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© Hpoxtikn svppovii

This tutorial is designed for programmers that are new to the Python language, not beginners who are new to
programming.

H Python eivow puo edkodn oty ekudOnon, woyxvpt yAoooo mpoypouuoatiopov. Eyxer amoteleopatikés do-
uég dedouévav vPNAov emLTédov KoL W amdi) oG ATTOTELECUATLKY) TTPOOEYYLOY] OTOV OLVTLKELLEVOOTPOPY
apoypoppationd. To koupd cuvtaktikod Ko 1 duvaukn tumomoinon g Python, oe ouvdvooud ue ) diepun-
veuuévn o G, TNV KaOLoTovv 1dovIKY YADooa yia scripting Ko tayeia avamtuEn epapuoydv og Torholg
TOUELG OTIG TTEPLOOOTEPEG TAATPOPUEC.

O diepunvéag g Python xou 1 ektetapévn tumiky) (standard) Biphodnkm diatiBevrol ehetiBepa oe Tnyaia 1)
dvadLk poppn yia Oheg Tig KUpLeg TAaTQOPUES atd TV LoTooehida g Python, https://www.python.org/ xou
uwrtopovv va draveunBouv eeBepa. O 810G LOTOTOTOG TTEPLEYEL ETTLONG dLAVOUES KO delkTEG O€ TOAMA dwpedv
modules Tpitwv, Tpoypdupoto Kot epyoleio Python, kabwg kou tpdobetn tekunpiwon.

O diepunvéag g Python emekteivetol eUKola ue véeg GUVOPTNOELS KOL TUTTOUS HEDOUEVIV TTOV VAOTTOLOVVTOL
oe C 1N C++ (1] dhreg yhwooeg mov umopovv va kKnBovv amd ) C). H Python eivar emiong KatdAnin wg
YADOOO ETEKTAONG YLOL TPOOAPUOOULES EQPAPUOYEG.

Avuto 1o tutorial eLOGYEL TOV AVOYVAOOTI OVETIONUA OTLG BAOLKEG £VVOLEG Kal dUVATOTNTEG TNG YAMOOAG KoL
tov cvotnpatog Python. AdBete vaoyn Ot astoutel va €xete po SOtk Katovonor Tov TpoyPOouioTLopno
vevikd. Bon0del va éxete mpdyelpo évav diepunvéa Python yio mpaktikn eumerpiot, odld Oha To mopadeiypoto
elval autotel, omdte To tutorial umwopel va diafootel Kot eKTOg oV,

To e TEpLypapt] TMV TUTOTONUEVOV AVTIKELUEVV Kol EVOTNTWY, deite library-index. To reference-index
divel évav mmo emionuo oplopd g yAdooag. Ta va ypdpete enektaoelg oe C 1) C++, drapdote to extending-
index kau to c-api-index. Ymdpyouv emiong apketd fipria wov kalvmrovy tv Python oe fabog.

Avtd 1o tutorial dev mpoomadel va eivor epLlekTikd Ko va Kohhper KAOE yopaKTneLoTiKo 1) akoun Kot ka0
OUY VG YPNOLUOTTOLOVUEVO YOPaKTNPLOTLKO. AVvTifeTa, Oa 0og mapovotdoel Todd amod ta mo aEloonueimto
yopoktnpLotikd g Python kou Oa oag dmwoel (o Kol d€a yia T YeVon Kot To VoG ™G YANooag. Apov
10 dwafdoete, Oa giote o BEom va duafdlete ko va ypdpete modules kou wpoypaupota Python, ko o eiote
étolpol va udbete meploodtepa yia ta didipopo modules BifiioOnrmv Python wov mteprypdpovron oto library-
index.

AEiCeu emtiong va dwafidoete To I'Awoodpt.

Meplexopeva 1
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KE®AAAIO 1

AvolyovTtag tTnv 0petn oag

Edv xdvete ol dovheld oe vtoloylotég, TeMKkd Oa diomiotwoete OTL VTdpyel Kdmolo epyaosio mov Oa
0élote va ovtopatomooete. o wapdderypa, wropel va OELETE VO TPAYULOTOTOMOETE AvaLTOT KOL OVTL-
KATAOTOO 08 UEYALO aplBud apyelwv KELWEVOU 1 VO, LETOVOUAOETE KaiL VO, avadLoTaEeTe o déoun apyeimv
POTOYPOPLOV Ue Tepimthoko Tpdmo. Towg Oa BOELate va ypdapete po pukpn pooappoouévn Baon dedopévawv
1 wa eEedikevpévn epapuoyfy GUIL M éva amho oy vidt.

Edv eiote emayyehuatiog Tpoypouuatiotiic AOYLOWKOU, WTOPEL Vo YPELaoTelL va epyaoTeite ue molhég Pi-
BroOnkeg C/C++/Java, allhé o ouvnOLopuévog KUKAOG eyypapnc/compile/doxiumc/re-compile eivar ol apyog.
Towg yphupete €va test suite yio o tétowa BPALOOTKN Ko Bpiokete T dnuovpyia KOdKa testing o Kov-
paotiky dradikaoia. 'H lowg éxete ypdaper éva mpdypauua ov Oa Wropovoe vo XPNOLUOTTOLEL PLa YADOoO!
EMEKTAONG, KO OeV OENETE VO OYEDLAOETE KAl VO EQUPUOCETE LLLOL EVIEMDG VEQ YADOTO YLOL TV EQAPUOYT] OOLC.

H Python eivonw anhdg n yAwooo Yo €04c.

Oa wropovoate va ypaypete ¢éva Unix shell script 1) Windows batch apyeio yia oplouéveg amd avtég tig ep-
vaotieg, alhd ta shell scripts eival ta Kahitepa Yo T petaxkivnon apyetwv kou Ty alloyn dedouévov Kei-
uévou, dev eivan Katalnha yio epopuoyés M moryvidie GUL Oa umopovoate va ypapete évo C/C++/Java
TPOYPOPUE, GG UITOPEL VO X PELOOTEL TTOMIG X POVOG avamTTuENG YL va dnuovpynOel pa TpwT £kdoo Tou
npoypduuatoc. H Python givol o oy ot xpnon, dwabéowun oe Aettovpyikd cvotpata Windows, macOS
ko Unix ko O cag fon01oeL va ohokANpmoeTe T1 SOVAELL TTLO YPTYOPOL.

H Python eivaw amhi ot xpnon, cAh eivor o pory otk YAMMoo TpoyPoULaTIoUOY, TOV TPOCPEPEL TTOD
7EPLO0OTEPT doun) KoL vItooTpLEn Yo peydha tpoypauuato amd 0,tL urtopolv vo, tpoo@épouy ta. shell scripts
1 to batch apygia. And v dAn mhevpd, n Python mpoopépel emtiong ol meploodTepo EAEYXO CPAMLATMY
oo ) C ko, 0viog wa YAOoodo oAt vynlotd emmédov, €XEL EVOOUATWUEVOVS TUTOUG dEQOUEVMV VYPNAOV
EMUTEDOV, OTWG EVEMKTOVG TTivOKeS, Ko AeELkd. Adym TV o yeviKmv TOmwv dedopévov g, 1 Python
WITopet var epapuootel e Evav ol peyaiitepo topéa pofinudtov amd v Awk 1 akdua kol tnv Perl,
®OoTO00 TOMA TPayuaTa eival TouldyLotov Tooo evkola oty Python 600 o autég Tig YMdoOoEC.

H Python odg emtpémer va ympioete to mpdypapud oog oe modules ov Hropovv Vo exavaypnoLuoTotn oy
oe alha tpoypdupota Python. ‘Epyetor pe pa peydhn ovlhoyr| standard modules wov pmopeite vo. ypnoo-
TOoETE WG PBAON TOV TPOYPAUUATWVY 0ag — 1 Wg Tapdderyna yio va Eekivioete vo pobaivete vo po-
vpauuatitete oe Python. Opiopéva amd autd to modules mapéyouv mpdayuato 6mwg I/0 apyeimv, kKAnoelg
ovoTHuaToS, sockets, akoun ko interfaces oe toolkits ypagpukwv diemapng xpnot, 6mwg to Tk.

H Python eival wa interpreted yhooa, 1) omoia umopei va oag eEotkovounoer onuavtikd ypdvo Katd v
aVATTTUEY TOU TTPOYPAUNATOG, emteldn) dev amarteitan compilation ko linking. O interpreter umwopel va xpnot-
nosotn et dLadpaoTikd, YeYovos ov KafLotd e0KOAO TOV TELPOUATIOUO [LE APOKTNPLOTIKA TG YAMOOoUS, T
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oVVTOEY TPOYPAUUATWV 1] TOV EAEYXO CUVOPTNOEWV KOTA TNV AvATTUEN TPOYPAUUOTOS atd KATw Tpog To.
mavw. Elval exiong po edypnot aptbpopunyov.

H Python emitpémel ota mpoypaupota vo ypdmoviol ouumoyn Kot evaviyvoota. To tpoyplupota o eivor
vpauuévo oe Python eivar ovviBmg ol wkpodtepa amd ta avtiotoya mpoypaupota C, C++ 1 Java, ya
dLdipopovug Loyovg:

o 0L TOTTOL OEdOUEVWV VYNIOV ETLITEOOV GGG EMTPETOVV VO, EKPPAOETE TOMITAOKEG AELTOVPYiEG O€ wia
uévo dMiwone

* 1) ouadoToinom dNMoEWY yivetal (e E0oyY OVTi Yio aykOheg apyfg Ko ARENG:
o eV aITaLTOVVTAL ONAMOELG UETABANTOV 1] OPLOUATOV.

H Python eivaw exextdowun: av Eépete nidg va mpoypauuatiCete oe C eivar gukolo vo tpoobéoete uo véa,
evoouaTwuévy ouvaptnon 1 module otov interpreter, €ite yio vo ekTeAE0ETE KPLOLUES hetTovpyleg pe uéylot
TaVTNTa, eite Yo vo  ouvdéoeTe poypaupota Python e Biuiiodnies mov umopel vo eivar duabéoieg uovo oe
dv0dLKT| Lop@n (OTTwg o FLBALONKT YPApLK®VY Lo CUYKEKPLUEVO TTpoun0guTi)). MOAG KOMOETE TPOLYUOL-
LKA, popeite va ovvdéoete Tov Python interpreter oe po eqappoyn ypauuévn o C KoL vo T P OLULOTTOL|OETE
WG EMEKTOON 1] YAOOOO EVIOLMV YLOL QUTNV THV EQAPUOYN.

[Mopeumtovimng, 1 YAOooa anpe to dvoud g amd v ekmousti) tov BBC «Monty Python’s Flying Circus» ko
dev éyeL kKaulo oyéon e epmetd. H avagopd oe oketg Monty Python otnv texunpiwon oyl pdvo emtpémetal,
oA ko evBappuveTon!

Twpa mov eiote GhoL evBovotaouévor pe tnv Python, Oa Bélete va tnv eEetdoete e TePLOCOTEPEG AETTOUE-
peteg. Emetdn) o kohitepog Tpomog yia va LABETE (o YAWooo VoL VoL T YP1OLUOTTOOETE, 0 00N YOG eKUd-
Onong oag mtpookoiel va mtai&ete ue tov Python interpreter kaOwmg diafdlete.

210 eTOUEVO KEPALALO, EENYELTAL 1] WY OVIKT] TG XPYONG TOV interpreter. Auti] eivan pdhhov ety minpogopia,
oAG amopaltnTh Yo T oKLY TOV TAPAdELYILATWY TOV TOPOVOLATOVTAL ApYOTEPQ.

O vtdhoutog 08MYOG eKUAONONG ELOAYEL DLAPOPA YOPAKTNPLOTIKA TNG YADOOOG KoL ToOV cuathuatog Python
HECW TTAPOUdELYUATWYV, EEKLVOVTOG UE ATAEG EKPPAOELS, SNADOELG KoL THTTOUG dedouévmv, LG OLVAPTHOEWV
kat modules kou Téhog ayyiCovrag mponyuéveg £vvoleg Ommwg eSaipéaelg ko kKhaoelg wov kabopilovran amd

TOV ¥PNOT.

4 Kegadlawo 1. Avoiyovtag tnv 0pe&n caq



KEDAAAIO 2

Xpnoworowwvtag Tov Interpreter Tng Python

2.1 Kavovtag invoke tov Interpreter

O depunvéoag g Python eykabiototon ouviwg wg /usr/local/bin/python3. 14 og exelva to punyo-
viuota 0mov givan dtobéowog Batovtag /usr/local/bin ot dadpour avalitnong tov Unix shell oog
EMUITPETEL VAL TO EKKIVIOETE TANKTPOAOYDVTOG TNV EVTIOM):

[pythoniﬂ .14

oto shell.! Epdoov 1 emihoyi) Tov katordyou dmov Bpioketal o interpreter etval pua Aoy eyKaTdoTAONG,
Ko dAha uépm elval Thavde emKolvmvioTe (e Tov Tomttkd oag guru tg Python 1) tov duayelploti cuoTHUOTOG.
(mt.x., /usr/local/python gival o dNUOPANG eVOrLaKTLIKT TOTOOEGCL.)

e unyoviuora pe Windows dmov éxete eykartaotioel Ty Python amd to Microsoft Store, 1) evtol) python3.
14 0a eivan drabéoun. Edv éyete to mpdypaupa exkivnong py.exe launcher eykateomuévo, umopeite va ypn-
OLUOTTOLYOETE TV EVTOM) py. BA. setting-envvars yio Ghhovg tpdmovg exkivnong g Python.

H mtimktpordynon evog yopaxthpa téhovg apyetov (Control-D oto Unix, Control-z oto. Windows) otnv
KUpLaL ypauuy eviohmv ovorykdtel Tov interpreter va fyer pe undevikn kordortaon eE6dov. Edv autd dev Aet-
TovpYEL, popeite va Byeite artd Tov drepunvéa TANKTPOAOYDOVTOG TNV aKOLOVON EVIOM): quit ().

O duvatotnteg emeEepyaoiag ypauung tov interpreter septhaufdvouv interactive eeEepyooia, avikotd-
0TOO1 LOTOPLKOY KO CUUTTAPmWOT KMOLKA 0€ ovothuota tov vrootnpifovy tnv GNU Readline BipiuoOnk.
Towg 0 7o YP1Yopog Eheyyog Yo va deite av vtootnpileton 1) eneEepyaoio TG YPAUUG EVIOM®V EivaL va.
mKTpohoyNoeTe Cont rol-P oty mpmdTy ypauun eviohav Python mov hapufdvete. Eqv nyrnoet, éxete eme-
Eepyaoio ypouung eviohdvs BA. to mapdptnuo Awadoactikt) ExeEeoyacia Input kaw Avukatdotaon l6tootko
yio. eloayoyf oto dkTpa. EGv dev gaivetol vo cuppaiver timota 1) av nynoel to P, 1 eneEepyaocia g
vypauung eviohmv dev givan drabéaun. o pmopeite vo ypnopuomomoete wovo to backspace yio vor apoLpé-
OETE YOPAKTIPESG ATO TNV TPEXOVOA YPOULUY).

O interpreter Aettovpyel Kamwg dmtwg to Unix shell: 0tav kodeitow wa standard eicodo ouvdedepévn oe o
ovoKeLT tty, dLofALeL Ko eKTehel EVTOLEG AAMNAETLOPAOTIKG OTOV KaAelTOL [LE VO OPLOUO OVOUATOG O ELOV
1 ue éva apyeio wg standard €i00d0, dLaPdlel ko ektelel £va script amd avtd To ApyELo.

"Evog deUtepog TpOmog eKKivnong tov interpreter eival python —c command [arg] .. .,1 omoio ektehel
TLG EVTOMEG 0TO command, avdhoyo pe v emhoyy —c tou shell. Epocov or dnimoeig Python ouyvd tepiéyovy

! Z1o Unix, o Python 3.x interpreter atd mpoemhoyn Sev eival eyKaTeoTUEVOS e TO eKTEAEOLILO apyeio TTov ovopdletal python, éTot
mote vo. unv épyeton oe conflict pue éva exteréotpno Python 2.x mov eykabiotatal tavtodypova.
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Keva draotnuarta 1 GAAOVG XapaKTNPES oV eival eldLkoi Yo To shell, cuvnBwg ovvioTtatan va avagépete To
command 0T0 GUVOLO TOV.

Optopéva Python modules eivor emiong ypnouo wg scripts. Avtd wmwopotv va KAnBouv ¥p1oLuomoumvTag To
python -m module [arg] ..., 7o 0moio eKtehel To mnyalo apyelo yia To module oav vo. elyote ypdapet
TO TIMPES OVOUOL TOV, OTY] YPAUUY] EVTOLMYV.

‘Otav ypnowpomoteital £va script 0pyelo, UEPLKES POPEG Elval YPNOLUO VO UTOPELTE VoL EKTENETETE TO Script Ko
vo eLoél0gTe o€ interactive Aertoupyio uetd. Avtd WITOPEL VoL YIVEL TEPVDVTOG TO —1 JTPLY 0ITd TO Script.

‘Oleg oL eMNOYES TNG YPOUUNG EVTOLMV TTEPLYPAQOVTOL 0TO using-on-general.

2.1.1 Ewoaywyn Opiopatog

‘Otav givol yvwotd otov interpreter, To Gvopa Tov script Ko to TpOoOeTo OpLoUATA OTNV GUVEYELL UETATPETO-
vt o€ MoTa CUUBOLOCELPMY Kot EKYmPOUVTAL 0TV uetafAnty] argv oto module sy s. Mmopeite va omtoKT)-
0€TE TPOOPAON 08 OUTHY TV MOTO EKTEADVTOG TO import sys. To ufKog tg MoTag ivan TouldyLotov €vae
Otav dev divovraw script Ko dev divovtat opiopata, 10 sys.argv [0] eivor o kev) oupporooelpd. Otav to
dvopa Tou script divetow wg ' —' (wov onuaivel standard €ico0d0g), 10 sys.argv[0] opiletar wg '-". ‘Otov
YPTOLULOTOLELTOL T EVTOAT) —C,TO sys.argv[0]  “opifetar oe ' '—c'.Otav XpNOLUOTOLELTOL V) EVTOAR
-m, 10 sys.argv[0] opileTon wg to mApeg dvopa tov module mov Bpioketal. Ou emhoyég mov Ppédnkav
UETA TNV eVTOAN) —c 1) TO —m module dev Katovolmvovtan amd Tov eneSepyaoti| emhoydy Tov interpreter g
Python aAMG agijvovtol 0To sys . argv yio Ty evtoln 1) to module va to dtoyelpLoTei.

2.1.2 Interactive Aettoupyia

‘Otav duafdfovtar evtolég omd éva tty, o interpreter Méyetouw OTL BpioKeTon o€ interactive Aettovpyio. Ze auTh T
Lertovpyla VITeEVOUUITEL TV ETOUEVT EVTOAT| UE TNV kDot evToAr], ouviBmG Tpia cVUBOA HEYOAUTEPO (>>>).
YLOL TG YPOUUESG OUVEYELOG, VITeVOUUITEL ue T devtepevovoa eviolr, and mpoemhoyr| Tpelg teheieg (. . .). O
interpreter EKTUITWVEL £Vl UNVUUO. KOMMOOPLOUATOG TTOV avOpEPEL TOV apLtOUd €KO0ONG KoL (oL ELO0TTOINOT
TIVEVILOTIKOV SLKOLMUATMOV TTPLY EKTUITTMOEL TO TPDTO UHVULLOL

$ python3.14

Python 3.14 (default, April 4 2024, 09:25:04)

[GCC 10.2.0] on linux

Type "help", "copyright", "credits" or "license" for more information.
>>>

AToutoUuvToL YPoUIEG GUVEXELAG OTAY ELOGYETAL L0 KOTAOKELT) TTOA®V ypoauumv. Do mapdderyua piste wio.
uoTid o€ auThy Ty dhmwon 1 f:

>>> the_world_is_flat = True
>>> if the_world_ is_flat:
print ("Be careful not to fall off!")

Be careful not to fall off!

T epLocdtepa oxeTIKG e TNV interactive Aertovpyia, Ph. Awadpaotikn Asitovoyia.

2.2 O Interpreter kat To NeptBaiiov Tou

2.2.1 Kwdwkormoinon Nnyaiou Kwdwka

And mpoemhoyn, Ta Tyaio apyelo Python avuipetwniZovion og kwdikomomuéva oto UTF-8. Ze avtiv v
KWOLKOTO(NOM, OL YOPAKTNPEG TWV TEPLOOOTEPWV YAWOOMV 0TOV KOOUO UITOPOVV VAL XPNOLUOTOLN 000V To-
toypova oe literal oupuforocelpésg, avayvoploTKd KoL ool — ov Ko 1) TumLkt) Pfipiiodnkn ypnoipomotet
uovo yopaktipeg ASCII yioo avaryvwplotikd, o cupfoot mov pémel vo akohovbel 0molodnmote popntdg
Kddkag. T vo epgpavioel omotd OLoUG auTolg TOUG OPAKTIPES, TO MOYLOWKO ETTEEEPYOOLOG 0OG TPETEL VO,
ovayvopioel 0t to apyeto eivor UTF-8 ko mpémel vo Y p1OLUOTTOLEL Lol YPAUUOTOTELPE TTOV VO VITOGTNPILLEL
OMOVG TOVG YUPUKTIPES TOU APy Elov.

6 Kegahawo 2. Xpnotponowwvtag tov Interpreter tng Python
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[0 vor SNADOETE ol KwdLKOTToiNomn SLapopeTiKT| otd TV TPoemAeYUEV, Oa tpémet va tpootedel to eldk
ypouun oxoMmv wg mewtn ypouuy touv apyeiov. H ouvtogn sivou 1) eEfg:

[# —*— coding: encoding —*- ]

6oL 10 encoding gival €va amd o EyKupa codecs mov vootpitovrol amd v Python.

T Topdderyua, yio va diooete ot tpokertan va ypnowwomoinei n kwdikomoinon Windows-1252 , ) mpwth
ypouu Tov apyelov Tov mnyoiov Kodika Oa spémel vo eivau:

[# —*— coding: cpl252 —*- J

Mo eEaipeon otov Kavova first line eivon dtov o mnyaiog kmdukag Eexivd ue wa ypouuy) UNIX «shebang». Ze

QUTHV TNV TTEPLITTOON, 1) OMAwor kwdikomoinong Bo mpémel va mpootedel mg devTepT ypauy Tov apyeiov.
INo mopdderypo:

#!/usr/bin/env python3
# —*— coding: cpl252 —*-
YTOONHELWOELG

2.2. O Interpreter kat to MNMeptpaiiov Tou
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Mia Aturin Etoaywyn otnv Python

Zta akdrovba mapadeiypota, 1 €i00dog kan 1 £5080¢ Stakpivovial amd TNV TaPOVGia 1) TYY 0TToVsio prompts
(>>>xKat...): yio vo emovolaeTe To ToPAdELY A, TPETEL VO TAKTPOLOYTOETE TOL TTAVTA LETA TO prompt, OTav
avtd vtdpyers oL Ypouués Tov dev apyilovv pe prompt givor £€£0d0g atd Tov diepunvéa. Znueimon ot Evol
dEUTEPEVOV prompt LOVO TOU OE WLOL YPOUUY) OF VAL TTOPAOELYLOL ONUOEVEL OTL TTPETTEL VOL TTANKTPOAOYHOETE LLOL
KEVY] YPOUUT* QUTO YPNOLULOTTOLELTOL YL VO TEPUATIOETE L0 EVIOAT] TTOMDV YPOULDV.

TToM.G aTtd ToL TAPAdELYUATO 08 AUTOV TOV 00170, KO KO OUTA TTOV ELCAYOVTOL 0TO dLadPOCTIKO prompt,
mepéyouv oxoha. Ta oydha otnv Python Eekivolv pe tov yopaxthpa hashtag, #, koL ekteivovral uéypt To
TéAog ™G Ypauuns. 'Eva oy 0ho Wtopel vo epugavioTel 0TV apyn Wog OELpas 1 LETA otd Keva dLaothuoTo
1 KOdKa, al& OxL uéoa o pio ovuBorooelpd. 'Evag yapaktipog hashtag uéoa oe pia ovpporooelpd eivor
amhag €vag yapaktipag hashtag. Aedouévou 6t ta YOO ATOGKOTOVY GTNV OITOC0PVLOT TOV KOOLK KoL
dev gpunvevovtol artd v Python, propoiv va mapakeimovrol Katd Ty IANKTPoAOYN o TApadELYULATWY.

Mepikd mapadeiyporta:

# this is the first comment

spam = 1 # and this is the second comment
# ... and now a third!
text = "# This is not a comment because it's inside quotes."

3.1 Xpnowormnowwvtag tnv Python wg AplOpopnxavn

Ag dokipaoovue uepLkés amhéc eviohés tng Python. ZEekiviote Tov dlepunvEa Ko TEPLUEVETE TO TPMTO prompt,
*>>>", (Aev Oa wapeL oA YpOvo.)

3.1.1 ApBpoi

O diepunvéag hertovpyel wg pio ot aptdpounyovy: WITOPELTE VoL TANKTPOLOYNOETE Pict EKPPOLOT KL EKEIVOG
Oa ypdaper v Tpr). To CUVTOKTIKO Uiag £KQPaong eivor ammho: oL TEAEOTEG +, —, * KoL / UTOPOVV VL PN OL-
woztotnBouv yio TV eKTENEDT) ApOUNTIKOV TPaEewvs oL TapevOéoels ( () ) wrtopolv va xpnoomotnfovv yio
opadomoinon. I'a wapdderypor:

>>> 2 + 2
4

>>> 50 - 5*6
20

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> (50 — 5*6) / 4
5.0
>>> 8 / 5 # division always returns a floating-point number
1.6

Ou axéparor aplbpot (wt.y. 2, 4, 20) €xouv Tov TOTO int, oL apBuol pe dexadukd Yynepia (wt.y. 5.0, 1. 6) éxovv
ToVv TOmo float. ®a dovue TEPLOGOTEPQ YLOL TOVS OPLOUNTLKOVG TUITOUS 0pYOTEPQ OE QUTOV TOV 0N YO.

H duaipeon (/) mavra emotpépet éva float. T va kévete floor division (oképana dLaipean) KoL vo TdipeTe Eva
OKEPOLO ATOTEAEOLLOL, UTTOPELTE VA XPNOLUOTOLOETE TOV TeheoTH) // "« yia va unoloyloete To To

[

unddoino plag Srailpeong, YenolpomolnoTte ToOv TedeotTn %

>>> 17 / 3 # classic division returns a float
5.666666666666667

>>>

>>> 17 // 3 # floor division discards the fractional part
5

>>> 17 % 3 # the % operator returns the remainder of the division
2

>>> 5 * 3 + 2 # floored quotient * divisor + remainder

17

Stnv Python, eival equKTd va XpNOLLOTOW|0ETE TOV TEAEOTY * * Y10, VoL vtohoyioete duvapelg':

>>> 5 ** 2 # 5 squared

25

>>> 2 ** 7 # 2 to the power of 7
128

To ovuporo TG LoOTNTAG (=) XPNOLUOTOLETOL YLoL TV AVAOEDN MOG TWNG OE Mol LETABANTY. ZT1 CUVEXELd,
dev eupaviletol amoTéAEoUa TPLV Ao TO ETOUEVO dLOdPAOTIKO prompt:

>>> width = 20

>>> height = 5 * 9
>>> width * height
900

Av pia petafinti dev €xel «opLoTel» (dev g €xel amodobel kdmwora Tum), N Tpoomdbeia xpHong ™ Ba oog
dwoel éva opahua:

>>> n # try to access an undefined variable
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: name 'n' is not defined

Yrapyer miipng vwoot)plEn yio dexadikd Ynias TeEAEOTEG 1 TELEGTEOUS (UKTOV TUTTOU UETATPETOUV TOV
OKEPOLO TENEOTED 0€ BEKAUDLKO:

>> 4 * 3,75 - 1
14.0

211 SLadPaOTLKY) AELTOVPYIQL, 1) TELEVTALA EKTUTTMUEVY EK(PPAOY] EKYXWPELTAL OTY UETAPINTY _. AVTO onpai-
vel 0TL Otav ypnowwortoteite Tv Python mg apBuounyovn ypogeiov, eivol KATme o e0KOAO VoL GUVEYIOETE
TTPONYOVUEVOUG VUTTOROYLOUOVG, VL0 TTOPAdELYOL:

1 Aedopévou 6TL 1o ** éxel peyaliTepn TpoTepatdTNTa atd To —, To —3**2 Bo eppvevTel wg — (3**2) Kou £TolL Oa TpoKPeL —9.
T va To amopiyYeTe auTod Ko VoL TAPETE 9, (ITOPELTE VO YPNOLUOTTOOETE (—3) **2.

10 Kegahawo 3. Mia Atunn Elocaywyn otnv Python
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>>> tax = 12.5 / 100
>>> price = 100.50
>>> price tax
12.5625

>>> price +
113.0625
>>> round(_, 2)
113.06

*

J

Avti M petofAnT O TPEmEL VO AVTLUETMITITETOL 0T TOV YPNOTH MG WOVO VLo ovayVmaon. Mnv tng avobétete
PNTA wo ) — o dNULovpyYoVoaTE o AVEEAPTITY) TOTILKT UETAPANTY) 1E TO (810 dVoua OTOKPUTTOVTOG
TNV EVOOUATOUEVT] UETABANTY UE TN HOYLKY] TG CUUTEPLPOPA.

Extog and int wou float, N Python vmootnpiler kol ddhovg timovg apbumy, 6mtwg Decimal ko
Fraction. H Python éygi emiong evoopatmuévi vrootplEn yio complex numbers (uyadikotg aptbuovc),
KaL YpNotomotel Ty Katdngn j ) J yia va SnAdoeL 1o pavtaotikd uépog (m.y. 3+57).

3.1.2 Keipevo

H Python popei va xelpLotel Keipevo (FTov avTmposmteVETOL Ao TOV TUTTO St T, TG AeYOUEVEG «GUUPBONOOEL-
péc») KoM Kat apduovsg. Autd mephapuBdver xopakThpeg « ! », MEEIG «xoUvEA L», ovopaTo «lapioi»,

TPOTAOELG «KAAUNTW TG viTA 00U.», KA. «Nat! :)». Mmopolv va eptkhelovial o€ Lova eLoaymyLkd
("...") N dumhéd elooyoykd (" . . . ") ue To idlo amotéheopo’.

>>> 'spam eggs' # single quotes )
'spam eggs'

>>> "Paris rabbit got your back :)! Yay!" # double quotes

'Paris rabbit got your back :)! Yay!'

>>> '1975'" # digits and numerals enclosed in quotes are also strings

'1975"

J

To vo tpooBécovpie £va eLoaywyLKO, TPETEL VOL TO «KAVOUUE escaper, TPOTAToovTAg Tou pia \. Evalloktikd,
WTOPOVUE VAL YPNOLULOTTOL|COUUE TOV GALO TUTTO ELOOLYMYLKMDV:

>>> 'doesn\'t' # use \' to escape the single quote...
"doesn't"

>>> "doesn't" # ...or use double quotes instead
"doesn't"

>>> '"Yes," they said.'

'"Yes," they said.'

>>> "\"Yes, \" they said."
'"Yes," they said.'

>>> ""Isn\'t," they said.'
'""Isn\'t," they said.’

Zto shell tg Python, o opioudg ovporooelpds ko 1 oupforooelpd £680v wropei va potdfouv dLapopetikd.
H ovvdptnon print () mapdyel o o evavayvwotr) ££080, TAPUAEITOVTOG TO ELOAYMYLKE TTOV TEPIKAEL-
OVV TNV OVUPBOLOCELPE KoL EKTUTOVOVTOG escaped Ko eLOLKOVG XoPUKTNPES:

>>> 5 = 'First line.\nSecond line.' # \n means newline

>>> s # without print (), special characters are included in the string
'First line.\nSecond line.'

>>> print (s) # with print (), special characters are interpreted, so \n.
—produces new line

(ouvéyea otV enopevn oehida)

2 e avtifeon te GAAEG YADOOES, OL ELOLKOL YOPOUKTHPEG OIS TO \n £X0VV TNV idLa oNooic TOo0 pe oA (' . . . ') 600 KoL pe SThd
("...") swayoykd. H pdvn dapopd ueta€d tov 8vo eivar 6tL uéoa o amhd eloaywylkd dev xperdletor vo amoguyete T " (el
npémeL va amo@UYeTe T \ ') KOL TO OVTLOTPOQO.

3.1. Xpnowonowwvtag tnv Python wg AptBuopnxavn 11
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
First line.
Second line.

