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Abstract—The gap betweenthe memory bandwidth and the bandwidth
of modem high—performance interconnectsis getting smaller.  This in-
creaseghe relative performance penalty for eachcopy operation on a data
buffer to be transferred betweentwo user processe®n different nodesof
a cluster The optimal solution is direct data transfer betweenthe source
and destination buffers, without any in—betweencopy operations,so—called
zero—copytransfer. Support for this zero—copytransfer modeis inherentin
the designof the SCI interconnectasits communication is basedon trans-
parent remoteread and write accesses.However, with the available SCI
driver software, the user needsto allocatea designatedSCl shared memory
segmentwhich then can be exported to or which representsremote mem-
ory imported from other nodes. In this paper, we presenta solution which
allows to usearbitrary regionsof a process’addressspacefor SCI commu-
nication by mapping it into the global SCI addressspace.Suchatechnique
allows advanced and efficient usagemodelsof SCI like true zero—copying
in communication libraries.
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|. INTRODUCTION

Currenthigh—speednterconnectge.g. SCI[1], Myrinet [2],
cLAN [3], Senernet4]) for thePCI1/O busof commodityclus-
ters deliver more than 2 GBit/s bandwidthon the link—level.
However, this doesnot meanthat this bandwidthis generally
available for messageexchangebetweenuserlevel processes
runningondistinctnodesn suchacluster Thereasorfor thisis
that for different, often compatibility—motiatedreasonscom-
municationprotocolsare usedwhich perform additionalcopy
operationon the datato be transmitted reducingthe effective
bandwidth.

A. TheNeedfor Thin CommunicatiorProtocols

Protocolswhich areoptimizedto avoid arny temporarycopies
of datato exploit the link—level bandwidthto the highestdegree
possibleare commonly called thin communicationprotocols.
A variety of suchprotocolshasbeendefinedandimplemented
(e.g. U-Net[5], VIA [6]; SHRIMP [7], andVMMC [8], [9])
on differentinterconnectsmakingmore or lessuseof the on—
boardhardware of the PCl-to—interconnecadapters.The SCI
protocolinherentlydefineghethinnestcommunicatiorprotocol
available,namelytransparendccessf theCPUto remotemem-
ory locations. Next to this CPU driven communication,cur-
rentPCIl-SCladapterslsofeaturea DMA engineto allow data
transfewith minimizedCPUload. However, thisdoesnotallow
datatransferdrom andto ary userallocatednemoryarea,but
only from memoryareasallocatedby the SCl driver. Although
it is definedby the SISCIAPI [10] to registerusermemorywith
thedriver, thisfeaturehasnotbeernsupportedgofar. Forthisrea-
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sonDMA transferscanonly berealizedby intermediatecopies
to driver allocatedSCl segmentgcalledregular sggmentsn the
following) which hasbeenexaminedin [11]. Threecopy op-
erationsarerequiredthereto transportdatabetweentwo user
allocatedsegmentson distinct nodes. In this paperwe present
a solutionthatallows to export andimport arbitraryusermem-
ory underLinux makingit availablefor DMA operationsthus,
enablingzero—copy protocolsin higherlevel communicatiori-
brariessuchasMPI. This hasbeenachiezed by extendingboth
thelRM andSISCldriversof the Dolphin PCI-SCladapterWe
alsoshav theideasof makingusermemaoryavailablefor remote
PlO access.

B. Necessitypf MemoryLodking

physical
Connection

Fig. 1. Addressmappinganddatapathfor internodecommunicatiorvia the
1/0 bus

Inte-node communicationin commaodity clustersis per
formedvia network adapterdocatedin the /O busof thenodes
(typically a PCI bus). Figurel (from [12], slightly modified)
illustratessucha setupfor two nodesincluding the datapath
betweentwo user buffers for inte—node communicationand
themappingof virtual to physicaladdressefr communicating
processes.

