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1 Intr oduction

The currentPtolemymodel of the DataFlow Manager(DFM) is basedon the descriptionof
the designof the actualapplicationdescribedn [1]. The differentmessagea DFM nodecan
sendandreceivearesummarisedn Figurel. Thenameausedfor themessagearethesameas
thoseusedin the Messagdormatnote[2]. 1 Therationalebehindthe Ptolemymodelis to treat
theDFM asa“black box”, ratherthana detailedmodelof theapplicationwith detailedknowl-
edgeof the internaltimings of the DFM. By defining a seriesof teststo calibratethe DFM,
rather than relying on resultsof internal measurementsve can decoupleourselvesfrom
changesn theinternalstructureof the applicationwhich would imply the updatingof internal
measuremerttooks.Providedthe sametestscanberun,themodelcanbeeasilyre-calibrated.
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Figure 1: Input and Output Messagesdr the DFM

Although basedon the designdescribedn [1], the modelof the DFM hasbeensimplified by
making the assumptiorthat network1/0O timeswill be muchgreaterthanany internalopera-
tions within the application.We alsoassumethat only “normal” steady-stateunning condi-
tionsareto be modelled thereforetimeoutsandthe receptionandhandlingof Busy, Not-Busy
messagesanbedisregardedWith theseassumptiong1 mind we proposehatthe DFM canbe
successfully characterised using the following 3 timing constants:

» time_to_receaie LvI2

» time_to_send

 time_to_receie _EOE

wheretime_to_receive_Lvi2s thetotal time spent(bothin hardwareandsoftware)to collect
from the network and analysethe L2SV_LVL2_Decision messageaeceivedfrom a LvI2
Supervisor, time_to_send is the total time required to create and broadcast the

DFM_SFI_Assigmmessagéo the ROS(eshandtime_to _receive Eols thetotaltimerequired
to collect from the network and analyse the SFI_EOE message sent from an SFl.

1. Question:For consisteng shouldwe considerchanginghenameof themessagessedn the Ptolemy
model to be the same as those defined in [2]?



Figure 4 in [1] shows the sequence diagram for receiving and processing a
L2SV_LVL2_Decisionmessagandsendingthe resultingDFM_SFI_Assignmessageln the
Ptolemy model the sequence diagram is considerably simplified and is shown in figure 2.
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Figure 2: Simplified sequence diagram depicting the handling of a L2SVVIL2_Decision message

Referringto figure 4 in [1], time_to_receive_LvI2vill includethe time takento receivethe
L2SV_LVL2_descisiorfrom thenetworkandthetime spentin theDFM classesMessageDis-
patcherandL2DecisionGroupHandletime_to_sendavill includethetime spentin theclasses
LoadBalanceiand DFMOutputHandlerand the time to sendthe DFM_SFI_Assignmessage
out onto the network.

Figure5in [1] showsthe sequence&iagramfor processingan SFI_ EOEmessageThe simpli-
fied diagram used by the Ptolemy model is shown in figure 3.
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Figure 3: Simplified sequence diagram depicting the handling of an SFI_EOE message

time_to_receive_Eomvill includethe time takento receivethe SFI_EOEmessagdrom the
networkandthe time spentin the DFM classesMessageDispatchemd SFIControlHandler.
time_to_senavill includethetime spentin the classed oadBalanceandDFMOutputHandler
and the time to send the DFM_SFI_Assign message out onto the network. A
DFM_SFI_Assigrmessageés only sentatthis pointif aLvl2 acceptedventis outstanding.e.
all SFIshadreachedheir eventlimit whena previousattemptwasmadeto assigrnthe eventto
an SFI. We areassuminghatduring normalrunningthe eventbuffersof the SFiswill be suf-



ficiently large that this casewill not normally occur (accordingto discussionswvith HPB).
However, this feature is exploited in some of the calibration tests described later.