Edv dev 0éhete oL (apakTNPES TOV TPONYOUVTOL OITd tict \ var epunveVoVToL MG ELOLKOL XOPUKTNPES, WTOPELTE
VO PN OUWOTTOLNOETE AKATEQYAGTES GUUBOAOGELOES TIPOTOETOVTOG £Val T TTPLV AT TO TPMTO ELTAYWYLKO:

>>> print ('C:\some\name') # here \n means newline!
C:\some

ame

>>> print (r'C:\some\name') # note the r before the quote
C:\some\name

Ymapyel po SUodLAKPLTY TTTUYY OTLS OKOTEPYOOTES OUUPBOMOOELPES: ULOL OKATEPYALOTY OVUPBOAOOELPG dEV UITo-
pEl va TeELELwVEL € TTePLTtd aptBud yopaxkthpwv \” deite To Muuo twv Zvyxvdv Epotioswv yio teploodtepeg
TMNPOPOpLES Ko AIOELS.

O cupBorooelpég KupLoreEiog nropotv va Kodumtouy ToAEg ypouués. "Evag tpomog eival ypnoomotdvog
TPWTAG ELOOY@YLKA: """ .. "t T O OopaKTHPESG O0TO TEAOG TV YPOUIMY cuumepthadvo-
VTOL QUTOROTO 0TV GUUBONOCELPA, OAAG eivar epukTd va To aotpéyete autd Tpoabétovtag pia \ oto Téhog
™G YPOUUNG. 210 akOhovbo TapAdELyYIa, 1) apYLKY VEX Ypauuy OeV TEPLAAUPAVETOL:

>>> print ("""\
Usage: thingy [OPTIONS]
-h Display this usage message
—H hostname Hostname to connect to

nn H)

Usage: thingy [OPTIONS]
-h Display this usage message
—-H hostname Hostname to connect to

>>>

J

Ot ovuBorooelpég wropotv var ouvdedotv (KonBovv n wiot otnv GAN) pe Tov TeEAeoTH +, KOL VO ETTAVOAN-
OOV ue ToV TEAEOTN *:

>>> # 3 times 'un', followed by 'ium'
>> 3 * 'un' + 'ium'
'unununium'

Ao 1) mopardve cugfolocelpés (tov mepikheioviol oe eloaywytkd) M pio distho oty GAln cuvdgovtal av-
TouaTa.

>>> 'Py' 'thon'
'Python'

Avti 1 Aettoupyia eivar daitepa yphoun otav Bélete va omdoete peydheg ouUBOLOOELPES:

>>> text = ('Put several strings within parentheses '
c. 'to have them joined together.')

>>> text
'Put several strings within parentheses to have them joined together.'

Q0t600, 0VTO AELTOUPYEL LOVO e KUPLOAEKTIKEG GUUBOAOOELPES, OYL e UETOPANTES 1) EKPPAOELS:

>>> prefix = 'Py'
>>> prefix 'thon' # can't concatenate a variable and a string literal
File "<stdin>", line 1
prefix 'thon'

(ouvéyela oty eV oehida)
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AAAAAN

SyntaxError: invalid syntax

>>> ('un' * 3) 'ium'
File "<stdin>", line 1
('un' * 3) 'ium'

AAAAA

SyntaxError: invalid syntax

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

J

Av 0éhete va ouvdéoete PETAPBANTEG 1) wio HETAPANT Ko pict KupLlohekTiky) ouUPBOLOCELPA, XPNOLUOTOLOTE
TO +:

>>> prefix + 'thon'
'Python'

Ot oupporooelpég umopovv va. gival mooomeddoiues (LEOW EVPETNPLOV), UE TOV TTPDTO YOPAKTHPA VO EXEL TOV

deixtn 0. Agv vitapyel Eexwplotdg THITOG YLo. XOPAKTHPES £VOG XOPAKTHPAG Eival OmA®G piao ovufohoocelpd.
ue uéyebog éva:

>>> word = 'Python'

>>> word[0] # character in position 0
IPI

>>> word[5] # character in position 5
'n'

O deixteg wropovv va eivor ko apvnTikoi aptbuol, yia vo Eekivioete v apibunon amxd to deEud:

>>> word[—-1] # last character

ln'

>>> word[—2] # second-last character
lol

>>> word[—-6]

'P'

Inuerdote 6t 0pov to -0 givar To idlo pe to 0, ou apvitikoi deikteg Eekivouv amod To -1.

Extog amd v eupemnpiaon, vrootpiletal emiong o reuaytouds. Eva n eupetnplaon yp1oLuomoLeitoL yio
TNV ATTOKTION UEUOVOUEVMV YOPAKTNPWV, O TEUAYLGUOS OOG EMTPETEL VA OTTOKTYOETE €VAG UEPOG TNG CUU-
Bolooelpdg:

>>> word[0:2] # characters from position 0 (included) to 2 (excluded)
lel

>>> word[2:5] # characters from position 2 (included) to 5 (excluded)
'tho'

O deixTeg £VOG TELAYLOUOV EXOUV YPTOLUES TPOETUAOYEGe 1) TTOPAAEPY) TOV TTPMTOV SEKTN EXEL WG TPOETL-
royn to undév, N mapdherpn tov devtepou delkTn €xeL g mpoemAoyy To uéyebog g ouuBorooELPAS TOVY
tepayileTo.

>>> word[:2] # character from the beginning to position 2 (excluded)
lel

>>> word[4:] # characters from position 4 (included) to the end

'OH'

>>> word[—-2:] # characters from the second-last (included) to the end
'On'

[poo£Ete mig 1 apyn Tephaufavetal Tava, evd to Téhog thvta eEatpeitar. Avtd eEaopolifetdtitos [ 1]
+ s[i:] elvow mdvta i0o pe s:
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>>> word[:2] + word[2:]
'Python'
>>> word[:4] + word[4:]
'Python'

'Evog 1p0mog vo. Bupdote madg heLttoupyoUv oL TERaYLoUOL elval vo. oke@Telte OTL oL delkteg delyvouv uetad
YOPAKTHPWYV, UE TO APLOTEPO GKPO TOU TPDTOU YopakThpa va aptbueitor pe 0. Tdte o deE1d Gxpo Tou Te-
LEVTOLOV XOPAKTNPO. OGS GVUBOAOOELPAG V XAPAKTNPMY EXEL DELKTN v, Y10 TOPAELYILOL:

fo——pm o
' Pl yl t ]| h|oln|
Fo———— - ————+
0 1 2 3 4 5 6

=6 =5 =4 =3 =2 =i

H mpwt oepd apBuwv diver ™) B€on twv detktov 0...6 otnv ovppolooelpde M dettepn oepd divel Toug
avTioToLovg apvnTikovg deikteg. O Tepaytonos amd i wg j amoteleital amrd GLOVS TOUG YUPOKTHPES UETAEY
TOV GKPOV UE ETIKETES KO J, AVTLOTOLYO.

Toe un opvnTkovs deikTeg, TO UNKOG EVOG TEUAYLOUOU glval 1 dLapopd Tmv delkTdV, edv KoL oL Vo eival
evtog TV opimv. T'ia wapdderyna, To uKog tov word [1: 3] elvor 2.

H amdmepa xpnong evog ol peyahov deiktn Oo 0dNyNoEL o€ opdipa:

>>> word([42] # the word only has 6 characters
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
IndexError: string index out of range

Q0t000, oL delKTEG EKTOG EVPOVS OVTIUETOIULOVTOL YWPLG GPANULL OTOV Y PNOLUOTOLOVVTOL YLOL TEUOYLOUOVG:

>>> word[4:42]

on

>>> word[42:]

Ou ovuforooelpég g Python dev pmopotv vo alhdEovv — eivaw immutable. Emouévwg, 1 avabeon oe wio
oUYKeKPLUEVY B€0m ot ovpolooelpd odnyel oe opdiua:

>>> word[0] = 'J'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment
>>> word[2:] = 'py'
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: 'str' object does not support item assignment

Edv ypeidleote pia diagpopetikl) oupporooelpd, Oa mpémer vo SULovpYoeTe (o véa:

>>> '"J' + word[1l:]
'Jython'

>>> word[:2] + 'py'
'"Pypy’

H evoouatmuévn ovvdpton len () €mOTPEPEL TO UNKOG Wag GUUBOROOELPAG:
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>>> s = 'supercalifragilisticexpialidocious'
>>> len(s)
34

e Acire emiong

textseq
O cuppolooelpég eivar mapadeiyuato tdxzwv akorovbiog Kow vtooTnpilovy Tig KowEg mpdEelg o
VITOOTNPLLOVTOL ATTO TETOLOVG TUITOVG.

string-methods
Ot ovuBorooeLpEg VITOGTNPLLOVY EVOV HEYUAO 0pLOUO HeBOdWV YO BAOLKOVG UETAOYNUATLONOVG KOl
ovalnmon.

f-strings
Kuprohektikéc oupfohooelpés mov £Xouv EVOWUATWUEVES EKPPACELS.

formatstrings
[Tnpopopieg OXETIKA (L€ TN LOPPOTTOiINGT CUUBOROCELPWV e TH uéBodo str. format ().

old-string-formatting
O tahég hettovpyieg nop@omoinong mov Kahovvrar dtav oL GUUBOLOCELPEG ElVOL O OPLOTEPOG TE-
LEOTEOG TOV TEAEOTH % TTEPLYPAPOVTAL METTOUEPETTEPDL EOD.

3.1.3 Aioteq

H Python yvopiCel évav aplOpd cdvletwv THmwv dedOUEVMY, TOU YPNOLLOTOLOUVTOL VLo THY OUOd0TONOoT
AoV Tu®v. O 0 gVEMKTOG ival 0 TUTOG AloTa, 0 0TTOLOG WITOPEL VO YPOPTEL WG Lot AMoTa SLoympLoué-
VOV Ue KOUUa Tudv (oToLelwv) avaueoo oe tetpdywveg aykivhes. Ou MoTeg UTopel va TepLéyovy atoyeio
dLapopeTtkmv THmV, odhd ouvnbmg dha Ta. otoryeia Exouv Tov 1dLo TuTo.

>>> squares = [1, 4, 9, 16, 25]
>>> squares
[0 4,9, 156, = 25]]

‘Ontwg oL ovuPorooeLpés (Kot OAOL 0L GALOL EVOWUATWUEVOL TUTTOL seqience), oL MOTeG WTOPoUV Vo, HELKTOSO0-
™O0VV KL VO TEUALYLOTOVV:

>>> squares[0] # indexing returns the item

1

>>> squares[—1]

25

>>> squares[-3:] # slicing returns a new list
[9, 16, 25]

O Moteg vmootnpilovv exiong hettovpyleg Omtmg ovvdeon:

>>> squares + [36, 49, 64, 81, 100]
(1, 4, 9, 16, 25, 36, 49, 64, 81, 100]

Ze avtibeon pe tg ovuPorooelpés, oL omoieg elvar immutable, oL Moteg elvar mutable TOmog, dnhod1 elvon
duvatdv vo aAMGEETE TO TTEPLEYOUEVO TOVG:

>>> cubes = [1, 8, 27, 65, 125] # something's wrong here
>>> 4 ** 3 # the cube of 4 is 64, not 65!

64

>>> cubes[3] = 64 # replace the wrong value

(OuVEyELD TNV ETTOUEVT] GEMDO)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> cubes
(1, 8, 27, 64, 125]

Mropeite emiong va mpocOéoete véa otolyeia 010 TEA0G TG MOoTOg, PNoLoTolwvTag TV wébodo list .
append () (Ba dovue mepLocdTEPQ VIO TLG UEBOOOVG QP YOTEPQL):

>>> cubes.append(216) # add the cube of 6
>>> cubes.append (7 ** 3) # and the cube of 7
>>> cubes

(1, 8, 27, 64, 125, 216, 343]

H amhf avaBeor otnv Python dev avtrypdgel moté dedouéva. Otav avabétete o Moto oe o petafint,
1 UETOPINTN avapépeTor otV vadoyovoa Alota. Omoleadnmote alhayég KAvete ot Moto Héow Wog UETa-
BANTIG O Yivouy ovTiMNTTéS 0TTd OAES TIG GANES UETOPANTES TTOU AVAPEPOVTAL € OUTHV:

>>> rgb = ["Red", "Green", "Blue"]

>>> rgba = rgb

>>> id(rgb) == id(rgba) # they reference the same object
True

>>> rgba.append ("Alph")

>>> rgb

["Red", "Green"’ "Blue", "Alphﬂl

J

‘O)ot oL Tepay ool EMLOTPEPOLVY e VEO AOTO TTOV TTepLEXEL Ta TnTovueva otoLyelo. Autd onuaiver Ot o
akolovBog TepoyLlonogs emotpéel éva shallow copy (pnyd avtiypago) g Alotag:

>>> correct_rgba = rgbal:]

>>> correct_rgba[-1] = "Alpha"
>>> correct_rgba

["Red", "Green", "Blue", "Alpha"]
>>> rgba

["Red", |lGreen"’ "Blue", "Alphﬂl

J

H avaBeom og tepoyiopog eivan emtiong duvati), Kot outd wropel akoun ko va odddEel to péyebog tng Motog
1N va ™ dtorypdapel eviehdS:

>>> letters = ['a', 'b', 'c', 'd', 'e', 'f', 'g'l]
>>> letters

['a', 'b', 'c¢', 'd', 'e', 'f', 'g'l]

>>> # replace some values

>>> letters[2:5] = ['C', 'D', 'E']

>>> letters

[va', "', ‘€', "DV, "EY, V£V, "g"]

>>> # now remove them

>>> letters[2:5] = []

>>> letters

[‘a', 'b', 'f', 'g']

>>> # clear the 1list by replacing all the elements with an empty 1list
>>> letters[:] = []

>>> letters

[]

H evowpatmuévn ovvdpton len () epapudletar emiong otig MoTeg:

>>> letters = ['a', 'b', 'c', 'd']
>>> len (letters)
4
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Elvau

duvatd va epupmretoste MoTeg (Vo dNovpyoeTe AMoTeg Tov TepLéyovy dAleg MoTeg), Yo mopdderypos:

>>>
>>>
>>>
>>>

— [Va', lbl, VCV]

3.2

Mpwta Bripata Mpog Tov Npoypappatiopo

Duoikd, pmopovue va ypnowomoloouvpe v Python yio o mepimhokeg epyaoieg amd tnv mpdabeon dvo ko
dvo pati. o wopdderyuo, LropoVue va ypdpouue pua apyLky vo-oeLpd tg 2elpds Fibonacci wg akohovOei:

>>>
>>>
>>>
>>>

Qo U w NP PO

# Fibonacci series:
# the sum of two elements defines the next
a, b =20, 1
while a < 10:
print (a)
a, b ="Db, atb

Avto

TO TOPADELYLOL ELOAYEL DLAPOPOL VEX Y APOKTPLOTLKA.

H npotn ypouun wepléyet o toAlamin avdOeon: oL ueTafANTéG a KoL b TaipvouV TOUTOY POV TIG VEEG
Tég 0 ko 1. Tty tehevtaia ypauu autd xpnouoroteiton Eavd, amodetkviovtag 0Tl oL EKQEPAOELS OTH|
8eE14 mheupd aElohoyouvtor Oleg TPwTa TTPLY Yiver omoladnote avabeor. O ekppdoelg oty deELd
mhevpd aEtohoyotvian amd aplotepd Tpog To. dekLd.

O BpoOyoc while ekteheitan 600 1 cuvOHKN (edm: a < 10) mapapéver aindmfg. Ztnv Python, dmwg ko
ot C, omoLadnmoTe pun undeviki aképoro tun eivor alndng, to undév eivar Yevdéc. H ouvOnkn umopel
emiong va elval o ovpPorooelpd 1 wo Mota, oty TpayuattkdTnTa 0molodnmote akolovdioe otdN-
TTOTE UE U UNndeVLKO ufKog elvat aindég, kevég axorovbieg eival Pevdeig. To TEGT TOU XPNOLUOTOLELTOL
070 mapaderywo ebvor o oty ovykpLot. O Tumikol TeleoTtég ovyKpLomg Ypagovial émtwg oty C: <
(wkpoTEPO aTd), > (UEYahiTepo amtd), == (100 pe), <= (UKpdTEPO 1) (00 pE), >= (UeYorUTEPO 1) (00 LE)
Ko = (un ioo ue).

210 odua Tov Ppdyov vtdpyel ecoyi: M ecoxn elvor o Tpdmog tg Python va opadomolel evtorés. Zto
dLadpaoTIKO prompt, TPETEL VoL TANKTPOoLoYNHoeTE £va tab 1 kevo(a) yia KdOe ypouur| pe ecoyr. Ztnv
tpdEN Ba TpoetoLudoeTe Mo mePLTAOKES eLoaymYEG Yo TV Python pe évav eneEepyaoti) kepévous dhot
ot 0Elompemeig emeSepyaoTtég Kelwévou dLabETouv Ty duvatdTTa AVTOHOTNG £00YHS. ‘Otav elodysTon
o oVvOeTN eVTOLT) dLadPAOTIKA, TPEmEL Vo aKOAOVOETAL OTTO (oL KEVT YPOUU VLo VO VITOdMADVEL
™V 0AOKMP®ON (0poV 0 CVVTOKTIKOG AvaAVTIG dev umopel vor LavtéPel tote TANKTPOhOYHoATE TV
tehevtaia ypauuy). Enuetmon ot kaOe ypouur uéoa oe €va Paotkd umhok mpémerl vo £xeL Ty ido
€0oyN).

H ouvapmon print () ypdpel v T Touv(tmv) opiocpatog(mv) mov g divetal. ALapépEL oo To Vo

vphpeTe amhig TV EKPPooT Tov BéAeTe va ypdpete (Omwg Kavape vopitepo oTo Topadelylota tg
apLOUOUNYOVIG) OTOV TPOTO e TOV 0TT0L0 YELPILETOL TOMATAG OplopaTa, AptOUoVs (e dekadLkd Yrpio
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Ko ovpBorooelpéc. Ou GUUBOLOTELPES EKTUTTMVOVTOL YWPLG ELOAYMYLKA, KoL £va Kevld mapeupdiieTon
UETAED TWV OTOLYELWY, DOTE VO, UTOPELTE VO LOPPOTTOOETE TA TPAYUATO. OUOPPQ, OTWG e8M:

>>> 1 = 256*256
>>> print ('The value of 1 is', 1)
The value of i1 is 65536

To 6propa-Kheldi end (WTopel va Xp1NoLuoTotn0gl Yo TV 0IroQuyy TG VEAG YPAUUNG UETA THV £E080, 1)
Yo VO, TELELDOETE TNV £5080 e tLol SLopopeTLKY cuIBOoLOoELPA:

>>> a, b =0, 1

>>> while a < 1000:
print (a, end=',")
a, b ="Db, atb

0,1,1,2,3,5,8,13,21,34,55,89,144,233,377,610, 987,

YTOONHELWOELG
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KE®ANAIO 4

[Meploodtepa epyalela EAEYXoU Pong

Extog and ) npdtaon while mov wodhg eonydn, n Python ypnowomolel puepikég oxdun mov Ha ouvovt-
OOVLE O€ OUTO TO KEPAAOLO.

4.1 Mpotaocelg if

Towg 0 mo Yvwotdg TUmog statement eivan 1 TpodToon i f. o wopdderyuo:

>>> x = int (input ("Please enter an integer: "))
Please enter an integer: 42
>>> if x < 0:

x =0

print ('Negative changed to zero')
elif x ==

print ('Zero')
elif x ==

print ('Single')
else:

print ('More')

More

Mitopei va vitdpyovv undév 1 meprocotepa uépn elif kaw to Tuuo else sivan mpoarpetikd. To keyword
“elif” eival ouvtopoypapio Tou “else if”, Ko givar ypNoun yio va amo@uyete Ty viepfolkn ecoyn. Mia
akolovBio keyword:/if ... e1if ... elif ... €lvol VTOKATACTOTO TOV INADOEWV swWitch 1] case mov vdp-
YOUV o€ dMAeg YADOOEC.

Edv ouykpivete v idia tiun pe mohhég otabepég 1 eLEYYETE Y100 OUYKEKPLUEVOUG TUTTOUG N XOLPOKTNPLOTIKA,

wropel extiong vo. peite ypnoun ™ dMMiwon mat ch T epLoodTepeg hemrouépeles, avotpeEte oto Ilpotdoeis
match.

4.2 lMpotdaocelg for

H dMlwon for omv Python diapéper Aiyo amd avtd mov umopel va €xete ouvnbioer ot C 1 otnv Pascal.
Avti vo emavahappavete mdvro wa optdunTtikn wpododo aptbuwv (0mwg ot Pascal) 1] va divete otov ypnotn
™ duvatodTTa Vo 0pioeL TOoO To Prra emavddnyng 600 Kau T cuvOhkn dwakomng (dtwg C),n dnhwon g
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Python for emavolappdvetot wévm amd To ototyeia omolaodnmote akolovbiog (AMotag 1 ovuporocelpdc),
UE T1) OELPA TTOV eppaviCovtor oty akolovbia. [N wopdderyuo (xwpic Aoyomaiyvio):

>>> # Measure some sStrings:
>>> words = ['cat', 'window', 'defenestrate']
>>> for w in words:
print (w, len(w))
cat 3
window 6
defenestrate 12

J

O K®OLKOG TTOV TPOTOTOLEL (oL CVALOYT) EVD mavalapuBaveTol Tavm oo Ty idla culhoyy wopel vo eivor
dVoKohOG YLO VA YiveL OwOTOC. Avtifeta, gival ouvnBmg mtlo amhd va kdvete loop mdvo amd éva aviypogo
oulLoYNG 1] Vo dSnuLovpyfoeTe uo. véo GuALoYY|:

# Create a sample collection
users = {'Hans': 'active', 'Eléonore': 'inactive', '@E@': 'active'}

# Strategy: Iterate over a copy
for user, status in users.copy () .items () :
if status == 'inactive':
del users|[user]

# Strategy: Create a new collection
active_users = {}
for user, status in users.items|() :
if status == 'active':
active_users[user] = status

4.3 H ocuvaptnon range ()

Edv ypeldleton vo kavete emavddnymn oe o akolovdio aplbuav, n evoopatwuévr (built-in) ovvdptnon
range () eival xpnown. Anuovpyei optduntikéc tpoddovg:

>>> for i in range (5):
print (i)

s w D PO

J

To dedopévo teko onueio dev amotedrel ToTé H€Pog TG Topayouevng akohovdiag to range (10) dnuovp-
vet 10 Tuég, Toug delkteg yia otouyela wog axohovbiog unkovg 10. Eivor duvatdv va agnoouvue to 0pog va
Eekwva ammd adho apbud 1 yio vo Kabopioete o dLopopetikn) TpocaiEnon (aKoun Kot opvnTiKY), LePLKES
popég avtd ovoudleton “fua’”):

>>> list (range (5, 10))
[5, 6, 7, 8, 9]

>>> list (range (0, 10, 3))
[0, 3, 6, 9]

>>> list (range (=10, -100, -30))
[-10, —-40, -70]
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T vo. yivouv iterate ou deixteg o axolovdiag, umopeite va ovvdvaoeTe TIg range () koL len () wg eEng:

>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i in range(len(a)):
print (i, aflil)

Mary
had

a
little
lamb

s w N PO

ZTG TEPLOCOTEPEG TETOLEG TEPLITTOOELS, MOTO0O, €ivar BOAKO VO YPNOLUOTOLNOETE TH OLVAPTNON
enumerate (), deite Teyvikés Looping.

"Eval 7tepiepyo Tplyua GUUBOiveL v amhdg EKTUTIMOETE €VOL range:

>>> range (10)
range (0, 10)

Me 7orM0UG TPOTOUG TO UVTLKELUEVO TTOV EMLOTPEPETAL ATtd TO range () CUUTEPLPEPETAL OOV VO ELVAL (WO
Mota, ahhd otV mpaypotikotta dev eivat. Eivol éva avtikelpevo mov emotpépel to. dLadoyLkd oTtoLyeia
™G emBbuun g akolovBiog OTav KAVeTe emavalm Tavm Tov, ald dev waivel Tpayuotikd ot Alota,
£E0oLKOVOUMVTOG £T0L X DPO.

Aépe 6t éva TETolo avTikeluevo eiva iferable, SMAadY), KATAAMNAO MG GTOYOG VLA CUVAPTNOELS KOL KATOOKEVEG
IOV FEPLUEVOLY KATL 0TTO TO 0IT0L0 UITopovv va Mafovy dtadoyLkd otoryeio uéypl vo eEovtinbei 1) tpoopopd.
Eidape 6tL 1 dNhwon for elvor (o T€Too KOTaokKeuT, Ve £vo ToPAdELya GUVAPTHONG TTOV TALPVEL EVaL
iterable eivoum sum () :

>>> sum(range (4)) #0 + 1 + 2 + 3
6

Apyodtepa 0o dovue mEPLOCOTEPES GUVOPTHOELS TTOV ETLOTPEPOUV iterables ko Aapupdvovy Toug iterables wg
opiopata. 210 Kedhao Aoués Aedouévaov, Bo ouintmoovue Aemtopepéotepa Yo to 1ist ().

4.4 break Kal continue lNpotacelq

H dhwon break Eepetryer amd Tov mo eomteptko Ppoyo for | while:

>>> for n in range (2, 10):
for x in range (2, n):

if n % == 0:
print (f"{n} equals {x} * {n//x}")
break
4 equals 2 * 2
6 equals 2 * 3
8 equals 2 * 4
9 equals 3 * 3

H dAwon cont inue ovveyiletol ue v emOuevy exavainrn tov fpoyov:

>>> for num in range (2, 10):
if num % 2 ==
print (f"Found an even number {num}")
continue

print (f"Found an odd number {num}")

(ouvéyela oty eV oehida)

4.4. break Kal continue lNpotdcelq 21
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
Found an even number 2
Found an odd number 3
Found an even number 4
Found an odd number 5
Found an even number 6
Found an odd number 7
Found an even number 8
Found an odd number 9

4.5 else Pritpeg otoug BpoXouqg
Ze évav Bpoyo for 1 while 1 mpdtoon break wropei vo ovvdvaotel ue (o podtoon else. Eav o fpdyog
TELELMOEL YWPLS Vo eKTENEDTEL 1] break, ekteheitol 0 Opog else.

e évav Bpoyo for, N mpdtaon else ekteheital agpov o fpdyog OLOKANPMCEL TNV TEMKT| TOV eavainym,
dMhadn av dev onuelwbel ddhelupa.

Ze évav Bpoyo while, exteleiton ool 1 cuvofKn tov Bpdyou elvar Pevdic.

e omotodfmote eidog Bpoyou, N mpodTaot else dev ekteleiton eGv o Bpoyog TEPUATIOTNKE He o AEEN
break. ®votkd, GALOL TPOTOL YLOL VO TEPUOTIOETE VOPIG TOV Bpdy0, OTTmg éva return 1 wo avEnuévy eEai-
peon, Ba mapakdupouv eiong ™V ektéleo g mpdtaong else.

Avtd amoderkvieTor otov akorlovbo Bpodyo for, mov avalntd TpdTovg apLduovg:

>>> for n in range (2, 10):
for x in range (2, n):
if n $ x == 0:
print (n, 'equals', x, '"*', n//x)
break
else:
# loop fell through without finding a factor

print(n, 'is a prime number')

is a prime number
is a prime number
equals 2 * 2
is a prime number
equals 2 * 3
is a prime number
equals 2 * 4

O 00 J o U i W N -

equals 3 * 3

J

(Naw, ovtdg givar 0 owotdg kndikag. KottdEre mpooektikd: 1 mpdtaon else avikel otov Bpdyo for, oyt
ot dMhwon if.)

"Evag Tpdmog yio. vo. OKEQTOUUE TV prtpa else eival va ) pavtaotodue o oVLevEN ue to if péoa otov
Bpoyo. Kabwg exteheitan o fpodyog, Oa exteléoel wa akohovBia omwg if/if/if/else. To 1 £ BplokeTon uéoa oTov
Bpdyo, ovvavtdton Tolég popéc. Edv 1 ouvOnkn eivon moté aindvg, Oa ovufei break. Edv 1) ouvOnkn dev
elval woté alnd1g, Oa exteleaTel 0 0pog el se ekTdg TOV BPOYOUL.

‘Otav xpnouomoteitor ue Evav Bpoyo, n tpdtaon else €xel mePLo0OTEPA KOLVA L TNV TPATOON else Wag
pdTaoNG try TOPd pe outny TV statements 1 £ 1) TPOTOON else WG try eKTEAEITOL OTOV dEV VTTAPYEL
eSaipeomn, Kau M mpdtaon else evog Ppdyov exteleitar dtav dev vmapyel break. Ta meploodTepa pe ™
dMiwon try ko Tig eEaupéoeig, deite Awayeioion EEapéocwmv.
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4.6 MNpotaoelg pass

H 0Mlwon pass dev Kavel timota. Mmopel va ypnoLpuomomOel 0Tov amonteitol ovvtakTkd wa tpdtaom,

oAG To TPOYpauu dev amartel Kapio evépyera. o mopdderypa:

>>> while True:

pass # Busy-wait for keyboard interrupt

(Ctrl+C)

Avutd ypnopomoleiton ouvvihBmg yio T dnuovpyio e LoTwv KAAOEWV:

>>> class MyEmptyClass:

pass

J

"Eva Mo WEPOg pass ou WItopel va. xpnotpomoOei eivor wg place-holder yio puat ovvéptnomn 1) to oduo vd
Opovg Otav epyAleote 0g VEO KMOLKQ, ETLTPETOVTAS O VO, OUVEYIOETE VO OKEPTEDTE OF £VAL TTLO QLPNPNUEVO

eninedo. To pass ayvoeitonl olwanid:

>>> def initlog(*args) :
pass # Remember to implement this!

4.7 TMpotaocelg match

Mo Hhworn mat ch maipvel o EKQPooT KoL GUYKPIVEL TNV Ty TG 1e dtodoykd potifo wov divovtal g
éva 1) TePLoaOTEPO WIThOK TTELMV-KEPALOLWV. AUTN ELvaLL ETLPAVELOKE TAPOUOLOL e pLat TpdTaon switch oty
C, Java 1] JavaScript (xou wohhég dhheg YADOOES), AMG ElVOL TTLO TAPOUOLOL UE TNV OVTLOTOLYLON TPOTVUTTMV
oe yAdooeg 6mwg 1 Rust 1) 1 Haskell. Exteheitor uévo 1o mpmto notifo mov toupLdlel Ko Wtopet emxiong vo
eEayayel atouyeio (otouyeia akolovbiag 1 didtnTeg aviikelwévou) omd v T o petapintéc. Edv kauio

meplTmon dev TapLdlel, Kaveévag amd Tovg KAAdoUg dev exTeleiTaL.

H amhovotepn gpopuo ovykpivel o it Béuatog pe éva 1 meptocotepa literals:

def http_error(status):

match status:
case 400:
return
case 404:
return
case 418:
return
case _
return

"Bad request"
"Not found"
"I'm a teapot"

"Something's wrong with the internet"

ZNUELWOTE TO TELEVTOLO UWTAOK: TO «variable name» _ Aettovpyel ¢ uradaviéo Ko dev OTOTUYYAVEL TOTE VO

TALPLALEL.

Mitopeite vo ouvduaoete TOMA ypdpuato oe £va LOVO HOTIBO YP1OLULOTOLMVTAS TO | («¥»):

case 401 | 403 | 404:
return "Not allowed"

|

Ta potifa pwropel va potdZovv pe avadéoelg unpacking, Kaw pwopovv va xpnouosotnfov yio T ovvoeot

UETOPANTOV:

# point is an (x,
match point:

y) tuple

(ouvéyela oty emtdpevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

case (0, 0):

print ("Origin")
case (0, vy):

print (£"Y={y}")
case (x, 0):

print (£"X={x}")
case (x, V):

print (f"X={x}, Y={y}")
case _

raise ValueError ("Not a point")

Meletnote to éva mpooektikd! To mpwto potifo €xer dvo literals, Kau wropel vo OempnOel wg emékTaon Tov
literal potifov mwov aiveton mapamtdvm. AMG Ta emdueva dvo potifo cuvdvdlovy éva literal oe o peta-
BANTY, Kou 1 petafinTy decuever mua Ty amd to Oéua (point). To tétapto potifo ovihaufdver dvo Tés,
YEYOVOG TTOV TO KAVEL EVVOLOLOYLKA TTapOUoLo (e Tv avdbeon unpacking (x, y) = point.

