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ABSTRACT

Thephysicalenvironmentaroundtransmissionlinesplaysamajorroleintheresultingreliabilityof
thepowernetwork.Theinclusionofweatherinthefailureandrepairprocesswillleadtorealistic
modellingofthepowernetwork.Thisarticlesuggestsamodellingmethodologytotakeintoaccount
weather-relatedfailures.Besidesamaintenancemanagementstrategyusingdynamicprogramming,
itissuggestedtominimizingthecostofmaintenancewhileaccountingforweather-relatedfailures.
Thedataobtainedfrom220kVTransmissionlinesfromGoa,India,isusedtostochasticallymodel
thephenomenon.Athree-stateweathermodelissuggested,andaccordinglythefailureandrepair
phenomenonaresegregatedandstochasticallymodelled.Time-varyingexpressionsforcomputing
theavailabilityineachweatherconditioniscomputed.Thismodelcanbeusedbythepowerutilities
torealisticallymodelweather-relatedfailures.
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1. INTROdUCTION

InIndia,theunavailabilityofpowerbasedonweatherisacauseofoutrageandbittercriticismfrom
thepublicagainstthepowerutilities.Forexample,duringtherainyseason,thefrequencyofpower
failureanddowntimeishighleadingtoprotestagainsttheGovernmentandpowerutilities(Gauree,
2018;Saini,2018;Sony&Mekoth,2014,2015).Amongtheotherreasonsofpowerfailure,theweather
isoneofthemostimportantfactorsaffectingthereliabilityofpowersystems(Panteli,Pickering,
Wilkinson,Dawson,&Mancarella,2017;Zhou,Pahwa,&Yang,2006).Thesupplychainmodelof
thepowersystemfromGeneration,Transmission,andDistributionhastoworktogethertocaterthe
reliablepowertoconsumers(Pabla,2012).Thetransmissionanddistributionlinesareaffectedby
weather-relatedfailures.Analysisoftransmissionlineisimportantbecausethefailureoftransmission
lineswillleadtothepoweroutageofseveraldistributionlinesleadingtoblackouts(SonyMichael
&Mariappan,2012).Thefailureratesaredependentontheweatherconditionsaroundwhichthe
transmissionlineoperates.Increasedfailureratesarereportedindifferenttypesofweathercondition
(Wu,Gao,Tang,&Huang,2016).
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Notonlythefailureratesthedowntimearealsoinfluencedbytheweatherconditions(Tavner
etal.,2013).Foranoverheadtransmissionsystem,theweatherenvironmentcanseverelyimpactthe
performanceofthetransmissionlinesleadingtothepowerutility’soperationalabilityduetoenhanced
linefailureandrepairratesduringbadweatherperiods(Billinton&Singh,2006).Therefore,estimating
reliabilitybyutilitieswithoutincorporatingweatherconditionscanbequiteoptimisticanderroneous.
Inaddition,itmayalsoaffectplanninganddesigndecisionsformaintenanceactivitiesforthepower
utilities,whichwillresultinthefinancialloss(Fanucchi,Bessani,Camillo,London,&Maciel,2016).
Byrecognizingtheimpactofvariousweathercontributionstothetotalsystemperformanceindices
will help to pinpoint the situations, where investment may beprovided for maximum reliability
improvement.Atransmissionanddistributionsystemusuallyconsistsofoverheadlines,underground
andcombinationofboth(Pabla,2012).Inutilities likeIndia,whichisadevelopingcountry, the
ratioofoverheadtransmissionlinestoundergroundtransmissionlinesareveryhigh(Saini,2018).
Hence,assessing the reliabilityofsystemswithout incorporating,weather-relatedoutageswould
leadtoerroneousconclusionsresultinginbadpolicyandmaintenancestrategies.Inotherwords,
forcash-starvedutilities,incorporatingweather-relatedoutageswillleadtooptimumallocationof
availableresources.Anotheraspecttoconsiderinadevelopingcountryisthattherepairprocessis
alsodependentonweather(SonyMichael,Mariappan,&Kamat,2011).Thus,failurerateandrepair
rateareacontinuousfunctionofweatherconditions.Itisdifficulttodescribefailurerateandrepair
rateasacontinuousfunctionofweather-relatedfailures.However,asetofdiscretestatescouldbe
usedtodescribethevariablefailureandrepairrates.Previousresearchershaveusedtheconcept
offailurebunchingtomodelstormrelatedfailures(Billinton&Singh,2006;Gaver,Montmeat,&
Patton,1964).Markovmodelswereusedintheevaluationoftransmissionsystemavailabilityifthe
rateoffailureandrepairfollowedexponentialdistribution(Michaeletal.,2009).