The purposeof this noteis to describethe testbedmeasurementahich needto be madein
orderto calibratethe Ptolemymodelof the DFM, i.e. find valuesfor the abovetimesfor a
given (or possibly a number of) network protocol(s).

We areassuminghata schemesimilar to thatusedto calibratethe modelof theLvl2 Supervi-
sorapplicationonthe EthernefTestbedsee[3] canbe usedhere.In additionto measurements
madefor calibrationpurposesa numberof othermeasurementsiustbe madesothatcompar-
iIsonscanbe madebetweenthesemeasurementandthe valuespredictedby the modelonce
calibrated.For the time being, measurementand calibrationwill only be donefor the DFM
running the “classic” event building scenario, see [4].

All the calibrationmeasurementshouldbe madeon a minimal EventBuilding systemcom-
prising,1 DFM, 1 ROSandl1 SFIwith oneor L2SVs(LvI2 Supervisorspr equivalento inject
L2SV_LVL2_Decisionmessagesito the systemseefigure 4. The basicaim of thetestsis to
saturatethe componentof the systemunderstudy. The time spentin the componentunder
study canthenbe easily derivedfrom the overall eventrate and usedin subsequentalcula-
tions.
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Figure 4: Basicconfiguration for DFM calibration measuements.Cir clesrepresentprocessessquares,the
hosts on which they run

Implications for the DataCollection Software:

» SFI: should be configured txpect only 1 gent fragment penent

» DFM: shouldbeableto measuraylobaleventrate,i.e. totalnumberof SFI_ EOEmessages
receved dvided by total running time



Althoughin the “classic” scenaricthe DFM broadcastshe DFM_SFI_Assignmessagéo all
the ROSesjn the simpletestsdescribedelow, only a singleROSis usedso at the moment
this is not an issue.

2 Note on Racking Factors

It is assumedhattherejectionrateof LvI2 will be 99% andthata packingrateof the orderof
100 will be usedin the L2SV_LVL2_Decisionmessagef the final system.Eachmessage
will thereforecontain< ~10 eventsacceptedoy Lvi2, for which eventbuilding hasto take
place.However,it shouldbe notedthatif the L2SV_LVL2_Decisionmessagas to be kept
within oneEtherneframe,i.e. 1500bytes,no morethan184Lvl2 decisionsanbepackednto
a single messagédsee[2] for messagdormatsand lengths).For the currentset of measure-
mentsthis limit will berespectedotherwisewhenusingraw Ethernetor UDP, the application
would haveto spendime assemblingompletemessageBom multiple frames.If TCPis used
the implication would be greater times spent in the TCP interface.

In orderto work with the simplestsystempossiblefor calibration purposestests1-3 (see
below)we shoulduseL2SV_LVL2_Decisionmessagewith a packingrateof 1 (i.e. contain

oneeventonly) andthis shouldalwaysbe aneventacceptedy LvI2. The packingfactorused
for the DFM_SFI_Assign messageswill be set equal to that used for the

L2SV_LVL2_ Decisionmessageso that only 1 DFM_SFI_Assignmessages sentfor each
L2SV_DecisiormessageThisis importantfor understandinghe systemwith only 1 accepted
eventin the systemReferringto the sequenceliagramsn figures2 and3 andthe correspond-
ing figuresin [1] the parametetime_to_sendhouldbe almostexactlythe samefor both sce-
narios i.e. there is no need to copy a vector of Lvl2 rejects in the receive
LS2V_LVL2_Decisionscenario(althoughthis time is probablynot significant comparedo

the time required to send the message over the network).

Theeffectof packingrate(upto amaximumof 184LvI2 decisionperL2SV_LVL2_ Decision
message),keeping the packing rate equal for L2SV_LVL2_ Decision messagesand
DFM_SFI_Assignmessagess investigatedin test4. Changesn the saturationrate of the
DFM would bedueto a combinationof theincreasedverheadeceivingthe messagéom the
networkandpossiblythe copyingof vectorsof eventswithin the DFM applicationitself. The
measurementshouldshowhow time_to_receive_LviZhangesasa function of packingfac-
tor. The effectof increasinghe packingfactor of the DFM_SFI_Assignin termsof multiples
of the packingfactor of the L2SV_LVL2_Decisionmessagere investigatedin test5 and
should show how the parameter time_to_send changes as a function of packing factor.

