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<ABSTRACF>There are a numberof parameter tuning plans for improving a real-time systemprototype
performance. This paper describesthe integration of real-timesystem prototyping with qualitative and
quantitativemethods by Bottleneck DiagnosisI Improvement Expert Systemsfor Synchronized queueing
network (BDES-S andBIES-S). By the qualitative reasoning,BDES-S diagnosesor identifies bottlenecks
and their sources,and generatesqualitative improvement plan. BIBS-S quantitatively estimatesthe effects
of the improvement for bottleneck. BDES-SandBIBS-S assumea real-time transaction oriented concurrent
software system(TCSS) as a synchronizedqueueingnetwork (SQN).

1. Effective Performance Improvement for Real-Time SystemPrototype
Software prototyping is a software developmentmethodby which a prototype is constructed in a

rapid and iterated fashion on the basis of careful verifications and evaluations of the prototype in order to

clarify the requirements for the target softwaresystemto be developedor assureits feasibility. Prototyping
cycle consistsof prototype construction, execution and evaluation steps in order to satisfy the purpose of
the softwareprototyping. The purposeof software prototyping in requirements analysisis to clarify, correct
or modify ambiguous requirements of usersor customersby reviewing the behavior of the prototype by
repeating the cycle. The purpose in softwaredesign is to assurethe feasibility of the target systemby
determining the implementation mechanism,algorithmsor datastructures to be adoptedin the target system.

Real-time system prototyping methodology hasbeenrecognized to be very important as
mentioned in [Luq88]. We developeda software prototyping environment called TransObj (TRANSaction
and OBJect oriented prototyping environment) for designing real-time Transaction oriented Concurrent
Software Systems(TCSS) ([IT084, 92abc]). TCSS is a system in which one or more concurrent
functional objects(abbreviated to FObjs) processa lot of transactions (abbreviated to Xacts)simultaneously
in real-time. Examplesof TCSSsinclude online reservation systems,database inquiry system,etc.. The
Xact is an entity which generateson the external, is processedby theTCSS, and transmits the responseto
the external. FObj is an entity which is a processingcomponentofthe TCSS. One or more FObjs exist and
runconcurrently in one TCSS. The FObjs processthe Xacts cooperatively. The TCSS hasa synchronized
queuing network (SQN) structure which consists of connected, Xact-driven FObjs. As a model for
representing the behavior of complexTCSS, we devisedthe novel model, i.e., a synchronizedqueueing
network (SQN) ([ITO91],[SHI91J). SQNis differentfrom ordinaryqueueingnetworks (QN) ([KLE75},
[GLE8O]) in thatSQN provides synchronizedserverobjects.

TCSS applications requirestrict performancerequirements. For example,a TCSS requires much
more precisetiming thana businessapplication system.The responsetime is defined as the elapsedtime
betweenthe generationof theXact on theexternaland the output of the requiredresponseto the external. If
the responsetime exceedsthe permissiblelimit, malfunctions would occur. If the actual performance is
discoveredto be out of the permissiblerangeafter installation, labor will inevitably be spentin maintenance
activities, suchas reconfigurationsand modifications. It is very important to predict the target TCSS
performancepreciselyduringthedesignphase,in orderto find theoptimalTCSSconfigurations.



The TransObj’s methodology is called “Stepwise Prototyping Method (SPM)” by which a
designercanidentify anddesignconcurrent FObjs clearly. TransObj aims at providing an integrated set of
prototyping tools. In addition, TransObj hasthe ability for qualitative reasoningbasedparameter tuning for
object networks in [ITO89bc, 9Oab, 9lab]. For TCSS to be designed,any bottlenecks should be detected
rapidly. Appropriate peifonnanceimprovementplansfor the bottlenecksshould be generated.In particular,
the reduction of prototyping cost dependson the ability to produceimprovement plans.The prototyping
evaluation step should accomplish appropriate parameter tuningto reduceprototypingcost.In performance
design,there are a large numberof parameter tuning plans for thebottleneckof aTCSS prototype.

For non-experts,in order to selectappropriate plans, We developedtwo knowledge-basedexpert
systems, BDES (Bottleneck Diagnosis Expert System) and BIBS (Bottleneck Improvement Expert
System).BDES qualitatively diagnosesor identifiesbottlenecksand their sources,andgeneratesqualitative
improvement plan. BIBS quantitatively estimatesthe effectsof the improvement for bottleneck and their
sourceson the whole queueing network [ITO89b, 90]. BDES andBIBS are basedon “qualitative and
quantitative reasonings,” respectively. The application range of BDES andBIBS is beyond the range of
analyticalmethods which are basedon “queueing theory” becauseit is not easyfor analytical methodsto
producedistinct improvementplans for bottlenecks.As further extension,we havedevelopedBDBS-Sand
BIBS-S [lTO92c]. BDES-S andBIBS-S assumea real-time TCSS as a synchronized queueing network
(SQN). In SQN, an object is called a server. BDES-S and BIBS-S call it a server object. Xacts are
processedby TCSS, i.e., Xacts are flowing on a SQN.

