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Fevikeupévog MNpoypapparnoudg (Generic Programming)

Opiouoi
My working definition of generic programming is *‘programming with
concepts’’, where a concept is defined as a family of abstractions
that are all related by a common set of requirements. (Dave Musser)

Generic programming is a subdiscipline of computer science that
deals with finding abstract representations of efficient algorithms, data
structures, and other software concepts, and with their systematic
organization. (Czarnecki, Eisenecker)
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[eVIKEUPEVOC NPOYPAUMATIONOG

O oKondG TOU YEVIKEUPEVOU MPOYPAPMATIOUOU €ival N avantugn AoyICUIKOU Mou
va enimpénel TNV enavaxpnoidonoinon (reuse) pe anid kal anodotkod 1pdno.

H npdEn éxel deifel 611 0 AVTIKEINEVOOTPEPNC MPOYPAUMATIONOG €XEl CaV
AMOTEAECUA N EUENIKTA CUVOAQ QVTIKEIUEVWV e WIKPr duvardtnra
enavaxpnolJonoinong.
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MNapddelyua un YEVIKEUPEVOU alyopPiBuoU

AvTiypa®r) oToIXeiwv

voidx memcpy (voidx regionl, const voidx region2, size_t n)
{

const charx first = region2;

const char+ last = region2 + nj;

char* result = regionl;

while (first != last)

*result++ = xfirst++;
return result;

}

H memcpy () eival yevikeupévn wg Npog Tov TUMO TwV CTOIXEIWV aAA OXI WG
nPog T oelPd NPOCNEAAONG.
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levikeuon

Mg yevikeUeTal n Aemoupyia NG aviiypagng evog cuvolou oToixeiwv; Meta
and etéraon NG memcpy () NpokunTtel &1 ol eAAXICTEG AnAIToEIG TG eival va
anapIBUAGEI Ta GTOIXEIa TOU CUVOAOU, VA YVwpIlel Mou NPénel va CTapaTmCel KAl
va ypdayel 1a oToixeia oTov NpoopIouo.

H diadikacia elpeong Twv eNAXICTWY anaimoewy evog alyopiBuou ovoudleral
liffing.

YTOV YEVIKEUUEVO MPOoYPAUMATIoNd autéG ol anamoelg ouadonolouvial oe
15éec (concepts).
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MapAdelyua - YEVIKEUPEVN aVIIYPaAPN

template <typename Inputlterator, typename Outputlterator>
OutputIterator copy (InputlIterator first,

InputIterator last,
OutputIterator result)

while (first != last)
*result++ = xfirst++;
return result;
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Concepts

levikd pia 15€a eival éva cuvolo anaimoewy. Ol anamicelg Jrnopei va eivai:
m ‘Eykupecg napactdoelg (valid expressions)
B LUUNANPWHATIKOI TUrol
® Invariants

B [MoAUNAOKOTNTEG XWPEOU N Xpdvou
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Concepts

Mia 1&€éa nou enekreivel TIC anaimoelg JIAg AANG Aéyetal o1l arnoTeAel
ekAénmuvor (refinement) g (n.x. To back insertion sequence anoteiei
refinement Tou sequence).

‘Evag 1Unog nou nNAnpei 1ig anamioelg Aéyetal én yovreAonolel (models) v 15éa
(n.x. To vector yovrehonolei Ta random access container kal back insertion
sequence).
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Concepts kal C++

YNV tpéxouca popdn NG C++ (C++03) Ta concepts opilovral uévo Euueca, e
xprion templates, 1 karaypdeovTal Ge TeKUNPIWoN eKTOG TG YAWSOAG,.

YNV enduevn ékdoon Tou nportunou (C++0x) Ta concepts (Kal YEVIKWGS ol IDEEG
TOU YEVIKEUPEVOU NpoypauuaTncpoU) Ba eival eVowPaATwUEVO XAPAKTNPICTIKO
NG YAWOGAG, e duvardtnteg yia ToV OpICHO Kal T XPron Toug,.

Mapddeiyua: Inputliterator concept

concept InputlIterator<typename Iter, typename Value>
{

requires Regular<Iter>;

Value operator* (const Iter&);

Iter& operator++ (Iteré&);

Iter operator++(Iter&, int);
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Eicaywyn otnv STL

H Standard Template Library xpnoiuonolei TIc apXx€C Tou YEVIKEUUEVOU
NEOYPAUUATIOUOU Kal Napéxel €éva oUVOAo dopwv dedouévwy Kal alyopiBuwy.
H dour 1Ng BIBNIOBAKNG eyyudral ot ahyopiBuol TG STL pnopoulv va
XpnolJonoinBouv ce avrikeiueva xpnotwy Kal dopég g STL ynopouv va
XpnoluornoinBouv e aAyopiBuous xpnNoTwv. AuTh N eUueNiEia opeiletal otV
NAREN NEPIYPAPN TwV AnAItoewV KABe doung Kal aAyopiBuou.