Besidesfailuremodellingofstorm-relatedfailurewerealsomodelledasa two-stateprocess
(Billinton&Bollinger,1968).Athree-stateweatherprocessmodelwasproposedbyBillingtonand
Singh(2006)toaccountforweather-relatedfaults.However,thismodelcannotbeusedwhenrepair
processisweather-related.Nevertheless,duetothepracticalimpactofweather-relatedfailureon
repairrates,itmakestheproblem,furthercomplexinadevelopingcountrypowerutilityandthe
three-state model will not be able to capture its complexity (Michael, Amonkar, Mariappan, &
Kamat,2009).Inaddition,classificationoffailureratesintomonsoon,winter,andsummer,further
improvesthemodellingcomplexityandactuatesthesystemtoitsreality.Inthispaper,itisproposed
tostochasticallymodeltheweather-relatedoutagesinatransmissionline.Amathematicalmodelis
proposedforitsevaluationandacasestudyispresentedonthefailureofthe220kVTransmission
systeminGoa,India.Inaddition,amaintenancestrategyfortakingintoaccountweather-relatedfailure
asalsosuggested.Themodelcanbeusedreadilybypowerutilitiesforevaluatingitsavailabilityand
maintenancestrategydesigned.

2. WeATHeR ReLATed FAILURe-RePAIR MOdeL

Modellingfailurerelatedtoweatherconditionsliketheheavystorm,freezingrains,tornadosetc.
canhaveagreat impactonthereliabilityofpowersystems(Billinton&Acharya,2006;Trakas,
Hatziargyriou, Panteli, & Mancarella, 2016). The IEEE Standard 346 further suggests that the
weatherenvironmentshouldbedividedintothethreeclassesofnormal,adverseandmajorstorm
disaster(Wang&Billinton,2002).Assuchweproposeaweatherbasedthree-statemodel.Inorder
tomodelfirststate,weclassifytheweatherduringSummer.Formodellingadversestate,weconsider
theweatherduringwinterwherefogdepositsontheinsulatorsarecreatedfailures(Gorur,Cherney,
&Hackam,1986).Tomodelmajorstormdisaster,wemodeltheweatherasMonsoon(Liu,2015).

Inaddition,itisfurtherproposedfromourpracticaldiscussionwithpowerutilityEngineersin
India,thatrepairprocessisalsoaffectedbythesethreeweatherconditions.Toascertainthisfact,three
focusgroupdiscussion(Morgan,1998)wasconducted.Athematicconclusionwhichtranspiredfrom
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thediscussionwasthatrepairratewasdependentontheweather.Thus,therepairratewasclassified
asrepairduringsummer,winterandrainy.ThestatetransitiondiagramisgiveninFigure1.Thestate
1isthestateduringwhichthetransmissionlineisworking.State2isdepictedasafailurerate(x1)
inSummerandaccordinglyitscorrespondingrepairrate(u1).Thestate3isshownasafailurerate
oflineduringwinter(x2)andwithitsrepairrate(u2).State4isdenotedasafailurerate(x3)during
monsoonwithitsrepairrate(u3).

