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NETWORKTECHNIQUES(PERT&CPM)

KHARAGPURCOLLEGE

BCA4THSEMISTER

PROGRAM EVALUATIONANDREVIEW TECHNIQUE(PERT)

7.1:AnIntroduction

Aprojectdefinesacombinationofinterrelatedactivitiesthatmustbeexecutedin

a certain orderbeforetheentiretaskcan becompleted.Theactivitiesare

interrelatedinalogicsequencesinthesensethatsomeactivitiescannotstart

untilothersarecompleted.Anactivityinaprojectisusuallyviewedasajob

requiringtimeandresourcesforitscompletion.Ingeneral,aprojectisaone–

timeeffort;thatis,thesamesequenceofactivitiesmaynotberepeatedinthe

future.

Inthepast,theschedulingofaproject(overtime)wasdonewithlittlespecifies

thestartandfinishforeachactivityonahorizontaltimescale.Itsdisadvantage

isthattheinterdependencybetweenthedifferentactivities(whichmainlycontrols

theprogressoftheproject)cannotbedeterminedfrom thebarchart.Thegrowing

complexities oftoday's projecthave demanded more systematic and more

effectiveplanningtechniqueswiththeobjectiveofoptimizingtheefficiencyof

executingtheproject.Efficiencyhereimplieseffectingalmostreductioninthe

time required to complete the projectwhile accounting forthe economic

feasibilityofusingavailableresources.

Projectmanagementhasevolvedasanew fieldwiththedevelopmentoftwo

analytictechniquesforplanning,scheduling,andcontrollingofprojects.

7.2 Background:

Thesearethecriticalpathmethod(CPM)andtheprojectevaluationandreview

technique(PERT).Thetwotechniquesweredevelopedbytwodifferentgroups

almostsimultaneously(1956-1958)CPM wasfirstdevelopedbyE.IduPoutde

Nemoursandcompanyasanapplicationtoconstructionprojectsandwaslater

extendedtoamoreadvancedstatusbyMauchlyassociates.PERT,ontheother

handwasdevelopedfortheU.S.Navybyaconsultingfirm forschedulingthe

researchanddevelopmentactivitiesforthePolarismissileprogram.
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PERTandCPM arebasicallytime–orientedmethodsinthesensethattheyboth

leadtothedeterminationofatimeschedule.Althoughthetwomethodswere

developedindependently,theyarestrikinglysimilar.Perhapsthemostimportant

differenceisthatoriginallythetimeestimatesfortheactivitieswereassumed

deterministicinCPM andprobabilisticinPERT.Today,PERTandCPM actually

comprise one technique and the differences ,ifany,are only historical.

Consequently,both techniques willbe referred to as "projectscheduling"

techniques.

ProjectschedulingbyPERT-CPM consistofthreebasicphases

1.Planning

2.Schedulingand

3.Controlling.

7.3 PlanningPhase

Theplanningphaseisinitiatedbybreakingdowntheprojectintodistinctactivities

.Thetimeestimatesfortheseactivitiesarethendeterminedandanetwork(or

arrow)diagram isconstructed with each ofitsarcs(arrows)representing an

activity.The entire arrow diagram gives a graphic representation ofthe

interdependenciesbetweentheactivitiesoftheproject.Theconstructionofthe

arrow diagram asaplanningphasehastheadvantageofstudyingthedifferent

jobsindetail.perhapssuggestingimprovementbeforetheprojectisactually

executed.Moreimportantwillbeitsusetodevelopaschedulefortheproject.

7.4 Schedulingphase

TheultimateobjectiveoftheSchedulingphaseistoconstructatimechart

showingthestartandfinishtimesforeachactivityaswellasitsrelationshipto

otheractivitiesintheproject.Inaddition,theSchedulemustpinpointthecritical

(inview oftime)activitiesthatrequirespecialattentioniftheprojectistobe

completedontime.Forthenoncriticalactivitiestheschedulemustshow the

amountofslackorfloattimethatcanbeusedadvantageouslywhensuch

activitiesaredelayedorwhenlimitedresourcesaretobeusedeffectively.

7.5 Controlling

Thefinalphaseinprojectmanagementisprojectcontrol.Thisincludestheuseof

thearrowdiagram andthetimechartformakingperiodicprogressreports.The

networkmaythusbeupdatedandanalyzedand,ifnecessary,anewscheduleis

determinedfortheremainingportionoftheproject.
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7.6 ProjectManagement

Projectmanagementisconcernedwiththeoverallplanningandco-ordinationof

a project from conception to completion aimed at meeting the stated

requirementsandensuringcompletionontime,withincostandtorequiredquality

standards.Projectmanagementisnormallyreservedforfocused,non-repetitive,

time-limitedactivitieswithsomedegreeofriskandthatarebeyondtheusual

scopeofoperationalactivitiesforwhichtheorganizationisresponsible.Aproject

isatemporaryendeavourinvolvingaconnectedsequenceofactivitiesanda

rangeofresources,whichisdesignedtoachieveaspecificanduniqueoutcome

andwhichoperateswithintime,costandqualityconstraintsandwhichisoften

usedtointroducechange.

