuseful.lt meansve're now
independentrom theunderlyingpower managementt is effectively the samethough;
you saypmregisterandyou geta callbackroutineandit will call you backfor certain
events.Basicallyonly suspencndresumeatthe moment.But it doesallow youto do
arything you needto do. 34m, 33s

pmaccessf you're goingto accesyour hardware,you shouldcall pmacces$o make
sureyour hardwareis awake beforeyou accesst, otherwisebadthingshappenAnd
pmderidle is a hint to the policy to saythatthis deviceis now idle, you canpower it
down now if youwantedto, but justsoyou know it is idle. Okay, sothesebeingwhat
you wantto register;whatyou wantto find out aboutthings.35m, 05s

ThePCldevice registration.. Whenyou registera PCl device driver, two of thethings
you candois giveit asuspend/resumeok sowheneerthe powver management
policy driver, whatever thatis, decidest wantsto suspendhe machineall the PCI
devicesgettold aboutit, if they’ve registeredthesehooks.Thisis actuallyvery useful
becaus®neof thethingsyou candoto a PCl busis turnit off. If youturnthePClbus
off while thedevicesarestill alive, thedevicesarent really happy. Sowhatyou've got
to dois dothingsin theright order 35m, 45s

Theotherthingis thatPCl bussexanbe chainedsothis PCl buscanhangoff of that
PClbusandif youturnthis oneoff first, you'rein trouble.Sothe PCl subsystentakes
careof thisandgoesthrough,effectively recursesacrossall PCl busseshottomup,
tells all of thedevices,tells all of thebussesthenturnsoff thetop-level PCl bus, if
thereis suchathing. Soyou canactually in theory go aroundandturn off the
particularPCl devices,or you canturn off awholebusif you're notusingit. All this
justsavespower in goodways.PCl devicesshouldalsoregisterdirectly with the power
managemergothey cando pmaccessandpmderidle calls,becausehey’re goodhints
to thepolicy, sowe know what's goingon. 36m, 37s

The PC Carddriver registrationis very similar; if you're aPCl device anda PCCard
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device,i.e.you area Cardlusdevice, you don't needto dothis becauseou'’re
registeredwith the PCl subsystenanyway. But if you're not, if you’re aregularsortof
PCCard,thenthisis usefulbecaus¢he PC Cardsubsystentnassortof aglobal
callbackthing, which allows youto tell driversthingslik e: your cardhasgoneaway; or
we wantto go to sleepnow. And again,youwantto know thatbecauseou wantthe
device driverfor the cardto know thatyou’ve goneto sleepbeforeyou turn the power
off to the PC Cardcontroller the PCMCIA controller otherwisethe driver mayjustdie
badlythenext timeit triesto accesshecard.And it doesthingsin theright order soit
turnsthe cardsoff beforeit turnsthe PCMCIA controlleroff aswell. 37m, 41s

As well asthis,which | haven't gotaslidefor, theres ausermodeinterfaceto APM, at
least.The ACPIlonewill have anequvalent.And I’ ll talk aboutPaverPCin aminute.
Which allows ary usermodeprocesgo connecto /dev/apmbiosandbetold aboutall
of theevents,soyou know whenthe BIOS wantsto suspendyou know whentheuser
haspushedhe suspendutton. Thereareotherthingsthatyou know; theres a standby
modewhichis sortof half-asleepyou canfind outaboutthat. This wasnt beingused
by a greatmary things,exceptathing calledapmd,maintainedoy Avery Pennarun
over here.Thisis whatyou do, you write theinfrastructureandyou leave policy to
somebodyelse.And I' ve got somebodyelse,sothis s all right. 38m, 31s

Avery commentson this matter
| leave it to thedistributionsto decideexactly whatthey wantto do with the power.