To determinea tuningplan,it is effective to arrangeexperts’knowledge.The knowledgecan be
well formulatedwithin a frameworkof qualitativeexpression.At the first step for a parametertuning, a
qualitative reasoningmethod determines more than one tuning plans, each indicating the increases or
decreasesof parametersvalid for tuning. All that such a tuning plan indicatesis thejudgment of increaseor
decreaseof parameters;it doesnot indicatethe specificamountsof increasesor decreasesof parameters.At

the secondstep for the parametertuning, a quantitative tuning is performed based on a quantitative
reasoningmethod for eachqualitative tuning plan proposedat the first step.

Qualitativereasoningis usuallyusedto provides a model to expresstypical qualitative behaviors
of someeconomicsystems,electric circuits, and etc. ([AVF86], [BOB8S], [DEK85]). Our approach, i.e.,
applying a qualitative reasoningmethodto theQN, is quite a new approach([ITO89ab,90,91a], [SAW9O]).

2. SQNand Bottleneck
The open-typeQN is dealt with in which all Xacts to be processedarrive I go out from / to the

external. We assumethat only 1 type of Xacts exists in the QN. A Synchronized QN (SQN) containsnot
only ordinary FCFS (First Come First Served) server objects in ordinary QN but also 3 types of
synchronized server objects. PerfonnanceParameters are as follows: LAMBDA: average arrival rate of
Xacts for a server object, MU : averageservicing rateof a serverobject for Xacts, T : averagethroughput
of Xacts by a serverobject, RHO: averageutilization rate of a server object, Q: averagequeue length of
Xacts in front of a serverobject, and R: branching probability ofXacts at a branching point.

A SQN is composedof the following 4 types of serverobjects.These 4 typesof server objects
can be used to representvarious aspectsof the behavior ofactual systems.

(l)Normal Serverobject (1stentry ofTable 1): A Xact arrived enters into the serverobject By theFCFS
ruleandleavesthe serverobject after a finite time period.

(2)SPLIT Serverobject (2nd entry ofTable 1): A Xact arrived enters into the serverobject By the FCFS
rule and produces a cloneafter a finite time period. The 2 Xacts leave the server object through separate
output paths simultaneously.Thus, the2 outputs alwayshave thesamequantity.

(3)MERGEServer object (3rd entry of Table 1): Xacts arrive at 2 different queues through2 different



paths.By the FCFS rule, 2 Xacts,from the 1stand 2nd queues,enter into the server object simultaneously
andare mergedinto 1 Xact after a fmite time period. If there is no Xact in another queue,theXact waitsfor
anotherXact to arrive at anotherqueue.Xact B in 3-b-2) and3-c) ofTable 1 is waiting for Xact A.

(4)MATCH Server object (4th entryof Table 1): Xactsarrive at 2 different queuesthrough2 different
paths.By theFCFS rule, 2 Xacts, from the 1stand 2nd queues,enter into the server object simultaneously
and, after a finite time interval, each Xact leaves the server object through separate output paths
simultaneously.Thus, the 2 outputs alwayshavethe samequantity.

In an ordinary QN, a bottleneck existsat the serverobject whoseRHO is very closeto 1. -The
queue at the bottleneck serverobject may grow into an infinite length. If such a bottleneckserver object
exists,theQN is in an unstable(overloaded)state.

An expert’s heuristics is that RHO of 0.7 is a bottleneck landmark(BL). If RHO>=BL, experts
judges, from the failure-to-safety aspect, that the possibility of bottleneck exists. Q of 1 is another
bottleneck landmark(QBL). If Q>.=QBL, there is a risk that excessiveXactswill arrive, causinga further
increase in the RHO. The excessiveQ might be gradually reducedlater, but expertsjudges, from the
failure-to-safety aspect,that thepossibility of bottleneckexists.

