
Data Structures and Algorithms II
Lecture 10: Graph Search Algorithms

� Breadthfirst anddepthfirst search

� Searchalgorithms

� Returningpathinformation
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Graph Search

How dowefind apathfrom agiven‘start’ nodeto a

‘target’ node,e.g.,:

Needmethodsto systematicallygo throughall

possiblepathsuntil targetfound.
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Breadth First vs Depth First Search

Two mainsearchmethods:

Depth First: Continuedown currentpathuntil no

moreoptions.Thenbackupandtry

alternatives.(Childrenof currentnodeexplored

beforesiblings).

Breadth First: Explorepathsof lengthM before

pathsof lengthM+1.

Easiestillustratedby consideringhow they applyto

searchingtrees:
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Searching Graphs

Illustratefor non-trees..
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Algorithms for Tree Search

If we restrictto trees,searchalgorithmsarevery

simple:

For DepthFirst: Usea stack to holdnodesthatare

encounteredin tree(but whoseneighboursaren’t

examined):

push start node onto stack

do

- Let current be top node in stack.

- Pop this node off the stack.

- For each neighbour n of current

- push n onto the stack

while the stack isn’t empty and haven’t

found target.

Example:

1 stack: current:

/ \ (1) 1

2 5 (2 5) 2

/ \ (3 4 5) 3

3 4 ...
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Depth First Search

Depthfirst searchmayalsobedoneusingrecursion.

This implicitly usestherun-timestackof the

programminglanguage(sois samealgunderneath).
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Breadth First Search

Breadthfirst searchcanbedonethesamemethod,

but usingaqueueratherthanstack:

put start node on end of queue

do

- Let current be node on front of queue

- Remove this node from the queue

- For each neighbour n of the current

- Add n to the end of the queue

while the queue isn’t empty and haven’t

found target.

Example:

1 queue: current:

/ \ (1) 1

2 5 (2 5) 2

/ \ (5 3 4) 5

3 4 ...
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Example Code in C++

Loop to dobreadthfirst search,exiting when
“target” found,usingqueueADT from DS&A 1:

IntQueue nodeq;

nodeq.Add(startnode);

do

{

currentnode = nodeq.GetValue();

nodeq.Remove();

// for each neighbour n of current node

nodeq.Add(n);

}

while(! nodeq.IsEmpty() &&

currentnode != target)

How wouldyoudo“for eachneighbourn of current

node”givengraphADT operationswehave

specified?
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Graphs with Loops

For cyclic graphsabove algorithmwould loop

forever.

For graphswherenodehasmorethanone“parent”

above algorithminefficient.

Examples:

1 ---> 4 1

| \ / \

| \ / \

| \ 2 3

v \ \ / \

2 ---> 3 4 6

|

5
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Graph Search with Loops

To avoid loopsor repeatedwork, needto keeptrack

of whichnodesalreadyvisited.

Usearrayvisited[GraphSize]wherevisited[n]=

trueif noden hasbeen“visited”. Add checksin

algorithmto avoid revisiting nodes

nodeq.Add(startnode);

do

{

currentnode = nodeq.GetValue();

nodeq.Remove();

if(! visited[currentnode])

{

visited[currentnode] = true;

// for each neighbour n of current node

if ( !visited[n])

nodeq.Add(n);

}

}

while(! nodeq.IsEmpty() &&

currentnode != target)
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Returning the Path

� Sofar, atbestour routinewill only tell you IF

thereis apathfrom startto target.

� Usuallywewantto know thepath- ie,

sequenceof adjacentnodesthatallowsusto

reachtargetfrom path.

� Thiscanbedoneusingneattrick: Store

“parent”of eachnodeaddedto thestackor

queue:

// for each neighbour n of current node

if ( !visited[n])

{

nodeq.Add(n);

parent[n] = currentnode;

}
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Returning the Path

Example:
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Returning the Path

� Once‘parent’arrayconstructed,canoutput
pathby startingwith node= target,then:

repeat

node = parent[node];

output node

� Thisoutputspathin ordertargetto start.

� Canwrite asimplerecursive functionto output

themin theright order.
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Exercise and Labs

Next exerciseandlabsinvolve:

� ImplementinggraphADT usingarrays.

� Usinginheritanceto createlabelledgraphADT.

� Revising implementationto usepointers.

� Implementingalgorithmsfor depthfirst search,

returningandprintingout thepath(needsstack

ADT).

� Usingall this to solveasimpleproblem.

Youshouldnow beableto domostof this..
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Summary

� Many applicationsrequireyou to searchfor

pathfrom startto targetnodein graph.

� Standardsystematicmethodsareusingbreadth

first anddepthfirst.

� Algorithmsareidenticalbut oneusesstack,

otherqueue.

� Simplemethodsto avoid loopsandreturnthe

path.
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