3. FAILURe ANd RePAIR dATA ANALySIS

Thefailureandrepairdataanalysisofa220kVtransmissionlinefromGoaElectricityDepartment
wasconductedforlastfiveyears.Theutilityunderconsiderationisastate-runpowerutility.The
faultdatabaseofthe220kVlinewassearched.TheTimebetweenfailureandrepairwasaccordingly
calculatedforeachdatapointusingMicrosoftExcel.Monsoon-relateddatawascategorizedfromJune
toSeptember,WinterrelateddatawascategorizedfromOctobertoJanuaryandSummerdatafrom
FebruarytoMay.Thethree-categorydatawastestedfordistributionandAndersondarlingtestwas
performedsuggestingthatthefailureandrepairdataconfirmedtoexponentialdistribution.Similarly,
therepairdatawasanalyzed,anditwasfoundthatitalsoconformedtoexponentialdistribution.
Theprobabilityplot forSummer,winterandMonsoonfailurealongwithparameterestimated is
presentedinFigure2.

ThehazardrateiscalculatedandplottedinFigure3.Theprobabilityplotforsummer,winterand
monsoonrepairiscomputedandfurtherplottedinFigure4.Thehazardrateforsummer,winterand
monsoonisalsoplottedinFigure5.Inaddition,theAndersonDarlingtestwasconductedtoascertain
thatdatafollowstheexponentialprocess.Therepairprocessofthislineconsistedforphysicalpatrolling
thelinetolocatetheexactlocationofthefault.Thesetransmissionlinespassthroughdenseforest
andhence,vehicularaccessisruledoutleadingtophysicalpatrollingofthelinebyemployeesofthe

Figure 1. State transition diagram
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powerutilityandfurtherattendingofthefault.Inordertoascertainthatstatistically,theparameters
arestatisticallydifferent,anANOVAwascarriedoutonthefailureandrepairrateparameters.It
isascertainedthatthefailureratesareindeeddifferentforsummer,winter.TheDunnett’sMultiple
comparisonwasdone,andresultsareshowninFigure6,Table1andTable2.Similarly,thesetests
weredoneontherepairratesandresultsareshowninFigure7,Table2andTable3.

Figure 2. Probability plot of Summer, Winter and monsoon failure

Figure 3. Hazard rate of Summer, Winter and monsoon failure
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4. MARKOV PROCeSS

TheexponentialfailureandrepairratespointtomodellingtheentirestatespaceasaMarkovprocess.
Tilltodayinthepowersystemscontext,continuousparameterMarkovmodelshavebeenappliedmost
extensivelytomodelpowersystemreliabilityandmaintenanceproblems(Chan&Asgarpoor,2006;
Michaeletal.,2009).Hence,thetransmissionlineisassumedtoberepairable.Thetimetofailureand
repairdependsontheweatherconditionsuchassummer,winter,andmonsoon.Thefailure–repair
processismodelledasoccurringinalimitednumberofdiscretesteps.

Figure 4. Probability plot for repair rates

Figure 5. Hazard rate for repair rates
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Notation:

x1–failurerateoflineinsummer
x2-failurerateoflineinwinter
x3-failurerateoflineinmonsoon
u1–repairrateoflineinSummer
u2–repairrateoflineinwinter
u3–repairrateoflineinmonsoon

Figure 6. Dunnets simultaneous plot

Table 1. Analysis of variance failure rates

SourceDFAdjSSAdjMSF-ValueP-Value

Factor27314945365747211.220.000

Error20165512804325934

Total20372827749

Table 2. Dunnett multiple comparisons with a control

GroupingInformationUsingtheDunnettMethodand95%Confidence

FactorNMeanGrouping

Summerfailure(control)68820.2A

Winterfailure68579.7

Monsoonfailure68356.4

MeansnotlabeledwiththeletterAaresignificantlydifferentfromthecontrollevelmean.
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Figure 7. Dunnets simultaneous plot

Table 3. Analysis of variance

SourceDFAdjSSAdjMSF-ValueP-Value

Factor271913595.511.880.000

Error19559034302.7

Total19766225

Table 4. Dunnett multiple comparisons with a control

GroupingInformationUsingtheDunnettMethodand95%Confidence

FactorNMeanGrouping

Summerrepair(control)687.41A

Monsoonrepair6821.95

WInterrepair6215.09

MeansnotlabeledwiththeletterAaresignificantlydifferentfromthecontrollevelmean.