7.7 Characteristicofaproject

 Aunique,one-timeoperationalactivityoreffort

 Requiresthecompletionofalargenumberofinterrelatedactivities

 Establishedtoachievespecificobjective

 Resources,suchastimeand/ormoney,arelimited

 Typicallyhasitsownmanagementstructure

 Needleadership

 Theapplicationofacollectionoftoolsandtechniquestodirecttheuseof

diverseresourcestowardstheaccomplishmentofaunique,complex,one

timetaskwithintime,costandqualityconstraints.

 Usedthetechniquesofoperationalresearchtoplantheoptimum useof

resources.

 Oneofthesetechniqueswastheuseofnetworkstorepresentasystem

ofrelatedactivities

7.8 ProjectManagementProcess

 Projectplanning

 Projectscheduling

 Projectcontrol

 Projectteam -madeupofindividualsfrom variousareasanddepartments

withina company

 Matrixorganization-ateam structurewithmembersfrom functionalareas,

dependingonskillsrequired
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 Project Manager -most important member of project team Scope

statement-adocumentthatprovidesanunderstanding,justification,and

expectedresultofaproject

 Statementofwork-writtendescriptionofobjectivesofaproject

 Organizational Breakdown Structure -a chart that shows which

organizationalunitsareresponsibleforworkitems

 ResponsibilityAssignmentMatrix-showswhoisresponsibleforworkina

project

7.9 Workbreakdownstructure

 A method of breaking down a project into individual elements

(components,subcomponents,activities and tasks)in a hierarchical

structurewhichcanbescheduledandcost

 Itdefinestasksthatcan becompleted independentlyofothertasks,

facilitating resource allocation, assignment of responsibilities and

measurementandcontroloftheproject

 Itisfoundationofprojectplanning

 Itisdevelopedbeforeidentificationofdependenciesandestimationof

activitydurations

 ItcanbeusedtoidentitythetasksintheCPM andPERT

7.10 ProjectPlanning

• ResourceAvailabilityand/orLimits

– Duedate,latepenalties,earlycompletionincentives

– Budget

• ActivityInformation

– Identifyallrequiredactivities

– Estimatetheresourcesrequired(time)tocompleteeachactivity

– Immediate predecessor(s) to each activity needed to

createinterrelationships

7.11 ProjectSchedulingandControlTechniques

1.CriticalPathMethod(CPM)

2.Program EvaluationandReviewTechnique(PERT)

7.12 ProjectNetwork

• Networkanalysisisthegeneralnamegiventocertainspecifictechniques

whichcanbeusedfortheplanning,managementandcontrolofprojects
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• Useofnodesandarrows

Arrows An arrow leads from tailto head directionally Indicate

ACTIVITY,atimeconsumingeffortthatisrequiredtoperform apartofthe

work.

Nodes AnodeisrepresentedbyacircleIndicateEVENT,apointin

timewhereoneormoreactivitiesstartand/orfinish

• Activity

– Ataskoracertainamountofworkrequiredintheproject

– Requirestimetocomplete

– Representedbyanarrow

• DummyActivity

– Indicatesonlyprecedencerelationships

– Doesnotrequireanytimeofeffort

• Event

– Signalsthebeginningorendingofanactivity

– Designatesapointintime

– Representedbyacircle(node)

• Network

– Showsthesequentialrelationshipsamongactivitiesusingnodes

andarrows

 Activity-on-node(AON)

nodesrepresentactivities,andarrowsshowprecedencerelationships

 Activity-on-arrow(AOA)

arrowsrepresentactivitiesandnodesareeventsforpointsintime
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7.12 Uncertaintyinprojectscheduling

Duringprojectexecution,however,areal-lifeprojectwillneverexecuteexactlyas
itwasplannedduetouncertainty.Itcanbeambiguityresultingfrom subjective
estimatesthatarepronetohumanerrorsoritcanbevariabilityarisingfrom
unexpectedeventsorrisks.ThemainreasonthattheProjectEvaluationand
Review Technique(PERT)mayprovideinaccurateinformationabouttheproject
completiontimeisduetothisscheduleuncertainty.Thisinaccuracyislarge
enoughtorendersuchestimatesasnothelpful.

One possibilityto maximize solution robustnessisto include safetyin the
baselinescheduleinordertoabsorbtheanticipateddisruptions.Thisiscalled
proactivescheduling.A pure proactiveschedulingisautopia,incorporating
safetyinabaselineschedulethatallowstocopewitheverypossibledisruption
would lead to a baseline schedule with a verylarge make-span.A second
approach,reactive scheduling,consists ofdefining a procedure to reactto
disruptionsthatcannotbeabsorbedbythebaselineschedule.

