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Intr oduction
Real-timesystemswhich offer guaranteedresponsetimesneedto
scheduleall resources,including CPU cycles, cachesand band-
widths of buses.In this review we presenta methodologyhow to
schedulereal-timerequestsfor SCSIbusbasedIO andshow mea-
surementsabouttheinfluencesbetweenSCSI,ATM andCPUtraf-
fic on thePCI busandthe local memorybus. We proposea slow-
down factor & sd to characteriseapplicationsfor their sensitivity to
bus interferencewhich is usedin CPU schedulinganalysis. This
work is embeddedin the DROPS project [1] that usessimpleand
powerful standardhardwareasplatform; it temptsto organisethe
coexistenceof real-timeandtime-sharingapplicationsby providing
managersfor all resources.Thesemanagersenforcereservations
for real-timeapplicationsandleave therestto thetime-sharingap-
plications.
We mainly focuson bus bandwidthasresource,whereasthe con-
flicting pointsin a standardPCI-basedsystemare(I) theSCSIbus,
(II) thePCI bus,and(III) thememorybus.
Experimentalwork showedthatby useof our SCSIaccessmethod
we can achieve guaranteedSCSI bandwidthof 86% of the max-
imum bandwidth. The slowdown factor for the applicationwith
worst-case(i.e., highest)memorybandwidthis around2.5, for ap-
plicationssuchasQuicksortit is 1.22,and1.08for DES.
For measurement,we generatemaximum SCSI load for a pre-
dictableaccessmethodfor SCSI bus systems. Next, we induce
PCI loadby a mastercapablePCI cardthatactively transfersdata
into the host memory, and measuremaximummemorybus read
andwrite bandwidth.Therefore,we usean FORE PCA200Ecard,
sincethe on-boardi960-CPUis freely programmable.Hereafter,
wecombinePCI loadwith SCSIbusto seeimpactsonthePCIbus,
andlastbut not least,PCI loadandhostmemorytransfer.
Finally, wedeterminetheworst-caseslowdown factorfor processes
runningon the processor. For that purpose,we measurea worst-
case(i.e.,highestmemorybandwidth)processandits slowdown.

Time-DrivenSCSIBus Operation
As mentioned,the major objective of DROPS is to combinereal-
time andtime-sharingapplicationsandtheir dataon a singlema-
chine. Hence,we cannot rely on the exclusive accesson pre-
allocateddatastreams.
Weshortlydescribeamodelto provideguaranteedbandwidtheven
undertheseconstraintsusinga time-drivenaccessmethod.
Oneread/writeoperationconsistsof the following steps: (1) bus
connect (arbitration), (2) command request, (3) disconnect,
(4) drive seek,(5) bus connect,(6) datatransmission,and,finally,
(7) busdisconnect.If thedrive cannotsendall datain onetransfer,
it repeatsdisconnectandreconnectcyclesto the busuntil all data
hasbeentransmitted.Thenetdatatransfertime canbecalculated
from thebusbandwidth,thedatasizeandthecommandtime. The
worst-casedisconnecttime is definedin the SCSIstandard.Time
for step4 dependsonthedrive’scharacteristicsandthecurrenthead
position.Thetimewhenthedrivestartssendingitsdataoverthebus

is not predictable.Thedrive begins its datatransfer, whenenough
datais readinto theinternalcache.Busarbitrationof theSCSIbus
is doneby aprioritisationscheme;busconflictsoccurwhenseveral
drivesindependentlyreconnectto thebusat thesametime. Hence,
transfersmaybedelayedby otherhigherpriorizedtransfers.
Thegeneralapproachtakenis to usetheSCSIbusin a time-driven
manner. Commandsare issuedperiodically at precisepoints in
time. The exact time-driven commandexecutionallows to max-
imise the throughputeven underreal-timeconstraintsand worst-
caseaccesspatterns.

Comparison& Results
Ourmodelrevealsthatfor currentlyavailabledrive technologyand
a bandwidthof 40 MB'

s for 16-bit Ultra-WideSCSI,21 drivesneed
to be connected;this is beyond our currenttechnicalcapabilities.
But we believe in the nearfuturewith fasterdrivesour modelde-
scribesa realisticscenario.
To verify our assumptions,we measureand simulatethe critical
valueswith restrictedbus throughputof 10 MB'

s and128 KB and
256 KB clusters. This allows us to compareour techniquewith
an accesspatternthat doesnot give guaranteeson the samedisk
system.
While for the10 MB'

s restrictedbusthefastestpossibleaccesswith-
out slotting resultedin timeouts(which meanssomeblockscould
not be transferredto the host adapter);our techniqueprovided
8.6MB'

s of guaranteedtransferbandwidth.
WemeasuredthemaximumpossibleSCSIbandwidthof oursystem
with 35.5MB'

s whentheblock is readonly from thedrive’s cache
and10.2MB'

s bandwidthfor a randomread.