Table 5. State table

State 1 2 3 4

Line Working Summerrelated
Failure

Winterrelated
Failure

Monsoonrelated
Failure
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P1(t)=probabilitythatthesystemisinstateoneatt
P2(t)=probabilitythatthesystemisinstatetwoatt
P3(t)=probabilitythatthesystemisinstatethreeatt
P4(t)=probabilitythatthesystemisinstatefouratt
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SolvingthesameusinglowertriangularMatrixandthenfurthertakinginverseLaplacetransforms
wehavefour-timedependentequations.Substitutingandsolvingthesameforsteadystateconditions.
Thesteadystateprobabilityofthesystemiselucidatedare,theprobabilitythatthepowersystemis
workingP1(∞)=0.9118.TheprobabilityoffailureinSummerisP2(∞)=0.0082.Theprobability
offailureduringwinterP2(∞)=0.0238andtheprobabilityoffailureinmonsoonis0.0562.

4.1. Cycle Time
BymakingtheprocessS-independent,thecycletimebetweenencounteringofstatesiscomputedas

theratio(Alsammarae,1989),henceitiscalculatedforsummer= 1

2 2A x.( )
,forwinter= 1

3 3A x.( )


andformonsoonitiscalculatedas= 1

4 4A x x( )
.ThecycletimeforSummeris899.52hours,Winter

is631.21andmonsoon390.64hrs.

5. MAINTeNANCe STRATeGy deSIGN

Themaintenancestrategycouldbedesignedby taking intoconsideration thecycle timeof
each state. In order to design the maintenance strategy during the summer, the cycle time
expectancyisaround899.53hourswhichisaround37.4days.Themaintenancestrategyshould
revolvearoundthistimeperiod.Duringthewinterseason,themaintenancestrategyshould
revolvearound631.2hourswhichisaround26.3days.Themonsoonseasonhasacycletime
ofaround390.64hoursor16.27days.Byaccountingfortheweather-relatedfailurepattern,
themaintenancestrategyforeachseasoniscontinuouslychanging.Itisawell-acceptedrule
thatCondition-basedmaintenance(CBM)issuitableforexponentialfailurespatternsexcept
wherefailureconsequenceswillnotresultinrevenuelosses,customerdissatisfactionorhealth,
safetyandenvironmentalimpact(Andrawusetal.,2007).Thus,aCBMmodelwithexponential
failuresandfixedinspectionintervalsconsideringthecycleshouldbeveryeffective(Barbera
etal.,1996).Therearemanypredictivemaintenancemethodsoutofwhichthefivetechniques
mostoftenusedare:

1. VibrationAnalysis
2. MotorCurrentAnalysis
3. UltrasonicPulse-EchoTechniques
4. Tribology
5. InfraredThermography
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Itisfurthersuggestedthattheconditionofthetransmissionlinesismonitoredwithinthecycle
time foreachweathercondition. It couldbenoticed that thevariable indicating thecondition if
above the threshold, an immediate resort tomaintenance activity couldhave resorted too at the
earliest.Thetransmissionlinesunderconsiderationcanfail,afterthecycletime.Thefailurepattern
followsexponentialdistribution.Assuchthefailureratewouldalsobedependentonthecondition.
Animportantaspecttotakeintoconsiderationwouldbetominimizethelongrunaveragecostof
maintenanceandfailures.However,failureoftransmissionlinescauseslossnotonlytotheutility,
butalsotothesociety.Henceminimizinglongrunaveragecostofmaintenancecallsforacondition-
basedmaintenancemodelsforexponentialfailureandfixedinspectionintervalbasedoncycletime
wouldbemostideal.Thefollowingconceptualgroundingsiselucidated.Lettheconditionofthe
transmissionlinebedescribedbyaquantityat.Thisquantityatmeasuresanyofthefivepredictive
maintenance methods earlier suggested as a continuous variable. It is further assumed from the
datathattimetofailurefollowstheexponentialprocess.Thefailurerate,inthiscase,wouldbea
functionofλ(at).Inorder,toproveourpointweassumethatthefailureoccursafterthemidpoint
ofthecycletime.Thedeteriorationofthetransmissionlineismodelledasbt.Thisoccursduring
theperiodasanindependentandfurtheritisidenticallydistributednon-negativerandomvariable.
Thisisexponentiallydistributedinthiscase.Itisduringthisperiod,thatonthetransmissionline,a
preventiveactionshouldbeperformedornot.Inordertomodelthecosts,fixedcost‘tk’ischarged
forpreventivemaintenance.Thefailurecost‘tr’ischargedforfailureofthetransmissionline.Itis
assumedthattr>tk.