CPM –CRITICALPATHMETHOD
7.13 AnIntroduction:
In1957,Dupontdevelopedaprojectmanagementmethoddesignedtoaddress
the challenge ofshutting down chemicalplants formaintenance and then
restarting theplantsoncethemaintenancehad been completed.Given the
complexityoftheprocess,theydevelopedtheCriticalPathMethod(CPM)for
managingsuchprojects.
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CPM providesthefollowingbenefits:

 Providesagraphicalviewoftheproject
 Predictsthetimerequiredtocompletetheproject.
 Showswhichactivitiesarecriticaltomaintainingthescheduleandwhich

arenot.

CPM modelstheeventsandactivitiesofaprojectasanetwork.Activitiesare
depictedasnodesonthenetworkandeventsthatsignifythebeginningorending
ofactivitiesaredepictedasarcsorlinesbetweenthenodes.

7.14 WorkBreakdownStructures(WBS)

Thedevelopmentofaprojectplanispredicatedonhavingaclear,anddetailed
understandingofboththetasksinvolved,theestimatedlengthoftimeeachtask
willtake,thedependenciesbetweenthosetasks,andthesequenceinwhich
thosetaskshavetobeperformed.Additionally,resourceavailabilitymustbe
determinedinordertoassigneachtaskorgroupoftaskstotheappropriate
worker.

Oneofthemethodsusedtodevelopthelistoftasksistocreatewhatisknown
asaWorkBreakdownStructure(WBS).

 Adefinition

AWorkBreakdownStructure(WBS)isahierarchicdecompositionorbreakdown
ofaprojectormajoractivityintosuccessivelylevels,whereeachlevelisafiner
breakdownoftheprecedingone.Infinalform aWBSisverysimilarinstructure
andlayouttoadocumentoutline.Eachitem ataspecificlevelofaWBSis
numberedconsecutively(e.g.10,20,30,40,50).Eachitem atthenextlevelis
numberedwithinthenumberofitsparentitem (e.g.10.1,10.2,10,3,10.4)

TheWBSmaybedrawnindiagrammaticform (ifautomatedtoolsareavailable)
orinachartform resemblinganoutline.

TheWBSbeginswithasingleoveralltaskrepresentingthetotalityofworktobe
performedontheproject.ThisbecomesthenameoftheprojectplanWBS

Usingamethodologyorsystem lifecyclestepsasaguide,theprojectisdivided
intoitsmajorsteps.InourcasewewillusetheUnifiedProcessphases.Eachof
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thesephasesmustbebrokendownintotheirnextlevelofdetail,andeachof
those,intostillfinerlevelofdetail,untilamanageabletasksizeisarrivedat.The
firstlevelofWorkBreakdownStructurefortheunifiedprocessisillustratedin
Table6.1

Tasksateachsuccessivelyfinerlevelofdetailarenumberedtoreflectthetask
from whichtheywerederived.Thusthefirstleveloftaskswouldbenumbered1.0,
2.0,3.0,andsoforth.Eachoftheirsub-taskswouldhaveatwopartnumber.The
firstpartreflectingtheparenttaskandthesecondpartbeingthesub-task
numberitselfe.g.1.1,1.2,1.3,etc.Aseachoftheseisinturndecomposedor
brokendownintotheircomponenttasks,thecomponentsreceiveanumber
comprisedofitsparent’snumberplusauniquenumberofitsown.

 AnotherDefinition:

Amanageabletaskisonewheretheexpectedresultscanbeeasilyidentified,
success,failure,orcompletionofthetaskcaneasilybeascertained,thetimeto
completethetaskcaneasilybeestimated,andtheresourcerequirementsofthe
taskcaneasilybedetermined.

WBS
Number

TaskDescription

1.0 Inception

1.1 DraftProjectPlan

2.0 Elaboration

2.1 PlanUserInterviews

2.2 ScheduleUserInterviews

3.0 Construction

4.0 Transition

Table7.1FirstlevelofWorkBreakdownStructureforthelifecycle

7.15 StepsinCPM ProjectPlanning:

1.Specifytheindividualactivities.

2.Determinethesequenceofthoseactivities.

3.Drawanetworkdiagram.
4.Estimatethecompletiontimeforeachactivity.
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5.Identifythecriticalpath(thelongestpaththroughthenetwork)
6.UpdatetheCPM diagram astheprojectprogresses.

1.Specifytheindividualactivities.

From theWorkBreakdownStructure,alistingcanbemadeofalltheactivitiesin
theproject.Thislistingcanbeusedasthebasisforaddingsequenceand
durationinformationinlatersteps.