Failure-to-safetyaspectmeans,in narrowsense,thatsystemhasthe mechanismby which it falls
with not hazardousstatebut safetystate.In broad sense,it meansthat hazardousconditionsareavoided in
advance if the possibility of hazardousstateexists.In the SQN, the bottleneck is considered as one of
hazardousstates.In M/M/! (Poisson arrival / exponential service) type of serverobject, an equation,
Q=RHO**2I(1~RHO),holdsat the stablestate.Our objective QN mayconsist of non-MIMI! type server
objects,may be ‘in the unstablestate,or may not be measuredin long time period.Therefore,distinct
bottlenecklandmarks, bothRHO>=0.7andQ>=1, areprovidedonthe failure-to-safetyaspect.

On MERGE or MATCH serverobject, if the 2 queueshave differentLAMBDAs, the quantity
processedby theserver object is equal to the smallerLAMBDA. The difference of the2 LAMBDAs will be
accumulatedas the systemis running.From the failure-to-safetyaspect,it can be judged thatMERGE and
MATCH serverobjectswith 2 different LAMBDAs havethe possibility ofbottlenecks.

3. QLBE and QL-BIE Adopted in BDES-S
In the qualitativereasoningnotation, [RHO] and[Q] are qualitativevaluesevaluatedwith BL and

QBL to be theorigin, respectively.
[RHO]= +: Possibility of bottleneckexists.This meansRHO>BL. From failure- to-safety aspect,we

assumethatdRHO=+. [OJ=+: Possibility ofbottleneckexists.This meansQ>QBL. We assumethatdQ=÷.
Qualitative expressionsdescribethebehavior of eachserverobject. Theseexpressionsarecalled

qualitativebehavior expressions (QLBE) for each server object. The expressionsused in the case of
bottleneckpossibilityarespecificallycalled qualitative bottleneck improvementexpressions(QL-BIE).

Table 2 showsQLBE andQL-BIE for eachserverobject The 1st item [RHO] = - indicatesQLBE
andthe 2nd item [RHO] = + indicatesQL-BIE. The 1st and2nd itemsof Table 2(a) correspondto 1-a) and
1-b), respectively,of the 1st entryof table 1. For example,the 1st item ofTable 2(a) indicatesthatRHOand
t follows an increaseand decreaseof LAMBDA when [RHO] = - to a normal serverobject, because
equation“RHO=LAMBDAIMU” holds asshown in 1-a) of Table 1. The 2nd item of Table 2(a) indicates
that increasing RHO (dRHO=+) is inhibited. In the sameway, the 1st row in the 3rd item of Table 2(c)
indicatesthatadecreaseof LAMBDA-B decreasesQ-B but has no effecton RHO, T and Q-A when
[RHO] = -, [Q-A] = - and[Q-B]=+ to a MERGE serverobject.

In order to changeLA1~1BDAof a server object, t from a serverobject placed in its upstream
should be changed.An increaseof t of a server object may increaseLAMBDA of a serverobject placed in
its downstream.Therefore,expressionsfor all serverobjectsshould be resolvedsimultaneously.



Fig.! showsan example of a SQN referredto as “SQN5” which representsa real-timesystem
prototype. The performance is measuredby a simulation package. The total number of expressionsfor
SQN5is about 350. With additionalinformation on the linkage information betweenserverobjects,solving
these expressionssimultaneouslybased on the qualitative behavior reasoning method is not efficient
becauseofan explosionof thenumber of states.

4. Substructure-BasedQL-BIE adoptedin BDES-S
Instead of solving all the expressions,we formulate expressionsrepresenting the correlations

among internal peiformanceparametersfor eachsubstructure,to reducetheoverall number ofexpressions.
The following heuristicscanbe usedto identify bottlenecks:1)The server object whose

RHO>=O.7may be the bottleneck. 2)The server object whoseRHO.czO.7but Q>=1 may be the bottleneck.
3)The MERGE/ MATCH serverobjectin which oneLAMBDA is greater thananotherLAMBDA (i.e., one
q is greaterthananotherq) in the 2 inputpathsmay be the bottleneck.

Table 3 lists 14 knowledgesfor bottleneck improvementusing substmcturesand their internal
parametervalues.To improving bottleneck at tandem server object s2,knowledge3 tells us that t in at the
just upstreamserver object be reduced. Also knowledge 2 indicatesthat, when increasing MU, we must
reduce excessiveRHO downstream.

