Data Structur esand Algorithms 1l
Lecture 15:
Geometric Algorithms

Motivation

» Representingoints,linesandpolygons
w Lineintersection

» Inclusionin apolygon

Moti vation

Mary applicationsnvolve manipulatinggeometric
objects. points,lines,polygonsand3d shapes:

» Drawing packages
» Userinterfaces
» CAD tools

» Geographiénformationsystems.

Geometrigproblemseasyfor humanshput
algorithmshard.e.g.,givencomplex polygon,how
dowe determindf apointis within it?

Importantin mary applicationswhich objecthas
theuserclickedon?

We needefficientalgorithmsfor taskslik e this.

SomeNoteson Assignmentl

» MostpeopleusedKMP - this doesnimale the
searchmuchmoreefficientthanbruteforce,as
evenwith an“alphabet’of only 4 characters,
mostinitial charactecomparisonsail.

» Generally(in thisandcurrentassignmentjry
andavoid having i/o in generapurpose
functions(e.g.,searchADT ops,..).Instead,
passin/backvalues/errocodes.

w For errormessagebetterpracticeto usecerr
streamnotcout. (Thensensibleoperating
systemganeasily for example directall error
message afile).

» Cornvertingint to char: Caneitheruseatoi
library function,or write your own function
using,e.g. int(mychar)- int('0’).

RepresentingPoints, Lines and Polygons
Basicdatastructureeasy:

struct point
{ float x, y;};
struct line
{ point p1, p2;};
poi nt pol ygon[ NVax+1] ;
(We coulddeclareclassesindmethodsput maynot
beneeded.)

It maybe corvenientto male thefinal pointin a
polygonthefirst point (sowe know whenpolygon
finished).

Usingjustabove declarationsve couldcreatea
triangle:

point a, b, c;

pol ygon tri;

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

tri[0]=a; tri[1l]=b; tri[2]=c; tri[0]=a;




Line Intersection

Giventhis representatiorhow dowetell if two
linesintersect?

Method1:‘'SchoolMaths’

linel: y=nl x + cl
line2: y=n2 x + c2

Solwefor x, y to find point of intersectioncheckif
pointof intersectioris within endpointsof both
lines.

OppositeSides

Oncewe have accwfunction,candetermineaf two
pointsareoppositesidesof aline:

p3andp4 pppositesidesof line p1 p2if:

cew(pl, p2, p3) !'= cew(pl, p2, p4)

Sowe couldhave afunction:

bool ean opposite(line |, point p3, point

{
return bool ean(cew(l.pl, I.p2, p3) !I=

cew(l.pl, 1.p2, pd));

p4)

Line Intersection: Another Method
This methodis simplerto code..but abit
non-intuitive.

Definea functionccwthat,given3 points,returns
trueif you have to turn counter clockwise when
goingfrom point1to 2to 3.

Line Intersection

Two linesintersecif.. linel's pointsareon opposite
sidesof line2,andline2’s pointsareon opposite
sidesof linel.

bool ean intersect(line 11, line 12)

{
return bool ean(opposite(l1, 12.pl, |2.p3
opposite(l2, 11.pl1, I1.p]

) &&
)




CCW function

How do we definethe counterclockwisefunction
neededor all this?

Justcompareslopes.If we ignoreequal/infinite
slopeswe have:

bool ean ccw(poi nt pl, point p2, point p3)
{

float dx1, dx2, dyl, dy2;

dx1=p2. x- pl.x; dyl=p2.y-pl.y;

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

return bool ean(dyl/dx1l < dy2/dx2);
}

(justneedschecksfor dx1 or dy=0)

Algorithm

» Createtestline It from givenpointoutto
infinity (or close!)

w For eachpointi in the polygonp:

— Createaline sggmentlp from p[i] to p[i+1].

— If Ip intersectst, incrementcounter

» Returncountmod?2

Testline It canbecreatedas:

I't.pl = p;
[t.p2.y = p.y;
I't.p2.x = MAXI NT;
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Inclusion in a Polygon

How dowe find outif agivenpointis insideagiven
polygon?

Simple,non-intuitive methodexists.

Draw line outfrom point. Counthow mary timesit
intersectdine in polygon.If odd, pointis within
polygon;if evenpointis outside:

SpecialCases

Whatif testline intersectvertex? Do we countit
onceor twice?

Dependsvhethertwo pointseithersideof vertex
areon samesideof thetestline.

Sameside: counttwice; Oppositesides:countonce.
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Summary

» Geometricalgorithmsvital for mary
applications.

» Easyto representhedata;easyfor humango
sole.

» Simplealgorithmshave beendeveloped;but
somevhatnon-intuitive.
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