2.Determinethesequenceofthoseactivities.

Someactivitiesaredependentuponthecompletionofothers.Alistingofthe
immediatepredecessorsofeachactivityisusefulforconstructingtheCPM
networkdiagram.

3.Drawanetworkdiagram.

Oncetheactivitiesandtheirsequencinghavebeendefined,theCPM diagram can
bedrawn.CPM originallywasdevelopedasanactivityonnode(AON)network,
butsomeprojectplannersprefertospecifytheactivitiesonthearcs.

4.Estimatethecompletiontimeforeachactivity.

The time required to complete each activitycan be estimated using past
experienceortheestimatesofknowledgeablepersons.CPM isadeterministic
modelthatdoesnottakeintoaccountvariationinthecompletiontime,soonly
onenumbercanbeusedforanactivity’stimeestimate.

5.Identifythecriticalpath

The criticalpath is the longest-duration path through the network.The
significanceofthecriticalpathisthattheactivitiesthatlieonitcannotbe
delayedwithoutdelayingtheproject.Becauseofitsimpactontheentireproject,
criticalpathanalysisisanimportantaspectofprojectplanning.

Thecriticalpathcanbeidentifiedbydeterminingthefollowingfourparameters
foreachactivity:

 ES–earlieststarttime: theearliesttimeatwhichanactivitycanbegin

giventhatitspredecessoractivitiesmustbecompletedfirst.
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 EF–earliestfinishtime,equaltotheearlieststarttimefortheactivityplus
thetimerequiredtocompletetheactivity.

 LF– latestfinishtime: thelatesttimeatwhichanactivitycanbe
completedwithoutdelayingtheproject.

 LS– lateststarttime,equaltothelatestfinishtimeminusthetime
requiredtocompletetheactivity.

Theslackorfloattimeforanactivityisthetimebetweentheearliestandlatest
starttime,orbetweentheearliestandlatestfinishtime.Slackistheamountof
timethatanactivitycanbedelayedpastitsearlieststartorearliestfinishwithout
delayingtheproject.

Thecriticalpathisthepaththroughtheprojectnetworkinwhichnoneofthe
activitieshaveslack,thatis,thepathforwhichLS=ESandLF=EFforallactivities
inthepath.Adelayinthecriticalpathdelaystheproject.Similarly,toaccelerate
theprojectitisnecessarytoreducethetotaltimerequiredfortheactivitiesinthe
criticalpath.

6.UpdateCPM diagram

Astheprojectprogresses,theactualtaskcompletiontimeswillbeknownandthe
diagram canbeupdatedtoincludethisinformation.A new criticalpathmay
emerge,and structuralchanges may be made in the network ifproject
requirementschange.

7.16 CPM limitations

CPM was developed forcomplex butfairly routine projects with minimal
uncertaintyinprojectcompletiontimes.Forlessroutineprojectsthereismore
uncertaintyinthecompletiontimes,andthisuncertaintylimitstheusefulnessof
thedeterministicCPM model.Analternativeto CPM isthePERT (Program
EvaluationandReviewTechnique)projectplanningmodel,whichallowsarange
ofdurationstobespecifiedforeachactivity.

7.17 TimeEstimates
Networksprovideaplannedapproachtoprojectmanagement.Tobeeffective,
networksrequireacleardefinitionofallthetasksthatmakeuptheprojectand
pertinenttimeestimates.Iftheprojectmanagercannotclarifythenecessary
tasksandtheresourcerequirements,thenno matterhow sophisticatedthe
network,itwillnotcompensatefortheseshortcomings.Anumberofclaimshave
beenmadeaboutthebenefitsofprojectmanagementtechniquesbutothers
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havearguedthatinpart,thebenefitsareduetomanagershavingtoknow and
clarifythetasksratherthanthediagram whichfollows(whichmaybythenbeself
-evident).

Theobjectivesofnetworkanalysisaretolocatetheactivitiesthatmustbekeptto
time,manageactivitiestomakethemosteffectiveuseofresourcesandlookfor
waysofreducingthetotalprojecttime.Foranybutthesmallestprojects,this
analysisislikelytobedoneusingacomputerpackage,butyourunderstandingof
theoutputwillonlydevelopifyouhavesomeexperienceofthebasicstepsof
analysis.

