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Note: This document is mostly specific the the mga (matrox graphics) driver. The riva driver doesn’t
use dma and the ati rage driver isn't really functional at this point.

Definitions

Local memory is memoryon thegraphicscard,usually8/16/32megs.

The primary consumenf local memoryis the maingraphicsdisplay Unlike windows andmacOSwhen
theresolutionis changedower duringa sessiorin X, thememoryis notreclaimedThis meanghatif
you arerunningan8 mb G200at 1600*1200*32bit, you will never have any localmemoryleft for 3D
buffers,evenif theapplicationchangesheresolutiondown to 640*480.(thisis dueto changan XF86
4.0)

You canstill do accelerate@®D in thatsituationif you have systemmemoryconfiguredproperly but you
arebestoff settingyourfull desktopresolutionsuchthatyou canopenafull screer8D window without
runningoutof local memory Thatmeanso morethan1280*1024*16bit or 1024*768*32bit for an8
meg card,and1280*1024*32bit or 1600*1200*16bit for a 16 meg card.A 32 meg cardhasno practical
restrictions.

Also notethathigh resolutionscolor depths andrefreshratescantake a lot of bandwidthaway from the
3D rendererin somecasesausingover a 2x performancalifferenceon windowedappslik e gears.

The X seneralsousesa smallamountof local memoryfor pixmapcachesandthe mousecursorimage.
Therestof local memoryis availablefor GLX to usefor backbuffers,depthbuffersandtextures.

System memory is the memoryon the motherboardwhich canbe accesseffom the cardwith either
AGP or PCltransfersYou shouldhave atleast64 megsof memoryto bedoing3D work. An inefficiency
of notewith the currentsystemis thatmesaalwayshasfull 32 bit versionsof all texturesin virtual
memory evenif they arealsopresen{possiblyin 16 bit form) in memoryusedby the card.
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ThematroxG200/G40Cchipsarevery flexible in how they usememory Almost all operationsanbe
performedto local memory to PCladdressesyr to AGP addresses he only exceptionis, unfortunately
commancdouffers,which cannotresidein local memory Attemptingto put commancdouffersin card
memoryresultsin a hardsystemcrashaftera coupleframes.

We canoperatevithout commandouffersin programmedO (PIO) mode,but performances drastically
lower, sofor high performanceapplicationsve musthave somesystemmemory

The3D carddoesnt haveaMMU like the CPU,sothe commandouffersneedto belargeandphysically
contiguouswhichis difficult to achieve underlinux (andmostotherOS?s).

Configuring the GLX module’ s memory usage

Thetwo optionswe usearethe"LILO memhack"andthe AGP GART kernelmodule.

TheLILO memhackinvolveshaving LILO (thex86 Linux bootloader)tell thekernelthatthereis less
memoryin your machinethanit actuallyhas,andletting GLX usethe memorythatthekerneldoesnt
evenknow about.This getsyou arbitrarily large, physicallycontiguousmemory which you can't get
throughary otherservice.

Youneedto addalinein/etc/1il o. conf thatpasses kernelparametewith theamountof memory
you wantto usefor normalsystemoperationslf you have 64 megsandyou wantto leave 4 megs
dedicatedo graphicsyouwould have

i mge=/ boot / bzl nage # or whatever your normal inege is
append=" men=60n{ # | eave some nenory for glx

Thenrun/ sbi n/1i | o to grabthe new parametersandreboot.Notethatif you forgetthe"m" afterthe
number linux will crashon startup,becausét triedto runin 60 bytes of memory

Youwill thenneedto tell gix whatmemoryto useby addingor changingthreelinesin thegl x. conf
file (whichis hopefullyin / et ¢/ X11, but maybeelsavhere)to somethindik e this:

nga_dnma=3 # enabl e system nenory access
nga_dmaadr =60 # the start of nenory left for glx
nga_dmasi ze=4 # total system nenory - nga_dmaadr

Whenyou startX up, if everythinggoesproperly GLX will build commandouffersin thismemory
spaceandthe 3D chipwill usePCldirectmemoryaccesgo readfrom them.If you have"mga_boxs=1"
in gl x. conf , you shouldseea white boxin the upperleft cornerof 3D windows. If you have agrey
box, gIx is still usingP10 for commandransferssocheckthelodfile for errors.
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Theprimarydisadwantageo this methodis thatif youtypeanumberwrongin | il o. conf or
gl x. conf , GLX or the3D chip canwrite all over otherpeoples memory trashingeverythingin the
systemjncludingthekernel. Thisis Bad.Be careful.

