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Intr oduction

Real-timesystemswhich offer guaranteedesponsdimesneedto
scheduleall resourcesjncluding CPU cycles, cachesand band-
widths of buses. In this review we presenta methodologyhow to
schedulaeal-timerequestdor SCSlbusbasedO andshov mea-
surementabouttheinfluencesetweernSCSI,ATM andCPUtraf-
fic onthe PCI bus andthe local memorybus. We proposea slow-
down factor g to characteris@pplicationsfor their sensitvity to
bus interferencewhich is usedin CPU schedulinganalysis. This
work is embeddedn the DRoOPS project[1] that usessimple and
powerful standardchardware as platform; it temptsto organisethe
coeistenceof real-timeandtime-sharingapplicationdy providing
managerdor all resources.Thesemanagerenforceresenations
for real-timeapplicationsandleave therestto the time-sharingap-
plications.

We mainly focuson bus bandwidthasresourcewhereaghe con-
flicting pointsin a standard®Cl-basedystemare(l) the SCSlbus,
(1) thePClbus,and(lll) thememorybus.

Experimentalvork shavedthatby useof our SCSlaccessnethod
we can achiere guaranteed5CSI bandwidthof 86% of the max-
imum bandwidth. The slowdown factor for the applicationwith
worst-casdi.e., highest)memorybandwidthis around2.5, for ap-
plicationssuchasQuicksortit is 1.22,and1.08for DES.

For measurementye generatemaximum SCSI load for a pre-
dictable accessmethodfor SCSI bus systems. Next, we induce
PCl load by a mastercapablePCl cardthat actively transfersdata
into the host memory and measuremaximummemory bus read
andwrite bandwidth. Therefore we usean FORE PCA200Ecard,
sincethe on-boardi960-CPUis freely programmable.Hereafter
we combinePClloadwith SCSlbusto seeimpactsonthe PCl bus,
andlastbut notleast,PClloadandhostmemorytransfer

Finally, we determingheworst-caseslovdown factorfor processes
running on the processor For that purpose we measurea worst-
casg(i.e., highestmemorybandwidth)processandits slovdown.

Time-Driven SCSI Bus Operation

As mentionedthe major objective of DROPS is to combinereal-

time andtime-sharingapplicationsandtheir dataon a single ma-

chine. Hence,we cannotrely on the exclusive accesson pre-

allocateddatastreams.

We shortlydescribea modelto provide guaranteethandwidtheven

undertheseconstraintaisingatime-drivenaccessnethod.

One read/writeoperationconsistsof the following steps: (1) bus
connect (arbitration), (2) command request, (3) disconnect,
(4) drive seek,(5) bus connect,(6) datatransmissionand,finally,

(7) busdisconnectlf thedrive cannotsendall datain onetransfer

it repeatgdisconnectindreconnectyclesto the busuntil all data
hasbeentransmitted.The net datatransfertime canbe calculated
from the busbandwidth the datasizeandthe commandime. The

worst-casalisconnectime is definedin the SCSlstandard.Time

for step4 depend®nthedrive’s characteristicandthecurrenthead
position. Thetimewhenthedrive startssendingts dataoverthebus

is not predictable.The drive beginsits datatransfer whenenough
datais readinto theinternalcache Busarbitrationof the SCSlbus
is doneby a prioritisationschemepusconflictsoccurwhenseveral
drivesindependentlyeconnecto the bus atthe sametime. Hence,
transferamaybedelayedby otherhigherpriorizedtransfers.
Thegeneralpproachakenis to usethe SCSlbusin atime-driven
manner Commandsare issuedperiodically at precisepoints in
time. The exact time-driven commandexecutionallows to max-
imise the throughputeven underreal-time constraintsand worst-
caseaccespatterns.

Comparison & Results

Ourmodelrevealsthatfor currentlyavailabledrive technologyand
abandwidthof 40 MBJ for 16-bit Ultra-Wide SCSI,21 drivesneed
to be connectedthis is beyond our currenttechnicalcapabilities.
But we believe in the nearfuture with fasterdrivesour modelde-
scribesarealisticscenario.

To verify our assumptionswe measureand simulatethe critical

valueswith restrictedbus throughputof 10 MB; and 128 KB and
256 KB clusters. This allows us to compareour techniquewith

an accesatternthat doesnot give guarantee®n the samedisk

system.