Edv ypnowomoteite kKLAOELS YLaL TN oy TOV SESOUEVOV 0AGC, UWTOPELTE VO YPNOLLOTOLNOETE TO OVOLLOL TG
KAAong akohovBoVpevo amod po Mot 0pLopdTmy Tov LOLALEL HE EVAY KATOOKEVOOTY), AALG e T1 duvaToOTTO
VoL CVANOUBEVEL Y OPAKTNPLOTIKG 08 LeTaBANTEG:

class Point:
def _ init__ (self, x, vy):
self.x = x
self.y = vy

def where_is(point):
match point:

case Point (x=0, y=0):
print ("Origin")

case Point (x=0, y=y):
print (£"Y={y}")

case Point (x=x, y=0):
print (£"X={x}")

case Point () :
print ("Somewhere else")

case _
print ("Not a point")

Mitopeite va Xp1NOLUOTOOETE TOPAUETPOVG BEONG UE OPLOUEVES EVOWUATOUEVEG KAAOELS TTOV TTAPEXOVY ULOL
OELPG V1O TA YOPAKTNPLOTLKA TOUG (TT.). KAAOELS dedouévav). MItopeite emiong va oploeTe po ouyKekpLuévn
0¢0m Yo XAPAKTNPLOTIKG 08 HoTiBa, 0pitovTag To edLKO YopaKTHPLOTIKO _ match_args_  otg KAdoelg
oac. Edv éxer opLotel oe («x», «y»), Ta akohovBa potifia eivar Oha LoodUvaua (Kot Oho dECUEVOVY TO Y0P
KTNPLOTLKO v 0T HETOPINT var):

Point
Point
Point
Point

1, wvar)

1, y=var)
x=1, y=var)
y=var, x=1)

(
(
(
(

"Evog ouvioTdpevog Tpdmog yio vo dLaBGoete Tt potifio ivar va. To OeiTe wg ol EKTETAUEVT] LOPPY) AuTOY
7tov 0o BALETE 0T OPLOTEPG PLOLG AVAOEONG, YLl VO KATAVONOETE TToLEG UeTABANTEG Ol opLoTovv o€ TI. MOVo
Ta AVeEAPTNTO OVOLOTO (0TS var Tapardvm) ekympolivtal amd we dMAmar avitotoiywons. Ovouato pue
KOUKKideS (0mtmwg £oo .bar), ovOUATO YOPAKTHPLOTIKMOV (TO X= KOL Y= TOPOTAV®) 1) ovouato KAAoeEmV
(avaryvopilovrow oo to «(...)» mov Pploketol dimha dtwg To Point mapamdvw) dev avatifevral ToTe.

Ta potipa uwopotv va eivar avbaipeto €vOeta. I wapdderyua, edv Exovue o ouvtoun Mota pe Toviovg,
ue TpoobfKn __match_args__, Ba wropovoaue vo Ty aviiotolyicovue og eENg:
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class Point:

__match_args__ = ('x', 'y")
def _ init__ (self, x, y):
self.x = x
self.y =y
match points:
case []:
print ("No points")
case [Point (0, 0)1]:
print ("The origin")
case [Point (x, vy)]:
print (f"Single point {x}, {y/t")
case [Point (0, yl1), Point (0, y2)]:

print (f"Two on the Y axis at {yl},

case _
print ("Something else")

y2 ")

J

Mopovue va tpoobécouvue (o tpdtaon 1 f oe éva potifo, yvwotd wg «guard». Edv to guard eivou false, to
match ouveyilel yia va dokiudoet To emduevo UTAoK melmv-kepolaiwv. AGPete vodYPn Ot 1 CVAAYN TG

Tung yiveron stpwy o guard aErohoynOei:

match point:
case Point (x, y) if x == y:
print (£"Y=X at {x}")
case Point (x, Vy):
print (f"Not on the diagonal")

TToAAG ddAa BAOLKA XAPOKTNPLOTIKA VTG TNG dHAwong:

 'Ontwg to unpacking avadéoewv, Ta potifa mhewddag (tuple) Kou Aiotog £xovv axpiwg Ty idia onuaocio
KoL TopLalovy mpaypotikd pe avbaipeteg akohovbieg. Mua anuavtiky) eEaipean eivan 0tL dev tanpLd-

Couv e iterators 1) oupuforooelpéc.

o Ta potipa akolovbiog vrootnpilovy exteTtauévo unpacking: [x, y, *rest] ko (x, y, *rest)
Lertovpyel mopopola pe to unpacking avabéoemv. To dvopa LETA TO * WITOPEL ETLONG VO Eival _, 0TTOTE TO
(X, Y, *_) QVTILOTOLYEL O€ (o akohovbio TOVAAYLOTOV dV0 OTOLYEIMVY X WPLg Ve dETUEVEL TO VTTOLOLITOL

oToLyElaL.

o Mortifa avtiotoiyong: { "bandwidth": b,

"latency":

1} Kotaypdpel TG TWES "bandwidth”

Kar "latency" and éva AeEikod. Ze avtifeon ue to potifa akorovdiag, eLTAEOV KAELSLY 0yvOOUVTaL.
Yroompiletar emiong to unpacking 6mwg 10 **rest. (AAMG to **_ Oa Yoy mepLttd, emouévmg dev

ETMLTPETETAL.)

o Ta devtepeovta potifa wropovv va arotunmbovv ypnopnoroimvtag to keyword as:

[case (Point (x1, y1), Point (x2, y2) as p2):

)

Ba Kataypdyel To devtepo otolyeio TG eLgOdoV wg p2 (edooV 1 €i00dog elval wo akohovbio dVo

ONUELWV)

o Ta meproodtepa literals cuykpivovtal pue l0OTNTA, WOTOCO Ta singletons True, False ko None ouyKpi-

VOVTOL IUE TOVTOTNTA.

o Ta potifa uropotv va xpnoLLoToLOUV OVOUAOUEVES 0TAOEPES. AVTA TTPETTEL VOL ELVOL OVOLLOTAL (L€ KOUK-

KiOEG YLl vaL unv gpunveviovton wg capture petafAnTy):

from enum import Enum
class Color (Enum) :
RED = 'red'

(ouvéyela oty enopevn oehida)

4.7. Mpotacelg match
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

GREEN = 'green'
BLUE = 'blue'
color = Color (input ("Enter your choice of 'red', 'blue' or 'green': "))

match color:
case Color.RED:
print ("I see red!")
case Color.GREEN:
print ("Grass is green")
case Color.BLUE:
print ("I'm feeling the blues : (")

L J

T 7o hemttopepn) emeEfynon ko tpdobeta mapadeiyuato, wropeite va deite to PEP 636 1o omoio gival
YPOUUEVO OE popen ekudonong.

4.8 KaBoplLopog Zuvaptioewy

Mmopotue va dSNULOVPYNOOVUE oL GUVAPTNOT TTov YpdpeL T oewpd Fibonacci og éva avbaipeto dpuo:

>>> def fib(n): # write Fibonacci series less than n
"""Print a Fibonacci series less than n."""
a, b=20, 1
while a < n:
print (a, end="' ")
a, b =Db, atb
print ()

>>> # Now call the function we just defined:
>>> fib (2000)
0112 358 13 21 34 55 89 144 233 377 610 987 1597

To keyword de £ elodryel o ouvaptnon optoudg. Tlpémet vo akorovBeitor amd 1o dvopa TG oVvapTnong Kot
T MOoTO TOV TUTILKMV TOPAUETPmV o€ Ttapévieot). Ou dNAMOELS TOU oXNUATICOVY TO COUA TG CUVAPTNONG
EEKLVoUV aITO TV ETTOUEVT] YPOUUT| KO TTPETTEL VO. EIVOL E00YEG.

H pd SMAwon Tov 0muatog ™e ouvapTnong Wtopel TpoatpeTikd va eivar éva literal ovpolocelpdc: avtd
7o literal ovpPorooelpdc eivan 1 GVUBOLOOELPA TEKUNPLOONG TG CUVAPTNONG 1) docstring. (TTeplocdTepa YLOL TO.
docstring pwopeite va Bpeite oty evotta Svufolrocepés Texunoiwaong.) Ymapyouv epyaieio ov ypnoLuo-
stoLovv docstrings Yo TNV QUTOUOTY TapoymyT) SLOSLKTUOKTG 1 EVTUTING TEKUNPLWONG 1) YLO. VA 0p)OOUV TOV
¥PNOTH Vo TTEPNYNOEL dLOdPAOTIKA OTOV KMALKO: Eivol Ko TTPpakTiKy) vo. ovpsepthapfavovtor docstrings
OTOV KOOLKA TTOV YPAPETE, VL0 AUTO KAVTE TO OUVHDELL.

H extéleon puog ouvaptnong elodyel £vay vEo TvaKa GUUBOLMYV TOU YP1OLULOTTOLELTOL YLOL TLG TOTILKES ULETO-
BANTEG TG ouvapTone. [To cuyKeKPLUEVO, OMES OL EKYMPTIOELG UETABANTOV OE ULOL CUVAPTNON 0todnKevovv
TNV TLU OTOV TLVOKA TOTILKMY CUUBOLWVe EVE OL OVOQPOPESG UETAPANTOV KOLTALOVTOL TTPMTO OTOV TTEVOKOL TO-
KOV GVUPBOM®VY, GTN OUVEYELO 0TOVG THIVOKES TOTLKMY GUUBOAMY TWV GUVOPTIHOEMYV TTOV TTEPLKAELOUV, LETA
otov sivaka KofolMKdv ouuBorwv Kat, TEAOG, 0ToV mivako evowuatwuévov ovoudtwy. ‘Etol, ov kabohukég
UETOPANTES KA OL LETOPANTES TOV GUVOPTIOEWYV TTOV TTEPLKAELOVY dEV UTOPOUV VO, EKYwPNO0VY G (oL T
uéoo o€ (o ouVAPTNON (EKTOG €QV, YLa KOOOMKES ueTafAnTtég, mov ovoudZovtal og uia dnhmwon global 1,
YLOL LETOPANTES CUVOPTNOEWV TTOV TTEPLKAEIOVY, OVOUALovToL og o dMiwon nonlocal), av KoL WTOPEL VO
OVOPEPOVTAL.

Ot Tpayuortikég mopdpeTpol (0piopata) e wo KANoN oUuVAPTHONG ELOGYOVTOL GTOV TOTLKO TTivaKa ouupo-
AV TNG KOMOVUEVNG CUVAPTNONG OTOV auTH Kokeitar 1oL, Ta 0plopuato UETARLBATOVTAL YPNOULOTOLMVTOS
call by value (dmov 1) value eivon évto éva oVILKELLEVO reference, Oyl TNV T TOV avitkelpnévov).! ‘Otav uLa

I Sty mpaypatikdmta, 1 kAjen ue avagpopd avakeuévov Ba frav (o Kahitepn meptypagt, Kadng edv tetapiBootet éva petapintd
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oUVAPTNON KAAEL par GAAY GuvapTon 1) KoAel ToV €VTO TG avadpoutkd, dnuovpyeital £vag vEog TivaKag
TOTKDOV GUUBOADY YLOL QUTHV TNV KATIOM).

"Evog 0pLopog ouvapTnong ouoyeTiCEL TO OVOUO TNG OUVAPTNONG UE TO AVILKELUEVO GUVAPTNONG OTOV TPEYOVTOL
aivaka ouuBormv. O diepunvéas avayvmpilel TO OVILKELILEVO OTO OO0 ETLONUOLIVETOL AUTO TO dvoud MG
OUVAPTNOT TTOV OPLLETOL OO TOV XPNOTY. AMNOL OVOUATO WTOPOVV ETTLONG VO OELYVOUV TO 1OL0 OVTIKEIUEVO
OUVAPTNONG KO UITOPOVV ETTLONG VA XPNOLUOTOLN B0V Yio TPOORAoN 0T GVVAPTNON:

>>> fib

<function fib at 10042ed0>
>>> £ = fib

>>> £ (100)

0112 358 13 21 34 55 89

[poepyoduevol amd dileg yhdooeg, umopel va avritoydeite 0tL To £ib eV €lvan Hol CUVAPTNON ARG (o
dLadikaoio, Kabmg deV ETLOTPEPEL (Ol TLUT). ZTNV TPOYUOTLKOTITA, AKOUT KOl CUVOPTNOELG Y mplg dfhmon
return &mOTPEPOUV WL TN, oV Kot wodhov Bopeti. Avt) 1ty ovopdletor None. H eyypagn g -
ung None osd tov diepunvéa, edv Oa Nrov 1 wdvn Ty wov ypdpetol. Mmopeite vo 1o deite av 1o Oéhete
TPAYUOTLKA X PNOLUOTTOLMVTAG T print () :

>>> fib (0)
>>> print (fib (0))
None

Eival amhd vo ypdapete por ouvaptnon ov emtotpépel wo AMota ue tovg apbuovs g oelpds Fibonaccei, avtl
VOL TNV EKTUTTMOETE:

>>> def fib2(n): # return Fibonacci series up to n
"""Return a list containing the Fibonacci series up to n."""
result = []
a, b =20, 1
while a < n:
result .append (a) # see below
a, b =Db, atb
return result

>>> £100 = £ib2 (100) # call it
>>> £100 # write the result
(o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

Avtd 10 Tapdderypa, wg ouvnbwe, delyvel peptkd véa yopoktplotikd Python:

o H dhwon return emiotpépet pe wo tut oo wo ovvaptnon. To return yopig dpiopa EKppaong,
emotpépel 1o None. H ttdor Tou téhoug Iag ouvapTnong emLotpépel eiong None.

o HdNhwon result.append (a) kokel wa uébodo tov avukelévov g Aotag result. Mua uébodog
elval pa ouvapTnom mov “aviikel” oe évo avitkelnevo Ka ovoudtetalr obj .methodname, 6wov obj
eival Koo avtikeipevo (avtd Wtopel va eivol po £K@paon), Kol to methodname eivol To dvoua
oG nehddov o opileTol amd Tov THITO TOV AVTLKELUEVOV. ALOPOPETLKOL TVITOL 0PILOUV dLopopeTIKEG
uebodovc. MEDODOL LOPOPETIKMV THTTMV UITOPEL VO EXOUV TO 1BLO OVOUOL YWPLG VA TPOKOAOVY 00d-
et (Elvan duvatd vo opioete Toug dLKovg oag TOTOVG AVTLKELEVOV Kl UeBOS0UG, Y PNOLLOTOLMVTOG
classes, deite Kldoeig) H nébodog append () mov eugoaviletar 6to mapdderyno opileTol yio avitkel-
peva Motag: TpooEtel £va vEo OTOLYELO 0TO TEAOG TG MOTAGC. 2 AvTO TO TOPAdELYUA ELVOL LOOOVVOUO
ue result = result + [a], oM TLO ATTOTEAEOUOTLKO.

avtikeinevo, o Kahmv Oa deL Tuy OV alhayég Tov KAveL 0 KOADV 08 0uTd (OTOLYELC TTOV ELTGYOVTOL OF [t MOoTaL).
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4.9 Meprloodtepo yua Tov KabopLlopo Zuvaptnosewv

Eivaw emtiong duvatdg o oplopds ouvoptioemy pe uetafintd optbud optopdtov. Ydpyovv Tpelg Wopgpes,
OV UITOPOVV VO CUVOVOGTOUV.

4.9.1 MNpoemAeypeveg Tpeg Opiopatog

H o yprown podpua eivor vo KabopioeTte wo Tpoemheyuév) T yio va 1) Teplocdtepa opiouata. Avtd om-
ULOUPYEL UL GUVAPTNON TTOV UITopel vo KANOeL pe Mydtepa oploporto amd autd Tov €XEL OPLOEL OTL ETULTPETEL.
T Topdderypo:

def ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:

reply = input (prompt)

if reply in {'y', '
return True

if reply in {'n', 'no', 'nop', 'nope'}:
return False

retries = retries - 1

if retries < 0:
raise ValueError ('invalid user response')

print (reminder)

)

ye', 'yes'}:

Avti 1 ovvdptnomn uropel va kKAnOei pe dudipopoug tpdmovg:
« divovtag wovo to voypemTikd dploua: ask_ok ('Do you really want to quit?')
« divovtag éva amd To TPoaLpeTiKd oplopota: ask_ok ('OK to overwrite the file?', 2)

o 1 dlvovtag Oha Ta oplopato: ask_ok ('OK to overwrite the file?', 2, 'Come on,
only yes or no!")

Avtd 10 TapddeLrypa eLodyel emtiong to keyword in. Avtd ehéyyel edv o akolovOio epLéyet 1 Oyt o ov-
YKEKPUUEVT TLUN.

O Tpoemheyuéves TEG AELOMOYOUVTAL OTO ONUELD TOV 0PLOUOV TNG OVVAPTNOTG 0TO TEdIO TOV 0pileTaL, £TOL
WoTe

i=25

def f (arg=i):
print (arg)

0o eKTVTTWOEL 5.

Innavrki xpoedomoinon: H mposmiheyuévn tun aoloyeitar udvo pia gopd. Avtd kével tn diagopd dtav
1 ;poemhoyT eivan éva petafintod aviikeipuevo, dmwg o Atoto, AeElkd 1 oTLyudTUITO TV TEPLOCOTEPWV
Khdoewv. Ta mapdderypa, 1 akdoVON GUVAPTHOYN CVOCWPEVEL TOL OplopraTo Tov dLofdfovtal e aVTod o€
EMOUEVEG KAT|OELG:

def f(a, L=[]):
L.append (a)
return L

print (£(1))
print (£ (2))
print (£(3))

Avto 00 eKTVTTOOEL
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[1]
(1, 2]
(1, 2, 31

E&v dev Oéhete va yivetow Ko xpron tng tpoemhoync uetaEl twv enduevov KM oewv, popeite va ypdpete
TN oVVaPTHOT WG eENG:

def f (a, L=None):
if L is None:
L =[]
L.append (a)
return L

4.9.2 Opiocpata Keyword

Ou ovvapTHoELG WITOPOUV €miong va KANBouv ypnowomolwvtag to keyword arguments NG WOPPNG
kwarg=value. [a mopdderyua, tTnv axdorovdn cuvdptnon:

def parrot (voltage, state='a stiff', action='voom', type='Norwegian Blue'):

print ("-- This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.")
print ("-- Lovely plumage, the", type)

print ("-- It's", state, "!")

déyetar éva ammortovuevo opLopa (voltage) Kau Tpio TpoapeTikd opiopata (state, action, Ko type).
Avti 1 ovvdptnomn uropel vo kKAnOel pe omolovdnmote amd tovg akdorovbovg Tpdmovgs:

parrot (1000) # 1 positional.
—argument

parrot (voltage=1000)

parrot (voltage=1000000, action='VOOOOOM")
parrot (action='VOOOOOM', voltage=1000000)
parrot ('a million', 'bereft of life', 'jump')

keyword argument
keyword arguments
keyword arguments
positional.

H FHR H F
W NN R

—arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1.
—keyword

odG Oheg oL akdhovOeg KA oeLg Oa fltav dKupeg:

parrot () # required argument missing

parrot (voltage=5.0, 'dead') # non-keyword argument after a keyword.
—argument

parrot (110, voltage=220) # duplicate value for the same argument
parrot (actor="'John Cleese') # unknown keyword argument

Ze o KAHom ovvaptnong, ta keyword opioparta mpémel va akohovbouv opiouota Béong. Ola ta keyword opi-
opato. Tov dLoPACoVTOL TPETEL VO TOLPLALOVV UE £VaL 0TTO TO OPLOUOLTA TTOV YiVOVTOL SEKTA 0ITd TH OUVAPTNON
(7. To actor dev gival £yKupo OPLOUa YLO. TN OUVAPTNON parrot), Kot 1 dudtakn Tovg dev eival onuavTik.
Avtd mepthauaver emtiong pun TPooLPETIKG opiopata (.Y parrot (voltage=1000) sivaw emiong ykvpo).
Kavéva dpiopa dev uwopet va MaBeL ol Tt eplocdtepeg amd pio popéc. Akohovbel Eva mapaderyua o
ATOTUYYAVEL LOY® 0UTOU TOU TTEPLOPLOUOD:

>>> def function(a):
pass

>>> function (0, a=0)
Traceback (most recent call last):

(ouvéyela oty enopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
File "<stdin>", line 1, in <module>
TypeError: function() got multiple values for argument 'a'

‘Otav vITapyeL W TEAMKY ETLONUY TOPAUETPOS TNG MOPPNG **name, Aaufdver éva heEikd (deite
typesmapping) ov mepLéy el Oha o keyword oploporta eKTdg amd aUTd TOV AVILOTOLOUV O€ UL0L ETTLONUT TTAPd-
UETPO. AUTO UTOPEL VO CUVOVAOTEL e Lol ETTLONUY TTOPAUETPOG TG WOPPY|G *name (Tov TEPLYPAPETAL OTNV
eMOUEVT] VITOEVOTITAL) 1) OTToloL AAUPAVEL €val fuple OV TTEPLEXEL TOL Oplopata O€omng mépa amd TV exionun
Mota mapopétpwv. (To *name mpémel va gpupoviletat mpv amtd to * *name.) Na wapdderyua, av opicovpe
o ovvapTnomn 6Tmwg auTh:

def cheeseshop (kind, *arguments, **keywords):
print ("-- Do you have any", kind, "2")
print ("-- I'm sorry, we're all out of", kind)
for arg in arguments:
print (arg)
print ("-" * 40)
for kw in keywords:
print (kw, ":", keywords[kw])

Mrtopei vo. KaheoTel KAmmg €ToL:

cheeseshop ("Limburger", "It's very runny, sir.",
"It's really very, VERY runny, sir.",
shopkeeper="Michael Palin",
client="John Cleese",

sketch="Cheese Shop Sketch")

Ko uotkd Ba eKTummoeL:

—— Do you have any Limburger ?

-—— I'm sorry, we're all out of Limburger
It's very runny, sSir.

It's really very, VERY runny, sir.
shopkeeper : Michael Palin

client : John Cleese

sketch : Cheese Shop Sketch

J

Adfete vroOYPn 6tL 1) oelpd pe TV omoia ekTuTdvovtol To keyword opiopato ivar eyyunuévn 0t ToupLilel pe
T OELPA ue TV omoio dOONKAV 0TV KANOT TG GUVAPTHONG.

4.9.3 EWBLKEG MapapeTpoOL

Amd mpoegmhoyn, Ta oplopata wropovv va petafifaotodv oe o ouvaptnorn Python eite pe fdon tn 6éom
eite pntd pe to keyword. o avayvoowwdT)ta Kot arwddoon, eivar Aoyikd va TepLopLoTel o TpdITog ue Tov
07010 UTOPOVV VO TTEPACOVY TO. OPLOUATA, £TOL DOTE £VAG TPOYPAUUATIOTNG VO UMV XPELGLETOL VO KOLTOEEL
TOV 0PLOUO TG OUVAPTNONG YLOL VO TTPOOdLOPioeL Qv Ta ototyeia uetafipdlovrar Katd 0¢or, kKatd 0éon 1
keyword, 1| xatd keyword.

'Evag opLopog ouvaptnong Wropel va, Lotdler pe auto:

def f (posl, pos2, /, pos_or_kwd, *, kwdl, kwd2):

| Positional or keyword |
| - Keyword only
—— Positional only
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6mov ta / Ko * glvan tpoatpetikd. Eqv ypnowomolrotvral, autd to ouola vitodetkviiovy To eidog TG o
POUETPOUG [LE TOV TPOTTO TTOV TOL OPLOUALTO WITOPOVV VAL LETAPLBOOTOVY 0TH GUVAPTNON: wOvo Béong (positional-
only), 6¢omg M keyword (positional-or-keyword), kow povo keyword (keyword-only). Ou keyword mapdyetpor ava-
PEPOVTOL ETTLONG (G OVOUULOUEVEG TIAPAUETPOL.

Mapapetpol ©€ong 1 Keyword

Edv ta / Kau * d&v vrdipyouv 0Tov 0pLopd ™G CLUVAPTNONG, TA OPLOUOTA LITOPOVY VO LETOPLBOOTOVV GE (o
ouvapTnon ava Béon 1 Kkatd keyword.

Mapapetpol Movo-©€ong

EnaveEetalovtag avtd to Oéua Myo mo hemrtopepwe, eivar Suvatd vo emlonudveTe 0pLOUEVEG TUPOUETPOVG
wg uévo Oéong. Eav uévo Oéong,  oelpd Twv TapopETPpOV EXEL ONUAOL0 KOL OL TAPAUETPOL DEV UITOPOVV VO,
uetofipaoctovv ue keyword. OL mapduetpor wovo B€ong tomobetovvtan mpwv amd €va / (TPog ta EUTPOS-
Kk&Betog). To /° “yxpnoiponoteitalr yia va Srayxwploetr Aoyikd Tig napapétpoug ndvo
Béong and Tig umdloimeg mnapapétpouc. EAv Sev undepyxyelr TO |/ GTOV OPLOUO TG
oUVAPTNONG, dEV VITAPYOVY TaPAUETPOL LOVO BEoNC.

O opdpetpol Tov akohovBouv to / witopei va eivaw Oéong 17 keyword Y uévo keyword.

Opiopata povo Keyword

T va emonudvete TG TopauéTpovg wg uévo keyword, vITOSEIKVVOVTAG OTL OL TTOPAUETPOL TIPETEL VO, TTE-
paoovv amd to keyword OpLopa, TOTOOETNOETE £va * 0T MOTO OPLOUATMY OKPLBDG TPLY Atd TNV TPDTY
TOPApPETPO udvo keyword.

Mapadeiypata Zuvaptnoswyv

Tre@Teite Ta AkOAOVOA TAPADELYILATO OPLOUDY CVVAPTHOEWV divovTag LOLOLITEPY TPOTOY T 0TOVG deiKTeS /
Ko *:

>>> def standard_arg(arg):
print (arg)

>>> def pos_only_arg(arg, /):
print (arg)

>>> def kwd_only_arg(*, arg):
print (arqg)

>>> def combined_example (pos_only, /, standard, *, kwd_only):
print (pos_only, standard, kwd_only)

O mpwTOG 0PLONOS GUVAPTNONG, standard_arg, 1 Lo Otkela uop@t), dev BEtel mepLoplopnovs oty ovuPaon
KAHONG KO TO OPLOUALTO WITOPOUV Va. TTEPGToVY artd BEon 1 artd keyword:

>>> standard_arg (2)
2

>>> standard_arg(arg=2)
2

H devtepn ovvdptnon pos_only arg meplopileTol ot xpnon Lovo TapauéTpmv B¢omg Kabmg vmdpyeL éva
/ 0TOV 0pLoUdG TG OVVAPTNONG:

>>> pos_only arg (1)
1

(ouvéyela otV nopEVn oehid)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> pos_only_arg(arg=1)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: pos_only_arg() got some positional-only arguments passed as.
—keyword arguments: 'arg'

H tpitn ouvapmon kwd_only_arg emtpémer pdovo keyword opiopota 6mg vwodetkvieton amd évo * oTov
0pLopdg TG oLVVAPTNONG:

>>> kwd_only_arg(3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: kwd_only arg() takes 0 positional arguments but 1 was given

>>> kwd_only_arg(arg=3)
3

Ko to televtaio ypnoipomotel Kan TG Tpelg ovuBaoels kKong otov idlo oplopd ouvaptnong:

>>> combined_example (1, 2, 3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined example () takes 2 positional arguments but 3 were given

>>> combined_example (1, 2, kwd_only=3)
12 3

>>> combined_example (1, standard=2, kwd_only=3)
12 3

>>> combined_example (pos_only=1, standard=2, kwd_only=3)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: combined example () got some positional-only arguments passed as.
—~keyword arguments: 'pos_only'

Téhog, eEetdote AUTdHV TOV 0PLOUS CUVAPTNONG TTOV €xEL piat BV oVYKpovaT peta&l Tov opiouatog Béong
name kKoL * *kwds mov £yeL og KAedi 1o name:

def foo(name, **kwds) :
return 'name' in kwds

Aev vtdpyer kapio mbavy kAo mov Ba v Kdvel va emotpéyper True kKabwg to keyword 'name' Oa
OUVOEETOL TTAVTOL UE TNV TPOTN TTapduetpo. I'a wopdderypo:

>>> foo(1l, **{'name': 2})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

AMLG ypnowwomomvtag / (opiopata uovo B£omg), eivarl duvotd Kabmg exttpémel To name wg oplopa B¢omg
Ko to "'name ' wg kAedi ota keyword oploportos:

>>> def foo(name, /, **kwds):
return 'name' in kwds

(OUVEYELD TNV ETTOUEVY] GENMDO)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> foo(l, **{'name': 2})
True

Me diha MoyLa, to ovouato Tov Tapauétpmy udvo Béong umopov va ypnowuoronfoy oe * *kwds ywpig
00ApELL.

Avakepalaiwon

H siepimtoon ypnong 0a kabopioel moleg mopauétpoug Oa xpnotuomon0ovy 6Tov opLopud TG CUVAPTNONG:

[def f (posl, pos2, /, pos_or_kwd, *, kwdl, kwd2): }

Q¢ Kahodnynon:

o Xpnowuomorfjote tn 0o wodvo edv BEMeTE TO OVoU TV TAPAUETPWY VaL NV givar dtabéoLuo oto ypn-
o). AVTO gival XPNOoLUo OTOV TA OVOUATO TTAPOUETPWV OEV £X0VV TPAYUATIKO vonua, edv dev Oéhete
v eMPBAAETE TN GELPA TOV OPLORATOV OTOV KolelTal 1) cuvapTnon 1) edv pémel va Moy opLouéveg
mapapetpol Oéong kor avbaipeto keywords.

o Xpnowuomorfjote keyword Hovo 6Tov Tor ovOUATO £X0UV VOO KOL O 0PLOUOG TNG GUVAPTNONG ELVOL TTLO
Katovontog Otav elval pntdg pe ovopota 1 0éhete va amoTpéPete TOVG YXPNOTES VO, faoilovial ot
Béom tov emyelpHuaTog ov petafLpateTol.

o T éva API, ypnopomomote 1o povo B€ong yio va amotpéete T daKorm twv adlaywv tovg APL,
€Gv o dvoua TG TAPOUETPOU TPOTTOTToLn el 0To HEANOV.

4.9.4 Aioteg AuBaipetwyv OpLopatwy

Téhog, N MyOTEPO GUYVA YXPNOLUOTTOLOVUEVY] ETTLAOYT ELVOL VO OPILOETE OTL ULeL CUVAPTNON WITOPEL Vo, KANOel
ue évov avbaipeto aplBuods optopdtov. Autd to oplopota 0o tulyBovv oe wa mheddo (tuple) (BA. ITAewd-
Oe¢ (Tuples) ko AkolovOieg). Tlpwy amd tov PeTofANTd apLtdud oplopdtwy evogyeTol va TpokPouv undév 1
TEPLOCOTEPT KOVOVLKG OPLOUATO.

def write_multiple_items (file, separator, *args):
file.write (separator.join(args))

Kavovikéd, avtd ta variadic opiopota Oo givor Tehevtoio 0t Moto TV ETionUwy TopauéTpmy, emeldy Gul-
Aéyouv Oha ta vTdLouTa oplouota EL0OdOV OV UeTABBAToVTAL 0T GUVAPTNOY. OTOLEdNTOTE TUTILKEG TTaL-
PAUETPOL TTOV EUPAVITOVTOL UETA TNV TOPAUETPO *args eivar “uovo keyword” opiopuata, mov onuaiver Ot
WIropovv va. xpnotpomotfoiy povo mg AéEeic-kheldid Kau Oy wg opiopata BEong.

>>> def concat (*args, sep="/"):
return sep.join (args)

>>> concat ("earth", "mars", "venus")
'earth/mars/venus'

>>> concat ("earth", "mars", "venus", sep=".")
'earth.mars.venus'

4.9.5 Unpacking Aioteg Oplopatwy

H avtiotpopn xatdotaon ovppaivel dtav to opiopato fpiokovtal 1191 oe wa Atota 1 mhedda (tuple), alhé
TIPETEL VO ATTOCUUTILEGTOVV YL, (Lo KANON oLvapTnong ov omartel Egywprotd opiopata 6ong. INa wapd-
deryna, 1 evoopoatopéve (built-in) cuvdptnon range () avouéver Eexwplotd start Ko stop opiopota. Eqv
dev givar drabéoipo Egymplotd, ypapte TV KM 0N CUVAPTNONG UE TOV *-TEAEOTY] VLA VO ATTOCUUTILECETE TO
opiopato amd pa Mot 1 whewdda (tuple):
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>>> list (range (3, 6)) # normal call with separate arguments
[3, 4, 5]

>>> args = [3, 6]

>>> list (range (*args)) # call with arguments unpacked from a.
—1list

[3, 4, 5]

Me Tov {810 Tpdmo, T AeEkd pmopotv va tapadidovv keyword oplopata pue tov * *-teheoTi):

>>> def parrot (voltage, state='a stiff', action='voom'):
print ("-- This parrot wouldn't", action, end=' ")
print ("if you put", voltage, "volts through it.", end=' ")
print ("E's", state, "!'")

>>> d = {"voltage": "four million", "state": "bleedin' demised", "action":
—"VOOM" }

>>> parrot (**d)

—— This parrot wouldn't VOOM if you put four million volts through it. E's.
—~bleedin' demised !

