Data Structuresand Algorithmsl1
Lecture 10: Graph Search Algorithms

» Breadthfirst anddepthfirst search
» Searchalgorithms

» Returningpathinformation

Breadth First vs Depth First Search

Two mainsearchmethods:

Depth First: Continuedown currentpathuntil no
moreoptions.Thenbackupandtry
alternatves. (Childrenof currentnodeexplored
beforesiblings).

Breadth First: Explorepathsof lengthM before
pathsof lengthM+1.

Easiestllustratedby consideringhow they applyto
searchingrees:

Graph Search

How dowe find a pathfrom a given'‘start’ nodeto a
‘target’ node.e.g.,:

Needmethodgo systematicallygo throughall
possiblepathsuntil tagetfound.

Searching Graphs

lllustratefor non-trees..




Algorithmsfor Tree Search

If we restrictto trees searchalgorithmsarevery
simple:

For DepthFirst: Usea stack to hold nodeghatare
encountereth tree(but whoseneighboursarent
examined):

push start node onto stack

Breadth First Search

Breadthfirst searchcanbe donethe samemethod,
but usinga queueratherthanstack:

put start node on end of queue
do

- Let current be node on front of qfeue
do - Renove this node fromthe queue
- Let current be top node in stack. - For each nei ghbour n of the curreft
- Pop this node off the stack. - Add n to the end of the queue
- For each neighbour n of current while the queue isn't enpty and haven]t
- push n onto the stack found target.
while the stack isn't enpty and haven]t
found target. Example:
Example: 1 queue: current:
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Example Codein C++
Loopto do breadtHfirst searchexiting when
“target” found,usingqueueADT from DS&A 1:
| nt Queue nodeg;
nodeq. Add( st art node) ;
. do
Depth First Search ‘
Depthfirst searchmayalsobe doneusingrecursion. currentnode = nodeq. Get Val ue();
Thisimplicitly usestherun-timestackof the nodeq. Remove();
/'l for each neighbour n of current ndde

programmindanguag€sois samealg underneath).

nodeq. Add(n);

}
whil e(! nodeq. | sEnpty() &&
currentnode ! = target)

How would you do “for eachneighboum of current
node”givengraphADT operationsve have
specified?




Graphswith L oops

For cyclic graphsabove algorithmwould loop
forever.

For graphswherenodehasmorethanone“parent
above algorithminefficient.

Examples:
1--->4 1
|\ I\
|\ I\
[ 2 3
v \ \ I\
2 --->3 4 6

Returning the Path

» Sofar, atbestourroutinewill only tell youlF
thereis a pathfrom startto tamget.

» Usuallywe wantto know thepath- ie,
sequencef adjacennodeghatallows usto
reachtargetfrom path.

» Thiscanbedoneusingneattrick: Store
“parent” of eachnodeaddedo the stackor
queue:

/1 for each neighbour n of current n
if (!visited[n])

de

> {
nodeq. Add(n);
parent[n] = currentnode;
}
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Graph Search with L oops
To avoid loopsor repeatedvork, needto keeptrack .
of whichnodesalreadyvisited. Returning the Path
Example:

Usearrayvisited[GraphSizejvherevisited[n] =
trueif noden hasbeen‘visited”. Add checksn
algorithmto avoid revisiting nodes

nodeq. Add( st art node) ;
do
{
currentnode = nodeq. Get Val ue();
nodeq. Remove();
if(! visited[currentnode])

{
vi sited[currentnode] = true;
/1 for each neighbour n of current
if (lvisited[n])
nodeq. Add(n);
}

}
whil e(! nodeq. | sEnpty() &&
currentnode != target)
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Returning the Path

» Once'parent’ arrayconstructedcanoutput
pathby startingwith node= tamget, then:

r epeat
node = parent[node];
out put node

» Thisoutputspathin ordertargetto start.

» Canwrite a simplerecursive functionto output
themin theright order

Summary

Many applicationgequireyou to searchHor
pathfrom startto targetnodein graph.

Standardsystemationethodsareusingbreadth
first anddepthfirst.

Algorithmsareidenticalbut oneusesstack,
otherqueue.

Simplemethodgo avoid loopsandreturnthe
path.
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Exerciseand Labs

Next exerciseandlabsinvolve:

» ImplementinggraphADT usingarrays.
» Usinginheritanceo creatdabelledgraphADT.
» Revisingimplementatiorto usepointers.

» Implementingalgorithmsfor depthfirst search,
returningandprinting outthe path(needsstack
ADT).

» Usingall thisto solve a simpleproblem.

You shouldnow be ableto do mostof this..
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