Theotherdisadwantagés thatyou cant addor remose memoryfrom the systemor changegheamount
dedicatedo graphicswithout reconfiguringoothfiles. ForgettingsomethingcanagaincauseBad Things
to happen.

Intel designedAGPto nicely solve theresizablephysicallycontiguousmemoryproblem,amongother
goals.

In anAGP systemthe chipsetactslik e anothememorymanagefor boththe 3D cardandthe CPU,
allowing scatteregpbagesof memoryto look physicallycontiguousThis allows anoperatingsystento
move, allocate andde-allocatgpagesof memoryandstill have it (the AGP"aperature"Jook like asingle
large block of memoryto anAGP card.

It alsodoesthis mappingfor the CPU,which seemalittle silly (thecpucoulddoit with its own
memorypagetables)exceptfor aquirk of thepentiumll architecturghatrequiresphysicallycontiguous
memorywith specialalignmentfor thewrite combiningrangeregisters.Write combiningis important
for high performanceyraphicssointel addedhis capabilityto the chipset ratherthanwait for the next
cpu.Laterpentiumll andlll chipshave the ability to setwrite combiningon individual pagesput the
aperaturas still commonlyusedfor the corvenienceof a singlesetof mappings.

AGPtransfershave afew additionalbenefitsbeyondthe configurationwins.
AGP 2x hastwice the bandwidthof 66MHz PCl transfersfrom an AGP slot.

PClreadscausesnoopoperationgo the processamwhichis alwayssomedegreeof overheadandon
someAMD+VIA systemsmaycompletelyfreezethe cpuwhile thetransferis undervay.

AGP canpipelineaddressem the sidebandallowing the entiredatabandwidthto (theoretically)be
used,while PCImustspenddataclocksto changeaddresses.

In practice youwantto useAGPunless:

You have aPCl G200card.Somex86 G200systemsarePCl basedandall but the newestalphasystems
arestrictly PCl. We alsomay getacceleratedupportgoingon PPCsystemsat somepoint.

The GART kernelmoduledoesnt work onyour systemor you don’t wantto bothercompiling/installing
it.

Therearetwo technicalreasonsvhy you theoreticallymight wantto usePCl transferansteadof AGR,
but it is doubtfulthey will evercomeup:

If you needmoretexture memorythanyou cangetwith the AGP GART (theoreticallyup to 256 megs,
but in practiceusually64 or 128 megsdueto kernelallocationissues)you couldusePCl accesseand
have up to a couplegigsof texture space Someoneould portthe SGI IR world texturing demosf they
wantedto.
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Somedriver architecturesnightbe ableto take advantageof PCl cachesnoopingfor vertex buffers,but |
have heard(unsubstantiatedjoubtsfrom hardwarepeoplethatall AGP chipsetsactuallyimplementthat
correctly

The agpgar t module

FIXME: insertgoodinfo on getting,building, installingandconfiguringgart— | don'’t feel
knowledgeableenoughaboutall thelinux issues.

How much system memory should you allocate?

AGPshouldbeableto grow andshrinkasneededbut we have notimplementedhis yet. This is not
difficult, andshouldbe a fairly high priority. For now, you mustexplicitly sizeit like pci memory

For optimalperformanceyou needlarge enoughcommandbuffersto hold two completeframesworth of
commandsonefor the cardto be executing,andonefor the driverto be building. For quale1/2/3games,
four megs (thedefault) is suflicientin almostall casesHardwareutilization andoverlapdropsif the
buffersareforcedto overflow. If you aresendingmary moretriangles,you maywantto increasehis
sizeby addinga"mga_cmdsizes 8" to gl x. conf . Asking for alargercommandouffer thancanbe
allocatedwill resultin afallbackto slox programmed/O.