4.9.6 Ekppaocelg Lambda

Mitopotv av dnuovpyndotv wkpéc avavuueg ouvapthoelg e to keyword 1ambda. Avti 1 GuvapTHON ETTL-
otpépeL To dBpotopa Twv dVo opopdtwv e lambda a, b: a+b. Ov ouvaptioelg Lambda puropouv
VoL X PNOLUOTTOL 00UV OOV aTaLtovvTaL avitkeipevo ouvaptnong. [eplopifoviol cuvtakTikd oe pio povo k-
PPOOT. ZNUACLOMOYLKA, elvol arthmg syntactic sugar yLo €vay oplopd Kavovikng ouvaptnone. ‘Ommg oL oplouol
évOeTwV oVVOPTNOEWY, 0L CUVOPTNOELg lambda umwopov va mapaméumovy og petafAnTég amd 1o medio Tou
TEPLEYEL:

>>> def make_incrementor (n) :
return lambda x: x + n

>>> f = make_incrementor (42)
>>> £ (0)

42

>>> £ (1)

43

To mapamdve Tapdaderyua xpnoortotel wa éKkppaon lambda yia va emiotpéyer por ouvaptnon. Mo GAAn
¥ PHoM elvar 1 LETAdOO0N WOG PLKPHG OUVAPTNONG WG Optopa. ['a mapdderyua, n 1ist . sort () déyxeton o
ovvapToN TaELVOUNoNG KAEWSLOV key 1 ortoia ptopei va eivor wa ouvaptnon lambda:

>>> pairs = [(1, 'one'), (2, 'two'), (3, 'three'), (4, 'four')]
>>> pairs.sort (key=lambda pair: pair[1])

>>> pairs

[(4, '"four'), (1, 'one'), (3, 'three'), (2, 'two')]

4.9.7 ZupBoAlooelpeqg Tekunpiwong

AxohovBoUV 0pLoUéveg CUUPBATELG OYETLKG [UE TO TTEPLEYOUEVO KOL T LOPPOTTOINOT TV CUUPOLOCELPDV TEK-
unpioong.

H mpartn ypouur| pémel va givat vt o GUVTOWY), GUVOITTLKT) TTEPIAN YN TOV 0KOTTOU TOU avTkeluévov. o
OUVTOULOL, OEV TTPETTEL VO AVOLPEPEL PNTA TO OVOLLDL 1] TOV TUITO TOU OVTLKELUEVOU , KAOMG avtd eivon drabéopa
ue dAha péoa (extdg edv To Gvopa Elva pYILaL TTOU TTEPLYPAPEL TN AELTOVPYIO TNG OVVAPTNOTNG). AUTH 1) Ypauu
mpémel va EekLva e Ke@alaio YpAUIo. KoL VO TENELOVEL UE TEAELQL.

Edv vrdpyovv meploodtepes Ypouprés ot ouuBorooeLpd Tekunploong, n devtepn ypouun 0a mpémel va eivor
Kev), dLaywpilovtag omTikd T oVvoyy amd TV vitdioLmn septypapr). Ot akolovBeg ypauég Tpémel va elvor
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uio 1 TEPLOOOTEPES TOPAYPOLPOL TTOV TTEPLYPAPOVY TIG CUUPATELG KAMONG TOV OLVTLKELUEVOD, TLG TTAPEVEPYELEG
TOV K.AT..

O parser tng Python dev aparpel tv ecoyn amd ta literals tng cupfolooelpdg morhdv ypauumv otnv Python,
EMOUEVWG TOL EPYOhein TTOV emeEePYALOVTOL TV TEKUNPLWOT TTPETEL VO apaLpEGOUV TV 00T EAV ELVOL ETTL-
Ouuntod. Autd yivetor YpNOLOTOLOVTIOG TNV 0kOA0VON ovufaon. H mpatn un Kev Ypouus Uetd vy mpat
ypauumn g ovuporooelpdc kabopilel to uéyebog g ecoymg yia oAOKANPT T ovpPolooelpd Tekunpiwong.
(Aev pmopovue vo. PNOLUOTTOLTOVUE THV TPMTY YPAUUY 0OV ELvaLL YEVIKA SITThOL 0T ELOOYMYLKA TNG CUL-
Bolooelpds, emouévmg 1 ecoyn g dev elvar eppavig oto literal Tng cuuforooelpdg.) To kKevd dudoTnuo «Loo-
dVVapo» GE AUTNV TNV ECOYT OPALPELTAL OTY) CUVEXELX OO TNV 0PN OMWV TWV YPOULMY TS ovpiBolooelpdc.
O ypappuég mov €xouv ukpdtept ecoyn dev Oa mpémel vo eppavilovron, alhd ov eugaviotovy Oa Tpémet vo
agarpebei o To apyLkd Kevo Toug. H tooduvauia tov kevov dtaotnudtov Oa pémel va eléyyetal petd tv
EMEKTAON TV KOPTEADV (0€ 8 KEVAL, KAVOVIKA).

AxohlovBel évo tapaderyua evog morhamhmy ypauudv docstring:

>>> def my_function() :
"""Do nothing, but document it.

No, really, it doesn't do anything.
mrrn

pass

>>> print (my_function. doc__ )
Do nothing, but document it.

No, really, it doesn't do anything.

4.9.8 Annotations Zuvaptnoswyv

To Function annotations eivol evteldg TPOALPETLKES TANPOPOPLEG UETADEDOUEVWV OYETIKA (LE TOVG TUTTOVG
YPNOLULOTTOLOVVTOL OTTd GUVOPTNOELS Tov Kabopifovtar amd to xpfom (deite PEP 3107 xouw PEP 484 yia
TEPLOOOTEPEG TANPOPOPLEG).

To Annotations aoBOnKedoOVTOL 0TO XOPOKTNPLOTIKO __annotations__ tng ouvdptnong og AeEuko ko dev
éyouve Kauia emidpaon og Kavévo alho uépog tg ovvaptnong. Ta annotations Twv Tapauétpmwy opilovial ue
dvo ko Katw teleio petd To dvoua mapapétpov, akorovBolduevy od o EKepaot) tov aEtohoyel TV Ty
Tov annotation. Ta annotations emLoTpogt|g opilovtar amd éva literal —>, axohovBolevo omd wao EKppaon,
HETAED TNG MOTAG TOPAUETPOV KOL TNG GV Kol KATW TEAELAG IOV VITodNAhVEL TO TEAOG TG dNAmwang de f. To
okOhov0o Tapdderypa ExeL Eva amouToVIEVO OPLOUQ, VO TTPOALPETIKO OPLOUOL KOL TV ETLOTPEPOUEVT] TLUN
o€ annotations:

>>> def f (ham: str, eggs: str = 'eggs') —-> str:
print ("Annotations:", f._ annotations_ )
print ("Arguments:", ham, eggs)
return ham + ' and ' + eggs

>>> f ('spam')

Annotations: {'ham': <class 'str'>, 'return': <class 'str'>, 'eggs':
—~<class 'str'>}

Arguments: spam eggs

'spam and eggs'

4.10 Intermezzo: Ztul Kwdika

Topo wov TpoKeLTan Vo YpdpeTe PeyoluTepa, Kot o ouvOeta koppdtia tg Python, eivan ) KatddAnin otuyus
Vo (UM OETE Y10 0TUA Kdduka. OL TEPLOCOTEPES YADOOES WITOPOVYV VO, YPOPTOUV (1] TTLO OUVOTTTIKES, (LOQOPO-
TOLNUEVES) OF DLOPOPETLKA OTUA: UEPLKEG elvau TTLO EVaVAyVmoTeG atd Ghleg. To va dLevkohiveTe TOUg GALOUG
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va SLaBGoovy Tov KOdLKA 0a.G elval TavTa o Ko 1déa Kat 1 viofEtnon evog wpaiov oTuh kKmdika fonddet
apa oA o€ oTo.

[o v Python, to PEP 8 éyeL avadewyBeil wg 0dnydg oTuh 0TOV 071010 TNPovV Ta TEPLocdTeEpa £pyo powbel
éva oAV evavayvooto kot evydpLloto otuh kmdika. Kabe tpoypappotiotg Python o pémel va to dafdoet
KdwoLo oty €8 eivor ToL TTo oNUaVTIKG onueia tov eEGyovion Yo 06

Xpnowuomorjote egoyn 4 dLaoTnudTmV Ko Oy tabs.

Ta 4 kevé givor évag Kahdg ovufiBacuog Hetagy g wKpng ecoyg (emtpémel peyalitepo Babog eu-
pdrevonc) Ko g neyding ecoyng (evkohdtepr otnv avdyvoon). Ta tabs dnuovpyotv ovyyvon, Kot
givol KaAiTtepo vo Tapopeivou ameéEw.

TuMETE TIg YpouUég £T0L hoTe va unv vitepPaivouy Toug 79 yapakthpec.

Avtd Bonda tou ypnoteg ue wKkpég 006veg ko kKoOLoTd duvath TV VTapEN TOMMMV apyeiwy KOdiko,
dimha-dimha og peyahitepeg 00oveg.

XPNOLUOTTOLELOTE KEVEG YPAUUES YLaL VO DL WPLOETE CUVAPTIOELS KoL KAAOELG Ko Leyalutepa PThok
KOOLKO LG CLVAPTHOELS.

‘Otowv givar duvatdv, Bdhte ool o€ o dLK1 ToVg Ypouu.

Xprnowpormowote docstrings.

Xpnoipomoote kevd yOpm amd TeheoTEG KoL PETA atd KOppaTo, ohha oyl amevleiag uéoa de dopég
aykOhov:a = £(1, 2) + g(3, 4).

Ovopdiote T KAAOELS KaL TG CUVOPTHOELS O0G UE CUVETELD: 1) OVUPAON ELVOL VO YPT|CLUOTTOLELTE
UpperCamelCase Y10 TG KLMAOELS KoL Lowercase_with_underscores ylo Tig OUVAPTHOELG KOL
g ueBddovg. Xpnowwomoteite tévo 1o sel f mg Ovopa yLo o Tpwto dpioua ebodov (deite Mia modtn
uand ong KAdoeig yio mepLocoTepo. OYETIKA Ue TG KAAOELS KoL TG ueBddovg).

MV %p1OLUOTTOLELTE PAVTAYTEPES KMOLKOTOOELS €AV 0 KMALKAG GOG TPoopiletal va ypnotuortorn et
oge dedvi| mepipddrovta. H mpoemhoyn tng Python, UTF-8, 1| axoua kou 1o amid ASCII Aettovpyoiv
KoAvTepa o€ KGOe mepimTmon.

Ouoiwg, un ypnowuomoteite yopoktpeg mov dev eivor ASCII oe ovoyvoplotikd edv vTdpyeL Lovo M
sopapkp mlavdTnTe oL AvOpwTtoL Tov WAooV dLopopeTikn YAMooo va dtaffdoovy 1 va dtotnpoovy
TOV KOOLKAL.

YTOONHELWOELG
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KEGAAAIO D

Aopeg Asdopgvwv

AuTo T0 KEPAAULO TEPLYPAPEL OPLOUEVO. TTPAYLLOTA T OTTol0L £XETE WAOEL 1101 e TEPLOTOTEPES METTTOUEPELEG
KoL TPOCOETEL ETTLONG UEPLKL VEQL.

5.1 MNepLoocotepa yLa tLIg Aloteg

O timog dedopuévarv Motag €xel ueptkés akourn uebddovg. AkohovBovv dheg oL uEBOdOL AVTIKELUEV@WY THTTOV
Motag:
list.append (x)

[Mpoobétel éva otoyeio oto Téhog ¢ Motac. ITapduoo ue a[len(a) : ] = [x].

list.extend (iterable)
Emexteiver ) Moto mpooBétovtag dha ta otouyeio amd to iterable. Mapduolo e aflen(a) :] =
iterable.

list.insert (i, x)
Ewodryer éva otouyeio o po dedouévy 0€omn. To mpmto dpLopa givor To index Tov oToLygiov TPLV Atd TO
omolo Ba ewoayel, emopévog a.insert (0, x) €L0AYETOL OTO UTPOOTLVO UEPOG TNG AOTOG, KOl TO
a.insert (len(a), x) Looévvausi ue a.append (x).

list.remove (x)
Kotapyel 1o mpmTo otoLygio astd ™) Aota Tov omoiov 1 Tiut ivor tom pe x. Kdveiraise éva ValueError
e deV VITAPYEL TETOLO OTOLYELO.

1ist.pop([i])
Katapyei to otoyeio ot dedopévn BEon ot Mota, Ko to emotpépet. Edv dev éxel kaboplotel evpet-
PLO,TO & . pop () OPaLPEL Ko EMLOTPEPEL TO TeEheuTaio oToL elo otn Alota. Kavei raise éva IndexError
edv N Mota elvol Kevi| 1) To gupeTpLo PpiloKeToL EKTOS TOU EVPOVG TG MOTAG.

list.clear ()
Agarpel Oha T otovgeia amd ™ Aiota. [apoporo pe del afl:].

list.index (x[, start[, end] ] )

Emotpéper To undevikod index ot Aota Tou TpdTou 0ToL ELOV TOV 0TToiov 1 TLuY| eivan ton ue x. Kavel
raise éva ValueError edv 0ev umdpyeL TETOLO OTOLYELO.
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Ta tpoalpeTikd opiopato start Kol end epunvedovtol OTTmG 0T ONUELOYPapia slice Kat ¥p1oLuomotov-

VTOL Y10 TOV TTEPLOPLOUS TG OvalNTNONG O€ (o cuyKekpLuévn vitoakorovdio tg Aiotac. O emotpe-

pduevog deiktng vtoroyiletal og oxéon ue Ty apyn g TAPous akolovdiog avti Yo To OpLoud start.
list.count (x)

Emotpéper Tov aptud Twv popov tov eugpavileTat To x ot Moto.

list.sort (* (Keyword-only parameters separator (PEP 3102)), key=None, reverse=False)
Ta&wouel Ta otouyeia thg Motag ot B€om Toug (ta opiopato Wropouv va yxpnotuomotfoly yio po-
oapuoyn tagvounong, r. sorted () ya v €ENynon tovg).
list.reverse ()
Avtiotpégel to otolyeia g AMotag ot 001 Tovg.
list.copy ()
Emotpépel éva shallow (pnyd) avtiypago g Aiotac. [lapdpoo pue af: 1.

"‘Eva tapadeLy o mov P1oLUOTTOLEL TLG TTEPLOCOTEPES OTTO TIg LeBOdoVg TG MoTag:

>>> fruits = ['orange', 'apple', 'pear', 'banana', 'kiwi', 'apple', 'banana
="']

>>> fruits.count ('apple')

2

>>> fruits.count ('tangerine')

0

>>> fruits.index ('banana')

3

>>> fruits.index ('banana', 4) # Find next banana starting at position 4
6

>>> fruits.reverse()

>>> fruits

['banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange']

>>> fruits.append('grape')

>>> fruits

['banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange', 'grape']
>>> fruits.sort ()

>>> fruits

['apple', 'apple', 'banana', 'banana', 'grape', 'kiwi', 'orange', 'pear']
>>> fruits.pop ()

'pear’

Mropei va. €xete mapatnpnoeL 0T uéBodoL OTwg insert, remove or sort IOV TPOTOTOLOVY LOVO T AT
dev €xouv eKTUTOUEV T ETLOTPOYPYG — EMLOTPEQPOVY TO TTpoemiheyuévo (default) None.! Avti) etvou o
opyn oxedLOoIOD Yo OAEG TIg LeTOPANTEG douég dedouévav otnv Python.

"Eva. dAho tpdryuor stov witopel var mapotnpioete eivor 0t dev umopotv va taEvoun0ouvv 1M va ouykpioiv
oho ta dedopéva. TNa tapddetyna, [None, 'hello', 10] devtaSivouovvrol yiori aképatol optbuoi dev
UWIToPoVV va. ouYKPLOoUv pe oupfohooelpéc (strings) Ko To None dev umopei vo ovykploei ue dhhovg thmovc.
Emiong, vitdpyovv optopévol tomol ov dev £xovv kaboplopévn oxéon didta&ng. lNo mopdderypa, 1o 3+47
< 5477 dev eivan Eykupn ovyKpLon.

5.1.1 Xpnotn Alotwv wg Ztoipeq (Stacks)

Ot uéBodot Motag Kabiotov mmo eVKoAn ) xpNnon wog AMota wg otoifiag (stack), 6mov 1o TehevTaio oToL)ElD
TTOV TTPOOTEONKE ELVOL TO TPWTO OTOLYELO TTOV avakTNONKe («last-in, first-out»). ['ia va pocbéoete Eva otouyglo
otV Kopuen g otoifag (stack), ypnopomomote ) append () . I'ia va avaxtioete éva otouyelo amd v
KOPUPNG TG OTOLRAG, XPNOLUOTOLNOTE TN pop () Xwpig kamoto cagég index. o mapdderypo:

I AMeg yAhooeg evOéxeTal Vo EMOTPEYOUV TO HETOALOYIEVO QVTLKELUEVO, TO OTTOLO EMLTPEMEL TV CAUCLOWTH eKTéELeon HeBOSWV,
('m(nc_, d->insert ("a")->remove ("b")->sort () ;.
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>>> stack = [3, 4, 5]
>>> stack.append(6)
>>> stack.append (7)
>>> stack

>>> stack.pop
>>> stack

[3, 4, 5, 6]
>>> stack.pop ()

>>> stack.pop ()

>>> stack
[3, 4]

5.1.2 Xpnon Awotwv wg Oup€g (Queues)

Eivau emiong duvatod va ypnotpomon el pa Aoto wg oupd (queue), GTov T TPDTO OTOLYELD TOV TPOOTifETOL
€lvolL TO TTPWTO OTOLYELO TTOV avakTaTal («first-in, first-out») « @OTOC0, OL AMOTEG eV EIVOL ATOTENEOUATIKES YLOL
avtdv Tov okortd. Evd 1o va mpoobéoelg kol vo agarpéoels (ototyeio) oto téhog T Motog eivor ypiiyopo,
KdvovTag auTég TIg TPoobEoelg Ka Tig agpatpéoels (otouelwv) oty apyn g Mota eivar apyd (emeldr) oha
TO. OTOLYELOL TTPETTEL VO LETUTOTLOTOVY KATH £VAL).

I va epaproocete wa ovpd (queue), yPNOoLUoToLote T collections . deque 1) 0moila OYESLAOTIKE YLO
va. £xgL Yp1Yopeg Tpoobioelg Kar aparpéostg kou omd ta dvo dxpa. Mo mapdderypo:”:

>>> from collections import deque

>>> queue = deque(["Eric", "John", "Michael"])

>>> queue.append ("Terry") # Terry arrives

>>> queue.append ("Graham") # Graham arrives

>>> queue.popleft () # The first to arrive now leaves
'Eric'

>>> queue.popleft () # The second to arrive now leaves
'John'

>>> queue # Remaining queue in order of arrival
deque ([ 'Michael', 'Terry', 'Graham'])

5.1.3 Comprehensions Aioctaq

Ta comprehensions Aotog mapéyouv £va GuvortTiko TpomTo dnuovpyiog otdv. Ot ouviBeLg epapoyés elvor
1 duovpyia vEwv Motmv 6ov Kdhe otolyeio eival To amotéheopa KAToLmY TPEEemy Tov QopUOLOVTOL 08
k&g néhog wag dhing akolovbiag 1 iterable, 1 1 dnuovpyica wag vIToaKoloVHINg AVTWV TWV GTOLYEIWV TOV
LKOVOTTOLOUV (L0 OUYKEKPLUEVT CUVONKT).

[Mo Tapaderyua, og vrodéoovue dtL OELovE Vo dNUOVPYHCOVUE ULt MOTO TETPOYMVMVY OTTMGC:

>>> squares = []
>>> for x in range (10) :
squares.append (x**2)

>>> squares
(o, 1, 4, 9, 16, 25, 36, 49, 64, 81]

J

AdBete voPn 6TL avTd dnuovpyel (N oviikablotd) uo peta ANt ue To dvopa x ov eEaKolovdel va vtdp-
yeL uetd v ohokipman g loop. Mmtopovpe va virorhoyicoupe T Moto Tmv TETPAyDVOV Y mPig TOPEVEPYELEG
XPNOLUOTTOLMOVTOG:
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[squares = list (map(lambda x: x**2, range (10))) ]

1, L0odVVapOL:

[squares = [x**2 for x in range(10)] }

TTOV ELVAL TTLO CUVOTTTIKO KOl EVOVAYVMOTO.

‘Eva comprehension AMOTOG otoTEAEITOL OTTO OYKULEG TOV TEPLEXOVY WO EKPPAOT] akohouBoUUEVY 0TTO (oL
npdtaon for, ot ovvéxelo undév 1 meploooTepeg mpotdoelg for N 1 £. To amotéheopa Oa eivar wua véa
MoTa ov TPOKVITTEL ATtd TNV aELOAOYN 01 TNG £KPPAONG 0TO TAaioLo TwV TTpotdoewv for Kat if mov v
akorovBovv. Ta wapdderypa, avth 1 Alota cuvovdtel Ta otoryeio V0 MoT®V edv dev elvan ioeg:

>>> [(x, y) for x in [1,2,3] for y in [3,1,4] if x != y]
(e, 3, 1, 4, (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

Ko Looduvauel ue:

>>> combs = []
>>> for x in [1,2,3]:
for v in [3,1,4]:
if x !'= y:
combs.append ( (x, y))
>>> combs
(e, 3, (1, 4), (2, 3), (2, 1), (2, 4), (3, 1), (3, 4)]

ZNUELMOTE TOG 1) OELPA TV dAdoewv for Kat i f eivar idua ko ot 00 amooTAoUoTaL.

Edv 1 éxgpaon eivor thetddo (.. 1o (x, y) OTO TPOTYOUUEVO TAPADELYIAL), TIPETEL VOL UTTEL O€ TAPEVOEDT).

>>> vec = [-4, -2, 0, 2, 4]
>>> # create a new list with the values doubled
>>> [x*2 for x in vec]
[-8, -4, 0, 4, 8]
>>> # filter the list to exclude negative numbers
>>> [x for x in vec if x >= 0]
[0, 2, 4]
>>> # apply a function to all the elements
>>> [abs (x) for x in vec]
(4, 2, 0, 2, 4]
>>> # call a method on each element
>>> freshfruit = [' banana', ' loganberry ', 'passion fruit ']
>>> [weapon.strip() for weapon in freshfruit]
['"banana', 'loganberry', 'passion fruit']
>>> # create a list of 2-tuples like (number, square)
>>> [(x, x**2) for x in range (6) ]
[(0, O0), (1, 1), (2, 4), (3, 9, (4, 16), (5, 25)]
>>> # the tuple must be parenthesized, otherwise an error is raised
>>> [x, x**2 for x in range (6)]
File "<stdin>", line 1
[x, x**2 for x in range (6) ]
SyntaxError: did you forget parentheses around the comprehension target?
>>> # flatten a list using a listcomp with two 'for'
>>> vec = [[1,2,3], [4,5,6], [7,8,9]]
>>> [num for elem in vec for num in elem]
i, 2, 3, 4, 5, 6, 7, 8, 9]

Ta comprehensions Liotag umopel va mepléyovv oVvOeTeg EKPPACELS KoL £VOETEG OLVAPTNOELS:
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>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']

5.1.4 Comprehensions Eveetwv AloTtwv

H apyxn éxppaon oe £va comprehension Aiotag umopel vo givol omoladnmote ovbaipen Ekppaom, ovpumept-
hopfavouévng evog Ghhov comprehension Aotac.

Zre@Teite To akOAov0o Tapdaderyua pag uitpag 3x4 mov vhomononke g o Aiota 3 Motdv unkoug 4:

>>> matrix = [
(1, 2, 3, 41,
[51 6/ 71 8]/
(e, 10, 11, 121,

To axdhovBo comprehension Aiotag Oo peTapépel YPoUUES KOL OTHAES:

>>> [[row[i] for row in matrix] for i in range (4) ]
(rs1, 5, 91, (2, 6, 101, (3, 7, 11], [4, 8, 12]]

'Ontwg eidape oty TPONYoUUEVY EVOTNTA, TO comprehension TG e0mTePLKNG Motag aStohoyeital oto mThaiolo
Tov for OV TNV AKOLOVDEL, ETOUEVIG OUTO TO TAPASELYLQ ELVOL LOODVVANO UE:

>>> transposed = []
>>> for i in range (4):
transposed.append([row[i] for row in matrix])

>>> transposed
(cy, 5, 91, (2, e, 10], [3, 7, 111, [4, 8, 12]]

TO 070{0, UE TN OELPA TOV, EivaL TO {810 ue:

>>> transposed = []
>>> for i in range(4):
# the following 3 lines implement the nested listcomp
transposed_row = []
for row in matrix:
transposed_row.append (row[i])
transposed. append (transposed_row)

>>> transposed
(e, 5, 91, 2, e, 101, I3, 7, 111, [4, 8, 12]]

J

Ztov mparypatiko Koopo, Oa pémel va mpotindte tig evoopatouéveg (built-in) ouvaptioelg oo tig ovvOeTeg
evtohég poric. H ouvdptnon zip () Ba éxave eEaupetik) Sovheld yio authv Tnv mepimtmon xp1ong:

>>> list (zip(*matrix))
(1, 5, 9, (2, 6, 10), (3, 7, 11), (4, 8, 12)]

Agite Unpacking Alores Ootoudtamv Y100 \eTTOUEPELES OYETIKA LE TOV ALOTEPIOKO O€ QUTHV TN YPOUWY.

5.2 H dAwon del

Yrapyer Evag TpOTog VoL 0poLPECETE VAL OTOLYELD ATt Lat AOTOL UE TO EVPETIPLO TOU ALVTL YLCL TV TLUY] TOU: M)
dMlwon del. Avtd dagépel amd ™) uéBodo pop () mov emotpépet o Tur). H diwon del umopei emiong
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VoL (PNOLOTTONOEL YLoL TV apaipean Tunuatwv amd o Mota 1 yio v eKkkabdplon oAoKkAnpng g Alotag
(k&L OV KAvouE vopitepa ue TNV avadeon wog Kevng Aiotag oto slice). o mapdderypa:

>> a = [-1, 1, 66.25, 333, 333, 1234.5]
>>> del a[0]
>>> a

[1, 66.25, 333, 333, 1234.5]
>>> del af[2:4]

>>> a

[1, 66.25, 1234.5]

>>> del al:]

>>> a

[]

To del umopel emtiong va ypnotpomonOel yio ™ drarypa@t) oAOKANp®Y petofAnTav:

[>>> del a }

H avagopd oto dvopa a oto eEng givar éva opdhua (Tovhaylotov uéypt vo Tov ekympnOei dhin tur). Oa
Bpovue diheg ypnoelg yia to del apydtepa.

5.3 MAeLadeq (Tuples) kat AkohouBieq

Eidaue 6t ou AloTeg ko oL oupfohooelpés (strings) £xouve molEg KowvEG LOLOTITES, OTwg Aettovpyieg indexing
ko slicing. Eivow 800 mapadeiyuato timwv dedouévawv sequence (deite typesseq). Aedouévou 6t m Python eivon
o eEeMocduevn yhdooa, dhhol Thmol dedouévmv akorovbiog umopouv va pootedotv. Ydpyel emiong évag
dAhog TumLKOG TUTTOG dedouévav akolovbiog type: the wAsidda (tuple).

Mo mherdda (tuple) amoteheitan amd Evov aptBud TLMV OV XmPILoVToL Ue KOUUATA, Yo Topdderyuor:

>>> t = 12345, 54321, 'hello!'

>>> t[0]

12345

>>> ¢

(12345, 54321, 'hello!")

>>> # Tuples may be nested:

>>u =t, (1, 2, 3, 4, 5)

>>>

((12345, 54321, 'hello!'), (1, 2, 3, 4, 5))

>>> # Tuples are immutable:

>>> t[0] = 88888

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

TypeError: 'tuple' object does not support item assignment
>>> # but they can contain mutable objects:

>>> v = ([1, 2, 31, [3, 2, 11)

>>> v

(ry, 2, 31, (3, 2, 1])

‘Onwg Prémete, oL mAelddeg (tuples) otnv 5080 mepikheiovtol mavTa o€ moPevOETELS, £ToL WOTE oL £vOETE
mhelddeg (tuples) va epunvevoviol omoTtds UTOPOVV va. eLooy 00UV ue 1M xwpig mepipddlovoeg mapevOEoels,
av KoL ovyva ol tapevhéoels elvol amapaitnteg oVTmg 1 dAAmg (av 1 TAELGdA eival uéPog wag HeyohiTepng
EKQPOOTNG). AgV glval duvaTy 1) AVTLOTOl(LON 08 HEUOVIUEVO OTOLELD LG TTAeLddag, WOTOoO eival duvatd
va dnovpyn0ouv mherddeg (tuples) mov mepLeyouv UETABANTA avTikeipeva, dtwg MoTec.

Av ko ou mhelddeg (tuples) pwopel va paivovral TapouoLeg te MOoTeg, YP1OLUOTOLOVVTOL GUY VA OF dLOPOPE-
TIKEG KOTAOTAOELS KO YLot DLapopeTikovg okomovg. O mhewddeg (tuples) eivau immutable, Kon cuvnOmG TTEPLE-
YOUV (Lol ETEPOYEVH aKolovOia aToLyeimv ata omoia 1 TpdoPaot yivetar néow unpacking (deite TapakdTm
o€ QUTHV TNV evOTNTa) 1) To indexing () akdua Kot Kotd XopoKTNPLoTkd 0TV Ttepimtwon namedtuples).
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Ot MoTeg elvan mutable, KoL Ta 0TOLYELO TOVG Eival oVVHOWE OUOLOYEVTH KOL TPOCTTENALOVTOL UE ETOVOAN YT
ot Mota.

'Eva eldlkd Tpdfinua eivor 1 kotaokevr) mhetddwv (tuples) mov mepiéyouvv 0 M 1 otouyeio: n ovvtaln €xet
Kdmoleg emumAéov dLoppubuies yia va tig tpooapudoel. OL Kevég mhelddeg KataokevAtoviol amd v Kevo
Cevyapl mopeviéoemv, wa mietada (tuple) ue éva ototyeio dnuovpyeitor akoAoVOMVTOG (Lat TLUT LE KOUUOL
(dev apkei va mepukheietol o povo Tt og mopeviEéoelg). Aoynuo, olé amotedeopotiko. Tua mopdderypo:

N

>>> empty = ()

>>> singleton = 'hello', # <—— note trailing comma
>>> len (empty)

0

>>> len(singleton)

1

>>> singleton

('"hello',)

J

Honhwont = 12345, 54321, 'hello!' eivawéva mapaderyua tuple packing: oL tinéc 12345, 54321 xou
"hello!' eival cvokevoopuéveg uali oe o hetdda (tuple). H avtiotpopn Aettovpyia eivor emtiong equkti):

R )

Avtd ovopdletal, apKeETE 0woTa, sequence unpacking Ko AELTOUPYEL Yo otoladNote akohovbio ot deELd
mhevpd. To sequence unpacking OroLTEL VO VITAPYOVY TOOEG UETAPANTES OTNV OPLOTEPT] TAEVPA TOU GUUBOLOV
LoOTNTOG 000 OTOLYELD VITAPYOVY 0TV akohoubic. EZnueimon otL 1) Tolathy) ovadeo elvol 0TV TPOyUoTL-
KOTTA OThing €vag ouvdvaoudg tuple packing kou sequence unpacking.

5.4 ZuvoAa (Sets)

H Python mepihapfdver emtiong évav timo dedouévav yio sets. ‘Eva set eivar o un taEwvounuévn ouihoyn
ywpig duthotuma otoryeia. Ol Baoikég xphoelg mepthapBdvouy ) dokur 1dLdTNTag wéhoug Ko TV eEGhenym
dumhdtumtov eyypopdv. Ta aviikeipeva ouvorov vtootnpilovy eniong nadnuotikés Tpdakelg dnwg evaon,
ToU), SLapopd KoL CUUUETPLKY SLOpOopAL.

Ta dykiotpann ovvaptnon set () Uropov va ypnouomomBouv yio ) dnutovpyia cuvormv. ZNUeiwon: Yo
VO SNULOVPYTOETE VO KEVO GVVOAO TTPETTEL VOL YPYOLUOTTOLYOETE TO Set (), OyLTO { } « To TEAeVTALO dNULoVPYEL
éva kevo AeELkd, wa doun dedopévawv tov Oa culnTiooupe TNy eTOUEVY EVOTITCL.