Yeah,well, you've pushedt up anotherdevel. Somebodyelsewill dothepolicy, that’s
okay But apmdallows youto do arbitrarythings,becausét basicallycallsa shellscript
on eacheventandtheshellscriptcando arbitrarythings,like it cando a softwareeject
onyour PCCards becauseherearesomePC Cardsthatdon't like beingsuspended,
they needto beejectedwhenyou do a power off. You couldalsodo thingslik e switch
away from your X sener beforeyou suspenagndthenswitchbackafterwards,because
suspenavorksin text mode,but it doesnt work in graphicsmode.39m, 11s

This hasbecomdessnecessaryow, becausé gotthis mail from oneof the XFree4
developerswho said:we've discoveredthis APM stuff; it would bereally usefulif you
did thislittle patch.Sol did the patchandsonow XFree4 knows aboutAPM, sonow
whenyou suspendthe X sener getstold thatyou're goingto suspendsoit cansave all
this data,thegraphicsanddowhatit need€o do. And whenyou resumemore
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importantly it canputit all backagain.Sosuddenlyeverybodys X senerswork. 39m,
46s

Thereis aquestionfrom anaudiencenember

Theres adifferencebetweemAPM andACPI supportfor devices,right?
Absolutely

Thecodethey runto turnthemselesoff, is it writtenin machinelanguage?

It canbe,or if youknow enoughaboutthedevice, alot of devicesthesedayshave
power managemerthingsyou cando to them.Okay, soin particulay the PCl spec
definesa genericway of turning PCl deviceson andoff, or changingtheir powerlevel.
But in thecaseof a device youdon't know about,yes,you basicallyinterpretthe AML
associatedavith the particularpower off methodfor thatdevice. And that'swhy you
needtheinterpreterin thekernel,becausgou may have to do thiswhenyou cant load
modulesor whenyou cant go outto usermode likeit’ syour disk controllerthat
you're bootedoff andyou needto doit. Yeah,soit is a bit differentandit’s actually
reasonabhhardanda pain.40m, 59s

We've actuallyfounda goodusefor the AML code,though,becausegou caninterpret
it by hand,which meansif the peoplethatputtogetheryour laptopbotheredo build
the ACPI stuff for your laptop,you canfind out aboutinterestingdeviceson the laptop
thatthey won't tell you aboutwithoutanNDA or they won't eventell you aboutat all,
but they still allow youto enableanddisabledevicesandpower managehem,even
without knowing whatit is, whichis useful.41m, 27s

But the XFreething wasactuallyuseful.Unfortunatelyit’ s alreadyout of datebecause
APM is goingaway andACPIis takingover. But ACPI doesnt currentlydefinea user
modeinterface,sowe’re sortof stuckatthemomentwhichis why APM still runsona
lot of laptops,| guess41lm, 47s

Otherarchitecturesquickly... besideghesetheres alsoSFARC, which I'm told you
canpower off in software,but | have noideahow to dothatandl’ve gotnoideaif
theres anything elseuseful.We know thathappensecausavhenyouinstall Solarison
anUIltraSFARC, oneof the questionss: do you wantthis machineto turn off after
thirty minutesof idle time?You do this atinstallationtime, months,andyou sayyes,
andyou leave the machineidle for thirty minutesandit turnsitself off. 42m, 20s
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Thereis acommentfrom anaudienceanember
Thereis an/etc/paverd.confbut I'm notsurewhatit does.

I’m nota SolarispersonWe just discoveredthis becausave camein onedayandthe
machinewaspoweredoff. Theaudiencdaughs.42m, 32s

OnthePowerPC |laptopsat least,Paul Mackerras who's the maintaineydid his own
thing. In asenséhe’s lucky, becauseheres basicallyonesetof hardware. Theresa
PMU, a Pover Managementnit, andl assumeheres specificationgor it. 43m, 00s

Thereis acommentfrom anaudiencanember
Apple may have somespecdnternally, but they haven't releasedt.

Paul figuredout how to dealwith this device. And so,the PPCport doessomepower
managemenBasically it hasausermodedaemorthatdoesall thework, like ACPI
does.Any applicationghatwantto interactwith the power managemennteractwith
thatusermodedaemonAnd theres arestrictedsetof hardware,which makes
managinghateasy However, | suspecPaulis goingto discoverthathardwaregetsa
lot hardersoon,becausé¢heres all thesePover PCmachinesouttherewith PClbusses
andpeopleareputting cardsinto them.And it’ s goingto getalot harder43m, 47s

Oneof thethingswe needto do is to integratethe power managemerfrom the
differentarchitecturessothat,asfar asthedriversareconcernedit’ sthesame At the
moment,it is differenton the PonverPC.44m, 01s