ACTIVITYDURATIONESTIMATION–BETADISTRIBUTION

ESTIMATEDTIMEFORMULA

TE= A+4(B)+C
6

WHERE:

A=MOSTOPTIMISTICTIMEB

=MOSTLIKELYTIME

C=MOSTPESSIMISTICTIME
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CONSTRUCTINGTHECRITICALPATH

INFORMATIONFORPROJECTDELTA

Activity

Duration

Description Predecessors Estimated

A Contractsigning None 5

B Questionnairedesign A 5

C TargetmarketID A 6

D Surveysample B,C 13

E Developpresentation B 6

F Analyzeresults D 4

G Demographicanalysis C 9

H Presentationtoclient E,F,G 2



PartialProjectActivityNetworkwithTaskDurations
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RULESWHENUSINGTHEFORWARDPASS

1.Addallactivitytimesalongeachpathaswemovethroughthe

network(ES+Dur=EF),

2.CarrytheEFtimetotheactivitynodesimmediatelysucceeding

therecentlycompletednode.ThatEFbecomestheESofthe

nextnode,unlessthesucceedingnodeisamergepoint.

3.Atamergepoint,thelargestprecedingEFbecomestheESfor

thatnode.

17



ACTIVITYNETWORKWITHFORWARDPASS
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RULESFORUSINGTHEBACKWARDPASS

1.Subtractactivitytimesalongeachpathasyoumovethrough

thenetwork(LF–Dur=LS),

2.CarrybacktheLStimetotheactivitynodesimmediately

precedingthesuccessornode.ThatLSbecomestheLFof

thenextnode,unlesstheprecedingnodeisaburstpoint.

3.Inthecaseofaburstpoint,thesmallestsucceeding

LSbecomestheLFforthatnode.

19



ACTIVITYNETWORKWITHBACKWARDPASS
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COMPLETEDACTIVITYNETWORKWITHCRITICALPATHANDACTIVITYSLACKTIMESIDENTIFIED

CriticalPathisindicatedinbold
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ACTIVITYNETWORKDEMONSTRATINGLADDERINGTECHNIQUE
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STEPSTOREDUCETHECRITICALPATH

1.EliminateTasksOnTheCriticalPath

2.ReplanSerialPathsToBeParallel

3.OverlapSequentialTasks

4.ShortenTheDurationOnCriticalPathActivities

5.ShortenEarlyTasks

6.ShortenLongestTasks

7.ShortenEasiestTasks

8.ShortenTasksThatCostTheLeastToSpeedUp

7.18 FloatsorSlack:Measuresoffloat
Wehaveseenthatifthedifferencebetweenthemaximum timeavailableandthe
durationoftheactivity,thetotalfloat,is0thentheactivityiscritical.Therearetwo
otherimportantmeasuresoffloat,freefloatandindependentfloat.

Freefloat

Freefloatisthetimethatanactivitycouldbedelayedwithoutaffectinganyofthe
activitiesthatfollow.

Freefloat=ESTforj-ESTfori-durationofactivity

However,freefloatdoesassumethatpreviousactivitiesruntotime.

Independentfloat
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Theindependentfloatgivesthetimethatanactivitycouldbedelayedifalltheprevious
activitiesarecompletedaslateaspossibleandallthefollowingactivitiesaretostart
asearlyaspossible.

Independentfloat=ESTforj-LSTfori-durationofactivity

Thedeterminationoftotal,freeandindependentfloatisillustratedinFigure20.10.

Example:7.1TasksA,B,C,…..H,Iconstituteaproject.Theprecedencerelationshipare
A<D;A<E;B<F;D<F;C<G;C<H;F<I;G<I.

Drawanetworktorepresenttheprojectandfindtheminimum timeofcompletionof
theprojectwhentime,indays,ofeachtaskisasfollows:

Table7.2

Task : A B C D E F G H I

Time : 8 10 8 10 16 17 18 14 9

Alsoidentifythecriticalpath.
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Sol:

Fig(7.1)

ThegivenprocedureorderrevealsthattherearenopredecessorstoactivitiesA,BandC
andtheyallstartfrom theinitialnode.Similarly,therearenosuccessortoactivitiesE,H
andIandhencetheyallmergeintotheendnodeofproject.Thenetworkobtainedis

showninfig(7.1)
ThenodesofthenetworkhavebeennumberedbyusingtheFulkerson’srule.The
activitydescriptionandtimesarewrittenalongtheactivityarrows.Todeterminethe
minimum projectcompletiontime,letevent1occuratzerotime.Theearliestoccurrence
time(E)andthelatestoccurrencetime(L)ofeacheventisthencomputed.

E1=0,

E2=E1+t12=0+8=8,

E3=E1+t13=0+8=8,

E4=Max.[0+10,8+10]=18,

E5=Max.[18+17,8+18]=35,

E6=Max.[8+16,35+9,8+14]=44.

Similarly,

L6=E6=44,

L5=L6-t56=44-9=35,L4=

L5–t45=35-17=18,

L3=Min.[44-14,35-18]=17,
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L2=Min.[44-16,18-10]=8,

L1=Min.[8-8,17-8,18-10]=0.

TheEandLvaluesforeacheventhavebeenwrittenalongthenodesinFig(7.2)

FIG(7.2)

Thecriticalpathisnowdeterminebyanyofthefollowingmethod.
Method1.Thenetworkanalysistableiscompliedasbelow.