AxolovBel o ovvtoun enidelEn:

>>> basket = {'apple', 'orange', 'apple', 'pear', 'orange', 'banana'}
>>> print (basket) # show that duplicates have been.
—removed

{'orange', 'banana', 'pear', 'apple'}

>>> 'orange' in basket # fast membership testing
True

>>> 'crabgrass' in basket

False

>>> # Demonstrate set operations on unique letters from two words
>>>

>>> a = set ('abracadabra')

>>> b = set('alacazam')

>>> a # unique letters in a

{vav, "wV, V¥, V@', eV}

>> a - b # letters in a but not in b
{'r', 'd', 'b'}

>>> a b # letters 1in a or b or both

{'a', CV, 'r', VdV, 'b', 'mV, 'z', 'l‘}

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>> a & b # letters 1in both a and b
{'a" 'C'}
>> a ~ b # letters in a or b but not both

{'r', |d', 'b', 'm‘[ 'Z', 'l‘}

Oupolwg pe list comprehensions, vTtooTPiCovtal exiong ta comprehensions TV GUVOLWV:

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{lrl, VdV}

5.5 Ae&ka (Dictionaries)

‘Eva. 6Mog ypfonog timog dedopévwv mou eivar evomuotouévog oty Python eivaw to dictionary (B\.
typesmapping). To AeEukd Bpilokovral ueptkég popés oe AAEG YADOOEG G «OVOYETLOTIKEG UVIUEGH 1] «OU-
OYETLOTIKOL TTivakeg». Ze avtifeon ue tig axolovdieg, ol omoieg elvan ue indexes pe €vo gvpog aplduav, To
LeEukd yivovtau index pe keys, mtov wmwopel va givar 0moloodhote auetdfAnTtog THmoge oL CUIBOAOCELPES Kail
oL apBuoi propovv wavta va eivor khewdid. Ou mhelddeg (tuples) umopovv va xpnowuorotnfotv wg Kheldd
eqv TEPLEYOUV UOVO OUUPBOROCELPES, aplBuovg 1) TAelddeg (tuples)s eav por Thelddo mTEPLEXEL 0TOLOONTOTE
UETOPINTO OvTLKEipEVO eite dueca eite éuueoa, dev wropetl va ypnowuomomn el wg Khewdi. Aev popeite va
YPNOLUOTON0ETE MOTES WG KAELOLA, KOOGS OL MoTEG UITOPOVV VO TPOTTOTOLNHOVY ETLTOTOV YPNOULOTOLMVTOS
avabéoelg index, avabéoelg slice, 1) uedddovg Owg append () Kot .extend ().

Eivol kahOtepo va oxepreite £va heEkd mg éva 00volo Cevymv key: value, ue Ty mpotimdOeon 6T ta KAELOLA
etvar povadikd (oe éva AeEkd). 'Eva Cevryog aykulwv dnuovpyei éva kKevo heEikd: { +. H tomobéton wog
Motag Cevydv key:value oto AeElkd, autdg elvar emiong o TpOTOG Ue Tov 0olo YPApovToL To AeELKE otV
£€0080.

O x¥pLeg hertovpyieg oe éva heELko gival 1) amo0Kevon wag TG He Kamoto KAewdi kan 1 eEarywyi tng Tung
mov divetaw oto khewdi. Eivaw emiong duvary) ) duarypagpn evog Cevyovug key:value pue del. Edv amoOnkevete
YPNOLULOTTOLMVTAG EVa KAELDL TTOV BplokeTal 01 o€ xpNon, 1 TaAld T Tov oxeTieTan ue autod To KAeLdL £xel
Eeyaotel. Bivar opaluo va eEaydyete o Ty yp1oLUoToLmVTag £V ovOTToPKTO KAELSL.

H sxtéleon tov 1ist (d) oe éva AeElkd emotpépel o Aota pe Oha ToL KAELSLE TOV YPNOLUOTTOLOVVTOL 0TO
LeELkd, ne oelpd eroaymyng (av Béhete va taEvounOei, amhmg ypnowomoote 1o sorted (d) ). [ vo ehéy-
Eete edv VITAPYEL £va ueEPovmuEVo KAeldi oto AeELkd, ypnolpomowote ™) AEN-KAeldi in.

AxolovOel éva pkpd mapdderypa xpnoLuomotmvIog £va AeEKo:

>>> tel = {'jack': 4098, 'sape': 4139}

>>> tel['guido'] = 4127

>>> tel

{"jack': 4098, 'sape': 4139, 'guido': 4127}
>>> tel['jack']

4098

>>> del tel['sape']
>>> tel['irv'] = 4127
>>> tel

{"jack': 4098, 'guido': 4127, 'irv': 4127}
>>> list (tel)

['"jack', 'guido', 'irv']

>>> sorted(tel)

['guido', 'irv', 'jack']
>>> 'guido' in tel

True

>>> 'jack' not in tel
False
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O constructor dict () dnuovpyel AeEikd amevbeiag amd axolovdieg Levywv key-value:

>>> dict ([ ('sape', 4139), ('guido', 4127), ('jack', 4098)1)
{'sape': 4139, 'guido': 4127, 'jack': 4098}

Emutléov, ta. comprehensions AeELkmv puwopovv va ypnowuoston0otv yio ™) dnuouvpyio AeEikdv amd avbai-
PETEG EKPPATELG KAELOLOV KO TLUDV:

>>> {x: x**2 for x in (2, 4, 6)}
{2: 4, 4: 16, 6: 36}

‘Otav ta KAeWdLA elval amthég ouUPBOLOCELPES, LEPLKES (POPES Elval TTLO EVKONO VaL oploeTe TevyT PN OLUOTOLMD-
vtag opiopato MEewv-KAedimv:

>>> dict (sape=4139, guido=4127, jack=4098)
{'sape': 4139, 'guido': 4127, 'jJack': 4098}

5.6 Texvikeqg Looping

Katd to looping uéow AeEtkdv, To KAWL KoL 1) OVTIOTOLYT TUUT PITOPOvV Vo, avakTthBovv Tautdypova xpnot-
posotwvtag ™ wébodo items ().

>>> knights = {'gallahad': 'the pure', 'robin': 'the brave'}
>>> for k, v in knights.items() :
print (k, wv)

gallahad the pure
robin the brave

Katd to looping uéow axohouvbiag, o deiktng B€omg koL 1 ovtioTouyn T WITopouv vo. avaktnOovy tautod-
YPOVQ PNOLUOTTOLMVTOG TN OUVAPTHOT enumerate ().

>>> for i, v in enumerate(['tic', 'tac', 'toe']):
print (i, wv)

0 tic

1 tac

2 toe

[ va kévete loop og 800 1) TePLocOTEPEG KOMOVBIES TAVTOYPOVA, OL KUTOYWMPIOELS LTOPOVV VO OLVTLOTOLYL-
OTOUV UE T oVvapTNoN zip ().

>>> questions = ['name', 'quest', 'favorite color']
>>> answers = ['lancelot', 'the holy grail', 'blue']
>>> for g, a in zip(questions, answers):
print ('What is your ? It is .'.format (g, a))

What is your name? It is lancelot.
What is your quest? It is the holy grail.
What is your favorite color? It is blue.

T va kavete loop o€ o akohovBia avtioTpopa, KaBopioTte TPdTA THY akoAovBia TPOG TO EWTPOS KL UETA
KaA€ote T ouvapTnon reversed () .

>>> for i in reversed(range(l, 10, 2)):
print (i)

(ouvéyela oty emodpevn oehida)

5.6. Texvikég Looping 45




Python Tutorial, Anpociguon 3.14.0rc2

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

= w 03w

T va xévete loop og wa akohovBia pe TaEvounuévn oelpd, YPNoLoTow|oTe T ouvdptnon sorted (), m
oroia emmloTpéPeL o véa Tagvounuévn Mota agfiivovtag Ty mnyn ovaihoimn.

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for i1 in sorted(basket):
print (i)
apple
apple
banana
orange
orange
pear

Hypfion tov set () oe wa akolovBia eEodeipet ta dumhd otovyeio. H xphon tov sorted () oe ovvduooud ue
To set () o wo akolovdia eivol £vog LOLMUATIKOG TPOTOGS Y10 VA, KAVETE loop Tavm atd LovadLkd otoLyeio
¢ akohovbiog oe TaEvounuévn oelpd.

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for f in sorted(set (basket)) :
print (f)
apple
banana
orange
pear

J

Mepikég popég eivar deAeaoTKO va aMATETE (oL AMoTaL EVH TNV TTEPINYELOTE WOTOOO, ELVAL GUYVE TTLO OTTAO
KOl oQaAES VoL SNUOVPYHOETE oL VEO MOTOL.

>>> import math
>>> raw_data = [56.2, float('NaN'), 51.7, 55.3, 52.5, float('NaN'), 47.8]
>>> filtered_data = []
>>> for value in raw_data:
if not math.isnan (value) :
filtered_data.append (value)

>>> filtered_data
[56.2, 51.7, 55.3, 52.5, 47.8]

5.7 MepLoocotepa yLa TG CUVORKEQ

OL ovvOT|Keg OV ¥PNOLUOTOLOVVTAL OTLG dONAMOELG while kou if pwropovv va mepLEXovV 0mToLoVodNTOTE
TELEOTEG, OYL WOVO GUYKPIOELS.

OLteleoTég OUYKPLONG in Kawnot in eivon SoKIEG LdLOTNTOG LENOUG TOU KaBopilovv edv o Ty Ppioketon
(M Oy og) éva container. Ot TeheoTég is Kaw is not ouykpivouv edv dvo aviikelpeva eivol Tpayuatikd to
1010 avtikeipevo. ‘'Ohot oL TeELeaTéG OVYKPLONG £XOVV TV OL0L TPOTEPALOTNTA, 1] OTTOLAL ELVAL YOUNAOTEPT OLTTO
oVt OAV TOV APLOUNTIKOV TELECTMV.

O ovyKpioELs Wtopovv va givar cdvodwtés. o mapddetyua, a < b == c ehéyyeL edv 10 a elval KpoTEPO
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amtd b Ko emuThéov To b loovTaL e C.

OL OLVYKPLOELG LTOPOVY VAL GUVHVAGTOUV YPTCLUOTTOLMVTAS TOUG hOYLKOUG TEMe0TEG and KoL Or, KL TO ALTTOTE-
leopa oG ovykpLong (1 omolasdnmote dANg LoyLlkng EKppaong) Wropel va akvpmBel e not. Avtol €xovv
YOUNAOTEPEG TTPOTEPALOTITES UETAED TV TELEOTDV OVYKPLONG, TO not €xeL TNV VYNAOTEPT) TPOTEPALOTNTAL
KoL TO or T Xounhotepn, €0l wote to A and not B or Cwoduvopel pe (A and (not B)) or C.
‘Onwg tavta, oL TOPEVOETELS LITOPOVV VAL XPNOLUOTTOL 00UV Yo va. eK@paoouy Thy embuunti ouvieon.

O hoykoi Teleotég and KoL or eivar oL Aeyouevol teeotég short-circuit: Ta. 0piopata Tovg aELoloyovvral
and aplotepd Tpog To. deELG Kat 1 aELoddynom otauatd wolg kaboplotel to amotéheopa. [o mapdderyua,
ev 10 A and C eivor ainbéc, alld to B givar Yeudég, to A and B and C dev aEwohoyei thv ékppaon C.
‘Otav yPNOLULOTTOLELTAL MG YEVLKT] T KoL O)L G AOYLKY), 1] TULY ETLOTPOQT|G €VOG short-circuit teleotr| lvor
10 TEAEVTOiO0 aELohoyNUEVO OPLOUCL.

Eival duvatd va ovTloToL ioeTe T0 amoTéLeopal (oG oUyKpLong 1 Gl duadik) EKpPoong oe (o LetafAnT).
T Topdderyuo,

>>> stringl, string2, string3 = '', 'Trondheim', 'Hammer Dance'
>>> non_null stringl or string2 or string3

>>> non_null

'Trondheim’

Znuewwote 6tL oty Python, o avtifeon pe v C, 1 avabeom evidg Twv eKQPAoEMY TPETEL VaL YIVETOL PNTA
ue Tov teheoty| walrus operator : =. Autd amo@evyeL pua Kowvy Katnyopio TpofAudtmy Tou CUVAVIMVTOL 0T
apoypdupato C: IANKTpohoYDVTIOG = 08 ot EKQPaot] OTav TPoopLloTay To ==.

5.8 ZUyKpLon akoAouBLwyv Kat AAAwV TUTIWV

Ta aviikeipevo axohovdiag wropovv cuvnbmeg va cuykplBovv pe GAla ovilkeipevo e Tov tdLo Tmo aKo-
MovBiac. H auykpion ypnowomotei lexicographical ogwpd: mpmta cuYKPIVOVTOL TO SV0 TPMTO OTOLYELD KOLL 0LV
drapépovv awtd KaBopilel To AmOTELESUO TG CUYKPLONG €AV ElVOL L00, Ta ETOpEVA dV0 OTOLYELD GUYKPiVO-
vTou Ko ovtw KabeEng, £mg dtov eEaviinOel 1 puio ad Tig dvo axorovbies. Edv dvo otouyeio pog auykpLon
elvan Ta idLa axohovBieg Tou idtov THmov, 1 AeElkoypagiky) ovykpLon tpayurotomoteitol avadpopkd. Edv
Ohol ta oToLyEle VO aKxorovOLDV cuykpivovtol ioa, ol akolovBieg Bewpovvtal loeg. Edv 1 wa akolovBio
elvow apytkn vroakolovBia g GAANG, 1 wkpdTepn axorovBia eivor 1 pkpodtepn (eddyoty). H heEikoypa-
@Lkn TaEvounon ovppolocelpdv ypnouortotel Tov apiud Kwdikol onueiov Unicode yia vo ta&ivouroet
LEUOVWUEVOUG YOPOKTNPES. Mepikd mapadeiyuata cuykpioemv uetal axohovbimv Tov idtov Thmou:

(1, 2, 3) < (1, 2, 4)

(1, 2, 31 < [1, 2, 4]

'ABC' < 'C' < 'Pascal' < 'Python'

(1, 2, 3, 4) < (1, 2, 4)

(1, 2) < (1, 2, -1)

(1, 2, 3) == (1.0, 2.0, 3.0)

(1, 2, ('aa', 'ab'")) < (1, 2, ('abc', 'a'), 4)

Adfete vtoYn OTL N GVYKPLON OVTLKELEVOV SLAPOPETIKDV TUTTWV Ue < 1 > glvar vouur vmo tov 6po ot
T ovTikeipevo drabétouvy Katddinieg uebddovg ovykpione. o mopdderyua, ov wktég aptbuntikot Tomol
oVYKpIvovTaL OVUPOVO UE TNV aplOpnTiky Toug T, omdte to 0 tovtan pe 0.0, KA. Alogopetikd, avil vo.
mopéyel wa ovbaipetn mapayyehia, o diepunvéag Ba kdve raise o eEaipeon TypeError.

YTOONHELWOELG
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Modules

E&v Byeite amd Tov interpreter tg Python kou umeite Eavd, oL oplopoi wov €xete Kavel (OUVOPTOELG KOl UETOL-
BANTéC) xdvovTon. Emouévmg, edv Bélete va ypdpete £vo KATmG UeYOLITEPO TPOYPOLLUAL, ELVOAL TTPOTLLOTEPO
VO {PNOLLOTTOLNOETE VO ETEEEPYOAOTI KELWEVO YLOL VO. TTPOETOLUAOETE TNV ELOAYWYY YLOL TOV interpreter Ko
TV €KTENED TOV (e aUTO TO OPYELO wg input. AuTd gival Yvwotod wg dnwovpyia script. Kabwg to mpdypauuo
00G ueyohmveL, umopei vo 0éhete va to ywploete o€ ToMA apyela yio eukolodTePT) GUVTHPTON. Mtopei emtiong
Vo OEAETE VOL (PNOLULOTTOLYOETE Lol EVYPNOTY CUVAPTNON TOU EXETE YPAPEL O TTOMG TPOYPAUUATA X OPLG VO
avILypdapete Tov opLoud TG oe KaOe TpOypaLuaL.

T vo o vwootpi&er autd, 1 Python €yl évav tpdmo va BAlel opLopog o€ £vo aPYELO KL VA TOUG XPNOL-
norotet o€ éva script 1) og éva dLadpaoTikd instance tov interpreter. ‘Eva tétolo apyeio ovoudletal module* -
00100l Ao e eVOTNTA UToPOUV Vo *ereayOovv oe dhha modules 1) 010 k¥oto module (1 GUALOYY TOV UE-
TafANTOV 0TLG 0TTolEg €xeTe TPOOPaON O€ £va script Tov eKTELELTAL OTOV OVMTEPO ETITEDO KAl 08 AELTOUpYia
aptBpopnxavig).

'Eva module eivar éva apyeio mou mepiéyer opropots Kar dnhmoelg Python. To dvoua apyeiov eival to dvoua
tov module e to emiOnua . py. Méoe oe éva module, to dvoua tov module (wg cupuforooelpd) eivar dtabéoio
g T ™G global petafintig _ name_ . Ta wopdderyua, xpNoLLOTOLOTE TO OYOTNUEVOG OOLG TPOYPULLOL
eMEEEPYOLAG KELWEVOU YLOL VO, SNUWOVPYNOETE £va apyeio ov ovopdaletar £ibo . py 0tov Tpéyovra KoTaloyo
ue to. akdhovba mepLeydueva:

# Fibonacci numbers module

def fib(n) :
"""Write Fibonacci series up to n."""
a, b =20, 1
while a < n:
print (a, end=' ")
a, b =Db, atb
print ()

def fib2 (n):
"""Return Fibonacci series up to n."""
result = []
a, b =20, 1
while a < n:
result.append (a)

(OUVEYELD 0TV ETTOUEVT] GENDOL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

a, b =Db, atb
return result

Topa ewodryete tov Python interpreter ko eLodyete ovtd 1o module pe v akdhovOn EVIOAT:

[>>> import fibo ]

Avutd dev mpoobétel ta ovouato Twv ovvapTtHoewy ov opilovtal 010 fibo amevbeiog oTOv TPEYXOVTQ
namespace (B\. Euféieia kaw ledio Ovoudtwv arnv Python yio. meploootepeg AemTOUEPELES): TTPOOOETEL UOVO
to Odvouo tov module £ibo ekei. Xpnowomoimvag to ovouo tov module wropeite va amokTioete TpooPao
OTIG AELTOVPYiEG:

>>> fibo.fib (1000)

0112 35 8 13 21 34 55 89 144 233 377 610 987
>>> fibo.fib2 (100)

o, 1, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

>>> fibo._ name_

'fibo'

Edv oKomevete vo XpNOLULOTTOLELTE GUY VA oL GUVAPTNOY), WITOPELTE VA TNV AVILOTOLYIOETE 0€ €VaL TOMKO
ovoua:

>>> fib = fibo.fib
>>> fib (500)
01 1 2 35 8 13 21 34 55 89 144 233 377

6.1 MNMepLoocotepa yLa ta Modules

‘Eva module ptopei vo mepiéyel ekteléotueg dNAmoelg KaOmdg Ko oplopos ouvapthoemy. AuTtég oL dmiom-
OELG TTPOOPILLOVTOL YL TNV TPogTOLUacia Tov module. Extehovvton pdvo v modn @opd Tov EUpavileTaL To
dvopa Tov module og o dMrwon eoaymyic.! (Exktehovvtol emtiong edv o apyeio exteleital wg script.)

Kd&6e module €yel tov d1kd g OLwTLkd namespace, 0 0oiog ypnoLuomoLeitol wg global namespace awd Oheg
TLG OVVAPTNOELS TTOL Opifovtal 6to module. ‘Etol, 0 GUVTAKTNG ULag EVOTNTOG UTOPEL VaL Y prjoLtuortoLogL global
uetofIntég oto module ywpig va avnovyel yio tuxaio conflicts pe tig global puetafintég tov xpnoty. Amd v
GAY TAEVPG, £V E€peTe TL KAVETE, UWTopEiTe va ayyiEete Tig global petafintéc evég module e o idLo notation
IOV Y PYOLUOTTOLELTOLL YLOL VOL ALVOPEPETOL OTLG CUVAPTYOELG, modname . itemname.

Ta modules propovv va ewodyouv diha modules. Eivar ouvnOeg, alld dev amorteitol vo tomobetovviol Oheg
oL dNMOOELG import otV apyT Wwog evotnta (1) oevapiov, yia autd 1o 0éua). Ta ovopata twv modules wou
eLodryovtat, €Gv TomoheToVvToL 0To ovmTEPO EMimedO Tov £va module (eKTOG 0TOLWVONTOTE CUVAPTHOEMV 1
KAdoewv), tpootibevtal otov global namespace Tov module.

Yrdpyer wa maporhayn tg dMAwong import mov elodyel ovopato oo £va module amevbeiag oTov XMPO
oto importing module’s namespace. ['a tapaderypo:

>>> from fibo import fib, fib2
>>> fib (500)
0 112 358 13 21 34 55 89 144 233 377

Avuto dev elodryel o dvopa evog module ard To omoio Aapfdvovtal oL eLoaywyEG 0To TOTLKO namespace (apd.
oto apdderyua, To £ibo dev opiletar).

Yrdpyer okOUY Ko i TapaAhoyT] yLo TV EL00YwYT OAMV TMV OVOUATOV JTOU OPLLEL UL EVOTNTOL:

! Sty mpaypomkdmra, oL opLopol cuvapToemv eival ertiong “statements” Tou “eKTEAOUVTOL s 1 EKTELED EVOG OPLOIOD GUVAPTNONG
oe enimedo module TPoobHETeL TO Gvopa TG oLVVAPTNONG 0TOV kKabolkd namespace Tov module.
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>>> from fibo import *
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

Avtd elodyel 6ha To. ovopata eKtdg amd avtd mov Eekivolv e kKatm stavha (). ZTG TEPLOCOTEPES TEPLITTM-
O€LG, OL TTpoypapuotiotés Python dev xpnolnomolovv authv v duvatdmta , Kobdg elodyel €vo dyvmoTto
ovvolo ovopdtwv oTov interpreter, KpUBOVTOG TLOOVMOG KATOLA TPAYIATO TTOV EXETE 10N OpioEL.

Adfete vrdyn Ot yeVIKA 1) TPOKTIKT TG eloarywyng * amd éva module 1) éva akéTo armodokudeTot, Kadmg
TPOKOAEL OLY VA KAK®DG avoryvadoLuo Kmdika. QoTtdoo, eival evtdEeL va. TOV XP1OLULOTOLGETE VL0, VO ato01)-
KeVOoETE TNV TANKTPOLOYNON 08 SLadPAOTIKEG TTEPLOdOVG GVVIEDTG.

Edv to dvopa tov module akolovOeital amd as, T0TE TO Ovoua OV akoAoVOEL as ouvdéetal amevieiag ue to
eloaryopuevo module.

>>> import fibo as fib
>>> fib.fib (500)
01 12 358 13 21 34 55 89 144 233 377

Avtd ovoraotikd elodyel to module pe tov idLo Tpdto mov O kavel To import fibo, pe ™ udvn dapopd
ot eiva drabéono wg £ib.

Mropei emiong va ypnoLuomotn0el 0Tav ¥PNOLUOTOLELTE £ rom [E TAPOUOLOL EQE:

>>> from fibo import fib as fibonacci
>>> fibonacci (500)
0 112 358 13 21 34 55 89 144 233 377

O Iyusimon

T Moyovug astoteheopotikoTTac, ka0e module elodryetar udvo pio popd avd mepiodo hettovpyieg Tov
interpreter. Emouévimg, edv aldEete ta modules oog, TPEMEL VO ETAVEKKIVIOETE TOV Siepunvéa — 1),
eqv eivar uodvo éva module ov OéheTe Vo dOKLUAOETE dLOOPOOTIKA, YPNOLULOTOOTE TO importlib.
reload (), m.X. import importlib; importlib.reload (modulename).

6.1.1 EktéAeon modules wg scripts

‘Otav exteleite €vo Python module pe:

[python fibo.py <arguments> ]

o kwdikag 0to module Oa exteleoTel, AKPLBMOG GOV VO TOV ELOOYAYETE, OAG e TO name va €YEL OPLOTEL O€
"__main__". Autd onpaivel 0tL TpocOETovTog VTV TOV KmdLKa 0To T€A0G Tou module cog:

if name == "_main_ ":
import sys
fib (int (sys.argv[1]))

uropeite vo Kdvete To apyelo xpnoLUoTooLo mg script Kabwg kot wg module ov wtopet va etoayel, emeldn
0 KOILKAG TOU aVaAVEL TNV YPAUUT) EVTOLMV eKTELELTOL LOVO €4V TO module eKTEAELTOL G TO «main» Py ELo:

$ python fibo.py 50
0112 358 13 21 34

Edv to module éyeL eroayOel, 0 KddLkag dev exteleitan:

>>> import fibo
>>>
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Avutd ypnolpomoteitan ouyva eite yio Ty Ttapoyr| vog Bolikov user interface oe éva module, eite yia okomoUg
doxung (M ektéheon tov module wg script eKTEAEL PO SOKLUAOTIKY) GOVITAL).

6.1.2 To Search Path tou Module

‘Otav elodryete éva module pe To Ovopa spam, o interpreter avalntd tpdTo £va evompoatouévo module pe avtd
70 6vopa. Avtd ta ovopato twv module mapatiBevion 0to sys . builtin_module_names. Eqv dev Bpebel,
tOTE OVOLNTA €val apyELo UE TO Gvoua spam.py O (o MoTo Kataldywv mov divovtal omd ) uetafinti
sys.path. To sys.path apyikomoteitan amd avtég Tig Oéoelg:

o O xat@hoyog mov mepLéyeL To input script (1] TOV TPEXOVTO KATAhoyo 0Tov dev €yel KoOopLoTel apyeio).
o PYTHONPATH (o Mota ovopdtmy Kotahdyov, pe Ty idta ovvta&n e ™) petofinti tov shell PATH).

o H mpoemhroyn mov eEaptdtor amd v eykatdotaon (Katd oupufoot, ovumephaufovouévou evog Ka-
TaAdyov site—packages, mov xewpiletor To module site.

[MepLoodtepeg Aemtopépeteg Pplokoviol oto sys-path-init.

O Ihusioony

210 CUOTHUOTA APy ELWV TTOV VITooTNPilovv symlinks, 0 Katdhoyo Tov mepLéyeL To input script vitoloyieTon
ooV axorovdnOei To symlink. Me ddha MoyLa, o katdhoyog mov mepLéyel To symlink dev pootifetan ot
dradpoun avalntmong tov module.

Metd TV mtpoeToLpaoia, ta poypaupota Python urwopoiv va tpomomotjoouy 1o sys . path. O katdhoyog
OV TEPLEYEL TO SCript OV ekTELEiTOL TOTOOETELTOL OTNY 0P TG dLAdPOUT|G AVOLNTNOTG , WTPOOTA ATTO TNV
oKy dradpoun) g PLPAoONKNg. Autd onuaiver OTL Ta scripts o€ AvTOV TOV Katdhoyo Oa givar poptmuéva
avti yio to. modules pe to id10 dvoua otov Katdhoyo wog PLprodnKng. Avtd eivan éva opdiua, eKTog GV
npoopiletal  avrikatdotaon. Bi. v evomta Standard Modules yio. eplocdtepeg TANpopopiec.

6.1.3 «Compiled» Python apxeia

I va emrtayvver ) pdptwon modules, 1) Python kdéiver cache tv compiled ékdoom kaOe module otov Katdhoyo
__pycache__ kdtm 0md To Ovopa module. version.pyc, OOV 1 €K6001 KwOLKOTOLEL T Lop@1| TOv
compiled apyeiovs yevikd mepiéyer Tov aptbud ékdoong g Python. I mapdderypa, oty ékdoorn CPython
3.3 1 compiled £¢xd00m tov spam.py 0o amoOnKevtel wg _pycache_ /spam.cpython-33.pyc. Avt) 1
ovppaon ovopaociog, emtpénel oe compiled modules amtd drapopeTikés eKOO0ELS KOl OLAPOPETIKES EKDOTELG
™™g Python va cuvumdpyouv.

H Python eAéyyeL thv UEPOUNVICL TPOTTOTTOINONG TOV TN Yaiov £vavtL Tng compiled £kdoamng Yo va deL edtv eivon
Eemepaouévn Ka yperdtetol vo yiver compile Eava. Avth eivan pa eviehdg avtopatn dwadikaoio. Emiong, ta
compiled modules givar aveEdptnteg amd Thotedpua, emopusvog 1 idia BLBrodfKn uropei va KotvortowOei
OVAUEDO O OUOTHUATO L€ OLAPOPETIKES OLPYLTEKTOVLKEG.

H Python dev ehéyyeL Tv cache og &0 meputtwoeis. ITpdtov, mdvta Kdver compile Eavd kau dev amobnkever
t0 amotéleopa yio To module wov poptdveTal atevdeiog ad T ypauuy viohmy. AeUTePOV, deV ELEYYEL T
wvnun cache edv dev vitapyet To source module. T'a va virootypiEete wa Siavour) ywpic mnyaio (compiled
uoévo), To compiled module mpémeL vo PpiokeTal oTov source KOTAAOYO KoL OEV TPETEL VO VTAPYEL source
module.

Mepikég ouuPBOVAEG YL ELOLKOVG:

o Mropeite va pnoLuomooete Toug switches —O 1| —00 otnv eviol Python yia va peunoete to péye-
0og evog compiled module. To -0 switch agaupei Tig assert statements, tTo —00 switch agaipei 1600 TO
assert statements 600 Kot Tig __doc__ ovuforooelpés . Eqpdoov oplopuéva mpoypauuota uropet va faoct-
Covtar oty VmapsEn avtmv Tov Stabéoumy, Bo TPETEL VO YPNOLUOTOLHCETE VTNV TNV emhoy udvo
eqv yvopilete T kKavete. «Optimized» modules £xovv éva opt— tag kou eivar ovviBwg mkpoTepeg. Ou
UEMOVTLKEG EK8O0ELG UTOPEL Vo alLGEOVY Ta aoTeEMEoUOTA TNG BEATLOTOTOINONG.
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o 'Eva tpdypoppa dev extedleital o yphiyopa otav dtofdleton amd éva apyeio .pyc amd 4,1t dtav
duafatetar amd éva apyeio .py’ « To pdvo mpdypa nou eivalr mio ypryopo and Ta
apyela ' .pyc gival 1 TayUTHTO LE TNV OTTOLC (POPTWVOVTOL.

o To module compileall umopel va dnulovpynoet apyeto .pyc yio Oho To. modules og éva Katdhoyo.

o Ynbpyovv meplocdtepec hemTouépeLeg OYETLKA e ouTH T dLadikaoia, oupwtephoufovouévou evog dia-
vpauuatog potg Twv amogdoewv, oto PEP 3147.

6.2 Standard Modules

H Python ouvvodeveton amd wa Pifriodnkn standard modules, M omoio mepLypdpetal oe éva EexwpLotd €y-
vpapo, v Avagopd Bipiobkng Python («Library Reference» hereafter). Opiopéva modules eivor evomuo-
TOUEVO 0TOV interpreters AUTEG TapE oV TPOOaoT) 08 AELTOVPYIES TTOV OEV OTTOTEAOUV UEPOG TOU TTUPTVOL TNG
YADOOOG, AAMG EVIOUTOLS ELVOL EVOWUATWUEVA, EITE VIO, ATOTELEOUATIKOTITA ELTE VIO TNV TTOPOYN TPOOPa-
O1G 0€ TPWTOYOVO OTOLYELD TOU AELTOVPYLKOU GUOTHUOTOS 0TS oL kKANoeLg ovothuatos. To guvolo tétolwv
modules gival o emhoyn dapdppwong mov eEaptdtan emiong amd v vitokeipevn mhatpdpua. Lo wopd-
devyua, to module winreg mapéyeton povo og ovotipata Windows. ‘Eva ovykekpiuévo module wov a&iLet
KAITOLOL TTPOCOYT) ELVOL TO SY'S, TO 0TTOLO Elval evomuatwuévo otov interpreter g Python. O petafintég sys .
psl KoL sys.ps2 opilouv Tig OUUBOAOOELPES TTOU YXPNOLULOTTOLOVVTOL MG KVPLOL KoL dEVTEPEVOVTA prompts:

>>> import sys
>>> sys.psl
I>e> 0

>>> sys.ps2

A\l A}

>>> sys.psl = 'C> !

C> print ('Yuck!")
Yuck!
c>

Avtég oL 80 petofintéc opifovtor udvo edv o interpreter fpioketol o€ dLOOPAOTIKT| AELTOUPYiaL.