TransmetaCrusoethis slidewaswritten a while agoandwe didn’t know muchabout
it. We still don’t know a hell of alot aboutit; Dave Taylor of Transmetaantell usalot
more.Thespealer laughs.Onething we do know, though,from the whitepapersis that
it cando not only speedchangingof the CPU, but voltagechangingof the CPU,which
tendsto save you alot of power. Thehardware,again,is fairly restricted sothey
understandgt well andcando whatthey like with it. My impressiorwas,andI’'m not
surethisis correct,thatthefirst passthey did anAPM BIOS. 44m, 39s

Thereis amostlyunintelligiblecommentfrom Dave Taylor of TransmetaThe gist of
his commentsappeaitto bethatthey don't supportCPUthrottling yet, alsoknown as
duty cycling, althoughthey do changehefrequeng. Controlof thisis doneby MSRs
andhebelievesthey have alreadyputtogetheranapplicationfor controlof this, though
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it hasnot beenintegratedinto the kernelyet, thoughthey’ve really just startedchecking
in thecrusoetree.ED: The precedingsectionof this transcriptionrepresents
best-guesReaderareencouragedo seekvalidatedinformationregardingpower
managementapabilitiesfrom Transmetaratherthanrelying on the statementsere.
45m, 21s

We’ll watchfor it. | did noticethatyou now recognizeCrusoesthatwentin there.So
they now recognizea Crusoeandsay:we've gota Crusoe good.Thespealer laughs.
Again, it’s all softwarecontrolled.Theres a coupleof whitepapersll aboutit onthe
Transmetaite.| think, Dave you saidyou weregoingto switchto amore ACPI style.
45m, 44s

Thereis amostlyunintelligiblecommentrom Dave regardingCrusoeandACPI. Yeah,
we've beentalking aboutACPI becausave thoughtAPM wasdead And we've been
pushingfor this very hardbecauseve have all thesewebslates.You mentioneckearlier
thatthe backlightis sometimesup to forty percentof the power; but for us,it is up to
two- or three-hundregercentSoit’ saterrifying problem.. Theremaindeis
unintelligible.46m, 24s

Onething you discover, thoughis thatevery time your laptopcomesout, for instanceijt
hasanew videochipsetthatyou cant getthespecdor. Sol assume/ou’re goingto
have the sameproblemwith theweb padsandthings;it will justbeanew videochipset
in everytime.| don’t know; they liketo putthe gee-whizlatestthinginto thesethings
andit’sjustbad.46m, 44s

That'saboutall | wantto say I've gotalist of reference$ere;theseslideswill be
availableon my website whichis thetop one.Not atthe moment but they will be.The
APM daemornwebsite that’s Avery’s website 47m, 03s

It s spelledwrong,theres only onep in apenvarr.

Theresacorrectlink off my website;it works, I’ vetriedit. The ACPlwebsite this
may not be actuallycorrectarymore,but it will getyouto theright place.lf youwant
thedocumentationintel doesnt actuallypublishthe documentatioron their website
anymore,which wasreally exciting for mebecausehat's wherel usedto link it from. |
hadaboutthreedozenpeopletell methatthelink broke, sol wentsearchingandit’s
justnotthere,asfarasl cansee soyou've gotto getit off the Microsoft site,if you
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wantit. The AMP thereis notatypo, | don’t know, that's whatthey did. 48m, 00

Whataboutotherembeddedhips,thathave registersandthingsto let you slow the
processodown; is theretheability to addsupportfor that?

Of coursewe have the ability; we have this genericpower managemennterfacenow.
Thehardbit is gettingthe devicesto do thingsat theright time,andwe’ve gotthatasa
genericinterface.Sodevicescanregisterandsay:| wantto know whenthingsare
happeningo the power levels.But to do theactualCPU throttling or changinghe
speedof the chip andthings,that’s all up to the particulararchitecturehardware.| just
don’t know aboutary of the otherarchitecturegndl don't know if any of themdo arny
throttling atall. | meanit’s mainly comefrom thelaptops webpadsortof arena And
almostall of thelaptopsarelntel. 48m, 53s

Is theresomemechanisnto handlethe changen clock rate,sothejiffies...