Afterthepreventivemaintenance,anassumptionismadethatthetransmissionlineisrestored
totheoriginalconditionorinitialvalueao.Thisisafixeddecisionparameter.Whenthereoccursno
failure,duringtheperiod‘t’,themeasurementofat+1atthebeginningoftheperiodt+1:

a a b
t t t+ = +

1
 (1)

Inordertosimplify,eachstateisconsideredi.e.reliabilityofsingleoperatingandfailedstate.
Theprobability,thatthesystemwillnotfailtilltheendofthetimeperiod‘t’isgivenbytheexpression
e

a b Tt t− +( )λ  .Thecostoffailureduringtheinspectionperiodist er
a b Tt t1−( )− +( )λ � .Thus,theconditional

expectedcostoffailureis
0

1
∞

− +( )∫ −( ) ( )t e f b db
r

a b Tt tλ � .� . Afterthepreventivemaintenanceactivities,

thetransmissionlineisreturnedtofromthestateattotheinitialstateao.Hencethedecisionvariable
inthiscasewouldbed(at)=0fornomaintenanceand1formaintenanceaction.

Further the condition is described by the variable a a a a d a
t t t t
*= − −


 ( )0

. To find the
thresholdconditionatforthepreventivemaintenanceofthetransmissionline,itisproposedtouse
dynamicprogramming.

ThecostDt(at)=minimumcostofperiodt.Inadditiontothisthefuturecostofperiod
t + 1  wo u l d  b e  D t + 1( X t + 1) .  To  m i n i m i z e  t h e  c u r r e n t  c o s t  i n  t h e  p e r i o d  t ,  i s
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Min t D a C a D a b e f b db D
k t t t t

a b Tt�{� . * * . . �
*( )+ ( )+ +( ) ( ) +

∞

+

− +( )∫
0

1

λ

tt

a b T
a e f b dbt

+

∞
− +( )( ) − ( )

















∫1 0

0

1. .
*λ 

Thisexpressioncanbesolvednumerically.Tosolvethisexpressiondynamicallytwothings,
havetobeassumed.FirstthesmallestmeasurementunitofdeteriorationΔandsecondwouldbeto
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usePoissondistributiontomodelmultiplesofdeterioration.Thisshouldbesolvedforeachstateto
minimizethecosts.

6. eFFeCT OF MAINTeNANCe STRATeGy deSIGN

Transmissionlineisrun-repair-runsystem.Byclassifyingthefailuresthatoccurinatransmission
lineintomeaningfulcategories,anaccuratemodellingofthesystemispossible.Inthiscase,thestudy
wasconductedinIndia,andathree-statemodelsummer,winterandmonsoonwereenvisaged.Thus,
aftersolvingthemodelwewillhavetheprobabilityofresidingandtransitingfromeachstate.In
addition,thecycletimeforeachstatecanbecalculated.Thisdataisusedinthedesignofpreventative
maintenancestrategyeventhoughthesysteminthiscaseisanexponentialsystem,becausethefailure
consequenceisveryhigh.Theeffectofthisstrategywouldbehigh-availabilityofthetransmission
systeminallthreeweather.Thisisbecause,thereisapreventativemaintenancestrategyinallthree-
stateweathersolutionforoptimumreliability-basedinspectionwouldbedifferentforeachweather.
Inaddition,thespecificsolutionalsoconsiderstherepaircostdynamics.Powerutilitiescanusethis
approachtodesignspecifictailor-mademaintenancestrategiesforeachsituation.

