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Computational Geometry
Algorithms Library

» BIBAL0ONAKN avadopac yia alyopiBouc YITOAOYLOTIKAG
[ewpeTpiog otnv C++
» Real RAM Model
o OLTIPALELC HETAEL TIPAYMOTLKWY oplBuwv divouv akpLpn
amoteAEopOTO
> 0O(1) To UTIOAOYLOTLKO KOOTOC TWV PACIKWYV TIPAEEWV
> H CGAL armnoteAel mpooeyylon Tou HoviEAOU pEow Tou Exact
Geometric Computing Paradigm
» TEVIKEULEVOC QVTLKELMEVOOTPADNC TIPOYPOALUUOTLOMOC
(Traits, Concepts, Models)




MpoBARuoTX xplOunTikne floating
POiNt O€E YEWMUETPLKX TTPOPANMXTX

» Ta onuelo mAvw otnv
gvBela x=y, OTAV X KOLY
eival ouvnBeLc floating 2
point dev elval amapalitnta "
ouveuBelaka(!)

q(12,12)

(0.5,05)! /" @ 'p(05+x-€,05+y-¢€)

0 <x,y <256, =22




Multiple precision floating point

» YIIAPXOUV UAOTIOLNOELC TTou uTtooTtnpi{ouv OAOUC TOUC
npaypoatikouc aplBpouc —eatpouvtal ot uTtepBatikol
(BLBAL0BNKec CORE kat LEDA)

» To UTTOAOYLOTLKO KOOTOC £lval LEYAAO
» H akpiBela eplopileton povo amo 1o peEyeboc tnNe UvNUNG




Exact Geometric Computing Paradigm

» ‘EAeyxoc katnyopnuatwy pe amnAouc floating point
apLlOpouc

» Av 1o amotéAeopa ival afEPato:
o Xpnnon multiple precision floating point aplOuwv




[eviKELMEVOC TTPOYPHXMMPXTLOMOC

» Templates otnv C++, Generics otnv Java

» 2TOXOC: povadilkn uAomoinon aAyoplOpwv yia toAAamAouc
TUTIOUC

» Template kKAdogwv: Mpotuma yLa tTnv napaywyr KAACEwWV
Baoel MApAUETPWVY TUTIOU

» Template cuvaptnoswv: Mpotuma yLa TNV mapoywyn
OUVOPTACEWV BACEL TTAPOUETPWY TUTIOU

» Pntec e€elbikeVoeLC MpoTUTNTWVY: OTaV N TtEPLypadr Tou
NPOTUTIOU O€V €lval oupBath LE CUYKEKPLUEVO TUTIO




Mxpxdelypotx Template

//TlpéTunio TtolRoc //Pnth e€fe1dixkevuon yia tUno Point
template <typename T> template <>
class Stack { class Stack<Point> { . . .};
public:... template <>
private: Stack<Point>::Stack (int s)
int size; :size(s),
int top; top(-1),
T *stackPtr; stackPtr (new Point[size])

I {}
template <typename T>
Stack<T>::Stack(int s)

:size(s),

top (-1),

stackPtr (new T[size])

{}




Mxpxdelypxtax Template (STL)

template <class Inputlterator, class T>
InputIterator find(Inputlterator first, Inputlterator last, const T &value);

Xpnon kAdong rmou mapayetal ano template:
std: :vector<int> v;
for (std::vector<int>::iterator it=v.begin();it!=v.end();++it) {}

“Input iterators can move only forward, can move only one step at a time, can only read what they point to, and can
read what they’re pointing to only once. They’re modeled on the read pointer into an inputfile; the C++ library’s
istream_iterators are representative of this category.

Output iterators are analogous, but for output: they move only forward, move only one
Step at a time, can only write what they point to, and can write it only once. They 're modeled on the write pointer
into an output file; ostream_iterators epitomize this category...

A more powerful iterator category consists of forward iterators. Such iterators can do everything input and output
iterators can do, plus they can read or write what they point to more than once.

Bidirectional iterators add to forward iterators the ability to move backward as well as forward. Iterators for the STL's
list are in this category.