Implications for the DataCollection Software:

» L2SV: must be possible to change the number of LvI2 accepts per L&Y Decision
to be changed and the total number of LvI2 decisions per L2&\2 LDecision to be
changed

* DFM: must be possible to change the total numbeverits per DFM_SFI_Assign to be
changed



3 Test 1: DFM Saturation

The aggregate time spent in the DFM (aggregate_DFM_time) is given by:
time_to _receive Lvl2+tinme_to _send+tine_to _recei ve_EoE

and can be calculatedas the reciprocalof the eventrate measuredy the DFM (i.e. total
numberof SFI_EOEmessagereceiveddividedby totalrunningtime) if it neverbecomesdle.

This may be achieved by:

» sending L2SV_WL2_ Decision messages at a rate no less than 1/(time_toveekel2 +

time_to_send). This means that once the DFM has sent a DFM_SFI_Assign message there

should alvays be another L2SVML2_Decision messageaiting to be handled, if an
SFI_EOE message has notd in the meantime.olachiee this a sufciently large
number of Lvl2 Supervisors (or some other message generator which can send
L2SV_LVL2_ Decision messages at a configurable rate, ifwkatduilder tests are to be
runin isolation)shouldbeusedto feedL2SV_LVL2_ Decisionmessaget theDFM atthe
required rate.

» the alue used in the load balancing algorithm of the DFM for the maximum number of

eventsthatmaybebufferedby the SFIshouldbelargesothatthe DFM never hasto wait for
an SFI_EOE message before assigningraavent to the SFI.

* the total time spent in thed® and SFI todild the event (i.e. between the®S recaring

the DFM_SFI_Assign message and the SFI sending the SFI_ EOE message) should be min-

imisedcomparedo thetime:time_to_receie_LvI2+time_to_sendh theDFM. Therefore,
the ROS should send a 0 lengtioB_Eent_Fragment message to the SFI. TBSRnd

SFI should be run on peerful processors, compared to the DFM processor to minimise
response time. It is assumed that response time is a linear function of @BtJ po

A seriesof measurementshouldbe madeusingthe testbedconfigurationshownin figure 4
varying the quantities described above until saturation of the event rate is observed.

Suggested CPU powers (indicative only) for the different applications would be:

* L2SV, ROS, SFI: 800 MHz
* DFM: 400 MHz

Number of outstanding events per SFI: many

Number of Lvl2accepts|Lvi2rejects per L2SV_LVL2_ Descision: 1|0

4 Test 2: ROS saturation

Theaim of the nextsetof measurements to runthe systemwherethe ROSis the systembot-
tleneck,alwaysbusyprocessingevents.The maximumeventrateachievablas limited by the
time it takes to process an event in the ROS (time_in_ROS).



In order to saturate the ROS:

* the input of DFM_SFI_Assign messages to tlsRshould be sfi€iently high that the
ROSis alwayskeptbusy TherateatwhichLS2V_LVL2_ Decisionmessagearesentto the
DFM should be no lwer than 1/time_in_RS and the maximum number oeats out-
standing allaved for the SFI should be increased from 1 until saturation ot eate is
obsenred.

* the time spent in the®S to process arvent should be much greater than that spent in
eitherthe DFM or SFI,sothattheeventrateis dominatedy thetime takenin theROS.The
DFM and SFI should be run on highvgered processors and th®8 on a la powvered
CPU.

