
Data Structur esand Algorithms II
Lecture16:

Mor eGeometricAlgorithms

� More feedbackonassignment1

� FindingConvex Hull
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Functions,arguments,and headerfiles

� Whenwriting functions,alwaysconsiderhow

they canbewritten to bemostre-useablefor

slightly differentpurposes.

� A function:

void compress(string s)

{

ifstream output(‘‘dna.txt’’);

...

}

canonly beusedto outputacompressed

versionof astringto aspecificfile!

� Instead,youcouldeither:

bool compress(string s, string c)

// Creates compressed version of string s

// in string c, and returns True if

// process succeeds.

or
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bool compress(istream in, ostream out)

// Reads characters from in, and writes out

// compressed version in out

Lattershouldwork for bothkeyboardandfile

dataentry/output.

success = compress(cin, cout);

� Samepointsapplyto stringsearch

int kmpsearch(string searchterm, string document)

// If searchterm is found in document, returns

// position in document where found, else

// returns -1

� Mostpeopleput thevariousfunctionsin

separatefiles,andlistedthefunctionprototypes

in themainprogram.

� It is betterto makemoreuseof .h files,sodon’t

have to keeplisting functionprototypes

whenever youwantto usethatfunction.
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// kmp.h

#ifndef KMP_H

#define KMP_H

int* next(string searchterm)

// returns a next table array for searchterm

int kmpsearch(string searchterm, string document)

// If searchterm is found in document, returns

// position in document where found, else

// returns -1

#endif

--------------------------------------------------

// main.cpp

..

#include "kmp.h"

� The.h file is the“publicly accessible”interface

to yourcode.If someoneelsewantedto use

yourcodethey couldjustusethe.h file, and

yourOBJECT(compiled)code,never looking

in your (e.g.)kmp.cppfile.
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� The.h file thereforeshouldcontainthe
documentationsomeonewouldneedto use
yourcode(e.g.,preconditions)

// compress.h

...

bool compress(istream in, ostream out)

// PRE: in and out have both been

// successfully opened.

// PRE: istream is a stream which

// contains a sequence of possibly

// repeating characters, to be read

// character by character.

// ACTION: characters are read from istream,

// and a compressed version written

// to ostream.

// RETURNS: a boolean indicating if process

// completed successfully.

� In general,codeworked,it wasjustoftennot

very re-useable..

� But justbecausesomethingworks,don’t

assumeit’s right! e.g.,
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int kmp(string s1, string s2)

{

int* n = initnext(s1);

...

}

int* initnext(string s)

{

int next[20];

...

return next;

}

� Testing:Briefly describeunit testing(e.g.,

initnext) aswell astestingof whole.

– A few peoplehadprogsthatappearedto

work, but which (e.g.,)did notgeneratea

correctnext table.

– Lotsof peoplehadaversionof “inexact

KMP” whichwouldmisscertaincases

(e.g.,AXAAAB in AAAAAAAB, would

missthefirst match).
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Labs etc

� Lastlabnext Monday- anyonecancome,but

maybelimited support.

� Assignmentduein next Tuesday.

� LastlectureThursday;Fridaywill look atpast

examQs.
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Back to GeometricAlgs: Finding the
Convex Hull

Convex hull is naturalboundaryof setof points.

e.g.,shortestfenceto enclosegroupof trees.

Convex hull is convex polygonenclosingall points,

of minimumcircumference.Whatyou’d getif you

“pulled astring” whichwasplacedaroundall

points.
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PackageWrapping

This is themostnaturalalgorithmto find convex

hull givenasetof points.
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� Startwith apointguaranteedto beonhull (e.g.,

lowesty value).

� Take horizontalline anchoredat thispointand

‘sweep’upuntil it hitsanotherpoint. Record

pointand“anchor” line there.

� Continuesweepinguntil anotherpointhits.

Continueuntil yougetbackto startpoint.
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Implementation

Requiresthefollowing:

Givena line l, ananchorpoint,andasetof

points,how dowefind the“next” point

thatline will hit if sweptround?

It’s theonesuchthattheanglealphabetweenline l

andtheline from anchorto point is aminimum.

α

So..try all points,measureanglesandreturnpoint

with lowestsuchangleasnext anchorpoint.
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PackageWrapping Implementation

In fact..canjust find anglewith horizontalfor each

line from anchorto point in set.

Findpointp suchthatthisangleis minimum,(but

greaterthananglefor previoussweepline).

θ

Assumewehavea functionthetawhichcalculates

angleof line with horizontal:

float theta(point p1, point p2)

// returns angle between line from p1 and p2 and

// horizontal line.
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Algorithm

� Findpointp[min] with lowestw value.

� Until hull complete(backto p[min]), find next

pointm onhull by:

– Loopingthroughotherpointsp[i] to find

next onesuchthatangleto horizontalis

minimumbut greaterthancurrentsweep

anglev.

– Make thatpointbethemthpointon the

hull.

– Setcurrentsweepanglev to be“theta”

valueof new point.
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Code

void wrap(points p[], points wrap[], int n)

{

.. variable declarations

// find starting point ;

min=0;

for(i=1; i< n; i++)

if(p[i].y < p[min].y) min = i;

wrap[0]=points[min]; m=0; th=0;

do

{

th=360.0; v=th;

// find the point with lowest angle

for (i = 0; i <= n; i++)

if ((theta(wrap[m],p[i]) > v) &&

(theta(wrap[m], p[i]) < th))

{next = i; th = theta(p[m], p[i]) }

wrap[m++]=points[next];

}

while(next != points[min])

}

Slightly moreefficientversionsexist, whichexploit

sortingtechniques.

13

Summary

	 Assignments/coding:Think of how to make

yourcodeuseablelater/byotherpeople!

	 Geometricalgorithms:Sometimesthinking

“graphically” resultsin agoodalgorithm,

ratherthantrying to solvesomegeometric

problemmathematically.
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