Table7.3

Activity Duration Starttime
Earliest
Latest

Finishtime
Earliest
Latest

Total
float

1-2 8 0 0 8 8 0

1-3 8 0 9 8 17 9

1-4 10 0 8 10 18 8

2-4 10 8 8 18 18 0

2-6 16 8 28 24 44 20

3-5 18 8 17 26 35 9

3-6 14 8 30 22 44 22

4-5 17 18 18 35 35 0

5-6 9 35 35 44 44 0
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Activities1-2,2-4,4-5and5-6havingzerofloatarethecriticalactivitiesand1-2-4-5-6is
thecriticalpath.

Method2.Foridentifyingthecriticalpath,thefollowingconditionarechecked.Ifan
activitysatisfiesallthethreeconditions,itiscritical.
(i).E=Lforthetailevent.

(ii)E=Lfortheheadevent.

(iii)Ej-Ei=Lj-Li=tij.
Activities1-2,2-4,4-5and5-6satisfytheseconditions.Otheractivitiesdonotfulfilall
thethreeconditions.Thecriticalpathis,therefore,1-2-4-5-6.

Method3.Thevariouspathsandtheirdurationare:

Table7.4

Path Duration(days)

1-2-6 24

1-2-4-5-6 44

1-4-5-6 36

1-3-5-6 35

1-3-6 22

Path1-2-4-5-6,thelongestintimeinvolving44days,isthecriticalpath.Itrepresented

byboldlinesinfig(7.2).
E=8
L=8

Example7.2:Aprojectschedulehasthefollowingcharacteristics:

Table7.5

Activity Time(weeks) Activity Times(weeks)

1-2 4 5-6 4

1-3 1 5-7 8

2-4 1 6-8 1

3-4 1 7-8 2

3-5 6 8-10 5
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4-9 5 9-10 7

(i).Constructthenetwork.
(ii).ComputeEandLforeach,and
(iii).Findthecriticalpath.

Solution:Thegivendataresultinanetworkshowninfig(7.5).Thefiguresalong
thearrowsrepresenttheactivitytimes.

Theearliestoccurrencetime(E)andthelatestoccurrencetime(L)ofeacheventarenow
computedbyemployingforwardandbackwardpasscalculations.
Inforwardpasscomputations,

E1=0,

E2=E1+t12=0+4=4,

E3=E1+t13=0+1=1,

E4=Max[Ei+ti4]=Max.[4+1,1+1]=5,

i=2,3

E5=E3+t35=1+6=7,

E6=E5+t56=7+4=11,

E7=E5+t57=7+8=15,

E8=Max[Ei+ti8]=Max.[11+1,15+1]=17,i=6,7

E9=E4+t49=5+5=10,and

E10=Max[Ei+ti10]=Max.[17+5,10+7]=22,

i=8,9

Evaluesarerepresentedinfig7.2.
Inbackwardpasscomputations,

L10=E10=22,

L9=L10-t9,10=22-7=15,

L8=L10–t8,10=22-5=17,

L7=L8–t78=17-2=15,

L6=L8–t68=17-1=16,

L5=Min[Lj-t5j]=Min[16-4,15-8]=7,j=6,7

L4=L9–t49=15-5=10,
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L3=Min[Lj–t3j]=Min[10-4,7-6]=1,j=4,5

L2=L4–t24=10-1=9,

L1=Min[Lj–t1j]=Min[9-4,1-1]=0,j=2,3

Lvaluesarealsorepresentinfig(7.2).
Table7.6

Activity Duration
(weeks)

Starttime
Earliest

Latest

Finishtime
Earliest Latest

Total
float

1-2 4 0 5 4 9 5

1-3 1 0 0 1 1 0

2-4 1 4 9 5 10 5

3-4 1 1 9 2 10 8

3-5 6 1 1 7 7 0

4-9 5 5 10 10 15 5

5-6 4 7 12 11 16 5

5-7 8 7 7 15 15 0

6-8 1 11 16 12 17 5

7-8 2 15 15 17 17 0

8-10 5 17 17 22 22 0

9-10 7 10 15 17 22 5

Path1-3-5-7-8-10withprojectduration22weeksisthecriticalpath.

Example7.3:Theutilitydataforanetworkaregivenbelow.Determinethetotal,free,
independentandinterferingfloatsandidentifythecriticalpath.