The network adapterlocatedin the I/O bus doesnot know
arything aboutvirtual addresseandthusneedso write to and
readfrom physicaladdressesThis requiresthat the mapping
to physicaladdresse$or a userspecifiedrangeof virtual ad-
dressegrepresentinga sendor receve buffer) doesnot change
until the communicationis complete. The pagesmustnot be
swappedout, which is achieved by locking the memory This
impliesthatfor a systemwith no swappingor pagingenabled,
memorylocking is not required.

C. Organizationof the Paper

The next section presentsan efficient mechanismfor the
Linux operatingsystemto lock arbitraryrangesof virtual pro-
cessmemory Sectionlll explainshow the kerneldriver of the
Dolphin PCI-SCladapterhas beenextendedto handleuser
allocatedmemory The resulting performanceeffects are de-
scribedin sectionlV. SectionV summarizeshe achiezements,



compareshemuwith relatedwork andconcludedor work to be
donein thefuture.

Il. MEMORY LOCKING WITH LINUX

Zero—coping meanghatthenetwork hardwaretransferdata

directly from or to usermemoryspecifiedby virtual addresses.

However, nearly all NICs, amongthem the PCI-SCladapter
operateon physicalinsteadof virtual addressesThis imposes
two requirements:

« the virtual addressesnust be translatedinto physical ad-
dressesndpassedo theNIC

« thephysicaladdressemustnot changeduringthe I/O opera-
tion, i.e. thevirtual pagesnustbelocked.

The standardway for locking memory on UNIX is the
m ock() systemcall, but it has got some strong limita-
tions. First, only superuserprocessesre allowed to call it,
and secondly m ock() calls do not stack, that meansone
munl ock() operationreleaseghe given memoryrangeeven
if hasbeenlocked severaltimes. The permissionproblemcan
be solvedinsidethe driver. The secondimitation might be ac-
ceptabléf only dedicateduffersareusedthatarelockedduring
MPI startupandunlockedon MPI shutdavn, for instance How-
ever, sincebuffer addressepassedo MPI cannot be predicted
in ary way, a network driver that supportszero—coy commu-
nicationprotocolsmustbe ableto lock andunlock ary address
rangereliably atary time.

In orderto solve the problemfor Linux the so calledLocked
MemoryManager(LMM) hasbeendevelopedat ChemnitzZUni-
versity of Technologyin the courseof a VIA implementation
[13], [14]. The LMM is a separat&kernelmoduleproviding a
small interfaceto lock and unlock userspacememoryandto
retrieve the physicaladdresseslt is basedon a recentkernel
mechanisncalled kiobufs It was originally developedto en-
ableraw disk I/O. A kiobuf describeghe setof physicalpages
belongingto a part of a process'useraddresspacewhereall
pagesarelocked. While it providesa safeway to getthe physi-
cal addressedts major limitation is thatary physicalpagecan
be held at mostone kiobuf at a time. Thereforean additional
mechanismhasbeendevelopedto allow for multiple lockings.
We give only a brief explanationhere. A detaileddescription
canbefoundin [13], [14].

The LMM'’ s central data structureis the Locked Memory
Area(LMA). An LMA describesa continuousrangeof virtual
addressesvith the samelock count. Thereis one kiobuf per
LMA, thatdescribegshe correspondinghysicalpages.LMAs
arekeptin perprocesdists. Thelock countspecifiehow mary
lock operationshave beenperformedon thatarea.Whenanewn
areais to belocked,the LMM scanghe currentprocesslist of
LMAs andchangeshemappropriately

Figure2 shavs an examplesituation.Dependingon the type
of intersectiorof the new areaandthe existing LMAs, different
actionshave to betaken. Theseare: createa newv LMA, incre-
mentthelock countof anexistingLMA or splitanLMA andin-
crementhelock countof onepart. To unlockanareathe LMM
stepsthroughthe LMA list and decrementshe lock countsof
the LMAs in question. SinceLMAs with the samelock count
arenever meltedtogetheranunlockoperationwill alwaysspan
wholeLMAs which easegheimplementatiorof this operation.
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Fig.2. Lockinganew area

Onceanareahasbeenlocked, a userof the LMM, which is
anotherdriver, canretrieve the physicaladdressesf all pages
belongingto thisarea.AnotherLMM functionreturnsthe phys-
ical addressegroupednto consecutie blocksto allow for con-
venientbuilding of scatter/gathelists.