While for the 10MBj restrictecbusthe fastespossibleaccessvith-

out slotting resultedin timeouts(which meanssomeblockscould
not be transferredto the host adapter); our techniqueprovided
8.6 MB/, of guaranteedransferbandwidth.

We measurethe maximumpossibleSCSlbandwidthof oursystem
with 35.5MB whenthe block is readonly from the drive’s cache
and10.2MBj bandwidthfor arandomread.

PCI Influences

The memorybus benchmarktasksoperateon two arrays,one for
sourcedataandonefor destinationdata,each8 MB of size. The
ATM cardusesa dedicated3 MB space.This avoids cachesnoop
hitswhichimply L1 andL2 cachewrite-backsondirty cache-lines.
This scenariccanberegardedasrealistic,sincedevice driversusu-
ally operateexclusively on a given buffer spaceandno application
works simultaneously on the samebuffer.

We expectto gettheworst-caséactorfor atestthatonly focuseon
memoryoperationsFor measurememwe madethreedifferentruns
with two 8 MB buffers; read,write, andcopy. A readconsisting
of four mov instructionsrevealsthe highestmemoryperformance
(155.26MBy). Write (69.88MB%) andcopy (96.16MBL) performed
bestusingthe CPUinstructionsrep stosd, andrep movsd.
Note,thatthebandwidthfor copy is higherthanthatfor write, since
always8 MB aretransferredywhich meanst MB arereadand writ-
ten. For comparisonwe madean additionaltestthatgeneratesc-
cesseso cache-linealignedmemoryin randomorderto avoid that
CPU combinescontiguousreadcyclesto memorybus bursts, re-
sulting in 143.78MBL. Figure 1 confirmsthe statementhat the
highestmemorybusloadis generatedvhenaccessinghe memory
in ascendin@r descendin@rder



We usethe i960 processoon the ATM adaptorcardto generate
burstsbetweenl.5 B, and36.0MB%. Figure1 depictsthe F for
theload/store/cop memorybenchmarks.
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Figurel: Memory BenchmarkgSlowdown)

Application Benchmarks

Following, we now try to obtain Fg for threedifferenttypesof ap-
plications.(1) DES- avery CPU-intensie taskwith high cachehit
rate,(2) Quicksort- amorememory-intensie task,and(3) MPEGI
decodingataskwith bothhigh CPU andmemoryutilisation. Fig-
ure?2 illustratestheseslowdown factors.

(1) Measurementsf the influenceof high PCl load in parallelto
DES shaved thata CPU intensve benchmarks sloved down for
about9%or g = 1.09.

(2) [4] describesanon-recursie versionof afastsortingalgorithm.
For our measurementwe filled the 8 MB buffer with numbersin
descendingrder Thisleadsto thealgorithmicworstcaseandsub-
sequentlyto the highestpossiblememoryload. The slovdown fac-
tor hereis Fgy = 1.22.

(3) MPEG[2] is usedfor video andaudiocompressiorin our sys-
tem. The MPEG decodingmeasuremeniasdoneusinga Pi1PI1-
codedvideo, 384x288pixel with 24 bit color anda compression
factor of 60 for 33 I-framesand 169 for 66 P-frames. The slow-
down factorhereis s = 1.36. Variationin the graphin Figure2
canbeexplainedby thedifferenttime the CPUtakesto decodesach
picturegroup.

Conclusion/ Futur e Work

Thetechniquefor time-driven accesanethodfor the SCSIbus al-
lows to guaranteepredictableaccesgimes and bandwidthseven
undera worst-casescenario. Bus utilisation up to 91.4%can be
achieved.

Interferenceon the PCI bus underloadsup to 60 MBj areat about
8%. Sincetime-sharingloadsexist besidegeal-timeloads,plan-
ning andschedulingof the PCl busseemaot feasible.
Thefactorby which anapplicationperformingmemoryoperations
is slowed down (%) allows to describethe influenceof PCI bus
loadsonthis application.In theworst-casewe measurec valueof
Fq = 2.2. Fo allows usto scalethe partof the CPUanapplication
needaunderidle loadto thatunderworst-caseconditions.
Futurework needto be doneto develop a tool that automatically
obtainsall worst-casalisk parametersTestsshallberepeatedvith
newer drive andbustechnologiego verify our simulations.
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