We mightwantto look into automaticallyincreasinghe commandouffer sizeif it overflovsandmemory
is available,but distinguishingoccasionatexture uploadsfrom steadyperformancemight be tricky.

Texturescanbe storedin systemmemory For a G200, performances usuallyfasterwith texturesin
systemmemory becauséhe 64 bit local memorybus getssaturatedandlingthe backanddepthbuffers.
For a G400,texturing will befasterin localmemory If yourtexturesdon't all fit in local memory you
will bealot betteroff usingsystemmemorytexturesinsteadof having the driver swaptexturesinto local
memory

We mightwantto look into allocatingtexturesfirst in localmemory thenfalling backto systemmemory
whentheallocationfails. Therearetradeofs with that,becausé would be unfortunateo forceabackor
depthbuffer into systemmemorydueto texture allocation.

Backanddepthbufferscanalsobeallocatedn systemmemory but performancas significantlyworse
thanlocal memoryevenfor the G200.Buffersareonly allocatecthereif theallocationin local memory
fails. It' s still aheckof alot fasterthanthe softwarerenderingfallback,whichis whatyou hit if youopen
up a half dozenlarge 3D windows (say all the glx screenseer hacks)with only localmemory

We mightwantto look into buffer migrationoptions.If you openonegiantwindow, thenopenanother
thatgetsforcedto systemmemory thenclosethefirst one,theremainingwindow will be stuckin slow
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systemmemory I'm notsureit is acommonenoughcaseto justify theaddedcompleity.

So,the shortanswerfor how muchmemoryis either4 megsfor commandouffers,or 16+ megsif you
wantit to alsobeusedfor texturesandwindow buffer overflows. Oneof my systemds setup with 128
megsof systemmemory but thatis clearly overkill.

CPU memor y performance .

In practice thelargestdifferencein performancef the differentmemoryoptionsis how fastthe CPU
canwrite to the buffers,nothow fastthe cardcanreadfrom them.

Normaluncachednemorycanonly bewrittento atabout30 MB/s onintel systemsandsomeavhat
higheronamdsystems.

Writebackcachedmemoryusuallyseesaboutl00 MB/s on intel systemsandsomevhatlower on amd
systemsThiswould notbelegal for AGPtransfersandwe can't usuallysetit for theLILO hack,soit is
sortof irrelevant.

Write combinedmemoryusuallysees300 MB/s to 400 MB/s onintel systemsand100+onamdK6
systemsK7 systemsshouldseeevenhighernumberghanintel, but | haven't testedoneyet.

Write combiningis usuallyturnedonwith memorytyperangeregisterstMTRR). New systemscandoiit
with pagetablebits, but thereisn’t alinux interfacefor it. MTRR have picky alignmentrestrictionsThe
basemustbe a multiple of the size,which mustbe a power of two (I think amdsystemsarea bit more
relaxedthanthis). MTRR cant usuallyoverlap.Intel systemsnusthave all memoryrangescoveredby
anMTRR or performancegoesdown to only a couplemegsasecond.

This meanghatyou can't putanMTRR onthetop 4mb of a 64 meg systempecausgou cant coverthe
other60 megswith asingleMTRR.

| hada systemin placeat onepointthatcoveredtheremaindemwith asmary MTRR asneededbut when
the X senerexited, all but thefirst got deleted puttingthe systeminto the basicallyunusable
few-meg-a-seconanemorymode.

Currently you only getwrite combiningif you useeitherAGP (NOTE: arewe goingto move this from
thegartmoduleto gIx?) or you have mga_dmaadsetto a power of two. This restrictionusuallymeans
thatif you arent usingAGP andwantwrite combining,you needto configureyour systemwith half the
memorydedicatedo graphics.Thatis notaviable optionfor mostpeople (NOTE: we couldusea
differentcheckon amdsystems)

Runningwithout write combiningis still muchfasterthanP10O, sodon't worry too muchaboutit.
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