The knowledgesin Table 3 andQL-BIEs revealthat, if wefocusour attention to substructuresof
the QN, the number of performanceparametersis considerably reduced from the casewhere we discussall
server object parameters. For example, if server object s3 that receivesthroughput from a loop has the
possibility of bottleneck,we canimprove it by reducingonly the amountof arrival at the loop, insteadof
reducingthe perfonnanceparameterswithin the loop (seeknowledge 7 in Table 3).We can useonly the
following qualitative improvementexpressionsto improve the bottleneck: dRHO 3 =- <--- dT in

ForMERGE and MATCH serverobjectsbeforetransformation, LAMBDAs ofthe normal server
objectsafter transfonnationmay be increasedto prevent queues from growing too large. To increase
LAMBDA of a serverobject, t from a serverobject that is placedin the upstreamofthe serverobject should
be increased.Thus, an increaseofLAMBDA results in increasesofRHOs of serverobjectswhich are in its
upstream,and cancausebottlenecksof theseserverobjects.To improve thesebottlenecks,expressionsfor
theseconditionsshould be solvedusing the knowledgefrom 10 to 14 in Table 3.

In 2 input pathsof MERGE I MATCH serverobject, if one LAMBDA is greaterthananother
LAMBDA (i.e.,one q is greaterthan anotherq), there exist4 typesof bottleneckimprovement, i.e.,

- the large LAMBDA may be decreased, - the small LAMBDA maybe increased,
- both maybe decreasedin different rates, and - both maybe increasedin different rates.

5. Example of Qualitative ParameterTuning by BDES-S
BDES-Scanenumeratequalitativeimprovementplansusing heuristicsas shown in Table 3. For

bottleneck object s19 (MERGE server object) in SQN5 as shown in Fig.!, Fig.2 showsa qualitative
diagnosis example by BDES-S. Item (1) enumerates bottleneckserver objects by heuristics on initial
diagnosis. Item (2) shows the structural diagnosis on bottleneck server object s!9. Item (3) showsthe
roughsketchon improvement for the bottlenecks!9. Item (4) shows qualitative improvementplansfor
decreasingthe large LAMBDA. Thereare4 alternative plans.In Item (5), somecombination method shows
that “K” and “+“ represent “and” and “or”, respectively.There are 4 plans, i.e., 1, 2, 3*4, 3*5 for
increasing small LAMBDA. Items (6) and (7) show that bothupperand lower partsof dashedline should
be required for decreasingor increasingboth LAMBDAs.

6. QuantitativeParameterTuning by BIBS-S



The automatic production of quantitative equationsis basedon the heuristics about so-calledflow
balancemeaningthat, if the bottleneckscan be improved, the input quantity is equalto the output quantityat
any partof the SQN. For example,LAMBDA for the server object is equalto its T, andLAMBDA for the
loop is equalto its T, if there is no bottleneck serverobject. By the flow balance,RHO is forcedto decrease
to 0.7. Only if the bottleneck server object can be improved: new MU = original LAMBDA I 0.7 or new
LAMBDA= original MU * 0.7. For a server object whoseLAMBDA may be increasedafter tuning: new
MU =new LAMBDA/0.7. For SQN with NORMAL type serverobjects and SPUT type server objects,
quantitativeparametertuningcanbe performed using the aboveequations.For MERGE typeserver objects
and MATCH type serverobjectswith unbalancedLAMBDAs or which mayget unbalancedaftertuning,

newLAMBDA-B = newLAMBDA-B, newMU = new LAMBDA-A/0.7 or newLAMBDA-B/0.7
Table 4 showstheexampleofquantitative parameter tuningfor S19.

