
Data Structur esand Algorithms II
Lecture14: TaskNetworks and

Topologicalorder

� TopologicalOrder

� TaskNetworks

� Critical PathAlgorithms

Correctionsfrom lastweek:

� l13, slide2,4thbullet: Shouldbe“derivedclasst1..”.

� l12, slide11:Initialisationshouldbe:

// initialise: shortest[startnode]=0;

// all othern - shortest[n]=inf;
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TopologicalOrder

In many problems,oneactiondependsonanother

beingsuccessfullycompleted,e.g.,

� MustpassprogrammingII beforedoingSEII.

� Mustpaintceilingbeforewalls.

Theserelationshipscanbecapturedasadirected

acyclic graph.

Prog II

SE II

DS&A 1

SE III
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Painting

Paint
ceiling

Paint Doors

Paint Walls

Paint Windows

(Paint gloss before emulsion; ceiling before walls)

What’savalid orderfor decorating?
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SpreadsheetExample

Cell Contents Value

1 100 100

2 cell1+10 110

3 cell2+cell4 310

4 cell1*2 200

In whatordershouldthevaluesin thecellsbe

calculated?

Canrepresentdependencies in calculatingcellsasa

graph:

Cell 1

Cell 2

Cell 4

Cell 3
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Algorithm for Finding Topological
Order

For all theseexamples,wewantto find apossible

orderfor the“doing” theactivities representedby

thenodes,obeying thedependency relations.

Call this the“topologicalorder”. Simplealgorithm:

� For eachnoden, find predecessors of noden in

thegraph.

Node Uncompleted predecessors

1 NONE

2 1

3 2 4

4 1

� Repeat:

– Remove (output)nodewhichdoesntdepend

onanythingbeingdonefirst.

– Deletethisnodefrom listsassociatedwith

othernodes.

Until all nodesoutput.
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Simpler Version

� Calculate,for eachnode,thein-degree of that

node(ie, now many edgesendup there).Store

thesein arrayD.

� Repeat:

– Remove (output)nodesuchthatD[n]=0.

– DecrementD[x] for all nodesx thatare

neighboursof n (edgefrom n to x).

.. Show how thisalgorithmworksfor

doors/windowsexample.

6

TaskNetworks and PERT Charts

Supposewearemanaginga largeproject,andhave

to decidewhodoeswhat,when,soit all getsdone

on time?

� Eachprojecthasanumberof component

activitiescalledtasks.

� Eachtaskhasaduration(time to complete

tasks).

� Eachtaskis linkedinto network thatspecifies

predecessor tasks(whichmustbe

accomplishedbeforeit canbestarted)and

successor taskswhichcannotbestarteduntil

thetaskis complete.

This informationcanbeillustratedin aPERT

(ProjectEvaluationandReview Technique)chart.

Widely usedin projectmanagement.e.g.,Apollo

moonprojecthad10,000tasks!
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PERT Charts Example
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Critical Path

Importantconceptis critical path:

� If completiontimeon taskin critical pathslips,

thencompletiontimeof wholeprojectwill

slip! (Whatis thecritical pathin theexample

figure?)

� Taskslying outsidecritical pathhavehave

someslack time. But If they exceedplanned

durationby morethantheirslacktime,then

will holdupproject.
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SoftwareToolsfor Project Management

� Therearelotsof softwaretoolsdevelopedto

helppeopleplanprojects,usingthesebasic

ideas.

� May calculatecritical pathfor you,andprovide

otherviewsonprojectdata(milestones,

resourceconsumptionetc).

� Underlyingtasknetwork mayberepresentedas

agraph,andgraphalgorithmsusedto analyse

it.

– Directedacyclic graph,wherenodesare

labelledwith taskduration.

– Referredto astask networks.
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Computing the Critical Path

To computethecritical pathwe’ll needto calculate,

for eachnode:

� D[n] = durationof taskfor noden (given).

� EFT[n] = theearliestfinish time for noden.

� LFT[n] = thelatestfinish time for noden

(whichwon’t holdupproject).

� EST[n]= theearlieststarttime for noden.

� LST[n] = thelaststarttime for noden (which

won’t holdupproject).

Assumethat“clock” startsat0 (projectstarting

time). Wecanonly begin a taskonceall it’s

predecessorsarecompleted.
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Computing the Critical Path

	 First thing to do is to calculatetopological

order for all theverticesin thetasknetwork.

e.g.,:1, 2, 4, 3, 5, 6, 7, 8, 9

	 Also needthepredecessors of eachnode.

	 Thencalculateearlieststartandfinishingtimes,

doingcalculationsto nodesin topological

order.

If taskn hasnopredecessors,then

EFT[n]=D[n].

Otherwise,if taskn haspredecessors:

EST[n]= maximum(EFT[w])for all

predecessorsw of n.

EFT[n] = EST[n]+ D[n]

	 Maximumvalueof EFT[n] for all nodesn will

give theearliesttotal projectfinish time(PFT).
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Example

For housebuyingexample:


 EFT[1]=EST[1]=0


 Node2 hasonepredecessor, node1, so

EST[2]=0;EFT[2]=5.


 Node4 hasonepredecessor, node1, so

EST[4]=0;EFT[4]=20.


 Node3 hasonepredecessor, node2, so

EST[3]=5;EFT[4]=14.


 Node5 hastwo predecessors,3 and4, so

EST[3]=max(20,14)= 20;EFT=22.

etc.
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Computing the Critical Path

Oncewehave thebestprojectfinish time(PFT),we

canfind out thelatestfinish timeof tasksthatwon’t

hold thingsup. Wedo thisby lookingatnodesin

reversetopologicalorder.

If taskn hasnosuccessorsthen

LFT[n] =PFT

LST[n] = LFT[n] - D[n]

Otherwise,if taskn hassuccessors:

LFT[n] = minimum(LST[w]) for all

successorsw of n.

LST[n] = LFT[n] - D[n]
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Computing Critical Path

After doingthesecalculations,wecanfind theslack

time in eachtask:Slacktime[n]= LST[n]-EST[n].

If a taskhasaslacktimeof zero,thatmeansit must

bestartedon time if thewholeprojectis to finishon

time.

Taskswith aslacktimeof zeroareon thecritical

path.
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Summary

� Have lookedatalgorithmsfor processing

graphswherenodesrepresenttasksor

activities.

� Topologicalorder- find anacceptableorderfor

doingtheactivities,giventhatsomemustbe

donebeforeothers.

� Critical path- find how quickly youcangetit

all done,andwhicharethecritical ones.
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