I1l. SCI SEGMENT REGISTRATION

If theSCldriveris told to establistalocal SCl sggment,it al-
locatesthe requiredmemoryareaas one continuouschunk of
physicalmemorywhich is locked to theseaddresses.Under
Linux, thisis donevia the bigphysareanechanisnj15] or via a
similar mechanisnwhich wasintroducedor this purposen the
2.4releaseof the kernel. However, the latter methodcanfail in
caseof highmemoryfragmentatiorsothatusingbigphysareas
still the safestway.

A. User-allocatedmemornyin SCladdressspace

Using userallocatedmemoryfor SCl communicatiorrepre-
sentsanew challengesincesuchmemorydoesnotfulfill there-
guirementsof continuity andresideng. While the secondcon-
dition canbe met afterwardsby meansof the locking mecha-
nismintroducedabove, the non—continuityproblemcannot be
removed. Hence,the SCI driver mustbe changedn orderto
be ableto handleusermemory The major problemlies in the
mappingsbetweenthe differentaddressspaces. Regular SCI
segmentsspana continuousrangeof physicalmemoryandare
consequentlgontinuousn the SCl spacetoo. Hence only the
startaddressand the length are necessaryo locatea seggment
in thoseaddressspaces.Virtually continuoususermemoryis
scatteredicrosghe physicalmemorydueto thedemandpaging
mechanismOnecould assumehatthereareblocksof consec-
utive pageswithin a virtual area,but experimentshave shavn
that usermemory consistsof nearly no physically continuous
pages.More than99 percentof the pagesare non—continuous,
evenfor memoryareasaslargeas4096pages.Theconsequence
is thatoptimizationgfor continuoushlockswill notimprove per
formanceif not makingit worse.

Further the amountof informationthat hasto be transferred
duringanimportoperations proportionalto the sizeof the seg-



mentasthe importing nodeneedsthe addressesf all individ-
ual pages.Dueto the non—continuoughysicaladdresseBMA
operationsmustbe madepagewisewhich will reducethe max-
imally achiezablebandwidthaswill be seerbelow.
Theusageof userallocatednemorycanbedividedinto three
categorieswith ascendingompleity:
1. localusersggmentsasDMA source
2. remoteusersegmentsasDMA tarmget
3. remoteusersggmentsfor PIO access
In thefollowing we will describewhatthesestepsequireand
how it hasbeenresp.canbeachieved.

B. LocalusersggmentsasDMA souice

Any DMA transferwith regular SCI sggmentsinvolvestwo
intermediatenemorycopies.First,thedatamustbecopiedfrom
the userbuffer to alocal SCl sggmenton the senderside. Then
a DMA transferis initiated from the local sggmentto the re-
mote sggment. Sincethat remotesegmentis a local SCI seg-
ment on the recever’s side a final memory copy to the user
bufferis neededThefirst copy operatiorcouldbeavoidedif the
DMA enginecouldfetchthe datadirectly from the userbuffer.
Fortunately the SISCI API knows abouta specialfunction for
this purposealthoughit hadnot beenimplementedn the SCI
driver sofar. It is possibleto createso—calledemptylocal seg-
ments,.e. thedriverdoesnotallocatememoryfor it. After that,
a userbuffer canbe registeredwith this segmentby meansof
SCI Regi st er Segnment Menory() .

