Data Structur esand Algorithms I
Lecture 14: Task Networks and
Topologicalorder
» TopologicalOrder

w» TaskNetworks

» Critical PathAlgorithms

Correctionsrom lastweek:

& 113, slide2,4th bullet; Shouldbe“derivedclasstl.”.

# 112, slide11:Initialisationshouldbe:
/l'initialise: shortest[startnode]=0;
/1 all othern - shortest[n]=inf;

Painting
Paint Doors

Paint Windows

Paint
ceiling

Paint Walls
(Paint gloss before emulsion; ceiling before walls)

What's avalid orderfor decorating?

TopologicalOrder

In mary problemspneactiondepend®n another
beingsuccessfullcompletede.g.,

» Mustpassprogrammingl beforedoing SEII.

» Mustpaintceiling beforewalls.

Theserelationshipcanbe capturedasadirected
agyclic graph.
£

SpreadsheeExample

Cel | Contents Val ue
1 100 100
2 cel |l 1+10 110
3 cell 2+cel 14 310
4 cell1*2 200

In whatordershouldthevaluesin thecellsbe
calculated?

Canrepresentiependenciesin calculatingcellsasa

graph:
6“)2
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Algorithm for Finding Topological
Order
For all theseexampleswe wantto find apossible

orderfor the“doing” theactiitiesrepresentetly
thenodespbeying thedependencrelations.

Call thisthe“topologicalorder”. Simplealgorithm:

» For eachnoden, find predecessors of noden in
thegraph.

Node Unconpl et ed predecessors
1 NONE
2 1
3 24
4 1
» Repeat:

— Remae (output)nodewhich doesntdepend
onarything beingdonefirst.

— Deletethis nodefrom lists associatedavith
othernodes.

Until all nodesoutput.

Task Networks and PERT Charts

Supposeve aremanaginga large project,andhave
to decidewho doeswhat,when,soit all getsdone
ontime?

» Eachprojecthasa numberof component
actvities calledtasks.

» Eachtaskhasaduration(timeto complete
tasks).

» Eachtaskis linkedinto network thatspecifies
predecessor tasks(which mustbe
accomplishedbeforeit canbestarted)and
successor taskswhich cannotbe starteduntil
thetaskis complete.

Thisinformationcanbeillustratedin a PERT
(ProjectEvaluationandReview Techniquekhart.
Widely usedin projectmanagemene.g.,Apollo
moonprojecthad10,000tasks!

Simpler Version

» Calculatefor eachnode thein-degree of that
node(ie, now mary edgesendupthere).Store
thesein arrayD.

» Repeat:

— Remae (output)nodesuchthatD[n]=0.
— DecremenD[x] for all nodesx thatare
neighbourf n (edgefrom n to x).

.. Shav how this algorithmworksfor
doors/windavs example.

PERT Charts Example
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Critical Path

Importantconcepts critical path:

» If completiontime ontaskin critical pathslips,
thencompletiontime of whole projectwill
slip! (Whatis thecritical pathin theexample
figure?)

w Taskslying outsidecritical pathhave have
someslack time. But If they exceedplanned
durationby morethantheir slacktime, then
will hold up project.

Computing the Critical Path

To computethecritical pathwe’ll needto calculate,
for eachnode:

» D[n] = durationof taskfor noden (given).
w EFT[n] =theearliestfinishtime for noden.

» LFT[n] = thelatestfinishtime for noden
(whichwon't hold up project).

» EST[n]=theearlieststarttime for noden.

» LST[n] =thelaststarttime for noden (which
won'’t hold up project).

Assumethat“clock” startsatO (projectstarting
time). We canonly begin ataskonceall it's
predecessomrecompleted.
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Software Toolsfor Project Management

» Therearelots of softwaretoolsdevelopedto
helppeopleplanprojects,usingthesebasic
ideas.

» May calculatecritical pathfor you, andprovide
otherviews on projectdata(milestones,
resourceonsumptioretc).

» Underlyingtasknetwork mayberepresenteds
agraph,andgraphalgorithmsusedto analyse
it.

— Directedagyclic graph,wherenodesare
labelledwith taskduration.

— Referredo astask networks.
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Computing the Critical Path

» Firstthingto dois to calculatetopological
order for all theverticesin thetasknetwork.

eg.,:1,2,4,3,56,7,8,9
» Also needthe predecessors of eachnode.

» Thencalculateearlieststartandfinishingtimes,
doingcalculationgo nodesin topological
order

If taskn hasno predecessorghen
EFT[n]=D[n].
Otherwisejf taskn haspredecessors:

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

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

» Maximumvalueof EFT[n] for all nodesn will
give theearliesttotal projectfinishtime (PFT).
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Example

For housebuying example:

» EFT[1]=EST[1]=0

» Node2 hasonepredecesspnodel, so
EST[2]=0;EFT[2]=5.

» Node4 hasonepredecesspnodel, so
EST[4]=0;EFT[4]=20.

» Node3 hasonepredecesspnode?, so
EST[3]=5;EFT[4]=14.

» Node5 hastwo predecessor§,and4, so
EST[3]=max(2014) = 20; EFT=22.

etc.
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Computing Critical Path

After doingthesecalculationswe canfind the slack
timein eachtask: Slacktime[n]= LST[n]-ESTI[n].

If ataskhasa slacktime of zero,thatmeanst must
bestartedontime if thewholeprojectis to finishon
time.

Taskswith aslacktime of zeroareonthecritical
path.
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Computing the Critical Path

Oncewe have the bestprojectfinishtime (PFT),we
canfind outthelatestfinish time of tasksthatwon't
hold thingsup. We do this by looking atnodesin
reversetopologicalorder

If taskn hasno successorghen

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

Otherwisejf taskn hassuccessors:
LFT[n] = minimum(LST[w])for all

successorg of n.
LST[n] = LFT[n] - D[n]
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Summary

» Havelookedatalgorithmsfor processing
graphswherenodesrepresentasksor
activities.

» Topologicalorder- find anacceptabl@rderfor
doingtheactuities, giventhatsomemustbe
donebeforeothers.

» Critical path- find how quickly you cangetit
all done,andwhich arethecritical ones.
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