The most powerful iterator category is that of random access iterators. These kinds of iterators add to bidirectional
iterators the ability to perform “iterator arithmetic,” i.e., to jump forward or backward an arbitrary distance in
constant time. Such arithmetic is analogous to pointer arithmetic, which is not surprising, because random access
iterators are modeled on built-in pointers, and built-in pointers can act as random access iterators. Iterators for
vector, deque, and string are random access iterators.”(Scott Meyers, Effective C++, 3™edition)




KXTnYOopLlEC TTPOTLTTWYV / TUTTWYV STL

» Containers: Npotuna KAACEWV TwWV OTOLWV «OTLYLOTUTIO
armoBOnkeVOUV CUANOYEC OVTLKELMEVWV CUYKEKPLULEVOU
TUTIOU

» Iterators: Mevikevuon Twv OELKTWV: AVTIKELLEVO TTOU
«Sdelyvouv» og AAAQ AVTLKELLEVOL

» Functors: KAdoeLc yLa T omoiec eival oploUEVOC O
teAeotNC () Kol EMOpEVWC pmopoUV va xpnotuormotnouv
OTIWC Ol CUVAPTNOELC — LECW TWV MESLWV EXOUV TO
TTAEOVEKTN MO VO artoBnKeUoOUV KATAOTOON

» Allocators: Avtikeipeva tou amodidouv pvnun

» Adaptors: TUmol mou petaoynuati¢ovv tn dtemadn AAAwv
TUTTWV




MxpXOELYUX XpnoNC vector kot iterator
[V.Fisikopoulos, Introduction to CGAL]

#include <iostream>
#include <vector>

typedef std::vector<double> dvector;
typedef std::vector<double>::iterator dveciterator;

int main () {

//construct a vector

dvector p;

//insert elements into vector
p.pushback (0) ;
p.pushback (10) ;
p.pushback (10) ;
p.pushback (6) ;

p.pushback (4) ;

//iterate through vector's elements and print them

for (dveciterator it=p.begin();it!=p.end();++1it)
std::cout << *it << std::endl;

return 0; }




[AwWooXpL EVIKELUEVOUL
Mpoypoxppxtiopov otn CGAL

)

Concept: ZUVOAO QTALTAOEWV TIOU TIPETIEL VAL KAAUTITEL pio
KAAon

Model: KAaon mov cuppopdwvetal pe eva Concept
Traits: Aopéc mou napexouv MANPodoplec yla Evav TUTO
KOLTA TO XpOvo petayAwttione / Models rtou neplypadouv
ocuunepldopa

Refinement: enéktaon Twv amnattoewyv evoc Concept
Generalization: peiwon anowtnoswv evoc Concept




Concepts kot Models pe evax XTTAO
TTXpoxoelyux ([E.Fogel, TAU,IL,2012])

Template <typename T> void swap(T&a, Té&b)
{T tmp(a); a=b; b=tmp;}

» O tumoc T mpémel va SloBETEL:
* Copy constructor
 Copy assignment operator

» O tumocg T eival Model tou Concept CopyConstructible
» O tumocg T eivat Model tou Concept Assignable

» M.x. O tumoc int elvait model kat twv 2 concepts
int a=2, b=4; std::swap(a,b);




MTAnpodoptlec yix tn CGAL
» YAoroinon otn C++ aro to 1995
» ~10° ypappEC KWOLKA

» Xelpiletal pnta TIC EKPUALOUEVEC VEWMUETPLKEC TIEPLITTWOELC
(Tt.x. oTav n dLaoTaon YEWUETPLKWY SE00UEVWV Elval
LLLKPOTEPN ATIO TNV OVOUEVOLLEVN)




ApxLTekTovikn Tne CGAL

ewpetpkoi AAyopLOpuot kat
Aopég Aedopévwy (KM2, KMN3,
Tplywvoroinon, kKAm)

Kernels: Ztowxewwdn MNewpetpka
Avtikeipeva kal YrtoAloylopol

BiBAL0ONKN YtootApng: Number Types,
PuBuioelg, Assertions, Omtikomoinon,
Apxeia, 1/0, KA.




Kernels

» 2TOLXELWON YEWMETPLKA avTikeipeva (2D, 3D, dD): Point,
Vector, Triangle, Circle, kATt.