For this first stage,empty segmentsmust also be private,
that meansthey cannotbe exportedto other nodes. The dif-
ferenceto regularlocal segmentsis thatthe physicaladdresses
arenon—continuousConsequentlythe physicaladdressemust
be storedwith the emptylocal sggment. This is doneduring
the SClI Pr epar eSegnent () SISClcall, wherethe memory
rangeto be registeredis locked andthe pageaddressesarere-
trieved by meansof the LMM. Furthermore the initiation of
a DMA transfer(SCl EnqueueDVATr ansf er () ) hadto be
changedWhile asingleDMA controlblock pertransferrequest
is sufficientin conjunctionwith regularsegmentsusersegments
requirea separateontrol block for eachphysicalpage.As fig-
ure 3 shaws, the performancedegradationcausedby the scat-
teredDMA transferis lessthan 20 percentand thus quite ac-
ceptable. However, this is only true for properly aligneduser
buffers,i.e. alignedat 128 byte boundariest least. For other
alignmentghe performancelropsto valuesaslow as134MB/s.
Originally we thoughta solution to this problemwould be to
copy thefirst bytesto the next 128 byte boundaryby PIO mode
andthenstartthe DMA transfer For exampleassumethelocal
PCl addressstartseight bytesbeyond a pageboundary the re-
moteSCladdresss page—alignedTo getto an128bytealigned
PCladdresshefirst 120bytesaretransferredy PIOmode.The
PCladdresss well-alignednow, but the SCladdresss notary-
more. Whenwe implementedhis we realizedthat thereis no
differencen bandwidthwhetherP1O optimizationis performed
or not. Thisled usto the conclusionthatthe DMA engineof the
PCl-SCladaptersisedis sensitve to PCl addresslignmentas
well asto SCI addressalignment. Consequentlywe removed
the P10 optimizationagain,which reducedhetime to connect
to aremotesggmentslightly, aswe will seein the next section.
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The applicationhasto ensurethat the DMA queueis large
enough. Due to page alignmentissuesit should comprise
segmentsize [ pagesize + 1 entries.

C. Remotausersggmentsas DMA target

The next stepis to make usersggmentsavailableto remote
nodessothatthey canbeusedasDMA target. Thisremovesthe
needfor thesecondnemorycopy onthereceverside. Theonly
restrictionis thatsuchremoteseggmentscannotbe usedfor PIO
mode.Thatis subjectof sectionlll-D.

Themajorchallengenereconsistdn transferringhe pagead-
dressedrom the exporterto theimporter As opposedo regu-
lar, continuousSCI sggments,which areidentified by a single
addressusersggmentsaredescribedy a list of addresseghe
length of which dependson the segmentsize. We have real-
ize this by usingtheIRM driver'sinternalmail box mechanism.
The connectionto a regular sgmentis establishedy the im-
portersendinga connectiorrequesandtheexporterresponding
by a single acknavledgemeninessagécalled ACK here)con-
taining the sggments startaddressandits size. We have intro-
ducedtwo new typesof acknavledgedor usersggments:ACK1
(1stacknavledge)and ACKI (i-th acknavledge). In caseof a
usersegmentthe responseo a connectrequestconsistsof one
ACK1 andn ACKI messagesyheren > 0. ACK1 contains
thesggmentsize,the numberof pagesthe so—calledpage offset
andup to four pageaddressesSinceusersegmentscanstartat
ary (minimally aligned)addressbut exportingandimportingis
basedon whole pagesone mustknow wherethe sggmentsac-
tually startswithin its first page. This is the meaningof page
offset. For thesamereasorthenumberof pageds neededn ad-
dition to thesegmentsize.As IRM mail boxmessagearerather
short(64 bytein total) pageaddressearestoredin acompressed
format. For a systempagesizeof 4 KB only 20 aresignificant,
for larger pageseven less. Thus, we can put eight addresses
into a 20 byte buffer (five doublewords). An ACKI message
containsup to eightpageaddresses.

Uponreceptionof ACK1 theimportercancalculatethe num-
ber of expectedACKI messagesWhenall messagebave ar-
rivedandthe pageaddressebave beencopiedto thedatastruc-



turedescribingheremotesggment the connecioperationis fin-
ishedin the sameway asfor regularsegments.