PCI Influences
The memorybus benchmarktasksoperateon two arrays,onefor
sourcedataandonefor destinationdata,each8 MB of size. The
ATM cardusesa dedicated8 MB space.This avoidscachesnoop
hitswhich imply L1 andL2 cachewrite-backsondirty cache-lines.
This scenariocanberegardedasrealistic,sincedevice driversusu-
ally operateexclusively on a givenbuffer spaceandno application
workssimultaneously on thesamebuffer.
Weexpectto gettheworst-casefactorfor atestthatonly focuseson
memoryoperations.For measurementwemadethreedifferentruns
with two 8 MB buffers; read,write, andcopy. A readconsisting
of four �(��) instructionsrevealsthe highestmemoryperformance
(155.26MB'

s). Write (69.88MB'
s) andcopy (96.16MB'

s) performed
bestusingtheCPUinstructions!���*+�$�#���$ , and !���*,�(�$)��$ .
Note,thatthebandwidthfor copy is higherthanthatfor write,since
always8 MB aretransferred,whichmeans4 MB arereadand writ-
ten. For comparison,we madeanadditionaltestthatgeneratesac-
cessesto cache-linealignedmemoryin randomorderto avoid that
CPU combinescontiguousreadcycles to memorybus bursts,re-
sulting in 143.78MB'

s. Figure 1 confirmsthe statementthat the
highestmemorybusloadis generatedwhenaccessingthememory
in ascendingor descendingorder.



We usethe i960 processoron the ATM adaptorcard to generate
bursts- between1.5 MB'

s and36.0MB'
s. Figure1 depictsthe & sd for

theload/store/copy memorybenchmarks.
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Figure1: MemoryBenchmarks(Slowdown)

Application Benchmarks
Following, we now try to obtain & sd for threedifferenttypesof ap-
plications.(1) DES- averyCPU-intensivetaskwith highcachehit
rate,(2) Quicksort- amorememory-intensivetask,and(3) MPEGI
decoding,a taskwith bothhigh CPUandmemoryutilisation. Fig-
ure2 illustratestheseslowdown factors.
(1) Measurementsof the influenceof high PCI load in parallel to
DESshowed that a CPU intensive benchmarkis slowed down for
about9%or & sd = 1.09.
(2) [4] describesanon-recursive versionof afastsortingalgorithm.
For our measurementswe filled the 8 MB buffer with numbersin
descendingorder. This leadsto thealgorithmicworstcaseandsub-
sequentlyto thehighestpossiblememoryload.Theslowdown fac-
tor hereis & sd = 1.22.
(3) MPEG[2] is usedfor videoandaudiocompressionin our sys-
tem. The MPEG decodingmeasurementwasdoneusinga PI IPI I-
codedvideo, 384x288pixel with 24 bit color anda compression
factorof 60 for 33 I-framesand169 for 66 P-frames. The slow-
down factorhereis & sd = 1.36. Variationin thegraphin Figure2
canbeexplainedby thedifferenttimetheCPUtakesto decodeeach
picturegroup.

Conclusion/ Futur eWork
The techniquefor time-drivenaccessmethodfor theSCSIbusal-
lows to guaranteepredictableaccesstimes and bandwidthseven
undera worst-casescenario. Bus utilisation up to 91.4%can be
achieved.
Interferenceon thePCI busunderloadsup to 60 MB'

s areat about
8%. Sincetime-sharingloadsexist besidesreal-timeloads,plan-
ning andschedulingof thePCI busseemsnot feasible.
Thefactorby which anapplicationperformingmemoryoperations
is slowed down ( & sd) allows to describethe influenceof PCI bus
loadsonthisapplication.In theworst-case,wemeasuredavalueof
& sd = 2.2. & sd allowsusto scalethepartof theCPUanapplication
needsunderidle loadto thatunderworst-caseconditions.
Futurework needto be doneto develop a tool that automatically
obtainsall worst-casediskparameters.Testsshallberepeatedwith
newer drive andbustechnologiesto verify our simulations.
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Figure2: ApplicationBenchmarks(Slowdown)

Acknowledgements
JeanWolter, Michael Hohmuth,JochenLiedtke, Volkmar Uhlig,
andRobertBaumgartlprovidedhelpful feedbackandcommentary
onearlierversionsof thispaper. Specialthanksto UweDannowski
for his supporton theATM driver andi960 firmware.

References
[1] R. Baumgartl,M. Borriss, H. Härtig, Cl.-J. Hamann,M. Hohmuth,
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