» 2TOLXELWOELC YEWUETPLKEC AsLTOUpPYLEC (EAeyXOC
KATNYOPNUATWV (TpooavatoAlopoU, cuyKpLong, KAT),
KATOLOKEVEC (EUpEON TOUNC, LECOU ONUELOU, KATT).

point - origin - vector
point - point - vector
point + vector - point
point + point < lllegal

» Avarmapaotoon cuvteTaypuevwy: cartesian double, exact
predicates inexact constructions, exact predicates exact
constructions




Kernels types & objects

typedef CGAL::Cartesian<double> Kernel;

typedef CGAL::Exact predicates exact constructions kernel K2;

typedef Kernel::Point 2 Point 2;
typedef K2::Point 2 Point 2EX;

typedef std::vector<Point 2> Points;

» To katdAAnAo Kernel erilheyetal avaloya pe to 160¢ ToU
npoBAnuatoc. Av 1.X. YIVETAL LOVO EAEYXOC
KOTNYOPNUATWY KAAUTEPOQ VAL XPNOLUOTIOLELTAL TO:

typedef CGAL::Exact predicates inexact constructions kernel K;




Eykxtoxotoion CGAL

» 2€ cuotnuoata Ubuntu:

> sudo apt-get install libcgal-dev (amatteital 0 peTayAWTTIOTNG
g++ Kal To cmake, examples: sudo apt-get install libcgal-demo)

> SCGAL_HOME: /usr/lib/CGAL

» 2€ AAAQ ouoTAMOTO:
o http://doc.cgal.org/latest/Manual/installation.html|




METXYAWTTLON

cd /path/to/program
cgal create CMakelists -s <desired name of executable>
cmake -DCGAL DIR=/usr/1lib/CGAL

make

(Av €xel eykataotaBel pe to apt-get oe Debian/Ubuntu, Stadopetikd to CGAL _DIR
urtopel va Bploketo aAAou)




Mol B elvoait n €€000¢C TOUL
TTPOYPARMUXKTOG;

#include <iostream>

#include <CGAL/Simple cartesian.h>

typedef CGAL::Simple cartesian<double> Kernel;
typedef Kernel::Point 2 Point 2;

int main ()

{

{
Point 2 p(0, 0.3), g(1, 0.6), r(2, 0.9);
std::cout << (CGAL::collinear(p,q,r) ? "collinear\n" : "not" "collinear\n");

Point 2 p(0, 0.4), g(1, 0.8), r(2, 1.2);
std::cout << (CGAL::collinear(p,q,r) ? "collinear\n" : "not" "collinear\n");

Point 2 p(0,0), g(1, 1), r(2, 2);
std::cout << (CGAL::collinear(p,q,r) ? "collinear\n" : "not" "collinear\n");

}

return 0O;

}




'E€000C
non-collinear
non-collinear

Collinear

Mote; Mpoteivete SlopBwocelc.




Avon

#include <iostream>
#include <CGAL/Exact predicates exact constructions kernel.h>
#include <sstream>

typedef CGAL::Exact predicates exact constructions kernel Kernel;
typedef Kernel::Point 2 Point 2;
int main ()
{
Point 2 p, q, r;
{
std::istringstream input ("0 0.3 1 0.6 2 0.9");
input >> p >> g >> r;
std::cout << (CGAL::collinear(p,q,r) ? "collinear\n" : "not"
" collinear\n");

std::istringstream input ("0 0.4 1 0.8 2. 1.2™);
input >> p >> g >> r;
std::cout << (CGAL::collinear(p,q,r) ? "collinear\n" : "not"

" collinear\n");

Point 2 p(0,0), g(1, 1), r(2, 2);
std::cout << (CGAL::collinear(p,q,r) ? "collinear\n" : "not"

"collinear\n");

}

return O;




Mxpxdeltypo KIT2 HE XVXYVWOT KXTTO
XPXELO

#include <CGAL/Exact predicates inexact constructions kernel.h>
#include <CGAL/convex hull 2.h>

#include <fstream>

typedef CGAL::Exact predicates inexact constructions kernel K;
typedef K::Point 2 Point 2;

typedef std::istream iterator< Point 2 > point2 iterator;
typedef std::vector<Point 2> Points;

typedef std::vector<Point 2>::iterator pveciterator;

int main ()

{
Points result;
std::ifstream in("data.in");
point2 iterator begin(in);
point2 iterator end;

CGAL::convex hull 2( begin, end, std::back inserter(result) );
std::cout << result.size() << " points on the convex hull" << std::endl;

for (pveciterator iter=result.begin(); iter!=result.end(); ++iter)
std::cout << “F*iter << std::endl;
return O;