No; thisis aninterestingthing aboutit. Therearesomelaptopswhich, if youbootthem
andtheir batteriesarelow, they actuallybootinto low-speednode.Lik e oneof the
IBM ThinkPadswill bootinto 100MHzinsteadof 400MHz.And if you dothat,it does
theBogoMIPScalculationat 100MHz andgetsthis numberthenyou plug the powerin
andit speedsup. Soall theudelayloopsarea quarterof whatthey needto be,all of the
delayloopsarea quarterof whatthey needto be,andthis causeseally interesting
behaior. Thereis no supportin Linux for changingtheclock rateandcoping.It’s okay
if youdothe BogoMIPScalculationatfull speedandyou only slow down, it’s
probablyokaybecausehedelayloopsonly getlonger 49m, 43s

Whatabouttime anddatewhenyou slow down your clock?

Thatall works,that’s okay. That's oneof thethingswe do, is settheclock back.Well, |
don’t know. It' s supposedo work. 49m, 57s

I’ve gotthis old 486 laptopthatyou canchangehe speedetweer66MHz and33MHz
with akeystroke.

Ohgood.Startat 66 MHz. It's beendiscussedThe only thing you canreally dois
recalculatehedelayloop. 50m, 20s

Immediately

And you don't know thatthe clock ratehaschanged.
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Ontheseembeddedystemsyouwould...

If youknow, thatwould be useful,excepton Intel systemsarnyway, you've gotto turn
all theinterruptsoff andbasicallyrunfor a secondr sowith all of theinterrupts
disabledandfigure out how mary instructionsyou canexecutein asecondWhichis a
pain,andyou don’t wantto do thatat arbitrarytimes.50m, 49s

Thespealer callsonanaudiencanemberfor aquestion.
What's the granularityof the udelayyou weretalking about?
udelayMicroseconds.

Socouldyou notuseunintelligible?

Thekernels beenchangeduring 2.3to usethe clock counter The problemwith that,
of coursejs thatIntel's TRC changespeedwith the...I think Transmetayuaranteed
thatit wouldn't changejs thatright. 51m, 17s

Well we fakedit soit wouldn't change.

Intel’s changedOneof them,Cyrix | think, hasa bug sothatits possibleto readthe
TRC,whichis thecycle counter;you readit twice andit’s possiblefor the differenceto
bezero.Whichis notagoodthing. Youwouldn't imaginethat’s possiblegivenyou
really cant executethetwo readsin lessthana cycle, but they did it. Basicallyif you
wentto sleepbetweernthereadsandcameback,they didn’t updatethe cycle counter
Thespealer addswith sarcasmThisis good.51m, 47s

Thespealer callson anotheraudiencenemberfor a question.

How would you go aboutdelugginga bug involving PCMCIA suspendndthe BIOS. |
meanl’ ve got this Sory Vaio laptopwhich doesnt work aftera suspend...

Oh, you've gota Vaio thatdoesnt work. Oh, thereareVaiosthatdo; mostof theVaios
work.

Therearemary thatdon'. unintelligibleinterruptcontrollerafter suspendSomething
scravs up theinterruptcontroller How would you actuallystartto dehug this?

You've really gotto guessyou've gotto getspecificationgor the devicesandseewhat
they’re doing. Try thingsandsee For instancetherewasonemachinewherewhenyou
suspendedndresumedthetick clock wassetbackto 18 Hz like Windows has.And so
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we now have a patchin whichreinitializesthe clock backto 100Hz again.Thereare
just...you'vejust gotto find thesethingsout andtry to guesswhat’s goingwrong.52m,
54s

Whendid thatpatchgoin?
A longtime ago.
Becauseany laptopstoppedvorking along time ago,for sortof exactly the opposite...

