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‘Adelec Xpnong

o To napdv eknaideutikd UNKO undkerral oe adeleg xpriong Creative
Commons.

o [1a eknaIideutikd UANIKO, Onwg eIKOVEG, Nou Unokemal e AGAoU TUnou
dadelag xpriong, N Adeia xpronG avapEPETal PNTWG.
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Xpnuarodétnon

e To napdv eknaideutikd UNIKO €xel avamnmuxBei ota nAdicia Tou
eknaideutikou €pyou Tou didAackovTa.

e To épyo «Avoiktd Akadnpuaiké Maérjuara oto Navemomuio
NMarp@v» éxel xpnuaTodotoel udvo TN avadiaudPPwon Tou
eknaldeuTIKoU UNIKoU.

e To épyo ulonoleital oto NAdiocio Tou Enixelpnoiakou Mpoypduuarog
«Eknaideuon kai Aia Biou Mdaenon» kal cuyxpnuarodoreital and v
Eupwnaikr) ‘Evwon (Eupwnaikd Koivwvikd Taueio) kar and eBvikoug
népoug.
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EKFIAIAEYZH KAI AIA élOV MAéHZH

o

EIAT AITIEMOY & ABAHTIEMOY

Evpwmaiiki) Evwon EIAIKH YNHPEZIIA AIAXEIPIZHE
Evpunaixé Koo Tapo . "

e ‘Evwong
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@ Eicaywyn oro levikeupévo Mpoypauuanoud (Generic Programming)
@ Ta Concepts oTov Npoypauunioud
@ H BiBAoBAKN STL

@ Baoikoi containers kai iterators Tng STL
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Fevikeupévog Mpoypappanopdg (Generic Programming)

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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[eVIKEUPEVOG MPOYPAUMATIONOG

@ O oKondG ToU YEVIKEUPEVOU MPOoYPAPMaTIopoU eival n avantuén
AOYICUIKOU Mou va enimpénel TNV enavaxpnoidonoinon (reuse) pe aniod kal
anodorTikd Tpdno.

@ H npdEn éxel deitel 611 0 NPOXEIPOG AVTIKEINEVOOTREPNG

MNEOYPAUUATIOUAOG €XEl OAV ANOTEAECHUA N EUENIKTA GUVOAQ QVTIKEINEVWV
ue uIKen duvardtnra enavaxpnaoigonoinong.
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MapAadelyua Un YEVIKEUPEVOU alyopiBuou

Aviiypa®r oToIxeiwv

void*x memcpy (voidx regionl, const void* region2, size_t n)

{

const charx first = region2;
const charx last = region2 + nj;

charx result = regionl;
while (first != last)

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

}

H memcpy () eival yevikeupévn wg Npog Tov TUMo TwV CToIXEIwV aAa OxXI wg
nPog 1 oelpd NPoonéAAcNG.
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Fevikeuon

Mwg yevikeUeTal N Aeiroupyia TNG aviiypa®ng evog cuvolou oToixeiwy: Metd
and etéraon G memcpy () NPEokUnTel ATl ol EAAXICTEG ANAITNCEIG TG €ival va
AnapIBUNCEl Ta CTOIXEIA TOU CUVOAOU, VA YVWEIZEI MOU MPEEMEl VA CTAUATNOEI
Kal va ypdawel Ta CToIXEIa OToV MPOooPICUO.

@ H diadikacia eUpeong Twv eAAXIOTWY ANAITOEWY eVOG aAyopIiBuou
ovoudleral lifting.

@ XTOV YEVIKEUUEVO MPOYPAUUATIOUO AUTEG Ol AMNANMCEIG oadonolouvTial Ge
15€€e¢ (concepts).
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MapAdelyua - YEVIKEUUEVN avIIyPaPn

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

InputIterator last,
OutputIterator result)

while (first != last)

*result++ = xfirst++;
return result;
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levika uia 15éa eival éva cuvolo anaimoewv. Ol anamoelg Jrnopei va eivai:
@ ‘Eykupeg napaotaoelg (valid expressions)
@ YUMMANPWUATIKOI TUNOI
@ Invariants

@ [MoAunAoKATNTEG XWPEOU 1 Xpdvou
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Mia 1&€a nou enekreivel TIC anamoelg JIAg AANG AéyeTal o1l arnoTeAe!
ekAénmuvor (refinement) NG (n.x. To back insertion sequence anoteAei
refinement Tou sequence).