H petafnt) sys.path eivar wa Aota cupforooelpmv ov Kabopitet T dradpouy avalntmong tov diep-
unvéa yio. modules. ApyLkosoleitol o€ (o TPoETAEYUEVY dradpoun) mov hapufdvetal amd ) petofinty) me-
pLpdALovTOG PYTHONPATH, 1] atd (MOl EVOWUATWUEVY TPOETAOYY €4V TO PYTHONPATH dev €yeL opLoTel.
Mitopeite vo. TO TPOTOTOLYOETE YPTOLUOTTOLMVTAS TUTILKEG Aettovpyieg Motag:

>>> import sys
>>> sgys.path.append('/ufs/guido/lib/python")

6.3 H ouvaptnon dir ()

H evoopoatopévn ouvaptnon dir () xpnowomoteital yio va avakohvypel oo ovouato opitet éva module.
Emotpéper o taSivounuév Aioto oupuforocelpmv:

>>> import fibo, sys

>>> dir (fibo)

['__name__ ', '"fib', 'fib2']
>>> dir (sys)

['__breakpointhook__ ', '_ displayhook_ ', '_ doc_ ', '_ _excepthook_ ',

' __interactivehook__ ', '__loader__', '__name__', '_ _package__', '__spec___
(“'I

' stderr_ ', '__stdin__ ', '_ _stdout__ ', '_ unraisablehook_ ',

' _clear_type_cache', '_current_frames', '_debugmallocstats', '_framework',
' _getframe', '_git', '_home', '_xoptions', 'abiflags', 'addaudithook',
'api_version', 'argv', 'audit', 'base_exec_prefix', 'base_prefix',

(oUVEYELD TNV ETTOUEVT] GEMDO)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

'breakpointhook', 'builtin_module_names', 'byteorder', 'call_ tracing',
'callstats', 'copyright', 'displayhook', 'dont_write_bytecode', 'exc_info
1

—

'excepthook', 'exec_prefix', 'executable', 'exit', 'flags', 'float_info',
'float_repr_style', 'get_asyncgen_hooks', 'get_coroutine_origin_tracking

—depth',

'getallocatedblocks', 'getdefaultencoding', 'getdlopenflags',
'getfilesystemencodeerrors', 'getfilesystemencoding', 'getprofile',
'getrecursionlimit', 'getrefcount', 'getsizeof', 'getswitchinterval',
'gettrace', 'hash_info', 'hexversion', 'implementation', 'int_info',
'intern', 'is_finalizing', 'last_traceback', 'last_type', 'last_value',
'maxsize', 'maxunicode', 'meta_path', 'modules', 'path', 'path_hooks',
'path_importer_ cache', 'platform', 'prefix', 'psl', 'ps2', 'pycache prefix
1

= 7

'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth',

—'setdlopenflags',

'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace',

—'stderr',

'stdin', 'stdout', 'thread_info', 'unraisablehook', 'version', 'version_

—~info',

'warnoptions']

Xwpig opiopata, N dir () wopadEtel To OVOUOTA TOV EYETE OPLOEL QUTNV T OTLYW:

>> a = [1, 2, 3, 4, 5]

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

['__builtins__ ', '__name__', 'a', 'fib', 'fibo', 'sys']

Adfete vtoym 6T TapaBETEL GAOVG TOVUG TUTTOVG OVOUATMOV: UETAPANTES, modules, oLVaPTHOELS, KA.

H dir () dev mapabétel ta ovOLOTA TV EVOOUATOUEVOV ouVapTnoemV Kot uetafintov. Edv Oéhete o
Mota amd avtéc, opifovror otny Tumikn evotnta builtins:

>>> import builtins

>>> dir(builtins)

['"ArithmeticError', 'AssertionError', 'AttributeError', 'BaseException',
'BlockingIOError', 'BrokenPipeError', 'BufferError', 'BytesWarning',
'ChildProcessError', 'ConnectionAbortedError', 'ConnectionError',
'ConnectionRefusedError', 'ConnectionResetError', 'DeprecationWarning',
'EOFError', 'Ellipsis', 'EnvironmentError', 'Exception', 'False',
'FileExistsError', 'FileNotFoundError', 'FloatingPointError',
'FutureWarning', 'GeneratorExit', 'IOError', 'ImportError',
'"ImportWarning', 'IndentationError', 'IndexError', 'InterruptedError',
'IsADirectoryError', 'KeyError', 'KeyboardInterrupt', 'LookupError',
'MemoryError', 'NameError', 'None', 'NotADirectoryError', 'NotImplemented
! ’

'NotImplementedError', 'OSError', 'OverflowError',
'PendingDeprecationWarning', 'PermissionError', 'ProcessLookupError',
'ReferenceError', 'ResourceWarning', 'RuntimeError', 'RuntimeWarning',
'StopIteration', 'SyntaxError', 'SyntaxWarning', 'SystemError',
'SystemExit', 'TabError', 'TimeoutError', 'True', 'TypeError',
'UnboundLocalError', 'UnicodeDecodeError', 'UnicodeEncodeError',
'UnicodeError', 'UnicodeTranslateError', 'UnicodeWarning', 'UserWarning',
'ValueError', 'Warning', 'ZeroDivisionError', '_', '__build_class__ ',

' debug__ ', '__doc_ ', '__dimport__', '__name__ ', '_ package__', 'abs',

(ouvéyela otV eV oehida)

54 Kegahaio 6. Modules




Python Tutorial, Anpocieuon 3.14.0rc2

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec',6 'exit',
'filter', 'float', 'format', 'frozenset', 'getattr', 'globals', 'hasattr',
'hash', 'help', 'hex', 'id', 'input', 'int', 'isinstance', 'issubclass',
'iter', 'len', 'license', 'list', 'locals', 'map', 'max', 'memoryview',
'min', 'next', 'object', 'oct', 'open', 'ord', 'pow 'print', 'property',
'quit', 'range', 'repr', 'reversed', 'round', 'set', 'setattr', 'slice',
'sorted', 'staticmethod', 'str', 'sum', 'super', 'tuple', 'type', 'vars',
'zip']

]
I4

6.4 MNaketa

Ta mokéta eivar €vag Tpomog d0unong Tov namespace tov module xpnoipomoldvtag «dotted module names».
T wopdderyua, to dvopa tov module A . B vtodnidvel éva submodule pe dvopa B o€ €va makéto ue dvouo
A. AkpLBiG dmmg 1 ypfon Twv modules 6OTEL TOUg dnuLovpyovs drapopeTikmv modules va avnovyovv o évag
yio To KaBolKkd ovopata petafAntav tov ahhov, 1 xpnon dotted module ovoudtwv omlel Toug duLovpyolg
tov multi-module Tokétov 6mwg To NumbPY 1) to Pillow asmtd 1o va ypetdletal va avnouyovv o €vag yLo T
module ovopata tov GAhov.

Ag vrtobécovpe OTL BéleTe va oyedidoete o oulhoyn astd module (Vo «TTaKETO» ) YLOL TOV OLLOLOUOPPO YELPL-
ouo apyeimv fyou Kot dedouévmv fyov. Ydpyouv morhéc dLopopeTikég LOPPES apyelmy fxov (tov cuvinBmg
avoryvopitoviol amd TV eTEKTAON TOVUGS, VLo TAPAdELYHa: .wav, .aiff, . au), eMOUEvVMg WTOPEL VO YPELOL-
OTel VO dMULOVPYHOETE KoL VO SLaTPNOETE UL auEavOUEVT] GUALOYY AELTOVPYLMV YLOL TV LETOTPOTT UETOEY
TOV dLapdOPWV LOPPOV apyelwv. YIdpyovv emiong ToAég dLapopeTikég Aettovpyleg mov umopel va Oélete
va ekteléoete o dedouéva Nyov (OTwg Wik, TPoadNKN NYovVs, EPApUOYN WO AELTovpYiog LoooTaOwaoTY),
dMULOVPYLA TEXVNTOU OTEPEOPMVLKOV EPE), eToUEVWG emthéov Ba ypdpete o oteleiwtn pon amd modules
YLOL VOL EKTEAEDETE QUTEG TLG Aettoupyies. AkohouDel wa thav) dopn Yo 1o TOKETO 00G (TTOV EKPPATETAL WG
LEPAPYLKO OVOTNUOL OPYELDV):

sound/ Top-level package
__init__ .py Initialize the sound package
formats/ Subpackage for file format conversions
__init_ .py

wavread.py
wavwrite.py
aiffread.py
aiffwrite.py
auread.py
auwrite.py

effects/ Subpackage for sound effects
__init_ .py
echo.py
surround.py
reverse.py

filters/ Subpackage for filters
__init_ .py
equalizer.py
vocoder.py
karaoke.py

J

Katd myv ewoaywyn tov mokétov, 1 Python mpaypotomolel avalnmmon otovg Kotahdyovg 0to sys.path
OVOLNTOVIOG TOV VITOKATAAOYO TOV TTAKETOU
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To __init__ .py apyeio amartovvion yio vo kévelr v Python vo avtipetwmiler Tov Katohdyou mov me-
PLEXOVV TO aPYELD WG TAKETO (EKTOG EAV YPNOLUOTOLEL VO namespace package, €va. OYETIKA TPONYUEVO YOL-
POKTNPLOTLKO). AUTO ATTOTPETEL TOUG KATAMOYOUG UE KOV OVOUQ, TG TT.). O string, omd THY 0KOVOLO
amoxpuym €ykupmv modules mov eugpavitoviar apydtepa oto path avalntnong tov module. Ztnv omhov-
OTEPN TEPLTTWON, TO __init__ .py WUwopel amhmg va eival Kevo apyeio, oG umopel emiong vo eKTeléoeL
initialization xmMAuKa Yo T0 TAKETO 1) va opioeL TNV petafdAnty) __all__, wov mepLypdpeTon apyoTepal.

OL %p1|0TES TOU TAKETOU UITOPOVY V. ELadyovv uepovouévo module amd to makéto, yio mopdderyuo:

[import sound.effects.echo

Avtd @optmvel to submodule sound.effects.echo. [Ipémel vo avagpépetol pe to TANPES Gvoud tov.

[sound.effects.echo.echofilter(input, output, delay=0.7, atten=4)

'‘Eva evoaloKTiKOg TPOTTOG Yo TNV eloaymyr| Tou submodule givau:

[from sound.effects import echo

)

Avtd poptmvel emiong to submodule echo, Kat TV kaOLotd dtabéoiun xwpig to mpoepa TaKETov, MOTE VL
wropel va ypnotpomomel wg eEng:

[echo.echofilter(input, output, delay=0.7, atten=4)

Mo AN Taporharyn eivon 1) artevBeiog eLooymyr g embuuntig ovvaptnong 1 UeTaPAnTg:

[from sound.effects.echo import echofilter

)

Kau tdht, avtd goptarver To submodule echo, odhd autd kdvel T ovvdptnon g echofilter () Gueoa
drabéoun:

[echofilter(input, output, delay=0.7, atten=4)

Adfete vtoyn Ot Ota ypnoponoleite from package import item, to otouyeio wwopel vo eivol eite
submodule (1] vwoTaKETO) TOV TAKETOV 1) KATOL0 GAAO dvoua TTOV OPILETOL 0TO TOKETO, OTMG ULt GUVVEP-
™o, KAdon M petofnt. H import dMlwon eréyyel TpdTa GV TO GTOLYELO £)XEL OPLOTEL OTO TOKETO, EQV
Oy, vrobéter Ot eivor éva module KoL ETLYELPEL VO TO POPTWOEL , av dev TO PpeL dnuouvpyel 1 eEaipeon
ImportError.

Avtibeta, dtav ypnowomoteitar ovvtaEn 6nwg import item.subitem.subsubitem, kKdOe oTouyEio
EKTOC atd AUTO TO TEAEVTALO TTPETEL VOL EIVOL TTOKETO. TO TEAEVTALO OTOLYELD WiTtopet va eivar éva module 1
éva tokéto odAG dev umopel va eivor e KMAon 1 ouvapTnon 1 LETaPANT oV 0pileTol 0md TPOoNYoVUEVO
otouyeto.

6.4.1 Ewcayovtag * ano €va lNakéto

Tapa © oupfaiver dtav o xpnotg ypdeer from sound.effects import *;Idavikd, Oa NAmile Kaveig
ot auto Ba Byet pe kaoLo Tpdito ato ovoTua apyeinv, Oa fpel Kamolo submodules tov vtdpyouv To TakETO,
Ko o o eLodyeL Oha o€ avTd. Autd Ba wtopovoe va TépeL TOAD pdvo Kau 1) eloarywyr) submodules pmopet
vo éyel ovemvunteg mapevépyeleg o Oa émperme va oupfotv dtov To submodule elodryetan pnTd.

H pdvn Mo elvol vo Topéyel 0 GUVIAKTNG TOU TUKETOU £va pNTo EVPETNHPLO ToV Tokétov. H dNhwon import
YPNOUOTTOLEL TNV akOAOVON oVuPoon: GV 0 KMOLKAG __ init__ .py TOU TOKETOU OPILEL Lo AMOTO [LE TO
ovopo __all__, Bewpeiton 6Tt givan 1) Aiota pe ta ovoporta twv modules wov Oa mpémer va etoayBovv dtov
ovvavinoete from package import *. Eivow otnv diokpith guyépelo Tou ouvtdKT Tou ToKETOU VO,
dratnpel avti ™ Mota evnuepopévr, dtav KukAogopnoet wa véa €kdoon tov makétov. O cuVTAKTES TOU
TTOKETOU EVOEYETAL ETLONG VO ATTOPAGIOOVV VO U1V TO VITOOTHPIEOLY, eV dev BAEmOUV OTL YPNOLUOTTOLELTAL
N eloaywyn Tov * 0o 1o makéto tovg. o mopdderyuo 1o apyeio sound/effects/__init__ .py Oa
WTOPOVOE VaL TTEPLEYEL TOV aKOLOVOO KDdLKaL:
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[ all = ["echo", "surround", "reverse"] ]

Avto 0o ofuawve 6tL from sound.effects import * Oaewcaydyel ta tpio submodules pe To dvoua tov
nmokétov sound.effects.

Adpete vtoyn ot to submodules evogyeTon vo okLdCovtal amd tomkd kofopopéva ovopata. Lo mopd-
deryua, edv Tpoohéoate ol reverse ouvAPTNOT 0T0 apyeio sound/effects/__init_ .py,Tto from
sound.effects import * Ba ewoaydys udvo tao dvo submodules echo ko surround, alld Syt TO
submodule rever se, emeldn emOKLALETOL OTTO TNV TOTLKA KO.OOPLOUEVY OUVAPTNON reverse:

_all. = [
"echo", # refers to the 'echo.py' file
"surround", # refers to the 'surround.py' file
"reverse", # !'!! refers to the 'reverse' function now !!!
]
def reverse(msg: str): # <—— this name shadows the 'reverse.py' submodule
return msg[::-1] # in the case of a 'from sound.effects import *
T
Edv dev éyeL oplotel to __all , n dNhwon from sound.effects dimport * dev el0GyeL OAQ

to. submodules amd to makéto sound.effects 010 TPE WV namespaces dLACPAALEL LOVO OTL TO TOKETO
sound.effects éyel eloayBel (evdeyouévmg vo eKTeleiTaL 0TTOLOGONTOTE KWOLKOG TPOETOLUAOIOG GTO 0TO
__init__ .py) Kdi 0T OUVEXELD ELOAYEL OTTOLAONTTOTE OVOUOTO OPILOVTOL 0TO TOKETO. AUTO TTEpLhouaveL
U OV ovoparta o opitovron (kow submodules wov €xouv poptwOel pntd) amd to __init . py. [epihap-
Baver exiong Tuyov submodules TOV TOKETOV TOV POPTWONKAV PNTAE ATTd TPONYOUUEVEG dNAMOELG 1mport.
ZKePTELTE AVTOV TOV KWMLK

import sound.effects.echo
import sound.effects.surround
from sound.effects import *

e ovtd to mapdderypa, to. modules echo koL surround €l04YOVTOL 0TO TPEYXOV namespace emeldy opito-
VToL 0To Takéto sound.effects  dtav n 8nAwon | from...import  ekteleitar. (Autd ertovpyel
emiong Otav opiletarto __all ).

Av kan opropéva modules éyouv oyediaotel yia va eEGyouv ndvo ovouota Tov akohoubovv oplopuévo. potifo
OTaV YPNOLUOTTOLELTE TO import *, eEakolovbel va Bewpeitol Kok TPAKTIKT 0TOV KMOSLKA Topaywyns.

BuunBeite, dev VITAPYEL TITTOTA KOO e TN ¥pfon Tov from package import specific_submodule!
2TV TPAYUOTLKOTNTA, CUTH ELVOL 1) TTPOTELVOUEV ONUELWOT, EKTOG eV To module eloarywyNg ypeLdleTaL va
ypnoyoromoel submodules pe to (610 dvopa amd SLapOoPETLKA TAKETAL.

6.4.2 Intra-package avagopeg

‘Otav to TakéTa eivor dounuéva g VIToTaKETO (OTTWG UE TO TAKETO sound OTO TOPASELYLA), WTOPELTE VO
YP1OLULOTTO|OETE TOAUTES ELOAYWYES YO VO, avapepBeite oe submodules 0deppmv mokétmv. Mo mapaderyua,
edv to module sound. filters.vocoder mpémeL va ypnouomom ol To module echo 670 maKéTo sound.
effects, umopel va ypnoomooel to from sound.effects import echo.

Mropeite emiong va ypdapete OYETIKEG ELOAYWOYES, Ue TN pOpuo from module import name g OMlw-
ong eLoaywyns. Avtég ot eloaymyég ypnowuoroloty leading dots yio vo vtodeiEouv Ta TPEXOVTO KoL YOVIKG
TOKETA TTOV EITAEKOVTOL 0T OXETLKN eLoaymyn. Amtd to surround module yia wopdderyuo, Wopel vo. ypn-
OLULOTTOLOETE:

from . import echo
from .. import formats
from ..filters import equalizer
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Note that relative imports are based on the name of the current module’s package. Since the main module does not
have a package, modules intended for use as the main module of a Python application must always use absolute
imports.

6.4.3 Maketa oe MoAAanAoug KataAdyouq

Ta makéto vroompilovv éva akoun etk YopaKTNPLoTKo,  path . Autd éyeL apyLkomotnOel mg wa
akorovOio amd cuufolooeLpég OV TEPLEYXEL TO OVOULO TOV KATOAOYOU TOV TO ___init__ .py TOU TOKETOV
TPLY OITO TNV EKTELEDT TOV KDOOLKA 0€ aUTO TO apyeio. Auth 1 HETAPANTH uropel va tpomomowmOel, avtd
enmnpedlel Tig pelhovtikég avalntioelg yio modules Ko VITOTOKETA TOV TEPLEYOVTAL GTO TOKETO.

Eva auth 1 duvatdtta dev ypelaleTon oUy VA, UTOPEL VO XPNOLULOTTOLNOEL YLoL TV ETEKTO0N TOU GUVOLOU TWV
modules mov Bpiokovial o€ Eva TaKETO.

YTOONHELWOELG
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KEDAAAIO 7

Eloodog kat ‘E€odog

Yndpyouvv dtdpopol TpOTOL YLoL VO TTOPOVOLACETE TO ATTOTEMEOUATO EVOG TPOYPAULOTOS: TO dEQOUEVOL UITO-
POVVY v EKTUTT®WOOVV GE LOPEPY) AVAYVOOLUT| ATTO TOV AVOPMITO 1) VO EYYPOPOVV OE EVOL APYELD YLOL LEAMOVTLKY
¥pHon. Avtd To Kepdhalo Bo oulnTHoeL ueptkég amd Tig SUVOTOTNTEC.

7.1 Opoppotepn Mopgoroinon EE6Sou

Méypt otryprfig €xovpe ouvavinoer dV0 TPOTOUG YPOPNG TUWMV: expression statements KoL T OvvApTNOM
print (). (Evoagtpitog tpdmog eivor 1 ypfon te nebddov write () twv aviikellévov apyeiov: To standard
apyeio eE680v wmopel va avagépetar wg sys . stdout. Agite tnv Avagopd BifhoO1Kng yia meploodtepeg
TANPOQOpPLES OYETLKA [LE 0UTO.)

Suyva Oa 0éhete TEPLOGOTEPO ENEYYO 0TI LOPPOTTOiNOT TNG EEOSOV 0UG TOPE ATTAMG VO EKTUTIMVETE TUUEG
draywplopéveg ue dLaotnua. Yadpyouvv SLagopot Tpdol yia v, popgortotijoete v £50d0.
o To va. ypnowwomowoete formatied string literals, Eexiviote wo. ovpPolooelpd pe £ or F stpv amtd 1o
apPyLKO ELoAYWYLKO 1] TO TPUTAO ELo0ymYLKO. Méoa o€ auThv TV OVUPBOAOCELPAL, UTTOPELTE VAL YPOPETE ULaL
éxppoon Python ueta& yopakthpwv { Kou } ov uwopel va avapépetal oe LetaBANTEG 1) KUPLOAEKTUKEG

TLHEG.

>>> year = 2016

>>> event = 'Referendum'

>>> f'Results of the {year event }'

'Results of the 2016 Referendum'

o Huébodogstr.format () twv oupuporocelp®v omoLtel TeEPLOcOHTEPT UN XELPOKIVITY TTPooTdOeLn. Oa
£E0KOMOVOEITE VOL PN OLUOTTOLELTE TAL { KO } YL0L VO ETLONUAVETE TTOV Bl avTikota.otadel o ueto AT
Ko WIwopei va Tapéyel AemTopepeis 0d1yieg Lop@ormoinong, alhd Bo xpeLaoTeL ETLONG VA TOPEYETE TIG
TMNPOPOpPIES TOV B LOPPOTTOLNOETE. ZTO TAPAKATW WIThOK KOALKA LITdpyouv d10 Tapadeiypota yio
TOV TPOTTO LOPPOTOINONG UETABANTAV:

>>> yes_votes = 42_572_654

>>> total_votes = 85_705_149

>>> percentage = yes_votes / total_votes

>>> ! YES votes '.format (yes_votes, percentage)
' 42572654 YES votes 49.67%'
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Mapotnphote Twg To yes_votes CUUTANPMOVOVTOL [LE KEVA KAl opVITLKO TpOoNUo HOVO YL apvi-
TKoUg aplBpovg. To TapddeLyIa EKTUTTOVEL ETLONG TO percentage molamhaotaouévo exi 100, pe
2 dexadikd Yneio Kor akohlovhovuevo amtd éva ovuBoro mooooTov (deite To formatspec yio Aemtopé-

PELEC).

o Téhog, umopeite vo kKavete nOvoL oag OAO TOV YELPLOUO OVUPBOAOCELPAG (PN OLUOTOLMVTOG AELTOVPYLES
slicing KatL oVVEVWONG GUUBOLOGELPMV YLOL VO dnuovpyhoete ortoladftote Sidtaln wropeite vo @a-
vraoteite. O TOmog ouUBoAOOELPAG €xel 0pLOUEVESG HEBOBOUG TTOU EKTENOVV YPTIOLUES AELTOVPYIES YL
™V TPooHNKnN ouUBOLOCELPMVY O €Vl dEDOUEVO TAMATOG GTNATG.

‘Otav dev ypeldleote pavtaytepn £€5080, Ao BELeTE ATAMG PLaL YN YOPT) EWPAVLOT OPLOUEVOY UETOPINTDOV
YLOL OKOTTOVUG EVTOTLOUOV CRUALATWVY, UTOPELTE VO LETUTPEYETE OTOLODNTOTE TLUN OF (ot CUUBOAOCELPA UE
TIG OLVAPTAHOELG repr () N str ().

H ovvéptnomn str () mpoopiletol va emoTPEPEL AVATAPUOTACELG TUULMV TTOV ELVAL OPKETA OVOLYVIOLUES OLTTO
ToV AvOPWTTO, EVH TO repr () TPOOPILETOL YLC T dNULOVPYIC AVOTAPOOTAGEWV TOV WITOPOVV VAL SLOBAOTOVY
amd tov diepunvéa (1) Oa empdrovv éva SyntaxError av dev vdapyel wodvvaun ouviakn). o avikei-
LEVOL TTOV OEV €XOUV OUYKEKPLUEVT] OVATAPAOTAON Yo, avOpmItvy Katovdhmaon, 1 str () Oa emotpéyer
v {dta T pe to repr (). Modkég Tipég, Ommwg aptbuoi 1 douég dmwg Moteg koL heEukd, éxovv v idio.
AVOTOPAOTAON YPNOLUOTOLWVTOS 0TToLadnmote ovvdptnot. Ta strings, ovykekpuéva, £xovv dV0 dLakpLTég
TOPAOTAOELS.

Mepikd mapadeiyporta:

>>> s = 'Hello, world.'

>>> str(s)

'Hello, world.'

>>> repr(s)

"'Hello, world.'"

>>> str(l/7)

'0.14285714285714285"

>> x = 10 * 3.25

>>> y = 200 * 200

>>> s = 'The value of x is ' + repr(x) + ', and y is ' + repr(y) + '...'
>>> print (s)

The value of x is 32.5, and y is 40000...

>>> # The repr() of a string adds string quotes and backslashes:
>>> hello = 'hello, world\n'

>>> hellos = repr(hello)

>>> print (hellos)

'hello, world\n'

>>> # The argument to repr() may be any Python object:

>>> repr((x, y, ('spam', 'eggs')))

"(32.5, 40000, ('spam', 'eggs'))"

The string module contains support for a simple templating approach based upon regular expressions, via
string.Template. This offers yet another way to substitute values into strings, using placeholders like $x and
replacing them with values from a dictionary. This syntax is easy to use, although it offers much less control for
formatting.

7.1.1 Mop@omnownpuéva String Literals

Ta Formatted string literals (ovoudCovtou emiong f-strings yio cuvtopio) oag emttpémouy vo oupumephafete tnv
Ty Twv ekppacemv Python uéoa oe o ovpporooelpd, Oétovtag mpdOepa ot ovpporooelpd pe £ 1 F ko
vpbpovtog ekppdoels wg {expressiont.

"Evag mpooupetikdg avadetng (specifier) poppng umopei vo akohovdel v €Kgppao. Autd emttpémer ueyoiv-
TEPO £AEYYO OTOV TPOTO popomoinong ™ tune. To mapakdtw Topdderypo oTpoyyVAOTOoLEL TO pi Ot Tpia
Ynoio UeTd to deKadLKO:
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>>> import math
>>> print (f'The value of pi is approximately {math.pi:.3f}.")
The value of pi is approximately 3.142.

H petddoon evdg axépatov aptBuot petd o ' : ' O éxel wg amotéleopua avtod To TEdiOo va €xeL TAdTOG EM-
YLOTOV apLOoV YopaKTNPWV. AUTd Eival XPNOLLO Yo THY EVOUYPAUULOT] OTHAMYV.

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 7678}
>>> for name, phone in table.items () :

print (f' {name:10} ==> {phone:10d}")
Sjoerd ==> 4127
Jack ==> 4098
Dcab ==> 7678

Mrtopouv va xpnoLtuototn 0oy GALOL TPOTOTOLNTEG YL TV UETATPOITT) TG TLUNG TTPLV T WOPPOTTOLNOT| TNG.
To '!a' woyveLyia ascii (), to "!'s' woyveLywa str (), Kouto ' r' woyveL yo repr () :

>>> animals = 'eels'

>>> print (f'My hovercraft is full of {animals}.'")
My hovercraft is full of eels.

>>> print (f'My hovercraft is full of {animals o)
My hovercraft is full of 'eels'.

O avabéng (specifier) = propet va pnoLwomoLn el yio vo ETEKTEIVEL LLaL EKPPOLOT] OTO KELUEVO TNG EKPPAONG,
éva ovpolo 00, KO UETA TV ovamapdotaoy e aEtohoyoluevng ékppaoc:

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

>>> print (f'Debugging {bugs count area=/")

Debugging bugs='roaches' count=13 area='living room'

Agite 7o self-documenting expressions yia epLocoTEPEG TANPOPOPIES OYETLKA Le ToV avabéty (specifier) =. T
avagpopd oe aUTéG TIG TPOdLAYPAPES LOPPNIC, AvaTpEéETe 0TOV 081Y0 avapopdc yia to formatspec.

7.1.2 H p€Bodog String format()

H poowkr] xpnon g uebodov str. format () podler pe ovto:

>>> print ('We are the who say " "' format ('knights', 'Ni'))
We are the knights who say "Ni!"

Ot aryKULeg KO OL Y apOKTNPES UEGA 0€ AUTEG (TTOV OVOUATOVTOL TTESIA LOPPNG) AVTIKADIGTOVTOL UE TOL AVTL-
keipeva wov petafipdtovion ot uébodo str. format (). 'Evog apBudg otig aykileg WTopet va xpnoLuo-
stownOel yia va avapépeton ot 0€om Tou avuikelévoy tov petafipateton ot uébodo str. format ().

>>> print (' and '.format ('spam', 'eggs'))
spam and eggs
>>> print (' and '.format ('spam', 'eggs'))

eggs and spam

Edv ypnowomorovvron keyword opiopata ot ué0odo str. format (), oL TWWESG TOUG AVAPEPOVTOL Y PNOLULO-
TOLDOVTOG TO GVOUQ TOV OPLOUATOG.

>>> print ('This is .. format (
.. food="'spam', adjective='absolutely horrible'))
This spam is absolutely horrible.
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Ta oplopota Oong ko AMENG-KAEWSL0U umopotv vo ouvduvaotovv avbaipeta:

>>> print ('The story of 0 , and .'.format ('Bill', 'Manfred',
Ce . other="'Georg'))
The story of Bill, Manfred, and Georg.

Edv éyete wa ovuBorooelpd mold pakplds wopgrg mov dev 0éhete va ymwpioete, Oa Htav wpaio va avape-
PETE TIG UETAPANTES TTOV O poppomotnBouv e Béon To dvoua avti yio T 0€om. Autd wtopet va yiver amhd
mepvdvrag 1o AeELkd kol xpnouomoldvtag aykvleg ' [1 ' yio tpdofaon oto KhetdLd

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: g U

S 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

Avtd Ba pmopovoe emiong va Yivel TepvidvTog to AeEkd table wg oplopoto AEEEwV-KAELOLDV ue TV onuei-
won **.

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}

>>> print ('Jack: ; Sjoerd: ; Dcab: ',
—format (**table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

Avtd eivoun daitepa ypfHoo oe cuvdvaoud pe Ty evoopotwuévn (built-in) ovvdptnon vars (), 1 omoia
emotpépel Eva heELko o mepLEYEL OAES TIG TOTTLKEG UETAPBANTEG:

>>> table = {k: str(v) for k, v in vars().items () }

>>> message = " ".join([f'{k}: " + '"{' + k +'};'" for k in table.keys()])
>>> print (message.format (**table))

__name__: _ main__; _ doc__: None; _ package__ : None; _ loader_ :

To Topdderya, oL akOMOUOES YPOUUES TAPAYOUV VO TAKTOTTOLUEVO GVVOLO OTNAMYV TTOU Sivouv aKEPALOVG
apLBpovg KoL T TETPAYmVA KoL Tovg KUBoVg Tovg:

>>> for x in range (1, 11):

print (' '.format (x, x*x, X*xX*x))
1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

T o TAHPp emoKOTNOoN TG LOPPOTOiNoNG oupPorooelpdv we str. format (), deite formatstrings.

7.1.3 Xeipokivntn Mopgoroinon ZuppBoAoceLpwv

AxohovBel 0 1dL0g TVAKAG TETPAYDOVOV KoL KUBWV, LOPMOTOMUEVOS XELPOKIVITOL:

>>> for x in range (1, 11):
print (repr(x) .rjust (2), repr(x*x).rjust(3), end=' ")
# Note use of 'end' on previous line
print (repr (x*x*x) .rjust (4))

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

1 1 1
2 4 8
3 9 27
4 16 64
5 25 125
6 36 216
7 49 343
8 64 512
9 81 729
10 100 1000

(Cnueunote 6tL To €va Kevd petaEu Kabe otNAng TpooTtébnKe pe Tov TPOTO OV AELTOVPYEL TO print ():
TPooHETeL TAVTO KEVA HETOED TV OPLOUETOV TOV.)

H uébodog str.rjust () TOV AVILKEWEVOY GUUPBOLOOELPAG TomoOeTel deELd o oupfolooelpd ot €va Te-
6io dedopévou TAATOUG CUUTANPMDOVOVTOG TNV UE KEVA 0TA OPLOTEPQ. YTTAPYOoUV TapouoLtes uébodot str.
ljust () ko str.center (). Autég oL uébodot dev ypApouv TTOTA, ATAMG ETLOTPEPOVV (L0, GUUBOAO-
oelpd. Edv n oupforocelpd elo6d0v eivar ol pueyahn, dev Ty mepLKOTTOUV, AAAE TV ETLOTPEPOVV AUETA-
BANTY: 0vTd O umepdéper T SLaTaEn g OTNANG 0aG, OAAG auTo elvar ouviBwg KaAhTEPO aTtd TNV evatla-
KTUKT), 7Tov O frav Pépara yio wo T, (Av OELeTe TPpoyuoTikd TEPLKOTTY, WTOPELTE TAVTA VO TPOoOEoETE
wo Agrtovpyia slice, 0mwg 010 x. Ljust (n) [:n].)

Yrdpyer o ddin uébodog, M str.z£ill (), 1 0wOlot CUUTANPMVEL Lo APLOUNTLIKT ovuBolooelpd oo aptL-
otepa pe undevika. Katahafaiver ta ovufola ouv Ko whnv:

>>> '12'.z£fil1 (5)

'00012"

>>> '-3.14"'.zfi11(7)
'-003.14"

>>> '3.14159265359"'.zfill (5)
'3.14159265359"

7.1.4 MaAwa poppormnoinon cupBoAooELPAQ

O teheotg % (modulo) umopei emiong va ypnolwomomOet yio T poppomoinon cvuforocelpwy. Aedouévwv
Tov TudV format % values (0mov format givar wo GUUBOAOTELPA), OL TPODLOYPAPEG UETATPOTING S OE
Sformat avukadiotovton ue undév 1 mepLocoTepa oToLeia T v. Avti 1 Aettovpyio eivol Kowvmg yvwaoty) og
moapeufol ovuporooelpdv. Ta mopdderypo:

>>> import math
>>> print ('The value of pi is approximately .'" % math.pi)
The value of pi is approximately 3.142.