At this point the importerhasgot all information neededo
malke DMA transfersinto the remotesegment. Not even ATT
(addresgranslationtable) mappingsarenecessargincethe re-
moteSCladdressesf DMA controlblocksarebuilt solelyfrom
the physicaladdressesf the remotememorypagesandthere-
motenodelD.

Thingswereslightly differentwhenwe implementedhe PIO
optimizationfor DMA operationsexplainedabove. Then,we
allocatedandsetupanATT entryto pointto thefirst pageof the
segmentandmappedhecorrespondingClmemoryinto kernel
addresspace.

Combiningthefirst two steps(l1l-B andllI-C) it is possible
to performDMA transfersdirectly from andto usersegments.
Performance&wumbersaregivenin sectionlV.

Up to two DMA control blocks are necessaryor a single
page,sincea new block mustbe startedat every local andre-
mote pageboundary Hence,the DMA queuemustcomprise
(segmentsize [ pagesize + 1) x 2 entries.

D. Remotausersggmentdor PIO access

In orderto accessa remotesggmentby PIO mode,the ATT
andthe processpagetablesmust be setupappropriately The
procesagetabletranslatewirtual addressemto physicalad-
dressedelongingto thePCI-SCladapterwhichtranslateshem
into SCladdressessingthe ATT.

Thesimplestwayisto useoneATT entryperhostpage.How-
ever, thiswould limit theamountof totalimportablememoryto
16 MB (assumingt KB pages)dueto the ATT sizeof 4096en-
triesin thecurrentPCl-SCladaptersTheonly solutionis to in-
creasehe SCl pagesize,i.e. the ATT granularity Thisleadsto
thefollowing, morecomplex stratgyy: Theimporterdetermines
the SCI pagesthe physicalpagesof the remotesegmentreside
within. Thenit checksif thesepagesarealreadycoveredby an
ATT entry If not, new onesmustbe setup. Whenall physical
pagesaremappedoy meansof the ATT, their addresseaswell
asthe correspondinddATT indexesarestoredwith theimported
segment. Now the processpagetablesmustbe setup. Note,
that dueto the larger SCI pagesmore memorythan explicitly
exportedis visible to the outside. However, safeoperationis
ensuredy the CPU’'s memorymanagemenfThe pagetableen-
tries are generatedrom the ATT index, representingone SCI
page-sizegartof the PCI-SCladapters PCIl memorywindow,
andthe offsetof the physicalpageto bemappedwithin that SCI
page. This requiresa numberof changesn the IRM driver’'s
memorymapfunction. Finally, the pageoffsetis addedto the
virtual startaddressof the imported sgmentso that it really
pointsto thefirst byte of theremoteuserbuffer.

After that,remoteusersggmentscanbeaccessetothby PIO
and by DMA just asregular, driver-allocatedsegments. Al-
thoughwe have a fairly clearunderstandingf what mustbe
doneto achieve this step,the implementatioris subjectof near
futurework.

V. PERFORMANCE EVALUATION

All testdescribedin this sectionhave beenconductedus-
ing Dolphin’s PCI-64/66PCI-SCladapterq64 Bit/ 66 MHz)

on SuperMicro 370DLE mainboardswith SenerWorks Ser
verSetlll LE chip set, two Pentiumlll 800 MHz, FSB clock
133MHzand512MB ECC-RAM 133MHz. Exceptthefirst one
all testwererun on uniprocessokernelssincewe discovered
lockupsduringDMA transferswvith SMPkernel. Thisissuestill
waits for its solution,but we suspectn interrupthandlerprob-
lem.