‘Evag 1Unog nou NAnEeEi Tic anaimmoeig Aéyetal o1 yovieAorolei (models) Tnv
15€a (n.x. To vector yovrehonoliei Ta random access container kal back insertion

seguence).
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Concepts kal C++

YNV TPé€xouca popdn g C++ (C++03) Ta concepts opilovial uévo Euueca, ue
xpnon templates, r} karaypd@ovral o€ TEKUNPIWoN eKTOG TNG YAWCOAG.

YNV enduevn €kdoaon tou npoturnou (C++0x) ta concepts (Kal YEVIKWGS Ol IBEEG
TOU YEVIKEUUEVOU MPOYPAUUAToNoU) Ba eival EVOWUATWUEVO XAPAKTNPIOTIKO
NG YAWOOAG, e BuvaTdTNTEG YIA TOV OPICUS KAl TN XPron ToUG.

Mapddeiyua: Inputlterator 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 i apX€G TOU YEVIKEUPEVOU
NEOYPAUUATIOUOU Kal Napéxel €éva oUVoAo dopwv dedouévwy Kal
OAYOPIBUWV.

@ H doun g BIBAIOBAKNG eyyudral 61t alyopiBuol TG STL unopouv va
XpnolgonoinBouv ce avTKeiueva xpnoTwy Kal dopég g STL ynopouv va
XPNOoIJonoinBoUv 6e aAyopIiBuoUG XpNoTWY. AuTh N eueliia opeietal

oTNV NAAPN NEPIYOAPN TWV ANAITCewV KABe doung Kal aAyopiBuou.

@ H STL eival noAU anodorikr kail Baciletal oe otaBepd BewpnTIKA BepéNia.
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Eicaywyn) otnv STL

Auckolieg kard Tnv avantuén uiag BIBAIOBAKNG TUNwV dedopévwy :

@ Meydho NArnBog TUnwv (int, float, user-defined types KTA.)
@ Meydho N\rBog douwv dedopévwy (MiVakeg, NIoTEG, CwEOI KTA.)

@ Meydho NArBog alyopiBuwy (avalimon, Tagivounon KIA.)

= Anareital KWJIKAG YIA MOAU UeYAAO apIBud CUVOUACHMY.
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Eicaywyn) otnv STL

O1 NJoelg ng STL:

@ levikeupuéveg douég dedopévwy
@ levikeupuévog Tponog Npdopacng oTic douéEG dedouéEvwy

@ levikeupuévol alyopIBuol Mou evepyoUv e ouAdes dIAPOPETIKWY SOUWY
dedopévwy (N.x. €vag aryopIBuog Tagivounong yia NicTeg Kal MiVAKEG)

=> Odnyei ce Nyotepo Kal MOAU Mo EUENIKTO KWIIKA.
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Yuorankd oroixeia 1ng STL

H STL anoteAeital Kupiwg and Névre Katnyopieg AVIIKEINEVWY :
@ Containers
@ Algorithms
@ lterators
@ Function Objects

@ Adaptors
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STL Containers

Ta Containers eival aQvTiKeiueva nou NeEPIEXOUV Hia opyavwuévn CUANOYH AWV
QVTIKEIUEVWV.

H STL napéxel duo katmnyopieg containers:

@ Sequence (akohouBieg): vector, list, deque

@ Associative (cuoxeTioTikd): set, map, KIA.
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Mapdadelypa 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; i < v.size(); 1i++)
cout << v[il];

4
4
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STL lterators

@ O iterators eival pia yevikeuon twv JeIKTWV Kal NEPIYPAPOUV TIG AMNAIMOEIG
NG Npoonélaong Twv douwy dedopévwy (N.x. containers). ‘ETol
EMTPENOUV TOV XEIPICHO TWV SOUWV JE OPOIOUOPPO TPOMO XWPIG va
anarreiral eninAéov NANPOPOPIA yIa TNV €CWTEPIKA opydavwon TG SoUnG.