Well, it’ sthesamecodethatreally initializesthe thing in thefirst place,solI'm really
not surethatwould be a problem;thatit would bethe problem theres lots of
possibilities.53m, 19s

Thespealer callson Dave Taylor of Transmetdor acomment.

| justwantedto answetrthe questionaboutdeluggingpower managemenOneof the
thingswe, first of all sortingthroughit is really hard.And thelongeranswelis oneof
thethingsyou've gotto dois to take whateser systemyou have andcall the
manufcturerandsay:canl have this PCl cardformat?And thenyou candelugit on
thedesktop.Onceyou candelugit onthedesktopyou canplugin a PCl bussniffer
andthebussniffer cantell you all kinds of neatthingsaboutwhetherthe Southbridgas
insertingunintelligible,soyou canfind outwhetheryour PCl spaceunintelligible.54m,
08s

Basically you needa lot of hardwarearoundyouto figureit out. Becausehe software
is really out of controlhere;theres nothingwe cando. Especiallyin APM mode
becauseve don't have accesdo systemmanagemennode;if we hadaccesgo system
managemeninode,we couldin theorybuild a detuggerinsidethatcouldwatchwhat
wasgoingon, atleastpartly, it wouldn’t be ableto dowhata PCI sniffer cando, but at
leastit would give you someavhereto go. But you'll find with any machinerunning
APM, theres no way you cangetinto systemmanagemennode,becaus@assoonas
you jumpinto systemmanagemennode,you'rein the APM BIOS andit’ sdoing
things.54m, 43s

Thesearejustthelastof thereferencesThis Intel’s SL architecturébook; | wouldn’t
recommendirybodyreadit, it’' sjustwherel first foundout aboutthe system
managemennodeandstuff. And documentation/apm.txall of thedriverwriters
shouldreadthis. Thefirst thingit saysis: if you're writing a device driver, it mustdo
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power managemenilhe spealer laughs Full stop.Otherwisewe just cant do things.
At themoment,t's a bit strangebecauséf you're a PCl device andyoudon't have a
suspendook,we will still turnthe power off onthe PClbuson you, which means
whenwe comeback,you mayor maynotrecover. Soeverybodyshoulddo it. 55m, 26s

Thespealer callson anaudiencanembeirfor aquestion.

Wouldit be possibleto have sortof have power managemendperateat a higherlevel,
like alwayscall device closeanddevice openon, say a network interface?nsteadof
having every singlenetwork interfacehave a specialsuspendndresume.

Thereis acommentfrom anotheraudiencenember
Someof thenetwork driversalreadydo that.
Theoriginal audiencenemberexpandshis question.

That'swhatI’'m saying,though,why shouldl have to changeevery singlenetwork
driver?Why notaddit onatahigherlevel andcall every network driver andsayclose
andopenon suspendndresume.

Becauseloseandopenmay not be sufficient. Therearesomedeviceswhich copewith
suspenandresumeokayanddon’t needreinitialization. Therearesomedeviceswhich
basicallyhave to bereinitializedasthoughthey werejust poweredup, or they justdon’t
comeback.56m, 11s

Theoriginal audiencanembercontinues.

| usedthe network cardasanexamplebecause know driversaresupposedo
reinitializewhenyoureinitializeandwhenyou do anifconfig up.

Not all of themdo that.56m, 23s

It's abug morethananything. Soyou shouldbe ableto catchmostproblemgust by
downingtheinterface,right?

You should,most,yes.Mostis the problem,right?56m, 33s
It’ s betterthannothing,though.

It' sthesamewith PCl devices;theres a genericway to controlthe power management
level of a PCl device. The PCl specdefinesa genericway, but the codein thekernel,if
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you look, saysthey don't definea suspendndresumenook,we’re notgoingto dothe
genericway becaussomePCl devicesjustdon’t cope.Evenif they say theresa
capabilitybit in the PCl busthatdoespower managemengndthethingswe’ll do...
evenif they do saythat,someof themdon't copeandsobasicallywe’ve gotto work
aroundall of this buggyhardware.Thebestplaceto doit is in eachdevice driver
becauseén theory eachdevice driver knows aboutthe bugsin the hardware,hopefully.
57m, 16s

Thereis acommentfrom anaudiencenember

I’ve heardabove the bugsin the hardware,sometimeshe BIOS is the onethat
initializesthe hardware,soif you gointo a power down stateandthencomebackto a
power up state thedevice driver may not have enoughknowledgeto bringit upto a
working state.

Theresjusttoo mary unknovns.57m, 38s

Thespealer callson anotheraudiencenemberfor a question.
UsermodeACPI, what's missing?