7. CONCLUSION

Tocalculatethereliabilityoftransmissionlinesoneoftheimportantfactorstoaccountforisthe
weather.Thispaperincorporatesamethodologyforcalculatingweatherrelatedfailureandrepairs
rate was also modelled on this concept. Time-varying availability expression was computed by
approximatingthefailureandrepairphenomenonduringdifferentweatherconditionasaMarkov
Process. Besides a maintenance management strategy were suggested by considering the cycle
timebetweenthestatesusingdynamicprogramming.Thefutureworkshouldconcentrateonsemi-
Markovianornon-Markovianprocessesforfailureorrepairphenomenon.
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APPeNdIX

equations

P1(t)=
(u1^2*u2^2*x3*sum(exp(r3*t)/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+
2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3
inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+
s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2
+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+u1^2*u3^2*x2*sum(exp(r3*t)/
(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3 
+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3 
+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1 
+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1 
+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+u2^2*u3^2*x1*sum(exp(r3*t)/(2*r3*u1+2*r3*u2
+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1 
+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2 
+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3 
+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2 
+u1*u2*x3+u1*u2*u3,s3))+u1*u2*x3*sum((r3^2*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3
+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1 
+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3 
+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3)) 
+u1*u3*x2*sum((r3^2*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1 +u1*u3
+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3 
+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2
+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3)) 
+u1*u2^2*x3*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1 +u1*u3
+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3 
+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2
+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3)) 
+u1*u3^2*x2*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1 +u1*u3
+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3 
+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2
+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3)) 
+u2*u3*x1*sum((r3^2*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1 +u1*u3
+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3 
+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2
+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+
u2*u3^2*x1*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3 
+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2), 
r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2 
+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3)) 
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+u1^2*u2*x3*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3 
+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3 
+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2 
+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3)) 
+u1^2*u3*x2*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1 +u1*u3
+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3 
+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2
+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+
u2^2*u3*x1*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3 
+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2), 
r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2
+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3 
+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3)))/(u1*u2*u3+u1*u2*x3 
+u1*u3*x2+u2*u3*x1)+(u1*u2*u3)/(u1*u2*u3+u1*u2*x3+u1*u3*x2+u2*u3*x1)

P2(t)=
(u2*u3*x1)/(u1*u2*u3+u1*u2*x3+u1*u3*x2+u2*u3*x1)-(u2^2*u3^2*x1*sum(exp(r3*t)/
(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3 
+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3
+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1 
+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1 
+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+u2*u3*x1*sum((r3^2*exp(r3*t))/(2*r3*u1 
+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2 
+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2
+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3
+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2 
+u1*u2*x3+u1*u2*u3,s3))+u2*u3^2*x1*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3
+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1
+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3 
+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3)) 
+u2^2*u3*x1*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1 +u1*u3
+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3 
+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2
+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))-
u1*u2^2*x1*x3*sum(exp(r3*t)/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3 
+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2 
+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2
+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))-
u1*u3^2*x1*x2*sum(exp(r3*t)/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3
+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2 
+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2 
+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))
+u2*u3^2*x1*x2*sum(exp(r3*t)/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3 
+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2 
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+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2 
+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+ 
s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+
u2^2*u3*x1*x3*sum(exp(r3*t)/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+ 
2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3
inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+
s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2
+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))-u1*u2*x1*x3*sum((r3*exp(r3*t))/
(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3 
+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3 
+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x
1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1 
+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))-u1*u3*x1*x2*sum((r3*exp(r3*t))/(2*r3*u1+ 
2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+ 
u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2 
+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3 
+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+ 
u1*u2*x3+u1*u2*u3,s3))+u2*u3*x1*x2*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3 
+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1 
+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+ 
s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+ 
u2*u3*x1*x3*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+
2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3
inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+
s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2
+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3)))/(u1*u2*u3+u1*u2*x3+u1*u3*x2+ 
u2*u3*x1)