Suggested CPU powers (indicative only) for the different applications would be:

* L2SV, DFM, SFI: 800 MHz
* ROS: 400 MHz

Number of outstanding events per SFI: 1-many

Number of LvI2accepts|Lvi2rejects per L2SV_LVL2_ Descision: 1|0

5 Test 3: SFI saturation

Theaim of the nextsetof measurements to run the systemwherethe SFlis the systembot-
tleneck,alwaysbusyprocessingvents.The maximumeventrateachievablas limited by the
time it takes to process an event in the SFI (time_in_SFI).

In order to saturate the SFI:

 the input of OS_E\ent_Fragment messages to the SFI should lheisuatly high that the
SFl is alvays lept usy The rate at which LS2VML2_Decision messages are sent to the
DFM shouldbe nolower thanl/time_in_SFlandthe maximumnumberof eventsoutstand-
ing allowed for the SFI should be increased from 1 until saturation ofvéhe eate is
obsened.

 thetime spentin the SFIto processaneventshouldbemuchgreateithanthatspentn either
theDFM or ROS,sothattheeventrateis dominatedoy thetime takenin the SFI. The DFM
and ROS should be run on high\wered processors and the SFI onva pmwered CPU. It
is assumed that response time is a linear function of CRdrpo

Suggested CPU powers (indicative only) for the different applications would be:

e L2SV, DFM, ROS: 800 MHz
* SFI: 400 MHz
Number of outstanding events per SFI: 1-many

Number of LvI2accepts|Lvi2rejects per L2SV_LVL2_Descision: 1|0



6 Calculation of times in DFM

Assuminga configurationcanbe found, with only oneeventin the systemwherenoneof the
componentaresaturatedanda LvI2 accepts alwaysavailablethe following calculationscan
bemade.Thesequencef operationswvithin the DFM is thefollowing (cf. section10.10f [3]):

* DFM receves SFI_EOE message from the SFI
* DFM spends time_to_recs EOE to collect/analyse the message

* anL2SV_LVL2_ Decisionmessaghasalreadybeenrecevedbut couldnotbesentbecause
the number of outstandingents for the SFI as exceeded. The rate at which
L2SV_LVL2 Decisionmessagearesentto the DFM mustbesuficiently highthatthereis
always a L2SV_VL2_Decision messageaiing to be handled.

* it now can be sent and the DFM &ktime time_to_send to send it

* message treerses netark and switch to RS, latencies ondstEthernet and inside the
switch are fied and knan for a gien length of message. This can be called net_timel.

* ROS spends time time_in O (Test 2) before sending th€OS_eent_fragment message
to the SFI

* ROS_eent_fragment message &sknet_time2 to tv@rse netwrk to SFI

» SFI spends time time_in_SFIgdt 3) before sending the SFI_EOE message back to the
DFM

* SFI_EOE message &k net_time3 to tv@erse netwrk to DFM
* total roundtrip time (total_time) measured as/ére rate
So total time event takes outside DFM (in the network, ROS and SFl) is:

time_out _of DFM = net tinmel+net tinme2+net tinme3+tine_in ROS+ine_in_SFI

then:

tinme_to receive EoE+tinme _to send = total tinme-tinme_out_ of DFM

and:

time_to_receive_Lvl 2=aggregate_DFM tinme-(tinme_to_receive_EoE+ti me_to_send)
Need some way to split time in a sensible way betweentime_to receive EoEand

time_to_sendlt is hopedthat measurement® determineeffect of messagéengthsuggested
in Tests 4 and 5 will help.

7 Test4: Investigation of messagéength on time to receve and sendparam-
eters

Following discussions with HPB the optimum packing factor(s) for the
L2SV_LVL2_ Decisionand DFM_SFI_Assignmessage$aveyet to be determinedbut will

probablybe of theorderof hundredf eventqit is aparametefor which modellingshouldbe
ableto give a value). The packingfactor for the DFM_SFI_Assignmessagas likely to be



equalto or greatetthanthe packingfactorusedin theL2SV_LVL2_Decisionmessagen prin-
ciple boththe time_to_receive_LvlZandtime_to_sengarametersvill vary asa function of
packing.