[MepLoodtepeg mAnpoopieg wmopeite va Ppeite otny evotnto old-string-formatting.

7.2 Avayvwon kat Eyypaopn Apxeiwv

H open () emotpéper éva file object, Kan ypnopuomoteital o guyva pe dvo opiopata B€omg Kot éva dpLopa
MENC-KAeWOLOV: open (filename, mode, encoding=None)

[>>> f = open('workfile', 'w', encoding="utf-8")

To mpwTo OpLopa eivor o ovpBorooelpd mov mepLéyeL To dvoua apyeiov. To devtepo dpLopa eivar o GAAY
oUUPOLOCELPE TTOV TTEPLEYEL UEPLKOVG YOPAKTHPES TTOV TEPLYPAPOVV TOV TPOTO UE TOV 0TTolo Ba xPNoLuo-
mown0el to apyelo. H mode pmopel vo eivar "' 6tov 1o apyeio Oa givor pudvo yia didfaoua, 'w' uovo yio
eyypapn (éva vdpyov apyelo pe to 1dLo dvoua Bo dlorypapet) KoL To "a' avolyel To apyelo Lo TPOoshp-
N0 0TTOLOdNTOTE dEdOUEVA YPAPOVTOL OTO OPYELO KoL TTpootifevtal avtouato oto téhog. To 'r+' avolyel
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TO APYELO TOOO YL AVaYVWoT 600 Ko yo ypapy. To dpwopa mode eivar mpoaipetikd: to "'r' Oo Bewpeiton
eqv mopanpOei.

Kavovikd, to apyeia avoiyouv og text mode, mov onuoiver 0t dlofdlete Kan yplpete cuuforooelpés amd
KoL TPOG TO 0Py elo, OL 0TT0leG KMALKOTOLOUVTOL O UL CUYKEKPLUEVT Kwdtkosroinon. EGv dev éyel kabopilotel
1 Kwdkomotijon, M TPOemAoYY eivar eEaptmuevn amd v mhatpdpuo (deite open () ). Emedn to UTF-8
eivar To ovyypovo de-facto standard, encoding="utf-8" cuviototoL eKTOC GV YVwpilete OTL TPETMeL Vo
YPNOLUOTTOOETE dLopopeTikn kwdikomoinon. H mpooOnkm evog 'b' ot Aettovpyio avoiyel to apyeio oe
binary mode. Ta dedouéva dvadikng Aettovpyiag drapdovion Kot ypdpovior mg oviikeipeva bytes. Aev
uropeite vo Kabopioete kwdtkomoinon 0Tav avoiyete apyeio ae duadikt) Aettovpyia.

1t Aettovpyio Keypnévov, 1 mpoemhoyi (default) xoatd v avayvmon eivor va puetatpéPpete TG KatolEelg
YPOUR®V Yoo ovykekpuévn mhotgdppe (\n oto Unix, \r\n ota Windows) oe povo \n. ‘Otav ypagpete o€
Aertoupyio KEWEVOU, 1) TTPOETAOYT ElvVaL VO, LETATPETOVTAL OL EUPAVIOELS \n 08 KATUANEELS Ypauudy yio.
OUYKEKPLUEVY TTAOTPOPUOL. AUTY 1] TOPOOKTVLOKT] TPOTOTOILNCT 0TO SEHOUEVO. QPYELMV ElVOL KO YL ap-
yetla Kewwévov, odhd o kotaotpéel dvadikd dedouéva Omwg ovtd oe apyelo JPEG 1| EXE. Na eiote ol
TPOOCEKTIKOL VO (PN OLUOTTOLELTE TN HVOOLKT| Aettovpyia OTav dLafBATeTe Ko YPAPETE TETOLO APYELQL.

Eivoaw kol paktiky va xpnowwormoteite to keyword with 6tov aoyoloduaote ue avitkeipeva apyeiov. To
TLEOVEKTNLOL ElvaL OTL TO aLPYEL0 KAELVEL COTA UETA TNV OLOKAHPWON TNG EKTEAEONG TOV, AKOUOL KL OV KATTOLOL
otyur pokvpel eEaipeat). Xpnoomowdvtog to with gival emiong mohl mo ovviouo amd thv ovvtagn
1oodVvouov try-finally blocks:

>>> with open('workfile', encoding="utf-8") as f:
read_data = f.read()

>>> # We can check that the file has been automatically closed.
>>> f.closed
True

J

Edv dev ypnowomoieite ) keyword with, tote Oa mpémel va kodeite ™) £.close () ywo va Kheloete o
OPYELO KOl VO ELevBeEPMOETE AUETWG TUYOV TOPOVS GUOTLOTOG TOU Y PNOLUOTOLOVVTAL OTTO QUTO.

A TIposidomoinon

H kMjon tov f.write () ywpic ™ xpnon g keyword with 1 1 ¥\jon tov f.close () umopel vo
0dNyNoeL ota opiopatotov £.write () vouny eyypogeil IANpws 0To di0KO, AKOUO KO 0LV TO TPOYP UL
eEENDEL e emmiTuyio.

Metd to KAelowo evog avkeluévou apyeiov, eite o dMlwon with eite Kahovrog £.close (), oL TPOCTA-
OgLeg XPNONG TOV avItKeLuEVOL apyetov Ba amotiyovy avtduaTo.

>>> f.close()
>>> f.read()
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
ValueError: I/0 operation on closed file.

7.2.1 M€60odoL AVTIKELPEVWY ApXEiwV

To vTOLOLTTOL TOPADELYLOTA O UTHY TNV EVOTNTO O VTTOOEGOUV OTL £Vl AVTLKELUEVO 0Py ELOV TTOV OVoUdTETOL
£ €xeL H0m dnuovpynOel.

T va dLafdoete Ta mepLexOUeVO EVOG apyelov, Kahéote to . read (size), to omoio dafdlel Kdmola mo-
00TNTO deSOUEVMV KAl TNV ETLOTPEPEL WG OVUBOAOOELPE (08 AeLTOUpYia KELWEVOD) 1 G avTLKeipevo bytes (o
dvadikn Aertovpyia). To size eivan TPooLpeTikod aptduntkd dpiopo. ‘Otav To size TOPAAELTETAL 1] EIVOIL CLPVY-
TLKO, OMOKANPO TO TTEPLEYOUEVO TOU apyeiov Oa drapaotel Kau Oa emioTpapeis eivar dukod cog PO GV
T0 apyelo elval SLTAGOLO aITd TN UVHUT TOV VTTOAOYLOTY 0aG. ALOPOPETLKAL, dLOPATOVTOL KL ETLOTPEPOVTOL TO
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7oV size yopakTpeg (o€ Aettoupylo kelnévov) 1 byte size (0e dvadikn hettovpyia). Edv €xel @udoet to téhog
TOV apyEiov, 1o £.read () Oa emotpépel o Kevy cuuforooelpd (' ).

>>> f.read()
'This is the entire file.\n'
>>> f.read()

To f.readline () dtafdLel pia ypouun oo To apyeio: évog xopakthpag véag ypouums (\n) mopauéver
070 TEMOG TNG OVUPBOLOTELPAC, KO TTAPOLELTETOL LOVO GTNV TELEVTAULA YPOUY TOV OLpYELOV EAV TO apyEio dev
TELELWVEL O€ 1oL VEO Ypout]. Autd KaOLotd Ty Ty emotpopig oapn: edv to £.readline () emoTpépel
woL Kevi) ovppBorooelpdl, €xel pTAoEL 0TO TEALOG TOU aPYELOV, EVA ULOL KEVI] YPOUUY OVTLITPOCMITEVETAL OITO
"\n', o cuUBorooELPA TTOV TEPLEXEL UOVO 0L VEQ YPOLLUT).

>>> f.readline ()

'This is the first line of the file.\n'
>>> f.readline ()

'Second line of the file\n'

>>> f.readline ()
T

o v avayvoon ypoupov osd £vo apyelo, Wtopeite va kavete loop mdvem amd To aVIIKEIPEVO TOU apyELov.
AuTto givar atodoTiKd ot pvnun, YPHYopo Kol 0dnyel oe arhd KmdLko:

>>> for line in f:
print (line, end='")

This is the first line of the file.
Second line of the file

Edv Béhete va SLapdoete Oheg Tig YPOUUEG EVOG apyEiov 08 o MoTal, WITOPELTE EIONG VO YPTOLUOTTOLYOETE
to list (f) ) £.readlines ().

To f.write (string) ypdpeL To TEPLEYOUEVA TOV StFing OTO APYELO, ETLOTPEPOVTAS TOV 0PLOUO TV Yopa-
KTHPWV TTOU YPAPTIKAV.

>>> f.write('This is a test\n')
15

AMLOL TOTTOL AVTLKELUEVWV TIPETTEL VO, LETATPOTTOVV — E(TE 0€ o oVUPOLooeLPd (O hettovpyio KEWEVOU) 1) O€
éva avTikeipevo bytes (o€ dSuAdLKT AELTOVPYIL) — TTPLV TOL YPOPETE:

>>> value = ('the answer', 42)

>>> s = str(value) # convert the tuple to string
>>> f . write(s)

18

To f.tell () emotpépel Evav aképao Tou divel TV TPEYOVOa BEGT TOU AVILKELUEVOU APy ELOV 0TO Py ELD
TTOU OVTLILPOOMITEVETOL WG apLtOWd byte amd v apy1 Tov apyeiov dtav Bploketal o dvadikn hettovpyio kot
évav adtopovy apdud dtav Bploketol oe hettovpyia KeWévou.

T vo alléEete ) 801 Tov aviikelwévou, ypnotpuomolote 1o £ . seek (offset, whence). H 8o vimo-
LoyiCetan amd v mpoaONKM offset oe éva onuelo avapopdc: To onuelo avagopdg emhéyetal amd To dpLop
whence. Mo, 0 T whence petpd omd v apyr Tov apyeio to 1 ypnowpomotel v tpéyovoa BEomn apyeiov
Ko TO 2 XPNOLUOTTOLEL TO TELOG TOU apyELov G onueio avapopds. To whence wtopei va wapolngOel Ko vo
opiotel amd mpoemhoyn 0, xPNOLUOTOLMVTAS TNV APYY) TOU OPYELOV G ONUELD AVAPOPAS.

>>> f = open('workfile', 'rb+')
>>> f.write (b'012345678%abcdef")
16

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> f.seek (5) # Go to the 6th byte in the file
5
>>> f.read(1l)
b'5'
>>> f.seek (-3, 2) # Go to the 3rd byte before the end
13
>>> f.read (1)
b'd'

Ze apyeia Keywévov (autd mov avolyovy xmwpig b ot Aettovpyia string), ETPETOVTIOL LOVO QAVALNTNOELS O€
oy€on ue v apyr Tou apyeiov ( eEaipeon eivar n avalitnon puéyxpt To idLo To apyeio Tov TEAELDVEL tE
seek (0, 2))KaL oL poveg EYKUPES TUEG offset eivol avTég Tov emaTPEPovToL 0mto to £.tell (), 1) undév.
Omotadfrtote AN T offset TapayeL ATPOTOLOPLOTY CUUTEPLPOPA.

Ta aviikeipevo apyelov xouv oplouéveg tpododeteg ueboddove, OTWg isatty () Kawtruncate () mwov ypn-
oLoTToLoVVTOL MYOTEPO OVY VA ouuPovkevteite TNV Avapopd T Bipiodnkng yia évav mifpn 0dnyo yio to
OVTLKELUEVOL OPYELOV.

7.2.2 AmoOrikeuon SOuNUEVWY SEDOUEVWY LE json

Ot ovuBoAOTELPEG WITOPOVY EVKOMDL VOL YPALPOUV KaiL VA SLofaotovv amtd éva apyelo. Ot apiBuoi aartovv Aiyo
EPLOCOTEPT TPOOTAOELD, KaODG 1 uEB0dOG read () emotpépel udvo oVUBOAOOELPES, OL oToieg Ba mpémel
VoL TEPAOOUV IO GUVAPTNON OTtwg int (), TOU TAiPVEL Piat CUUBOLOOELPAE OIS ' 123" Kall ETOTPEPEL TV
aptOunTiky g Ty 123. ‘Otav Bélete va amobnkedoete mo ovvOeTovg TUTTOUG dedouévwv, dmwg évbete
Moteg ko AeEukd, 1) avalvon KoL 1) OELPLOTTOINOT UE TO YEPL YIVETOL TTEPITAOK).

Avti va ypeldleTor oL xpNOoTES VO YPAPOUVY Kot Vo SLopBmVOUV cuvexmd KOOLKA YL Vo artobnKevouv mo-
Momhokoug timoug dedouévmv oe apyeia, 1 Python cog emitpénel va xpNOLUOTOLETE T dNUOPILY LoPQT|
avtolayng dedouévmv mov ovoudletar JSON (JavaScript Object Notation). To standard module wov ovoud-
Cetan json pmopet vo Mafel tepapyies dedouévav Python, Ko vo Tig LETOTPEYEL 08 AVATOPAOTACELG OVULBO-
Looelpmv: ovth 1 dradikaocia ovoudleton serializing.. H avaoivOieon tov dedopévwy oo Ty ovorapdotao
ovuporooelpdc ovoudletar deserializing. MetoED 0€LpLOTOiN0NG KOL AITOCELPLOTTOINONG, 1] OUUBOAOGELPE TTOVY
AVIUTPOOMITEVEL TO AVTIKELUEVO WTOPEL VO £xeL amobnkevtel o éva apyeio 1 dedopéva N va Eyel otadel péow
wog oVVOETNG SIKTVOU € KATTOLO ALITOUAKPUOUEVO (Y AVNULQL.

O Ihusioon

H poppny ISON ypnoiomoteitar ouvnbme omd cUyypOveES EQAUPUOYES YLOL VO ETTLTPETEL TV OVTOAOYY
dedopévarv. TToAhol TPOYPOUUATIOTES Eival 101 eE0IKELWUEVOL PE OUTHY, YEYOVOG TOV TNV KaBLoTd Kol
€mhOYT| Y10 SLOAELTOVPYLKOTTO.

Edv éyete éva avtikeipevo x, umopeite va deite v avarapdotoot ouuforooepdg JSON ue pia i ypouus
KOOLKOL:

>>> import json

>>> x = [1, 'simple', 'list']
>>> json.dumps (x)

'[1, "simple", "list"]'

Mua AN Topaihoyn TG ouvapTons dumps () , Tov ovoudletal dump () , AThmG OELPLOTOLEL TO AVTILKELUEVO
oe éva text file. 'Etot, edv 10 £ elvon éva avilkeievo fext file Tov avolyeL yia yypopy), LITopovue vo. Kdvouue
avTo:

[json.dump(x, f)

)

T va asokmdikomomoete Eavd To avtikeipevo, eav To £ eivon éva avtikeipevo binary file V) text file mov €xet
avoiEel o avaryvoon:
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[x = json.load (f)

O Ihusimon

Ta apyeto JSON mpémer va eivor kwdikomoiuéva oe UTF-8. Xpnowomoote to encoding="utf-8"
otav avoiyete to apyeio ISON wg fext file TOGO yLoL AVAYVWOT OGO KoL YLOL EYYPAP.

ATt 1 0T TEYVIKT] OELPLOTTOINONG WITOPEL VO XELPLOTEL MoTeg Ko heEkd, dAha 1 oglpromoinon avbaipetmy
onypotimov kKhaoewv og JSON amartei Aiyn emurhéov mpoomdOeia. H avagpopd yio to module §son mepiéyet
o ENynon yia autod.

e Agite emiong

pickle - to pickle module

e avtifeon pe to JSON, to pickle gival éva TPOTOKOMO TTOV ETLTPETEL T CELPLOTTOINTT OVOOLPETOL TTOAD-
mhokwv ovtikelwévmv Python. Qg ek tovtov, givar ovykekpévo yio tnv Python xau dev pwopei va ypn-
oLootn0el yLo ETLKOLVMVIaL UE EQPAPUOYES YpauuEveg oe dhheg yhwooeg. Eival emtiong avaopalég amd
TPOETLAOYT): 1] aTooELPLOTOiNOY pickle dedoUéVwV TOV TPOEPKOVTOL ATTO Lol (1] OELOTTLOT TN YY) WITOPEL
vo eKTeME0EL QVDaiPETO KMOLKA, eV TO dedouéva Exouv dNovpyNOEL amtd Evav EuteLpo eLoBorEa.
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KEGAAAIO 8

2 pdAuata kat E€alpgoelq

MéypLTmpa ta unvipato opoludTmy (error messages) O&v TV TEPLOGOTEPQ ATTO OO AVOPEPOT KAV, OAA OV
€yete dOKIUAOEL TA TOPAdELYUATO, TTOAVOTOTA £XETE OEL UEPLKA. YTTAPYOUV (TOUAAYLOTOV) V0 SLOpOPETLK
el opaludtwv: syntax errors (CUVTOKTUIKA OAALOT) Ko exceptions (EEaLPETELS).

8.1 Syntax Errors (ZuvtaKkTtiKa Z¢pailpata)

Ta syntax errors, Yvwotd Ko mG parsing errors, ivat iowg to mo ouvnOiouévo eidog mapasdvou wov haufavete
eva eEakolovBeite va pabaivete Python:

>>> while True print ('Hello world'")
File "<stdin>", line 1
while True print ('Hello world')

AAAAAN

SyntaxError: invalid syntax

O avolutig emovolappdver TV Topafatik YPOUWY KoL upovilel wkpd fEAN ov delyvouv mTPog To HEPOG
OOV TTOV EVTOTLOTHKE TO OQPALUA. ZNUELWOTE OTL AVTO OEV ElVOL TAVTA TO UEPOG TTOV TTPETeL Vo dLopOwOEL.
Zto moapdderyna, To opdiuo evtomiletal oty ouvaptnon print (), Kabwg Aetmer pa dvo Kow Kdtm teleio
(" ") aKpPLPADG TPLY QITO QUTN V.

To dvoua apyeiov (<stdin> 010 TAPASELYUA LAGC) KOL O APLOUOGS YPOUUNG EKTUTMVOVTIOL, DOTE VO VO, YVO-
pilete mov va PaE&ete o mepimtmaon mwov 1 elcodog Tponibe amd apyeio.

8.2 Exceptions (E§aipgoeLg)

AxoOuN KoL av po TpoTaon 1 W KQPOoT Elval OUVTOKTIKG OWOTY), UWTTOPEL Vo TPOKOAEDEL opdiua OTov
vivetal mpoomdBeia extéleong tg. Ta ogpdiporta mov evromifovrol kKatd v ektéleon ovoudlovran eEai-
péoetg Kau dgv givar dvev dpwv potpaia (fatal): ovvropo Ba udbete Twg va to xepileote oe TPOYPAUUOTOL
Python. Qotdoo, oL teprocdTepeg eEatpéoelg dev avtipetomifovral oo Tpoypdupata Kol 0dnyodv og unvo-
Lot OQEAMLOTOS OTTMG (PALVETOL EQM:

>>> 10 * (1/0)
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
10 * (1/0)

(ouvéyela oty eV oehida)
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A

ZeroDivisionError: division by zero
>>> 4 + spam*3
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
4 + spam*3
AAAA
NameError: name 'spam' is not defined
>>> '2' + 2
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
2" + 2

A

TypeError: can only concatenate str (not "int") to str

H televtaio ypouur] tov unviuatog o@dinatog vrodetkviel T ouvefn. O eEaipéoelg vmdpyouvv oe da-
(POPETLKOVG TUITOVUG KoL 0 TUTOG EKTUTMVETUL MG UEPOG TOU UNVOUOTOG: OL TUTOL 0TO TTOPAdELyUa ElvoL
ZeroDivisionError, NameError Kot TypeError. H ovpfolocelpd mov ektumdveton mg timog eEai-
pEONG ElvaL OVOU TNG EVOWUOTOUEVNG EEALPETTG TTOV TTPOEKVPE. AUTO LOYVEL VL0 OLEG TIG EVOMUATWUEVES
(built-in) eEaupéoeic, oAG dev ypeLdletan va 1oyvel yia eEatpéoelg mov opilovtal atd To XPpHoTy (o Ko iva
wa xpnowun ovufoon). Ovstandard eEaupéoeig eivan evoopatmuéva (built-in) avayvwplotikd (L deopevuéveg
MEeig-Khetdud).

H vrtdrown ypapun mopéyel hemropépeteg ue féon tov THmo g eEaipeons KaL To TL TNV TPOKALECE.

To ;tponyoluevo uépog Tou uNvouaTog oEAlaTog enpavitel To mepBariov 6mou ouvepn 1 eEaipea), we )
nopet aviyvevong otoiffag. [evikd meptéyel (o otoifa aviyveuong ypouuov mnyneg: wotdco, dev Oa euga-

viCel ypauués mov drofdlovron amd standard eicodo.

To bltin-exceptions wopabétel TIg EVODUATOUEVEG EEPETELG KL TLG £VVOLEG TOVC.

8.3 Awaxeipiwon EEaipeoswv

Eivol duvotd va ypagtel khdikag mou yewpileton emheyuéveg eEalpéoers. KottdEre to axdhovbo mopaderyua,
TO 07T0t0 INTA atd TOV YPHOTH VO ELOAYEL Evav EYKUPO aKEPALO apLtOud, ahld ETLTPETEL OTOV YPTOTH VO
dLaxopel o mpdypapua (xpnopomolmvtag Control-C 1 0,71 VTOOTNPILEL TO AELTOUPYLKO GVOTNUAL): ON-
UELDOTE OTL (O SLOKOTTY] TTOU dNULOVPYELTAL 0ITd TOV XPNOTH ONUOTOdOTELTAL KUvovTag raise tnv eEaipeo
KeyboardInterrupt.

>>> while True:

try:
x = int (input ("Please enter a number: "))
break
except ValueError:
print ("Oops! That was no valid number. Try again...")

H dMiwon try Aettovpyel wg eENc.
« Ilphrov, exteheitan M iry clause (1 TpdTaon(elg) netagd Twv MEewv-kheduwv t ry and except).

« Edv dev mpokOel eEaipeon, 1 except clause mapodeimeton Kou 1) eKTELEOT TNG TPOTOONG LTy OMOKAY-
POVETOL.

o E&v mapovoraotel po eEaipeon katd v ektéheon g tpdtaong t ry, 1 vtolowTn TPdTaoT) TAPUAEL-
JETAL. 2T OUVEYELD, GV 0 TOTTOG TG TaupLdlet ue v eEaipgon mov ovoudletar amd t MEN-Kheldi
except, 1 except clause eKTELELTOL, KL OTI CUVEYELQ 1] EKTELECT) GUVEYILETAL LETA TO WITAOK try/except.

o Ebv mpoxiyel o eEaipeon mov dev touptdlet pue v eEaipean mov avapépetal otV except clause, peta-
Bupdteton ot eEwtepLég eVIOMEG try - Qv dev Ppebel Kavévag xelpLothg, eivon wo unhandled exception
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Ko 1) EKTENEDT OTOUATA (UE UNVUIO OPAALATOG.

Mo tpdTooT try Wropet va €xel mEPLoodTEPES Al Wio except clause, o vo. KoOOPLoEL YELPLOTEG YLoL dLat-
popetikég eEarpéoeic. To ok évag yewplotg Oa ekteleotei. Ou xelpLoTés yewpitovran povo eEaipéoelg mov
eupavitovior oty avtiotouy try clause, Oyl o€ GAOVGS YELPLOTEG TNG LOLaG TPOTAoNG try. Mia except clause
wtopet va ovoudoer todhamiég eEatpéoelg wg mherdda (tuple) oe mapévOeon, yio mapdderyuo:

except
pass

(Runtimekrror,

TypeError,

NameError) :

Mo KMGom 08 e TpoTaon except Toupldlel (e eEAPE0ELS TTOV EivaL OTLYIOTUITO TNG 1OL0G TG KAAONG
N oG amd TG Tapoyoueves KAaoelg tg (0AAG OxL To avTtioTpogo — wa except clause mov mopadEtel wo
mopdywyn KAGoN dev TOLPLATEL UE TIG TOPOoVaieg TwV faotk®v g kKAdoewv). INa mapdderyua, o akdrovbog

Kodkog Oa ektunmoel ta B, C, D pe vt ) oepd:

class B (Exception) :

pass
class C(B):
pass
class D(C) :
pass
for cls in [B, C, D]:
try:
raise cls ()
except D:
print ("D")
except C:
print ("C")
except B:
print ("B")

J

ZNUELDOTE OTL GV OL except clauses eiyav avTiotpopel (Ue 10 except B mpwta), Oa eiyxe extunwbel B, B, B
— EVEPYOTTOLELTOL 1] TPWTY AVTLOTOLYLOT| except clause.

‘Otov TpokvITTEL (oL EEQLPEDT, WTOPEL VO £)EL OUOYETIOUEVES TIUES, YVWOTEG KOL WG oplouata TG EEaipeang.
H ntapovoio kot oL thmol Twv optopudtov eEaptmvtor amd Tov Timo eEaipeonc.

To except clause pwropei vo. kaBopioel (o puetafint) puetd to dvoua g eEaipeonc. H petafint ovvdéeton ue
to otLydTuTTo TG eEaipeong 1 omoia GuVHBWGS £XEL Eva XOPAKTIPLOTIKO args ov artodnkeveL Ta opiouata.
Io gvkohia, ou evowuatmpévor (builtin) Tomor eEaipeong opifovv __str__ () Yo Vo EKTUTMOETE OAOL TOL
oplopato Ywpig pnT Tpdofaon 610 . args.

>>> try:

raise Exception('spam',

'eggs')

except Exception as inst:

print (type (inst))
print (inst.args)
print (inst)

—~subclasses

<class '
('"spam',

X, y = inst.args
print X)

('x =",
print('y ="', vy)

Exception'>
'eggs')

# the exception type

# arguments stored in

.args

# __str.  allows args to be printed directly,
# but may be overridden in exception.

# unpack args

(OUVEYELD TNV ETTOUEVT) GENDO)

8.3. Awaxeipwon EEaipgoewv
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('spam', 'eggs')
X = spam
Yy

= eggs
H ¢Eodog g eEaipeong __str__ () eKktummvetor og to TeEAEVTaio uépog (“hemttouépela”) Tov unvipaTog

yio U xewpLlioueveg eEalpéoels.

H BaseException gival 1 Kow Baotkh KAGon Ohwv twv eEapéoemv. Mo amtd Tig VITOKATNYOPiEs TG,
Exception, gival 1) Bactk) kKhGom dhav Twv un potpainv eEapéocwv. EEalpéoel mov dev eival vitokAGoelg
Tov Exception 8gv avuuetomifovral ovviOmg, emetdr) xpnouomotovvTaL YL vo. VtodeiEovy 0Tl To TTPO-
ypaupo pémet vo tepuatiotel. [ephaufdvouy to SystemExit 1o 0moio avEdvetal amd to sys.exit ()
KoL to KeyboardInterrupt to omoio yiverou raise dtav o ypnotng emtbvuel vo dLakopel v EKTELETT TOV

TPOYPAUUATOG.
H Exception wropei va xpnowpomon el wg umalavép mov mdvel (oyedov) ta mdvia. Qotdoo, sivar Kot

TPOKTLKY] VO EUAOTE OGO TO SUVATOV TTLO CUYKEKPLUEVOL LE TOVG THTTOUG eEAULPECEWV TTOV GKOTEVOUE VO,
YELPLOTOVUE Ko Vel eTLTPEToupe Tuydv ampooddknteg eEapéoelg mov eEamhdvovTal.

To 7o Kowvd HoTifo yia 1o ¥elplopd Exception eivol vo eKTUTMOETE 1) VO KOTaypaeTe TV eSaipeo) Kot
OTY] OUVEYELX VO, TV ETAVAPEPETE (ETTPETOVTIOG 08 £vay KahoOvTa vo XELpLoTel kKau tv eEaipeon):

import sys

try:
f = open('myfile.txt"')
s = f.readline()
i = int(s.strip())

except OSError as err:
print ("OS error:", err)
except ValueError:
print ("Could not convert data to an integer.")
except Exception as err:
print (f"Unexpected {err=}, {type(err) ")
raise

J

H ntpdtaon try ... except €xeL éva mpoalpetikd else clause, To omolo, dtav VITAPYEL, TPETEL Vo aKoAovOel
Oheg TG except clauses. Eival xpnoLpo yioo Kodiko mov mpémel va ekteheotel edv 1o try clause dev KAveL raise
wo eEaipeon. Ta mapdderypo:

for arg in sys.argv[l:]:
try:
f = open(arg,
except OSError:
print ('cannot open', argqg)
else:
print (arg, 'has', len(f.readlines()), 'lines')
f.close()

'rl)

J

H yption tg mtpdtaong else eivor Kahitepn amd v mpoodnkn mpdobetov Kddika oty mpdtact try,
emeldr) amopeyel v Katd AdBog ovAM Y wag eEaipeong mov dev TPoéKpe 0td TOV KMSLKA TTOV TTPOCTO.-
Tevetal amod Ty mpoTaon try ... except.

Ou yewpLotég eEarpéoewv dev yewpilovrar ndvo Tig eEapéoelg mouv eugovitovion auéowg ot try clause, .

Ko €KELVEG IOV EUPAVITOVTOL HECO 08 GUVOPTNOELS TOV KaAoUvTal (akouT Ko éuueca) oty iry clause. T'wo
TTOPAdELYOL:

>>> def this_fails() :
x =1/0

(ouvéyela oty eV oehida)
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>>> try:
this_fails ()
except ZeroDivisionError as err:
print ('Handling run-time error:', err)

Handling run-time error: division by zero

8.4 Raising E§aipeoswv

H dMAwomn raise enitpérel 0TOV TPOYPAUUOTLOTY VO, AVOYKAOEL Vo eugpaviotel o kaboplopévn eEaipeon.
T Topdderypo:

>>> raise NameError ('HiThere')
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
raise NameError ('HiThere')
NameError: HiThere

To povadikd dpLopa 010 raise vwodetkviel TV eEaipeon wov TPETEL Vo, Yivel raise. Avti) TPEmeL va. elva
elte o apovoia eEaipeong N o eEaipeon kKAGom (e kKAGom ov poépyetan amd BaseExcept ion, dnwg
Exception 1 pia amd tg vwokddoelg ™). EGv mepdoel uo kKhGom eEaipeong, Oa dnuovpynOei oromnpd.
KaAdVTOg Tov constructor Thg xwplg opiouata:

[KdVCL raise ¢va ValueError # ouvtouoypawia yia to 'raise ValueError()' }

Ebv mpémer vo mpoodiopioete edv €xel eyypapel po. eEaipeon, ald 8ev OKOTEVETE VAL T1) YELPLOTEITE, (oL
amhovoTeEPY LoPPY TG MAwoNG raise oog emtpémel va Kévete Eava raise v eEaipean:

>>> try:
raise NameError ('HiThere')
except NameError:
print ('An exception flew by!'")
raise

An exception flew by!
Traceback (most recent call last):
File "<stdin>", line 2, in <module>
raise NameError ('HiThere')
NameError: HiThere

8.5 AAuoldwTtEg EEalpeoelq

E&v mapovolaotei o un yewpttouevn (unhandled) eEaipeon puéoa oe wa evotnta except, Oa emovvaypet
v eEaipeon mov Oa yelprotel Kow Bo ovumepingbei oo unvupa opdipatog:

>>> try:
open ("database.sglite")
except OSError:
raise RuntimeError ("unable to handle error")

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
open ("database.sglite")

AAAAAAAAAAAAAAAAAAAN

(ouvéyela otV enopevn oehida)

8.4. Raising E§aipeoceswyv 73



Python Tutorial, Anpociguon 3.14.0rc2

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

FileNotFoundError: [Errno 2] No such file or directory: 'database.sglite'
During handling of the above exception, another exception occurred:

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError ("unable to handle error")
RuntimeError: unable to handle error

J

[ vo vtodei&ete OTL wa eEaipeon eivan Gueon cuvEmeELd oG GAANG, 1) TPOTAON raise emiTPEmeL o TPo-
OLPETLKT) TPOTOAoN £rom:

# To exc npémer va eivar mapdbeiryua efaipeonc 1 None.
xdvel raise to RuntimeError and exc

Avtd pmopei va eivar xphowo otav petaoynuotiCetor eEapéoeis. Mo mapdderypo:

>>> def func():
raise ConnectionError

>>> try:

func ()
except ConnectionError as exc:
raise RuntimeError ('Failed to open database') from exc

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
func ()

AA

File "<stdin>", line 2, in func
ConnectionError

The above exception was the direct cause of the following exception:

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError ('Failed to open database') from exc
RuntimeError: Failed to open database

J

Envtpérel emtiong v oevepyomoinon e autopotng civoidag eEapéoewv ypnopwomoidvrag from None
idiom:

>>> try:
open ('database.sglite')
except OSError:
raise RuntimeError from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
raise RuntimeError from None
RuntimeError

To TepLocdTepes TANPOPOPIES OYETIKA Ue TNV UNYovLKY olvuoidwv, deite bltin-exceptions.
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8.6 Etalp€ocelg nou kaBopilovtal anod To Xpnotn

Ta TPOYPAUUATO UITOPOVY VO OVOUAOOUV TIG dIKES TOVG eEQLPEDELS dNULOUPYMOVTOG (ol VEo KAGOT eEaupé-
oewv (deite KAdoeig yio meploodtepa oxetikd ue tig khaoelg Python). O eEaupéoeig Ba mpémer ouvnBwg vo
npoépyovrar atd TV KAGoN Exception, gite Gueca eite EUUEDAL.