UsermodeACPI.

We alreadyhave acpidandacpictl.

Yeah.Thelastversionl’ve got, which wasfrom May, acpidmerelyinitialized some
thingssothekernelcoulddo thesleepmodesandwould listenfor interactionfrom
otherusermodethingssaying:whatis the batterystatus And asfar asl know, that's all
it did. 58m, 19s

It gotupgradedn early July whenthey putthe codein thekernel.

That'swhatl needto look at, becausasl saidl haven't hadtime overthelastcouple
of monthsto actuallyfollow-up with what's goingonwith them,sol don’t know
what’s missing.The ACPI controlprogramthatcameoutin May wouldn't even
compile,sol didn’t getvery farwith it. In theory theinfrastructurds now all there.So
they canjustsortof powerforwardandgetthingsdone.And | would be morethan
hapyy for themto getit all done,becausehenwhenpeoplecometo meandsay:my
APM doesnt work; well I'll tell themto goandtry ACPI.But for themoment,| cant
tell themto go andtry ACPI, becausegheir machinesvon’t evensuspend59m, 04s
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Thereis amostlyunintelligiblecommentabouthaving to fix all of the BIOSeswith bad
ACPI.

Well, thereareworkaroundsn the ACPI codefor BIOSesthey know arebroken.And
so,we cantry. 59m, 13s

Thespealer callson anotheraudiencenemberfor a question.

In the2.0kernels,| foundaprogramthatwascalled,| forgetwhatthey calledit, a
power managementersionof the bdflushprogram thatwould basicallyspindown
your harddriver andthenrefuseto flushany of the kernelbuffersuntil the harddrive
wasspunbackup againfor aread.l haven't beenableto find anything lik e thatfor 2.2;
have you heardof anything like that?

No. Onething I’ ve donerecently though,is talk to the IDE maintainerandsay:why
don't you hookthe APM stuff? And he wrote backto merecentlyandsaid:did you fix
all your problemswith the IDE andl haven't written backyet, but my reply will be:the
problemswith the IDE arent my problemswith the IDE. The problemsarethe IDE
problemswith the power managementecausédor instancehe IDE stuff doesnt know
whenyou suspenandresumeatall, becausdét doesnt hookthe stuff. 60m, 08s

And in particular if youcompileAPM into the kernel,the only differenceto the IDE
driveris it will wait 30 secondgor thecommando completebecausehedisk may
have to spinup, whereast normallywaitslike 5 millisecondsor somethingBut it has
no knowledgeof the powver managementf it hadknowledgeof the power
managementhenit coulddo thingslik e blockingthe device queuesuntil you really
wantedto do somethingAnd the diskscouldthenspindown andthey wouldn't just
spinup becausesomebodys just written alog messagdijk e the APM daemorhasdone
alog messagandit hasto spinthedisk up again.Or the APM device driver hasdonea
log messagdéecausét’sin delbug modeor thingslik e that. It would be nice for the disk
subsystem#o know aboutwhat’s goingon. Because/ou couldjust block device
gueuesandthat’s a usefulthing. 61m, 00s

Thereis acommentfrom anaudiencenember

Whenthe pulledbdflushinto thekernelfor 2.2, we sortof lostthe ability to do that;
easily anyway.

27



Power Management and Linux

Well, you canpatchthe kernel;we’ve gotthe source . The spealer laughs.Anything
else”Done,good.

Theaudienceapplauds6lm, 24s

3. Additional resour ces

3.1. Presentation materials

Theslidesusedin this presentatiomay be foundat
http://www.linuxcare.com.au/sfr/pmtalk/ingdtmi

3.2. APM for Linux home page

Detailsregardingthe currentAPM implementationn the Linux kernel,aswell as
informationregardingAPM itself may befoundat http://www.linuxcare.com.au/apm

3.3. apmd

Detailsregardingtheapmdapplicationandprojectmaybefoundat Avery Pennarurs
site,locatedat http://www.worldvisions.ca/~apenarr/apmd

3.4. ACPI for Linux home page

Detailsregardingthe ACPIfor Linux projectmaybefoundat
http://phobos.fs.tum.de/acpi
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