@ O iterators xpnoiponolouvral otnv STL yia tov npoodiopioud Béong N
dlactparog oe pia dopr) dedopévwy.
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STL lterators

Ol iterators TG STL kartatdocovral oe Névie Kamyopieg avAaloya e TiG
Aermoupyieg nou endéxovral.

Iterator Category Baoikég Aeimoupyieg
Input it, ++, ==, I=
Output *it =X, ++
Forward Input & Output
Bidirectional Forward, --

Random Acesss Bidirectional, +n, -n, +=n, -=n
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Katnyopieg 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 lterators

Mapddelyua:

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 aAyopiBuol oy STL napapeTponolouvial e dIapopeTIKoUg TUNoug iterators
(avdhoya pe TIG anaimioelg Tou KABe aAyopiBlou) Kal EMOPEVWG dev
efaprwvral anod TNV ecwTEPIKr UAomnoinon Twv douwyv dedouévwy.

O1 katnyopieg Twv iterators mou napéxovral and kABe dour kaBopilouv Kal To
€id0og TV aAyopiBuUouV NMou PrnopoUv va ekteAecTouv (anodoTikd) otn doun.

H STL napéxel peydho apiBud yeviKEUPEVWY aAyopiBuwyv and aniouc, 4nws o
for_each (), NEXPI MO CUVBETOUC, ONWS aAyopiBuouc avalntnong Kal
Tagivéunong (Nx. sort () ,binary_search ()).

O1 aAySpiBuol nepliéxovial oto header file <algorithm>.
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STL Algorithms

Mapddelyua 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 KAAGeIg OTIG onoieg €xel unep@opTwBei o
TeAeoTG () ondte PnopoUV VA CUPMNEPIPEPOVTAI OAV CUVAPTAGEIG.

Ta functors unepéxouv €vavil TwV CUVAPTACEWY KABWG eival Mo KouYd K
€UENIKTA OTn Xpnon Toug (M.x. avri yia SeiKTeg oe CUVAPTAOEIS) Kal unopouv va
€xouv uPnAou eninédou AeiroupyIKOTNTA (M.X. AnoBnKeEUoVTag HIA ECWTEPIKNA
kardoraon).

H STL napéxel ueydho ninBog and function objects yia didpopeg karnyopieg
AEITOUPYIOV ONwe apIBunTKEG NpdEelg (plus, minus, KTA.) Kal cuykpicelg (less,
greater, K1\.).
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STL Function Objects

vector<int> v;
sort (v.begin(), v.end(), less<int>());
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 kKhacelg nou Bacilovral oe AAeG KAACEIG yia TNV
napoxn véag AeIroupyIKOTNTAG.

@ Eival duvardv va «anokpunrouv» JeBddoug ) va NAapEXouV VEEG.

@ Yndpxouv adaptors yia didpopa TuAuaTa NG STL (n.x. containers, iterators).
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STL Container Adaptors

O1 nio ocuxvd xpnaiponolouevol container adaptors eival ol stack, queue Kal
priority_queue. Eival duvardv va napauerponoin8ouyv Ue T Xpnon
vector, 1ist ) deque. MNapéxouv T CUVNBEIG 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 lterator Adaptors

@ H STL napéxel adaptor yia T perarponn evog bidirectional r) random
access iterator ce reverse iterator, SnAadn evog iterator nou diatpéxel Ta
oroixeia piag dopng Kard v avtiBetn gopd.

@ ‘Evag reverse iterator napéxeral and Tig uebddoug rbegin () kal rend ()
TWV KAACEWV nMou poviehonoloUv To concept reversible container.

vector<int> v;

v.push_back (1) ;

v.push_back (2);

vector<int>::reverse_iterator vij;

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

// Even more generic

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

@ [AABog and éroipoug alyodpiBuoug Kal function objects
@ Alaxeipion uvAung: allocators, auto_ptr, kTA.