Testsdesignedo saturatehe DFM (usingsimilar configurationto Test1) shouldberunto see
how the aggregate DFM_timevaries for different packing factors (for simplicity each
L2SV_LVL2_ Decisionwhateverits length should only contain 1 LvI2 acceptso that the
numberof eventsn the systemis the sameasbefore).Suggestve look at packingfactorsof 1,
100and 184 (to keepwithin 1 Ethernetframe)andrepeatwith the DFM runningon different
poweredCPUs(providedit stayssaturated)The packingfactorfor DFM_SFI_Assignshould
be the sameasfor L2SV_LVL2_Decision.So thata DFM_SFI_Assignmessagas sentfor
each L2SV_LVL2_Decsision message received.

Accordingto [2] theL2SV_LVL2_Decisionconsistof a genericheadeiconsistingof 6 words
and then a list of LVL2 decisions, with 2 words per decision.

Packing factor of 1 gives message length 6+(1*2) = 8words/32 bytes

Packing factor of 100 gives message length 6+(100*2) = 206 words/824 bytes
Packing factor of 184 gives message length 6+(184*2) = 374 words/1496 bytes
Suggested CPU powers (indicative only) for the different applications would be:

» L2SV, SFI, ROS: 800 MHz
* DFM: 400 - 800 MHz
Number of outstanding events per SFI: many

Number of Lvl2accepts|Lvi2rejects per L2SV_LVL2_Descision (packing factor 1): 1|0
Number of LvI2accepts|LviI2rejects per L2SV_LVL2_Descision (packing factor 100): 1|99

Number of LvI2accepts|Lvi2rejects per L2SV_LVL2_Descision (packing factor 184): 1|183

8 Test 4: Investigation of message length on time to send parameter

Testsdesignedo saturatehe DFM anddeterminehetotal eventrateshouldberunto seehow
the aggregate_ DFM_timegariesfor different packingfactorsof the DFM_SFI_Assignmes-
sate.The packingfactor for DFM_SFI_Assignmessagehouldbe aninteger,N, multiple of
the packingfactorfor theL2SV_LVL2_ DecisionmessagéeachL2SV_LVL2_ Decisionmes-
sage contains only 1 LvI2 accept). For each DFM_SFI_Assign messagesent, N
L2SV_LVL2_ DecisionmessageandN SFI_EOEmessagewill be received.Thereforethe
aggregate time spent in the DFM will now be:

(time_to_receive_Lvl2+time_to_receive_EOE)*N+time_to_send

Suggestwe look at packingfactorsof 200 (N=2) and 300 (N=3) for the DFM_SFI_Assign
messageand fixed packingfactor of 100 for the L2SV_LVL2_ Decisionmessageandrepeat
with the DFM running on different powered CPUs (provided it stays saturated).



The DFM_SFI_Assignconsistsof the genericheaderconsistingof 6 words,a headerfor the
LvI2 acceptonsistingof 2 words,then3 wordsperLvi2 accepta paddingword if required,
thenaheaderfor the LvI2 rejectsconsistingof 2 words,then1 word perLvi2 rejectanda pad-
ding word if necessary.

Packing factor 200: 6+2+(3*2)+2+198 = 214 words/856 bytes

Packing factor 300: 6+2+(3*3)+1+2+297+1 = 318 words/1272 bytes

Suggested CPU powers (indicative only) for the different applications would be:

» L2SV, SFI, ROS: 800 MHz
* DFM: 400 - 800 MHz
Number of outstanding events per SFI: many

Number of LvI2accepts|Lvi2rejects per L2SV_LVL2_Descision (packing factor 100): 1|99

9 Other Measurements to compae with model once calibrated

1 DFM, 1 ROS,1-severalSFls,1-severalL VL2 accepts/DFM_SFI_Assignfioreneedgo be
written here...sorry
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