7. ConcludingRemarks
BDES-Sand BIBS-S have beenimplementedin Prologon a PC.

References
[APT86]Apte,C. et al. Using qualitativereasoningto understandfinancial arithmetic,Proc.AAAI, (1986).
[BOB85]Bobrow,D.G.,etal.:Qualitative reasoningabout physical systems,MIT Press,(1985).
[DEK8S]De Kleer, J.:How circuits work, in [B0B85].
[GEL8O]Gelenbe,E.et al.: AnalysisandSynthesisofComputer Systems,AcademicPress,(1980).
[IT084]Itoh,K. et al.: Software Design Process:Chrysalis Stage under the Control of Designers,
J.Inf.Process.,Vol.7, No.!, pp.5-iS (Mar. 1984).
[ITO89aJltoh,K. et al.: Tools for Prototyping for Developing Software, Journal of IPSJ, Vol3O, No.4,
pp.387-395,(Apr. 1989),in Japanese.
[ITO89bJItoh,K., et al.: Knowledge-basedparametertuning for queueingnetwork type system- A new
application of qualitative reasoning,IFIP CAPE’89, pp.209-216, (Oct.1989).
[1T090]Itoh,K., et al.: Role of Qualitativeand Quantitative Reasoning in Diagnosisand Improvement for
QueueingNetworkBottleneck, InfoJapan’90,Vol.2, pp.l’71-l’78, (Oct.1990).
[ITO91a]Itoh,K. et al. : Application of Qualitative Reasoning to ParameterTuning, Journal of IPSJ,
\bl32, No.2, pp.l7l-Y78, (Feb., 199!), in Japanese.
[ITO91b]Itoh,K. et al. : QualitativeReasoning BasedParameter Tuning on Bottleneck of Synchronized
QueueingNetwork, IEEE Compsac‘91, pp.307-314,(Sep.1991)
[ITO92a]Itoh,K., et al.: TransObj: Software prototyping environment for real- time transaction-based
softwaresystemapplications, InternationalJournalof SEand KB, Vol.2, No.1, pp.5-30, (Mar. !992).
[~ITO92b]]Itoh,K.:Systematic integration of qualitative and quantitative parameter tuning methodsfor
improving real-time systemprototypes, 2nd IEEE ICSI, pp.54-65,(June, 1992).
[ITO92c]Itoh,K. et al.: An integrated method for parameter tuning on synchronized queueing network
bottlenecksby qualitative and quantitative reasoning, IEICE Trans.Information and Systems,Ml.E75D,
pp.635-647,(Sep. 1992).
[KLE75]Kleinrock,L.: Queueing Systems,John Wiley & Sons,Inc., (1975).
[LUQ88]Luqi et al.: Rapidly Prototyping Real-Time Systems,IEEE Software,pp.25-36,(Sep.,1988).
[SAW9O]Sawamura,J.,Itoh,K.. et al.: A Method for Diagnosis and Improvement on Bottleneck of
Queueing Network by Qualitative and Quantitative Reasoning, Trans. JSAI, ~vkl.5, No.!, pp.92-105,
(Jan.,1990),in Japanese.
[SHl9ljShida,K., Itoh,K. et al. : A Methodfor Qualitative ParameterTuning of SynchronizedQueueing
Network Bottleneck,Trans.JSAI,Vol.6, No.6, pp.891-903,(Nov., 199!).



Table I Four types of serversand their performanceparameters.
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Table 4 Qualitative improvement plans and quantitative Table 3 Substructure-basedknowledge and QL-BIE adopted by BDES-S.
improvement equations& plans.
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Fig. I Measurementfor SQN5 (simulation terminationtime: 10,000).

Pleaseinput the example nusber: 5.

Bottleneck diagnosis for sunchronizedqueueing
network”3’ sqn5 hi’ starts.

Please Input Bottleneck landsark: 0.7.

server with ma3cimuin p (server, p, q) (1)
s22 0.99 44.14

server whose p~0.7
a22 0.99 44.14

Merge / Match server with unbalanced .7.5
(server, p ,ql,q2)

s19 0.27 111.48 0.02
s28 0.14 65.82 0.00
59 0.17 71.21 0.07

Please input the server nose to be diagnosed
:s19.
s19 is merge—type—server.
slO is judged to have 2 different As.

3. fran server s13 is larger than A fran
server s14.
Therefore, q13 is large.
There is no downstream server whose p(q) is
large.

There is no downstreamsynchronized server
whose 2 As are different.
For improving the bottleneck server sl9 (3)

tI~lecreae both A (3a)
l~lincrease both A. (3b)
dgdecrease larger 3. (3c)
l~lincrease smaller A (3d)

4c1ci’O’K Diagnosis process is c,sitted ‘4*hhhi’

qualitative improvement plans for iii of
synchronized queueing networkool’ sqn5
(4)decrease larger A

1 decrease rslsl3

2 decreasers3sl
3 decrease rsls3
4 decrease g[ga)

(5)increasesmaller .7.
1 increasers3s8
2 increase g(ga]
3 increasegigal
4 increase rs2s5
S Increase g(gb]

decrease p[s22]
igoption (3)*(4-i’5)

(6)decrease both A
I decrease rs3s8
2 decrease g]ga]
3 decrease gigs]
4 decreasers2a5

decreasep1s22]
(2) 5 decreaseg[gbi

~goptisn (3)*(4+5)

1 decreaseralsi3
2 decrease rs3sl
3 decrease rslal
4 decreaseg(ga]

(7)increaseboth 3.
1 increaae ra7al3
2 increase rs3s7
3 increaserslsl
4 increase gigs]

1 increase rs3s8
2 increaseg (gal
3 increaseg(ga]
4 Increasers2s5
5 increase g(gbl

decreasep[s22]
)i~option (3)*(4+5)

126
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~p~t
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Fig. 2 Parameter tuning on bottleneck server s19 by ODES-S.