H STL eival noAU anodorikr) kal Baciletal oe otaBepd BewpnTikd Beuélia.
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Eicaywyn otnv STL

Auckolieg kard Tnv avantugn uiag BIBAIOBAKNG TUNwV dedouévwy
m Meydho nAnBog Tunwv (int, float, user-defined types kTA.)
B Meydho n\rBog douwv dedouévwy (Mivakeg, NoTeg, Cwpoi KTA.)
B Meydho nAnBog alyopiBuwy (avalnmon, Tagivounon KiA.)

Anarreital KwAIKAG yIa MOAU peydAo apiBud cuvOUACUWV.
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Eicaywyn otnv STL

O1 NUoeig g STL
m levikeupéveg douég dedopévwv
m levikeupévog 1pdnog npdoBaong oTic douég dedouévwv

m levikeupévol alyopiBuUoI Mou evepyouv e oudded SIapoPETIKWY SOuWV
dedopévwy (N.x. €vag alyopIBuog Tagivounong yia NioTeg Kal MiVAKEG)

AMoTéEANeOUA: NYOTEPOG KAl MOAU MO EUEAKTOG KWOIKAG
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YuoTtaTikd otoixeia 1ng STL

H STL anoteAeital Kupiwg and Névre Katnyopieg AVIIKEINEVWY :
m Containers
m Algorithms

Iterators

Function Objects

Adaptors
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STL Containers

Ta Containers eival avTikeiueva nou nNepIEXouV Uiad opyavwiuéEVN CUAOYH AWV
QVTIKEIUEVWV.

H STL napéxel duo katnyopieg containers:

m Sequence (akoAouBieqg): vector, list, deque

m Associative (cuoxeTioTikd): set, map, KIA.
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Mapddelypa sequence container: STL vector

To vector eival évag duvauikég nivakag. Mapddelyua xpnong:

#include <vector>

using namespace std; // all STL objects are in std

vector<int> v;
v.push_back (7);
v.push_back (2);
for (int 1 =

0; 1 < v.size(); i++)

cout << v[il];
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STL Iterators

Ol iterators eival pia yevikeuon Twv deKTwV Kal NepIypdPouV TIG anaitoeig TNG
npoonéAaong Twv dopwv dedouévwy (n.x. containers). ‘ETol enimpénouy Tov
X€IPIOUS TWV SOPWV UE OUOIOHOPPO TPOMO XWPEIC va anaireital ennAéov
NANEOPOPIA YIa TNV ECWTEPIKA opyAvwon NG doung.

Ol iterators xpnoigonoliouvral otnv STL yia Tov npocdiopioud BEong N
dlaomparog oe pia dopr) dedouévwy.
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STL Iterators

Ol iterators TG STL kartatdocovTal oe Névie Kamyopieg avaloya e TiG

Aermoupyieg nou endéxovral.

Iterator Category Baocikég Aeimoupyieg
Input *it, ++, ==, |=
Output it =x, ++
Forward Input & Output
Bidirectional Forward, --

Random Acesss Bidirectional, +n, -n, +=n, -=n
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Kartnyopieg Iterators

Karnyopieg iterators nou napéxovral and 1a containers g STL.

Container lterator Category
vector random access
list bidirectional
deque random access
set, multiset bidirectional
map, multimap bidirectional
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STL terators

Mapddeiyua:

vector<int> v;
vector<int>::iterator vi;
// Could also be vector<int>::const_iterator vi;
for (vi = v.begin(); vi != v.end(); vi++)
cout << *vi;
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STL Algorithms

O1 ahyépiBuol otnv STL napaperponolouvtal he diapopeTikoUg TUnoug iterators
(avAhoya [e TIG anamoelg Tou KABe alyopiBuou) Kal EMoPEVWS dev eEapTwvTal
and TNV ecwTEPIKA UAonoinon Twv Souwv SedoUEVWV.

O1 katnyopieg Twv iterators mou napéxovral and kABe dour kaBopilouv Kal To
€idog Twv alyopiBuouv nou prnopoUv va ekteAectouv (anodortikd) otn doun.

H STL napéxel peydho apiBud yevikeuuévwy alyopiBuwy and anioug, 4nwg o
for_each (). Méxpl Mo oUvBeToUg, Snwg aiyopiBuoug avalitnong Kal
1agivéunong (Nx. sort (), binary_search ()).

