
Data Structur esand Algorithms II
Lecture15:

GeometricAlgorithms

� Motivation

� Representingpoints,linesandpolygons

� Line intersection

� Inclusionin apolygon
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SomeNoteson Assignment1

� MostpeopleusedKMP - thisdoesntmake the

searchmuchmoreefficient thanbruteforce,as

evenwith an“alphabet”of only 4 characters,

mostinitial charactercomparisonsfail.

� Generally(in thisandcurrentassignment)try

andavoid having i/o in generalpurpose

functions(e.g.,search,ADT ops,..).Instead,

passin/backvalues/errorcodes.

� For errormessagesbetterpracticeto usecerr

stream,notcout. (Thensensibleoperating

systemscaneasily, for example,directall error

messagesto afile).

� Convertingint to char:Caneitheruseatoi

library function,or write yourown function

using,e.g.,int(mychar)- int(’0’).
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Moti vation

Many applicationsinvolvemanipulatinggeometric

objects: points,lines,polygonsand3dshapes:

� Drawing packages

� Userinterfaces

� CAD tools

� Geographicinformationsystems.

Geometricproblemseasyfor humans,but

algorithmshard.e.g.,givencomplex polygon,how

dowedetermineif apoint is within it?

Importantin many applications:whichobjecthas

theuserclickedon?

Weneedefficientalgorithmsfor taskslike this.
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RepresentingPoints, Lines and Polygons

Basicdatastructureseasy:

struct point

{ float x, y;};

struct line

{ point p1, p2;};

point polygon[NMax+1];

(Wecoulddeclareclassesandmethods,but maynot

beneeded.)

It maybeconvenientto make thefinal point in a

polygonthefirst point (soweknow whenpolygon

finished).

Usingjustabove declarationswecouldcreatea

triangle:

point a, b, c;

polygon tri;

a.x=1; a.y=2; b.x=1; ..

tri[0]=a; tri[1]=b; tri[2]=c; tri[0]=a;
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Line Intersection

Giventhis representation,how dowe tell if two

linesintersect?

Method1:‘SchoolMaths’

line1: y=m1 x + c1

line2: y=m2 x + c2

Solve for x, y to find pointof intersection;checkif

pointof intersectionis within endpointsof both

lines.
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Line Intersection: Another Method

Thismethodis simplerto code..but abit

non-intuitive.

Definea functionccw that,given3 points,returns

trueif youhave to turncounter clockwise when

goingfrom point1 to 2 to 3.
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OppositeSides

Oncewehaveaccw function,candetermineif two

pointsareoppositesidesof a line:

p3andp4pppositesidesof line p1p2 if:

ccw(p1,p2,p3) != ccw(p1,p2,p4)

Sowecouldhavea function:

boolean opposite(line l, point p3, point p4)

{

return boolean(ccw(l.p1, l.p2, p3) !=

ccw(l.p1, l.p2, p4));

}
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Line Intersection

Two linesintersectif.. line1’spointsareonopposite

sidesof line2,andline2’spointsareonopposite

sidesof line1.

boolean intersect(line l1, line l2)

{

return boolean(opposite(l1, l2.p1, l2.p2) &&

opposite(l2, l1.p1, l1.p2));

}
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CCW function

How dowedefinethecounterclockwisefunction

neededfor all this?

Justcompareslopes.If we ignoreequal/infinite

slopeswehave:

boolean ccw(point p1, point p2, point p3)

{

float dx1, dx2, dy1, dy2;

dx1=p2.x-p1.x; dy1=p2.y-p1.y;

dx1=p3.x-p2.x; dy2=p3.y-p2.y;

return boolean(dy1/dx1 < dy2/dx2);

}

(justneedschecksfor dx1or dy=0)
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Inclusion in a Polygon

How dowefind out if agivenpoint is insideagiven

polygon?

Simple,non-intuitivemethodexists.

Draw line out from point. Counthow many timesit

intersectsline in polygon.If odd,point is within

polygon;if evenpoint is outside:
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Algorithm

� Createtestline lt from givenpointout to

infinity (or close!)

� For eachpoint i in thepolygonp:

– Createa line segmentlp from p[i] to p[i+1].

– If lp intersectslt, incrementcounter.

� Returncountmod2

Testline lt canbecreatedas:

lt.p1 = p;

lt.p2.y = p.y;

lt.p2.x = MAXINT;
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SpecialCases

Whatif testline intersectsvertex? Do wecountit

onceor twice?

Dependswhethertwo pointseithersideof vertex

areonsamesideof thetestline.

Sameside:counttwice;Oppositesides:countonce.
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Summary

� Geometricalgorithmsvital for many

applications.

� Easyto representthedata;easyfor humansto

solve.

� Simplealgorithmshavebeendeveloped;but

somewhatnon-intuitive.
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