@ ‘ANl adaptors: negators, iterator adaptors, function pointer adaptors KiA.
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MepioodTepe NANPOPOPIEG

Technical Report 1

To TR1 nepiypd@el enektdcelg otnv BIBAIOBNKN TN C++ nMou npodkeiral
niBavotara va nepIAn@Bouv o1o enduevo NpdTuno. MNMoANoI UETAYAWTIOTEG
unootnpifouv NdN APKETA GToIXEIa TOU.

To TR1 nepiéxel HETAEU ANWV
@ KAdoeig karakepuaropoU: unordered_set, unordered_map
@ AemoupyikdTnra yia regular expressions

@ levvNTpIEG TUXAIWV APIBUWYV

@ Néa function objects

IXETIKOI I0TOTOMOI

@ http://www.generic-programming.org

@ hftp://www.boost.org
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TéMog Evémrag

i nPo A
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@@@@ L =] [ - v
YNOYPIEIO NAIAEIAL & BPHIKEYMATAN, NOAITIEMOY & ABAHTIEMOY N
BY NC ND

EvpwnaikfEvwon  EIAIKH YNHPEZIA AIAXEIPIZHE

Evwong
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Ynueiwua lotopikoU Ekddoewv ‘Epyou

To napdv épyo anotehei Tnv ékdoon 1.0.
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Ynueiwua lotopikoU Ekddoewv ‘Epyou

Copyright Maveniomuio Matpwy, Xprotog ZapoNidykng, 2014. «Texvoloyieg
YAonoinong AlyopiBuwv». ‘Ekdoon: 1.0. Mdrpa 2014, AiaBéciyo and m
SikTuakn dieuBuvon:

https://eclass.upatras.gr/courses/CEID 1084
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Ynueiwua lotopikoU Ekddoewv ‘Epyou

To napdv UNKS diariBetal pe Toug Opoug NG adelag xprong Creative Commons
Avapopd, Mn Eunopiki Xprion, ‘Oxi Mapdywya ‘Epya 4.0 [1] A petayevéorepn, Aiebvrig
‘Ekdoon. EEaipouvral Ta autoteAr| €pya TRITWV M.X. pwTtoypadies, diaypAuuara K.A.M., Ta

S0¢e0

[1 ] http://creativecommons.org/licenses/by-nc-nd/4.0

onoia eunepiéxovral oe auto.

Qc Mn Eunopixij opiletal n xpAon:
@ nou dev nepAauBAvel AUECO 1) EUPECO OIKOVOUIKO OPENOG amnd TNV XENon Tou €pyou, Yia
10 dlavopéa Tou €pyou Kal adelodoxo

@ nou dev NepAaPBAvVEl OIKOVOUIKT) CUVAAAAYR wg MpoUndBeon yia Tn Xxprion r npdopacn
oT0 €pyo

@ nou dev npoacropilel oto diavouéa Tou €Pyou Kal adelodOX0 EUUETO OIKOVOUIKO OPENOG
(n.x. dlapnuiocelg) and v NPoBoAr) Tou €pyou oe JIadIKTUAKS TOro

O dikaloUxog unopei va napéxel otov adelodoxo Eexwplot adela va XpnoIJonolei To €pyo yia
€UnopIKN xpron, epdoov autd Tou Nt Bei.
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Alapnon INUEIWUATWV

Onoiadnnore avanapaywyn f dlackeur| Tou UNKOU Ba npénel va
ouunepAapBavel :

@ 10 Inueiwua Avapopds

@ 10 Inueiwua Adeioddtnong

@ TN dNAwoN Alapenong INUEIWPATwY

@ T10 Inueiwua Xpnong ‘Epywv Tpitwv (e@pdoov undpxer) uali ye Toug
OUVOBEUSEVOUG UNEPCUVOECIOUG
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