Table7.7

Activity 0-1 1-2 1-3 2-4 2-5 3-4 3-6 4-7 5-7 6-7

Duration 2 8 10 6 3 3 7 5 2 8

Sol:Thenetworkdiagram forthegivenprojectdataisshowninfig(1.3).Activitydurationsare
writtenalongtheactivityarrows.
Theearlieststartandlatestfinishtimesoftheactivitiesarecomputedbyemployingtheforward
passandbackwardpasscalculationasexplainedinpreviousexample.Thesetimesare
representedinnetworkaroundtherespectivenodes.
Thenetworkanalysistableisnowconstructed.
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Fig(7.3)

Table7.8

Activity Duration StartTime
EarliestLatest

Finishtime
EarliestLatest

Float
Total Free Independent
Interfering

1 2 3 4 5 6 7 8 9 10

0-1 2 0 0 2 2 0 0 0 0

1-2 8 2 8 10 16 6 0 0 6

1-3 10 2 2 12 12 0 0 0 0

2-4 6 10 16 16 22 6 0 -60 6

2-5 3 10 22 13 25 12 0 -60 12

3-4 3 12 19 15 22 7 1 1 6

3-6 7 12 12 19 19 0 0 0 0

4-7 5 16 22 21 27 6 6 0 0

5-7 2 13 25 15 27 12 12 0 0

6-7 8 19 19 27 27 0 0 0 0

Totalfloatisthepositivedifferencebetweenlatestandearliestfinishtimesorlatestandearliest
starttime.Foractivity1-2,

Totalfloat(T.F)=16-10=8-2=6.
Similarly,foractivity,say2-5,

Totalfloat=25-13=22-10=12andsoon.
Totalfloatcalculationsaredepictedincolumn7oftable1.28.
Freefloatactivity i-j=T.F.-headeventslack
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Thusfreefloatofactivity0-1

=T.F.–(L-E)ofeventj.

=0-(L–E)ofevent1,
=0–(2-2)=0,

Freefloatofactivity1-2 =6-(16-10)=6-6=0,etc.
Freefloatofvariousactivitiesarecalculatedincolumn8ofthenetworkanalysistable.
Independentfloatofactivityi-j=F.F–taileventslack=F.F–(L-E)ofeventi.
Thusindependentfloatofactivity0-1=0–(0-0)=0,
Independentfloatofactivity1-2=0–(2-2)=0,

Independentfloatofactivity2-4=0–(16-10)=-60andsoon.
Independentfloatofvariousactivitiesarecalculatedincolumn9ofthetable.Ifindependent
floatofanactivityisnegative,itistakenazero.
Interferingfloatofactivityi-j=Max[L.F.timeofi-j–E.S.timeofj-k,0]Thus
interferingfloatofactivity0-1

=Max.[L.F.timeof0-1–E.S.timeof1-2or1-3,0]=Max.[2-2,0]=0,Interfering
floatofactivity1-2=Max.[L.F.timeof1-2–E.S.timeof2-4or2-5,0]

=Max.[16-10,0]=6,etc
Moreconveniently,interferingfloatofanactivity=T.F.–F.F.
Thus,interferingfloatofactivity2-5=12-0=12,etc.

Alternating,interferingfloatofanactivity2-5=25-13=12,etc.
Interferingfloatsofvariousactivitiesarecalculatedincolumn10oftable7.8.

Example7.4:APERTnetworkisshowniffig1.4.Theactivitytimesindaysaregivenalongthe
arrows.Thescheduledtimesforsomeimportanteventsaregivenalongthenodes.Determine
thecriticalpathandprobabilitiesofmeetingthescheduleddatesforthespecifiedevents.
Tabulatetheresultanddetermineslackforeachevent.

Fig(7.4)
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Solution: Table7.9

Activity t0 tm tp te 
2

1-2 2 4 12 5.00 2.78

1-3 2 4 25 7.17 14.69

2-1 1 1 5 84.83 1.36

3-4 1 3 6 3.17 0.69

3-5 1 4 9 4.33 1.78

3-6 2 5 12 5.67 2.78

3-7 2 3 5 3.17 0.25

4-8 5 6 14 7.17 2.25

5-2 3 6 9 6.00 1.00

6-9 4 6 10 6.33 1.00

7-10 4 5 7 5.17 0.25

8-11 2 4 6 4.00 0.44

9-12 1 2 4 2.17 0.25

10-12 1 4 8 4.17 1.36

11-12 3 4 11 5.00 1.78

Thearrowdiagram forthegivendataisshowninfig7.4.Theexpectedactivitytimesareshown
alongthearrows.Theearliestandlatestoccurrencetimesaswellastheslackoftheeventare
alsowrittenalongthenodes.