P3(t)=
(u1*u3*x2)/(u1*u2*u3+u1*u2*x3+u1*u3*x2+u2*u3*x1)-(u1^2*u3^2*x2*sum(exp(r3*t)/
(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+ 
u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3
+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+ 
s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2
+u1*u2*x3+u1*u2*u3,s3))+u1*u3*x2*sum((r3^2*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3
+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1
+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+ 
s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+ 
u1*u3^2*x2*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+ 
2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3
inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+
s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2
+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+u1^2*u3*x2*sum((r3*exp(r3*t))/
(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+ 
u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3 
+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+ 
s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2
+u1*u2*x3+u1*u2*u3,s3))+u1*u3^2*x1*x2*sum(exp(r3*t)/(2*r3*u1+2*r3*u2+2*r3*u3 
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+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1
+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+ 
s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))- 
u2*u3^2*x1*x2*sum(exp(r3*t)/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+ 
2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3
inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+
s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2
+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))-u1^2*u2*x2*x3*sum(exp(r3*t)/
(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+ 
u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3 
+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+ 
s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2
+u1*u2*x3+u1*u2*u3,s3))+u1^2*u3*x2*x3*sum(exp(r3*t)/(2*r3*u1+2*r3*u2+2*r3*u3 
+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1 
+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+ 
s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+ 
u1*u3*x1*x2*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+
2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3
inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+
s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2
+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))-u1*u2*x2*x3*sum((r3*exp(r3*t))/
(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+ 
u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3 
+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1 
+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+ 
u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))-u2*u3*x1*x2*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2
+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+ 
u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1
+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x
1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+ 
u1*u2*u3,s3))+u1*u3*x2*x3*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+ 
2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3 
+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+ 
s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3 
+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3)))/(u1*u2*u3+ 
u1*u2*x3+u1*u3*x2+u2*u3*x1)

P4(t)=
(u1*u2*x3)/(u1*u2*u3+u1*u2*x3+u1*u3*x2+u2*u3*x1)-(u1^2*u2^2*x3*sum(exp(r3*t)/
(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+ 
u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+ 
s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+ 
s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2
+u1*u2*x3+u1*u2*u3,s3))+u1*u2*x3*sum((r3^2*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3
+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1
+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+
s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+ 
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u1*u2^2*x3*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+ 
2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3
inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+
s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2
+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+u1^2*u2*x3*sum((r3*exp(r3*t))/
(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+
u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+ 
s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+
s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2
+u1*u2*x3+u1*u2*u3,s3))+u1*u2^2*x1*x3*sum(exp(r3*t)/(2*r3*u1+2*r3*u2+2*r3*u3
+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1
+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+ 
s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+ 
u1^2*u2*x2*x3*sum(exp(r3*t)/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+ 
2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3
inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+
s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2
+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))-u1^2*u3*x2*x3*sum(exp(r3*t)/
(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+ 
u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3 
+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+ 
s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2
+u1*u2*x3+u1*u2*u3,s3))-u2^2*u3*x1*x3*sum(exp(r3*t)/(2*r3*u1+2*r3*u2+2*r3*u3 
+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1
+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+ 
s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2 
+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+ 
u1*u2*x1*x3*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+
2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3
inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+
s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2
+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))+u1*u2*x2*x3*sum((r3*exp(r3*t))/
(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+ 
u1*x2+u2*x1+u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3 
+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1 
+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+ 
u1*u3*x2+u1*u2*x3+u1*u2*u3,s3))-u1*u3*x2*x3*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2
+2*r3*u3+u1*u2+2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+ 
u1*x3+u3*x1+u2*x3+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1
+s3^2*u3+s3^2*u2+s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1 
+s3*u1*x2+s3*u2*u3+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+
u1*u2*u3,s3))-u2*u3*x1*x3*sum((r3*exp(r3*t))/(2*r3*u1+2*r3*u2+2*r3*u3+u1*u2+ 
2*r3*x1+u1*u3+2*r3*x2+u2*u3+2*r3*x3+u1*x2+u2*x1+u1*x3+u3*x1+u2*x3 
+u3*x2+3*r3^2),r3inRootOf(s3^3+s3^2*x3+s3^2*x2+s3^2*x1+s3^2*u3+s3^2*u2+ 
s3^2*u1+s3*u3*x2+s3*u2*x3+s3*u3*x1+s3*u1*x3+s3*u2*x1+s3*u1*x2+s3*u2*u3
+s3*u1*u3+s3*u1*u2+u2*u3*x1+u1*u3*x2+u1*u2*x3+u1*u2*u3,s3)))/(u1*u2*u3+ 
u1*u2*x3+u1*u3*x2+u2*u3*x1)