O1 aAydpiBuol nepiéxovial oto header file <algorithm>.
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STL Algorithms

Mapddeiyua xpriong:

vector<int> v;
list<int> 1; // Assume these have values

sort (v.begin(), v.end());

// iter points to element if found, to v.end() otherwise
vector<int>::iterator iter = find(v.begin(), v.end(), 5);

// Same algorithm, different structure
list<int>::iterator iter2 = find(l.begin(), l.end(), 5);
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STL Function Objects

Ta function objects (functors) eival KAAoeIg oTIG onoieg €xel unepPoPTWBEl o
TeAectg O ondTte unopouv va CUUNEPIPEPOVTAl oav ouvaptoelg. Ta functors
UnePEXOUV €vVavl TwV CUVAPTNOEWV KABWS eival Mo KOPWA Ki EUENIKTA OTN
xpnon Toug (n.x. avri yia deikTeg o€ CUVAPTACEIS) KAl UNopoUV VA €XOUV
udnAoU eninédou AeiroupyIkdTNTa (N.X. arnoBnKeUovTas ECWTEPIKN Katdotaon).

H STL napéxel ueydho nAnBog and function objects yia didpopeg karnyopieg
AeIToUpPYIV ONwg apIBunTkEG NpdEelg (plus, minus, KTA.) Kal cuykpicelg (less,
greater, KTA).
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STL Function Objects

vector<int> v;
sort (v.begin(), v.end(), less<int>());

4

sort (v.begin(), v.end(), greater<int>());

transform(v.begin(), v.end(), v.begin(),
bindlst (plus<int> (), 1));

// We can use our own functor with STL algorithms
template<typename T> struct Adder {

Adder () : total(0) {}

void operator () (const T& t) { total += t; }

T total;
}i

// We can generalise for loops
Adder<int> A = for_each(v.begin(), v.end(), Adder<int>());
cout << A.total << endl;
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STL Adaptors

O1 Adaptors eival khAaoeig nou Bacifovral oe AAeG KAACEIG YIA TNV NAPOXN
VEAG AEITOUPYIKSTNTAG.

Eival duvardv va «anokpunrouv» uebddouc f va Napéxouv VEEG,
Yndpxouv adaptors yia didpopa TuAuara g STL (n.x. containers, iterators).
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STL Container Adaptors

O1 nio ouxvd xpnaiponoloupevol container adaptors eival ol stack, queue Kal
priority_queue. Eival duvardv va napauerponoin8ouyv Ue T Xpnon
vector, 1ist ) deque. MNapéxouv T CUVABEIG Aemoupyieg oToiBag, oupdg
KAl oUPAG MPOTEPAIOTNTAG,.

Mapddelyua xpriong:

stack< vector<int> > sl;
stack< list<int> > s2;
sl.push(2); sl.pop();
s2.push(3); s2.pop();
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STL terator Adaptors

H STL napéxel adaptor yia  petarponn evog bidirectional | random access
iterator ce reverse iterator, dnAadn evodg iterator nou diatpéxel Ta cToIxeia piag
dopNg kard v avriBetn eopd.

‘Evag reverse iterator napéxeral and 1g uebddoug rbegin () Kal rend () TwvV
KAAoewV nou povrielonoloUv To concept reversible container.

vector<int> v;

v.push_back (1) ;

v.push_back (2);

vector<int>::reverse_iterator vi;

for (vi = v.rbegin(); vi != v.rend(); vit++)
cout << xvi << " "; // prints "2 1"

// Even more generic

copy (v.rbegin(), v.rend(),
ostream iterator<int> (cout, " "));
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"AN\a oTtoixeia Tng STL

m MA\ABog and €toiuoug alyopiBuoug kai function objects
m Aiaxeipion uvAuNg: allocators, auto_ptr, KA.

® "ANol adaptors: negators, iterator adaptors, function pointer adaptors KA.
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MeploodTepec NANPOPOPIES

Technical Report 1

To TR1 nepiypdel enektdcelg otnv BIBNOBRAKN TG C++ Nou npdkeiral
niBavoTara va nepiAngB8ouv o1o enduevo nNpdtuno. MNoANoi HETAYAWTIOTEG

unootpilouv NdN APKETA GToIXeia Tou.
To TR1 nepiéxel HETAEU ANV :

m KAdoelg karakepuanopoU: unordered_set, unordered_map
m AermoupyikdTNTa yia regular expressions
m [evvATPIEG TUXCIWV APIBUWYV

m Néa function objects

IXETIKOI 1I0TOTOMOI

m hftp://www.generic-programming.org

m hftp://www.boost.org
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