First of all we evaluatedthe achievable bandwidthfor DMA
from areaswhich do not consistof physicallycontinuougnem-
ory. We did this by splitting a DMA transferfrom a regular
segmentinto piecesof 4 KB. Theresultswerealreadyshown in
sectionlll-B.
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Thenwe implementedhe usersegmentregistrationand ex-
porting/importingandmeasureddMA bandwidthbetweerreg-
ular andusersegmentsin all combinations. All segmentswere
page—alignedFigure4 shavs theresults.The graphtitles refer
to thetypesof sggments,’regular— regular” standdor atrans-
fer from a regular local segmentto a regular remotesegment.
The absolutelymaximumbandwidthof 249 MB/s canonly be
achiezedonregularsggmentssincethe DMA enginemustbeset
up andstartedonly oncefor the wholeblock. "regular — user”
yieldsthe highestbandwidthfor usersggmentswith 212 MB/s.
Transfersfrom a userto a regular sgmentand betweenuser
segmentsachieze only 5 MB/s less. Hence,the DMA engine
seemsgo operateslightly betteron linearly ascendindocal PCI
addressesHowever, we have got no explanationfor the small
performancelumpsat1 and16 MB yet. Note, thesmalladwan-
tageoverthevaluesfrom figure 3 is causedy the uniprocessor
kernelusedhere.

We have madesomemore detailedanalysisof transfersbe-
tweenuserseggmentausingseverallocal andremotealignments.
Theresultsareshownn in figure 5. For equalalignmentson both
sidesthe performances the sameasfor pagealignedsegments
shavnin figure4. Theothergraphsareentitledin theform ”lo-
cal alignment— remotealignment. If thealignmentdiffer by
half a page,the peakbandwidthis aslow as180 MB/s. The
explanationis thata nev DMA control block is neededvhen-
everanew pagewith its specificaddresstarts eitherlocally or
remote.Hence for 2 KB offsetsthe DMA transferis scattered
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into chunksof 2 KB andthe full DMA bandwidthcannotbe
exploited.

The situationis evenworsefor the minimal alignmentdiffer-
enceof eightbyte. The performancedropsto 100 MB/s, which
is lessthanhalf of the maximum. The reasoris thatthe DMA
transfemow consistf eightbyteand4088bytechunksn turn,
wheretheextremelyshortblocksobviouslylimit thebandwidth.
Whatis interestingis the gapbetween’8 — 0” and”0 — 8.
The numberof DMA chunksandtheir sizesare equalin both
casesWhatdiffersis the alignmentof thesechunks.While the
tiny blocks are page—alignedocally for "8 — 0” they always
startat offset4088in the othercase.Oneexplanationcould be
thatunalignediocal PCl addresseadditionallyreducethe per
formancealreadylimited by the small size. This meansthat
ary higherlevel software shouldtry to useonly well-aligned
buffers. Sincethatis practicallyimpossiblefor buffers passed
by anapplicationthe PCI-SClhardwareshouldbe optimizedto
performwell on arbitraryalignments.
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True zero copy protocolsrequire somekind of on—the—fly
registrationof the communicatiorbuffers. Hence,the perfor

manceof theseoperationsis also of high importance. We
measuredhe time spentin the necessarnSISCI calls SCI -
Creat eSegnent () , SCl Regi st er Segnent Menory(),
SCl Pr epar eSegnent () andSCl MapSegnent (), which
areneededo preparehelocal buffer, andSClI Connect Seg-
ment () .

Figure6 shows theresults. The mostexpensve operationon
the local sgmentis SCl Pr epar eSegnent () sincethis is
whenthememorylocking is performed.Thetotal time to make
asinglepagereadyfor DMA transferis aboutl5.5us, while the
throughputreachests peakfor 4 to 8 MB blocksat 25 GB/s.