Fig(7.5)
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Table7.10representthenetworkanalysis.Floatsfortheactivitiesinquestionare
calculatedinthelastcolumn.Criticalpathis1-3-4-8-11-12andtheprojectcompletionis
26.51days:

Table7.10

Activity Duration StartTime
EarliestLatest

Finishtime
EarliestLatest

Total
float

1-2 5.00 0 11.68 5.00 16.68 11.68

1-3 7.17 0 0 7.17 7.17 0

2-11 4.83 5.00 16.68 9.83 21.51 11.68

3-4 3.17 7.17 7.17 10.34 10.34 0

3-5 4.33 7.17 16.18 11.50 20.51 9.01

3-6 5.67 7.17 12.33 12.84 18.00 5.16

3-7 3.17 7.17 14.00 10.34 17.17 6.83

4-8 7.17 10.34 10.34 17.51 17.51 0

5-12 6.00 11.50 20.51 17.50 26.51 9.01

6-9 6.33 12.84 18.01 19.17 24.34 5.17

7-10 5.17 10.34 17.17 15.51 22.34 6.83

8-11 4.00 17.51 17.51 21.51 21.51 0

9-12 2.17 19.17 24.34 21.34 26.51 5.17

10-12 4.17 15.51 22.34 19.68 26.51 6.83

11-12 5.00 21.51 21.51 26.51 26.51 0

Probabilityofcompletingtheprojectinthescheduledcompletiontimeof24days(since
Ts(12)=24):

Z= 24-26.51 =-2.55_=-0.5634.

 p(Ts≤24)=1-valueofprobabilityforZ=0.5634=1-0.7146=29.54%.
Probabilitythatevent3willoccuronthescheduleddate:

Ts(3)=4,
E=L=7.17

 Z=4-7.17=-0.8271

p=1-valueofprobabilityforZ=0.8271=1-0.7956=20.44%
Probabilityofmeetingscheduleddateforevent5:
Theearliestoccurrencetimeofevent5is11.50,whilethescheduledtimeis12.Event
5isnotoncriticalpathandhenceitsoccurrencecanbedelayedby9days.
Varianceofpath1-3-5=14.69+1.78=16.47.
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Ts=12, Ts=12


E=11.50

Z=12–11.50=0.123 
L=20.51.
Z=12–20.51=-2.1

Probability=54.89% Probability=1–0.982=0.018=1.8%

Example7.5:InthePERTnetworkshowninfig7.6,theactivitytimeestimates(in
weeks)aregivenalongthearrows.Ifthescheduledcompletiontimeis23weeks,
calculatethelatestpossibleoccurrencetimesoftheevents.Calculatetheslackfor
eacheventandidentifythecriticalpath.Whatistheprobabilitythatprojectwillbe
completedonthescheduleddate?.

Fig(7.6)
Sol:Theexpectedtimeoftheactivitiesandtheirvariancesarecomputedbelow.

Activity t0 tm tp te 
2

1-2 3 3 3 3 0

2-3 3 6 9 6 1

2-4 2 4 6 4 4/9

3-5 4 6 8 6 4/9

4-6 4 6 8 6 4/9

5-6 0 0 0 0 0

5-7 3 4 5 4 1/9

6-7 2 5 8 5 1

Table7.11

Theearliestoccurrencetimesoftheeventshavebeencomputedonthenetworkoffig
7.6,takingtheearliesttimeofevent1aszero.Theearliestoccurrencetimeofevent7
is20.Butthescheduledcompletiontimeoftheprojectis23weeksandhencethelatest
occurrencetimesoftheeventshavebeencomputedtakingL(7)=23.Slacksforthe
eventhavebeenshownalongthenodes.Path1-2-3-5-6-7isthecriticalpath.
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Fig(7.7)

Probabilityofcompletingtheprojectonscheduledate:
T=23weeks, E=20weeks.

Varienceofthecriticalpath=0=1+4/9=0+1=22/9=2.444



Z=1.92.
Probability=97.26%

Example7.6:Thefollowingtablegivesdataonnormaltimeandcostandcrashtime
andcostforaproject.

Activity Normal
Time(days)
Cost(Rs.)

Crash
Time(Days) Cost

(Rs.)

1-2 6 60 4 100

1-3 4 60 2 200

2-4 5 50 3 150

2-5 3 45 1 65

3-4 6 90 4 200

4-6 8 80 4 300

5-6 4 40 2 100

6-7 3 45 2 80

470
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TheindirectcostperdayisRs.10.
(i).Drawthenetworkforproject.
(ii).Findthecriticalpath.

(iii).Determineminimum totaltimeandcorrespondingcost.

Solution:Firstthecostslopeforeachactivityandnormaldirectcostoftheprojectis
calculated.Thisisshowninthetablebelow.

Activity 1-2 1-3 2-4 2-5 3-4 4-6 5-6 6-7

Costslope
(Rs./day)

20 70 50 10 55 55 30 35

(i).Next,thenetworkisdrawandcriticalpathisdetermined.Thisisshowninfig1.8.

Fig(7.8)

(ii).Thecriticalpathis1-2-4-6-7.
(iii).Normalduration=22days.

Normalcost=Rs.(470+22*10)=Rs.690.
Nowrepresentthenetworkontime-scaleddiagram.Thisisshowninfig(7.8).

E=22
L=22