Segmentsize | timein us | # ACKI

4KB 389 0

8KB 389 0

16 KB 399 0
32KB 484 1
64KB 600 2
128KB 813 4
256KB 1280 8

TABLE |

CONNECT TIMESAND NUMBER OF ACKI s

Thecoststo establishaconnectiorto aremotesegmentis one
orderof magnitudehigher, startingfrom about390 us for up to
16 KB segmentsto 57 ms for 16 MB, seealsotablel. These
high timesarecausedyy the acknavledgementmessagemtro-
ducedin sectionlll-C. As explainedthere,the ACK1 message
cancarry up to four pageaddresses,e. awell-aligned16 KB
segment. Thatis why the connecttimesa nearlyconstanupto
thatsize. Beyondthatoneor more ACKI s aresent. Linearre-
gressioryields a constanioverheadof about380 s andabout
110 us for every additional ACKI messageThe taskof future
work is to reducethe expenseof ACKI messagesCurrentlya
remoteinterruptis triggeredfor eachmessagelelivered,which
is thenprocessedby theinterrupthandler A possibleoptimiza-
tion couldbeto processereral messageduringoneinterrupt.

Finally, we measuredhe netbandwidthof a completeDMA
transferasseenfrom theinitiator includingall necessarprepa-
rationsteps:local sggmentcreation registrationof theuserseg-
ment,preparatiorandmappingandconnectiorestablishmerto
theremotesggment.

Figure7 compareghe bandwidthsof pureDMA to transfers
includingonly local preparatior{designatedregister+transfer”)
resp. local preparationand connectionestablishmen{(’reg-
ister+connect+transfer”).While the local preparationaddsa
penaltyof about60 MB/s for mediumsizeand20MB/s for large
blocks,theconnectiorsetupmakestheperformancelropto 110
MB/s. The small messagdandwidthis worsethan FastEther
net. Although an optimizationof the connectoperationcould
improve the net performance,it will still stay far below the
peak. Consequentlyuserlevel datatransfers— eitherby PIO
or by DMA — areonly sensibleif expensve setupoperations
are not performedfor every new transfer This requiressome
kind of "caching” mechanismthat keepsregisteredand con-
nectedsggmentoncethey have beensetup anddoesnotrelease
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themexceptin caseof resourceshortage.Only the first trans-
ferwill show relatively badperformancesubsequentperations
canfully exploit thezero—copy adwantages.

V. SUMMARY, OUTLOOK AND RELATED WORK

We have presentedin extensionof the currentSCI driver to
supportexporting and importing of arbitrary usermemoryin
Linux which offersnew andmoreeffective applicationsof SCI
basedcommunication. The necessarynemorylocking is re-
alized by the Locked Memory Manager With this solution,
usersegmentscanbe usedasDMA sourceandtargetallowing
for zero—cop protocols. The requiredscatteredMA trans-
fer causesa performancepenalty of about20 percenton the
maximum bandwidthon properly aligned buffers, but avoids
two memory copy operationsfor transfershetweentwo user
allocatedsegmentson differentnodes. Sincethe currenthard-
ware exposed severe performancedegradationon unaligned
buffers, higher software layers shouldtry to useonly buffers
alignedto at least128 byte. Besides,the hardware shouldbe
revisedto performbetterin suchcases.

Utilization of this techniquein communicatioribrarieslike
MPI is requiredto evaluatethe effective performancegain as
seenby an application. Furthermore,PIO to remote user
allocatedsggmentsneedgo beimplementedsdescribedn sec-
tion1lI-D andtheconnecboperatiorfor usersegmentsshouldbe
optimzed.

Anotherapproacho utilize usermemoryfor SCl communi-
cationwastakenin [16] with VIA over SCI. However, thatwas
implementedusing P10 transfersnsteadof DMA. In [17] and
[18] an advancedPCI-SClbridge and systemsoftware design
is introducedwhich allows mucheasierandlingof usermem-
ory dueto more sophisticatecaddresdgranslationmechanisms.
The maindifferenceto the Dolphin hardwareconsistsn anad-
ditional addresdranslationfor inbound data, called upstream
translation.Thisremovestheneedto transferall pageaddresses
to theimporting node. Furthermorethe VIA supportallows to
startDMA operationdirectly from userlevel without a kernel
call.
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