Mitopovv va oplototv KhAoELg Eaipeong Tov KAvouy oTLdNIToTe UWITOPEL Vo KAveL omtoladntote dAhy KAGo,
oA ovviHBwg dtatnpovvtan omhég, VY VA TPOOPEPOLVY LOVO Evav apLOIO YOPAKTHPLOTLKMY TTOV ETLTPETOUV
™V eSaywyn TANPOPOPLMV OYETIKA UE TO OPAAIA 0td TOUG YELPLOTEG YLoL TV eEaipean).

OL mtepLoooTepeg eEaLpLoelg 0pilovial (e ovouaTa oy TeEAELdVoLy oe «Error, mapduoL (e Ty ovouacic
TV TUTILKOV EEALPETEWV.

[ToArd: standard modules 0pilouv Tig duLkég Toug EEAPETELG YLOL THV AVOQPOPE OPUALATMY TTOV WITOPEL VO TTPO-
KUYOUV 0€ GUVOPTIOELG TTOU Opilouv.

8.7 KaBopLopog evepyeLwv KabapLopou

H dMiwon try €xel wa dAAn mTpooupetiky pdToo Tov TPOoPIileTal vo opioetl evépyeles Kabaplopoy o
TIPETEL VOL EKTELETOVVY VT 0TToLeadfote cuvOTfkeg. o mapaderypa:

>>> try:
raise KeyboardInterrupt
finally:
print ('Goodbye, world!")

Goodbye, world!
Traceback (most recent call last):
File "<stdin>", line 2, in <module>
raise KeyboardInterrupt
KeyboardInterrupt

Edv vrdpyer wa mpdtoon £inally, n apdtaon £inally Ba exteleotel wg 1 TEAEVTALN EPYOTLO TTPLV OTTO
™V ohokApwon g pdtaong try. H mpodtaon £inally ekteheiton gite OxL 1 TPOTOOY try TOPAYEL (oL
eEaipeon. To axdrovba onueio oulnTovv mo mepimhokeg mepuTTdOELg OTAY enpaviletal o eEaipeon:

« Edv mapovoiaotel pua eEaipeon Katd thv ektéleon g npodtaong try, 1 eEaipeon wmopel va avtipue-
TOTLOTEL 01O waL TPOTaoN except, EGv ) eEaipeon dev aviuetwmiletor amnd wo tpdtaon except,
1 eEaipeon yiveron Eava raise petd v ektéheon) g tpodtaong finally.

o Mua eEaipeon B wtopotoe vo TpokvPet KoTd TNV EKTELEOT oG TpoTaong except 1 else. Kot wdt,
1 eEaipeon tibetan Eava petd v extéheon g mpdToong £inally.

o Eav 1 mpdtaon finally ekteléoel wa mpdtoon break, continue 1 return, ov eEoupéoelg dev
yivovtow raise ek véov. Autd umopel va TPoKaAEéoeL GUYYLON Kal wg €K ToUTou amobappivetar. Ao
™V €kdoon 3.14, 0 uetayhoTTioT|g eKménTeL o SyntaxWarning yio oavto (deite PEP 765).

o E&v 1 mpétaon try grdoel oe wa dMiwon break, continue Y return, 1 wpodtaon finally Oa
exTeELEOTEL OKPLBMOG TTPLY 0td Tl break, continue or return g eKTéleong g SNAwoNG.

o Edv o npdtaon £inally mepthaufaver o SNmon return, 1 wun mov emotpépetal Ba elvan ot
artd v podtaon £inally g dNAWONG TG return, kKo OyL M tut) ord T dMhwon t ry g mpdTaong
return. Autd umopel va TpoKaréoel oUyyvon Ko emouévag amobappivetat. Ao v ékdoon 3.14, o
UETAYAWTTLOTHG EKTTEUTEL éva SyntaxWarning ywo ovtd (deite PEP 765).

T wopdderypo:

>>> def bool_return():
try:
return True
finally:

(ouvéyela oty enopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

return False

>>> bool_return ()
False

'Eva o mepimhoko mapdderypa:

>>> def divide(x, vy):
try:
result = x / y
except ZeroDivisionError:
print ("division by zero!")
else:
print ("result is", result)
finally:
print ("executing finally clause")

>>> divide (2, 1)

result is 2.0

executing finally clause

>>> divide (2, 0)

division by zero!

executing finally clause

>>> divide("2", "1")

executing finally clause

Traceback (most recent call last):

File "<stdin>", line 1, in <module>

divide("2", "1")

AAAAAAAAAAN

File "<stdin>", line 3, in divide
result = x / y

A

and 'str

TypeError: unsupported operand type(s) for /: 'str

‘Onwg umopeite va deite, N mpodToon £inally ekteleitan o omoladnmote mepimtwon. To TypeError mov
dnuovpyettar pe ™ draipeon dYo cuuforooelpwv dev YePILETOL atd TV TPOTAOY except KoL ETOUEVIG
yiveton Eavd raise petd v ektéheon tov 6pov £inally.

ZTG EQPAPUOYEG TOV TIPAYUATIKOU KOGUo, 1) tpdtaon £inally eivol xpfowun yo tnv arelevfépwon eEwre-
PLKOV TOpwv (drtwg apyeio 1 ovvdéoelg SukTVoV), AveEAPTNTO ATTO TO GV 1) YPNOT TOU TOPOU NTOV ETLTUYNG.

8.8 lNMpokaBoploPEVEG EVEPYELEG KABapLOHOU

Mepikd avitkeipevo opllovy Tig TUTLKEG EVEPYELEG KAOOPLOWOV TTOV TTPETEL VO AVOAOUBAVOVTOL OTAY TO AVTL-
Keipevo dev ypetdletal mhéov, aveEdptnta 0o To edv 1) AeLtovpyia TOU XPNOLUOTOLEL TO AVTIKEineVO TTéTUYE
1N arétuye. KottdEre to axdrovbo aviikeipevo, to omoio mpoomabdel va avoiel £va apyeio KoL va eEKTUTMOEL
TOL TEPLEYXOUEVA, TOV OTNV 000V).

for line in open("myfile.txt"):
print (line, end="")

To mpdPANUA e QVTOV TOV KDOOLKA ELvaL OTL APVEL TO OPYELD 0VOLYTO YLOL ATTPOTALOPLOTO YPOVLKO dLATTNUOL
UETA TNV OLOKANPWOT TG EKTENEONG AUTOV TOU TUNUOTOG TOV KMAKa. Autd dev eivar tpofinuo oe amhd
oevapLa, old umopel va eival pdpinua yo ueyolitepeg epapuoyéc. H dMhwon with emtpémel oe avti-
Kelpevo 0mwg apyelo va pNoLoTolovvToL te TpOTo Tov dLaopaiilel 6T Kabapitovior mdvio dueco Kot
OWOTA.
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with open ("myfile.txt") as f:
for line in f:
print (line, end="")

Metd v ekTéheon TG TPOTAONG, TO apyeio f elval TdvTo KAeLoTO, aKOUO KOl AV TOPOVGLAGTNKE TPOPAN UL
Katd v eneEepyaoio tov ypapudv. Ta avikeipgva wov, dmwg To. opyeio Tapéyovy TpoKaboplopéves evép-
veleg kKaOapLopov B0 To VITodELKVIOUV GTNY TEKUNPILmoT TOVG.

8.9 Raising katL XelpLopog NMoAAanAwyv Aoxetwyv EEalpgoewy

Ynapyouv meputtdoelg dmov gival amopaitnto vo avapepfouv molhéc eEapéoelg mou éxouvv ouufel. Autd
oupfaiver ouyva og TAALOLO TAVTOYPOVIG XPTONG, OTaV TOMEG EPYOOIEG UITOPEL VO EXOUVE ALTTOTUYEL TTAPHA-
Ao, 0AAG vITAPYOUV Kol AAAEG TTEPLITTWOELG XPNONG OOV givor emBLUNTO va ouve LoTel 1) EKTELEON KaL 1)
OVALOYY] TTOMATAMY OQOAUATWY avTE Vo KAveL raise TV TpdTh eEaipeon.

H evoopatouévn (builtin) Except ionGroup avoduthdvel o AMoTa ue Tapovoieg eEapéoemv MoTe va. (Ito-
povv va avEnBovv pali. Eivou o eEaipeon amd pévn g, emouévmg pmopel va ouhAingoei 0mtmg Kabe Gk
eSaipeon.

>>> def f():
excs = [OSError ('error 1'), SystemError ('error 2')]
raise ExceptionGroup ('there were problems', excs)
>>> ()
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| £0
| A
| File "<stdin>", line 3, in f
| raise ExceptionGroup ('there were problems', excs)
| ExceptionGroup: there were problems (2 sub-exceptions)
PP I —emmemeemeem====
| OSError: error 1

£()
except Exception as e:
print (f'caught {type(e) }: e'")

caught <class 'ExceptionGroup'>: e
>>>

Xpnowomoldviag except * avti yio. except, WIOPOUUE ETMAEKTIKA Vo yelpLotovue pdvo Tig eEatpéoelg
OTNV OUAdA TTOV AVTLOTOLYOUV O £VOV OUYKEKPLUEVO TUITO. ZTO TAPUKATM TOPASELYUO, TO OTTOLO SELYVEL ULOL
évBetn opddo eEaupéoewv, kKdbe mpdtoon except * eEdyel ard Tig eEaupéoelg Thng ouadag evog ouyKeKpLUE-
VOU TUTTOV, EVID aprveL OAeg TLg Gheg eEatpoelg va. dtadoBolv oe Ghheg Tpotdoelg Ko TeMKd va Eavayivouv
raise.

>>> def f():
raise ExceptionGroup (
"groupl",
[
OSError (1),
SystemError (2),
ExceptionGroup (

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
"group2",
[
OSError (3),
RecursionError (4)

>>> try:
£0
except* OSError as e:
print ("There were OSErrors")
except* SystemError as e:
print ("There were SystemErrors")

There were OSErrors
There were SystemErrors
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 2, in <module>
£0
File "<stdin>", line 2, in f
raise ExceptionGroup (
...<12 lines>...
)

|

|

|

|

|

|

| ExceptionGroup: groupl (1 sub-exception)
+ —

o 1 ———
| ExceptionGroup: group2 (1 sub-exception)
et 1 ———————————————

| RecursionError: 4

+ ____________________________________

>>>

AdBete viroyn Ot oL eEaupéoelg mov eivan EvOeTeg 08 o opida eEaLpEcEmV TPETEL VOL ELVOL OTLYILOTUTTA, OYL
TUmoL. Auto ovppaivel ereldn ot TpdEn oL eEatpéoeig Ba Ntav cuvinBwg autég tou Exouv &N avopepOel
Ko kotaypogel amd to mpdypapua, oVppwva te To akdrovbo potifo:

>>> excs = []
for test in tests:
try:
test.run()
except Exception as e:
excs.append (e)

>>> if excs:
raise ExceptionGroup ("Test Failures", excs)

8.10 EumAoutifovtag TI¢ EEalpeoelq HE ZNHELWOELG

‘Otav dnuovpyeitar o eEaipeon mpokeévou va yivel raise, ouvnOwg apytkomoteitar pe TAnpogopieg
TTOU TTEPLYPAPOVY TO OQAAUO TTOV €xel TPOKMPeL. YTTAPYOUV TEPLTTMOELS OOV ElVOL YPTOLWO VO TPOOTE-
Bovv mAnpogopieg petd v VMY s eEaipeonc. Ta to okomd avtd, ol eEapéaeig Exovve wo péBodo
add_note (note) mov déyeTorL wo. oVUBOLOOELPE Ko TNV TPocHETeL 0T Aot onuelmoewy TG eEaipeonc.
H standard am6800m wopakohoOnong TepMapaveL OMES TIG CNUEUDOELS, UE T1 OELPG TTOV TPOOTEON KO, UETA
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v e€aipeon.

>>> try:
raise TypeError ('bad type')
except Exception as e:
e.add_note ('Add some information')
e.add_note('Add some more information')
raise

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
raise TypeError ('bad type')
TypeError: bad type
Add some information
Add some more information
>>>

T mapaderyua, dtav cudhéyouue eEalpéoels oe o ouddo eEapéoewv, wropel va BEhovue vo tpoobécouue
TIMNPOPOPIEG TEPLBAMLOVTOG YLO TO. LELOVWUEVO, OPAMLATO. 2TV OVVEXELD Kb eEaipeon oty oudda €xet
(Lo OUELWOT) TTOV VITOELKVVEL TTOTE €YeL GUUPEL ouTO TO GPARUAL.

>>> def f():
raise OSError ('operation failed')

>>> excs = []
>>> for i in range(3):
try:
£Q)
except Exception as e:
e.add_note (f'Happened in Iteration {i+1}"'")
excs.append (e)

>>> raise ExceptionGroup ('We have some problems', excs)
Exception Group Traceback (most recent call last):
File "<stdin>", line 1, in <module>
raise ExceptionGroup ('We have some problems', excs)
ExceptionGroup: We have some problems (3 sub-exceptions)

+ - — — +

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>
| £()

| AR

| File "<stdin>", line 2, in f

| raise OSError ('operation failed')
| OSError: operation failed

| Happened in Iteration 1

Traceback (most recent call last):
File "<stdin>", line 3, in <module>
()

AN

|

|

|

|

| File "<stdin>", line 2, in f

| raise OSError ('operation failed')
| OSError: operation failed

| Happened in Iteration 2

| Traceback (most recent call last):

| File "<stdin>", line 3, in <module>

(ouvéyela oty eV oehida)
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>>>

File "<stdin>", line 2, in f
raise OSError ('operation failed')
OSError: operation failed
Happened in Iteration 3

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
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KE®AAAIO 9

KAdoelg

Ou khdoelg mopéyovv éva téco opadomoinong dedouévov kar hettovpytkdtntac. H dnuovpyia wag véag
KAAOoNG dNuovpyel Evay VEO TOTO OVTIKELUEVOV, ETTPETOVTOG VEA OTLYULGTUTA OVTOV TOV TUITOV TTOV TTPO-
Kevtan va yivouv. Kébe otrypdtumo kAAong Wtopei vo €xEL XopaKTNPLOTIKG TTOU GUVOEOVTOL UE QLUTO YLOL TH
drathpnon g Katdotoomg tov. Ta otrypdtuma KAAoNG wtopouv va €xouv emiong uebddovg (tov opitovron
azrd TV KLAOT] TOU) YLOL TNV TPOTTOTOIN 0T TS KATAGTOOTG TOV.

Ze oUYKPLOT UE GAAES YADOOEG TPOYPAUUOTIONOU, O UNXOVIOUOS KhAomg tg Python mpooBétel khdoelg e
eMAYLOTO VEO OUVTAKTIKO Ko onuaotohoyia. Eival éva petypo tov pnyovioumv kKAdoewv ov Bpébnkav ot
C++ Kot oto Modula-3. Ot khaoglg ¢ Python mapéyovv dha ta standard yopakTnpLotikéd Tov AVTLKELUEVO-
0tpapovg Ipoypaupatiopov: o uNyaviouds TG KANPovouKkoTntag tg KAGong emttpérel Thv VropEr ok-
MoTAdV BaoKOV KAACEDV, (oL TTaporyOUevn KAGOoN va Wtopel vo topakd el ooleodnmote nebodovg g
Baoukng kKhGong N kKAdoewv, kou wo uéBodog va umopel vo koréoel ) nébodo uiog Paotkng kKAdong pe to
idto ovopa. Ta aviikeipeva uopovv va eptéyovv avbaipeta mood ko eidn dedouévav. ‘Ommg Loy vEL Y Ta
modules, ot KAAOELG OVUUETEXOVY 0TH duvaKT) (puor g Python: dnuovpyotvral kKatd to xpdvo ektéleong
Ko Wiropovv vor Tpostomototv mepantépm UeTd T dnuovpyia.

Ztnv opohoyia tng C++, ovvihBwg ta wéhn g KAGong (ovumephappavouévav tmv uelmv dedouévav) eivor
Onuéora (ektog 0mtd Préme mapokdtw Ioiwikés MetafAnTés), Kou OMES OL CUUUETEYOVOES GUVOPTIOELS ELVL EL-
kowkés. Onwg Ko 610 Modula-3, dev umdpyouv GUVTOUOYPOPLES YLOL TNV AVOPOPA OTA LEAY TOU OVTLKELUEVOU
amtd TG uebddoug Tov: M uEB0dOg dNMMVETAL e PNTO TPDTO OPLOUOL TOV AVTLITPOCMITEVEL TO OVTLKELUEVO, TO
ortoio mapéyetal Euueca oo v KMon. ‘Orwg kot oto Smalltalk, ot idieg ov KAGoeLg elval aviikeipeva. Avtd
TOPEYEL ONUOATLOLOYIOL Yo ELoAYMYT| Ko eTovopaoio. Ze avtifeon ue tig yAdwooeg C++ kow Modula-3, ou built-
in TOmoL uwopovv va ypnowworonfotv wg faotkés KAAOELS Yo emtékTaon amd tov xphot. Exiong, dnwg oty
C++, oL mepLocdtepot built-in tedeotég pe edikn) oUvtokn (apbuntikol teleotés, eyypai K.AT.) wrtopolv va.
EMAVOITTPOTILOPLOTOVV YLOL TOL OTLYULOTUITA KAAONG.

(EMeiper KaOoMKTg amodeKTNG 0poloYiag Yia Vo IANom Yo TG KAAOELS, Bo KAvm mepLotaoiak xpnon
O6pwv amd T Smalltalk kow t C++. Oa xpnotpomolovoa dpovg amrd T Modula-3, KaOmg 1 OVTLKELWEVOOTPUPNS
ONUacLoAOYie TOV glval o Kovtd og avt)v g Python amtd 6t tng C++, AMG mtioteVom OTL Aol avoryvaoteg
TO €)X0VV OKOVOEL.)

9.1 Aiya AdyLa yra Ovépata Kat AvTiKeipeva

Ta aviikeipevo £xouvv povadikdtnTo Kot ToAd ovoporta (o€ TOAMATAG TTedia) umopoy va ovvdedolv 0to
id10 avtikelpevo. Avto sivar Yvootd og Peuddvupo oe dhheg YADooeg. Autd ouvnOwg deV EKTIUATOL UE ULaL
PO ot oty Python kou pwopei vor ayvoeitan pe aogdheto dtav aoyoreitar ue auetdfintovg faotkoig
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TOmovg (apBuoi, cupfohooelpés, Theddeg (tuples)). QoTO00, TO PEVOMVVLO EXEL ULt TUHOVMOG EKTANKTUKY] ETTL-
dpaon ot onpactohoyia Tov Kodika g Python mov mepthaufdver evpetdfinta avitkeipevo 0mwg AMoTec,
LeELkd, Kal Toug TTepLocoTePOUs AAAOUS THTTOVS. AUTO YpNoLuoTToLeital ouvABWG TPOG GYELOG TOV TTPOYPA-
LOTOG, 9E8OUEVOU OTL TOL YEVOIDVUUA CUIITTEPLPEPOVTOL OOV delkTEG atd opLopéves amdpets. Lo mopdderyua,
1 uetddoom evog avtikelévou eivol aveéEodn agot udvo évag deiktng mepva amd TV VAOTOIN o, KoL oV (o
OUVAPTIOT TPOTTOTOLEL VO AVTLKELUEVO TTOV £XEL TEPATEL WG OPLOUA, O KahmV Ba det TV alkoyn — ovtd
eEaheigel TNV avdykn yia 0o dtagpopetikolg unyaviopots uetddoong optoudtwv dmwg oty Pascal.

9.2 Eppelela kat NMedia Ovopatwyv otnyv Python

IMptv astd v eLl0aymYh TV KAAGEWV, TPETEL TPHDTO, VO 00 TM KATL YL TOUG Kavoveg euféherag g Python.
O opiopoi Twv KAGoewv maifouv pepikd Eekabapa KOMTO e To. Tedio. OVOUATMVY Kot TPEmeL Vo yvopilete
TOG MELTOVPYOVV TANPWG TA TTESLOL OVOUATMV Kt 1] EUPELELA VIOl VO KATAVONOETE TANPWS TL ovpupaivet. IMa-
PEWTLITTOVTMGC, 1] YVMOON Y10 GLUTO TO BEpaL eival xphoun yio KaOe mpoywpnuévo poypouiotiot tng Python.

Ag Eekiviiooupe ue oplouévoug opLopovc.

'Evog wedio ovoudtwv (namespace) givor uuo ovtLotoiyon amd ovouota oe avitkeipevo. Ta meploodtepa me-
dia ovopdtwv vhomortovvtal emti Tov TapdVTog wg AeEukd Python, alld autd cuvihBmg dev yivetar avTihnmto pe
Kavévay TpoTto (eKTOg atd TV arddoon) Kot wtopet va alGEet oto uéhhov. Mapadeiyuorta wedinv ovoudtmy
elvar: To GVUVOLO TWV EVOMUATOUEVMY OVOUATOV (JTOU TEPLEYEL CUVOPTHOELS OTTWG abs () KoL EVOWUUTWUEVO.
ovopato eEatpéoemv). ta kabohkd ovopato og évo module Kol TO TOTLKE 0VOUATO. OF [aL ETTIKANOY GuVap-
mong. Katd plo évvola to 0Uvoro TV XOpaKTNPLOTIKOV EVOG AVILKELUEVOV OYNUOTICEL emiong éva medio
ovoudtmv. To onuavtikd mTpdypa Tov TPETEL Vo YVmPLLETE Y10l TOL TTESI0 OVOUATWV Elva OTL dEV VTTAPYEL KO-
uio arohiTwg oxéon petagv ovopdtwv og SLapopeTikd medio ovoudtwy, yio topdderyua, do dapopeTikd
modules popei koL ta dV0 vo 0pioovy W GUVAPTNON maximize ywpig oUuyyvon — xpNoteg Twv modules
TPETEL VOL TV TTPocHEcoUV e To dvoua tov module.

[Mopepmuttdoving, xpnowomowd ™ MEN attribute yio omotodnote dvoua ov akohovbel o teleion — yio
TOPAdELYLO, OTNV €KPpaon z . real, To real eivol éva attribute TOU AVTIKELUEVOL z. AVOTNPE WADYTOG, OL
ovapopéc og ovopato Tmwv modules gival avagpopég oe attributes: otV €K@pPoot modname . funcname, TO
modname gival éva module avtikeipevo Kou 1o funcname eivol €va attribute TOv AVIIKELUEVOV. Ze AUTIHV TV
TEPITTWON CUUBALVEL VO VITAPYEL ULCL OTTAY) OVTLOTOLYLOY) LETAED TwV attributes Twv modules kot Twv KoOoAMKdV
ovoudtonv mov opitovtal oto module: polpdfovral Tov idLo xwpo ovoudtwv!!

Ta attributes umwopel vo elvor LOvo yior avayvwaon 1 eyypayLio. v Televtaia TePLTTmon, eivat duvoty 1
ovabeon attributes. Ta attributes twv modules eivau eyypdpiua: ptopeite vo ypdpete modname . the_answer
= 42. Ta eyypdypa attributes pmwopotv emiong vo duaypogoiv pe thy dnhwon del. Na mapdderyua, del
modname . the_answer 0a agolpéoel to attribute the_answer amd T0 AVTIKEIEVO TOV OVOUAOTNKE OLTTO
To modname.

OL xmpot oOvopAT®mV dMULOVPYOVVTOL O DLOPOPETIKES OTLYUES Kal £XOVV dLapopeTLKY didpkela LmwnNg.O yo-
pog ovopdtwv mov mepLéyeL T built-in ovopato dnuovpyeitar Katd v ekkivnon tov diepunvéa g Python
Ko dev draryphpetal woté. O Kabohkdg xmwpog ovoudtwv yia €vo module dnuovpyeitan dtav drofatetor o
opLopdg Tov module. Kavovikd, ot ympot ovopdtwv tmv modules dtopkotv emtiong uéypt vo tepuatioTel o diep-
unvéag. OL dMMADOELS TOV EKTELOVVTOL OTTO TNV ETUKAN 01 OVATATOV ETLTEDOV TOU dlepunvéa, eite draffalovran
a7t éva script elte dLodpaoTikd, Oempovvral uépog evog module Tov ovopdletor  main_, ETOUEVIG EYXOUV
TOV d1K0 TOUg KaBOAMKO X Dpo ovopdtwv. (Ta EVoouATOUEVO 0OVOUATO TNV TIPAYUATIKOTNTO VITAPYOVV ETTL-
ong oe éva module,autd ovoudLetor builtins.)

O tomKOG X MPOG OVOUATMV YLO. L0 CUVAPTNOT dNovpyeitor dtav Kaelitol 1 ouvapTnom, kKot diorypdpeton
otav 1 ovvapTNoN emoTPPeL 1 dnuovpyel wo. eEaipeon mov dev avTUeTOIILETOL 0TV GUVAPTNOY. (ZTNV
TPAYRATLKOTNTA, 1) A0 O fiTay KOAUTEPOS TPOTTOG YLaL VoL TEPLYPAPOUUE TL TPAYUATLKA cupfalivet.) Duotkd,
oL ETOVOLAUBAVOUEVEG ETILKANOELS £XO0VV TO OLKO TOVG TOTILKO YMPO OVOULTMV.

H sppéleta eivor pua meployn Kelwévou evog mpoypdupatog Python dmmov évag xdpog ovoudtmv eivol dueoo
npoofaoipoc. To «Aueon Tpodofaon» edm onuaivel OTL uLe OVETLPUAUKTY avapopd o€ €vo. Gvoua Tpoomadel

! Extog 06 éva mpdrypa. To. ovirkeipevo tov module £xouv éva uoTikd yopakTpLoTiKd OVO Yo aviyveon Tov Kokeiton __dict
TO 0700 ETOTPEPEL TO AEELKO TTOV YPNOLLOTOLELTOL YLOL TV VAOTTOINON ToU Y hpov ovoudtmv tov module. To dvopo _ dict  eivau éva
YOPAKTNPLOTIKO 0l Oyt Kabohkd dvopa. IIpogpavmg, N xpfon avtov mopafLtdlel Ty agpaipeon vhomoinong xmpov ovoudtwv kot o
TPETEL VO TTEPLOPILETOL 08 TPAryHaTa OTWG TO VOTEPO TPOYPUUUATO EVIOTLOUOY GROAUATWV.
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va. BPEL TO OVOLOL OTOV YMHPO OVOULTMV.

IMapdho Tov o TEdia TPOTALOPILOVTOL OTATLKA, YPNOLULOTOLOVVTOL SUVAULKY. Z€ 0TTOL0dNTOTE YPOVO KOTA
™V dLapKeLa TG EKTENEONGS, VITAPYOoUVY 3 1 4 évOeta medla TwV 0TOLMV 0oL XHPOoL ovoudtwy eivol dueoo Tpo-
opaaoiuol:

o 1 evdOTepT euérela, 1 omoio avalnTETOL TPMDTA, TEPLEYEL TA TOTLKA OVOUOITOL

o 1 euféhera 0ToLMVINHTTOTE ECWKAELOUEVWV CUVOPTHOEWY, TO. 0TTola avalnTovvral EEKILVOVTOG amtd TV
TANOLEGTEPT) ECWKAELOUEVT] EUPELELDL, TTEPLEYEL U] TOTTILKAL, OMAGL Ko i) KoMK ovopota,

o 1] ETOUEVY TTPOG TV TELEVTALA EUPELELDL TTEPLEYEL TAL TPEYOVTO KoMK ovopata Tov module

o 1 7110 oTOpOKPUOUEV euBéeLa (o €yLve TeEdevTaia avaliTnomn) eival o YMHPOg OVOUATMY TTOV TEPLEYEL
built-in ovouata

Edv éva dvopa éxer dnhwOel wg kabohkd, TdTe Oheg oL avapopég Kat oL EKYMPNOELS T yaivouy amevieiog
OTO EMOUEVO TTPOG TO TEAEVTALO TTedi0 OV TEPLEYEL Tl KaBoALKd ovouata touv module. o v emavaovv-
deom petofAntav mov Bpiokovral ektdg TG evaoTePNS eUPERELOG ,WTOPEL VO Y pnoluoToOel | dMhwon tou
nonlocal . Edv 8ev dnNAwBouv og urn Tomikéc, autég oL HeToPANTES eivar ndvo yia avayvmon (wo TpooTtd-
Oeia eyypagng oe o tétoto petafAnty Bo dnuovpynoeL amidg o véa Tomikn HETOPANTH otV evddTtepn
euPérera, apivovtag QUETABANTY TV eEEWTEPLKY] LETAPBANTY UE TO idLo dvopa ).

ZuviOmg, 1) TOTILKY) EUPELELDL TTALPOTTEWLITEL 0T TOTILKG OVOUATOL TG (KELIEVNG) TPEYOVOAS OLVVAPTNONG. EKTog
OUVOPTNOEMY, 1) TOTILKY] EUPELELDL AVAPEPETAL OTOV LDLO YDPO OVOLLATWV UE TV KOOOALKT) EUPBELELAL: TOV XDPO
ovopdtwv tov module.Ot opiopoi KAGoEMY TOToOETOVY Evay aKOUT Y MPO OVOUAT®Y OTNV TOTTLKT| EUBENELaL.

Eivow onpovtiko va ovveldntomotioovue 0t oL euféhetes Kabopifovol pe Keipevo: 1 kabohiky) euféheia pog
ovvaptnong mou opiletar og évo module givar o dhpog ovoudtwv outov tov module aveEGpTnTa 0td TO TOV
1 UE TOL0 PYEVAWVUUO KOAEITAL 1] OVVAPTNOY. ATO TV G TAEVPA, 1 TPAYUATIKY VAl Tnon ovoudTwy
yivetal dSuvoLkd, KaTd To xpovo eKTELEONG — MOTO0O0, 0 OPLOUOG TNG YAMDOOOG EEEMOTTETOL TPOG T OTATIKT
AVAAUGT OVOUATWV, TV MPO TNG KUETAYADTTLONGY, ETOUEVIS UV Bacileate o€ duvoulkn avdivon ovopotog!
(EmVv mpaypotkoTTa, 0L TOTKEG UeTafANTEG £xouv NON KaBopLoTEL OTATIKA.)

Mua wraitepn Woppubuia g Python givan 6t — av o dnhwoelg global 1 nonlocal dev gival og Loy
- Ol EKYWPNOELG OTO OVOUATO TINYAIVOUV TAVTA 0TV £vdOTEPT euféreta. OL eKympnoELg OV avILypipouV
dedouéva — amhwg deopuevovv ovopata oe aviikeipeva. To idlo LoyveL Kal yua TG draypapéc: 1 dNhwon del x
QPALPEL TNV GVVIEDT TOV X OTTO TOV X MPO OVOUATMV TTOV OVOPEPETAL ATTO THV TOTTILKT) EUPBENELOL. ZTHV TPOLYLOL-
TIKOTNTA, OMEG OL AELTOVPYLES TTOV ELTAYOVV VEQ OVOUOLTA YPTCLULOTTOLOVV THV TOTTLKY) EUPBELELOL: CUYKEKPLUEVQL
oL dMMAMOELS, import KoL oL 0pLOUol CUVOPTNOEMY deopevouv 10 dvoua tov module 1 TG ouVApPTNONG OTNV
TOTTLKY EUPELELL.

H dhwon global umopel va ypnoipomomBei yio va vrodei&el tL ovykekpuéveg petafintég Lovv otny
Kabohkn euféhera kou o pémer va avakaupovy ekel. H 9hwon nonlocal vwodnhmvel 0Tt CUYKEKPLUEVES
ueToANTEG Covy o€ o e0KAELOTY eUfEera KoL B0 TPETEL VA AVOKAUPOUY EKEL.

9.2.1 MNapadelypa Eppérelag kat Xwpwv Ovopatwyv

AuTto givar éva TapddeLyra Tov delyveL TOV TPOTO AVAPOPAS 0T SLAPOPETLKA TTEdIO KO HPOUG OVOUUTMY
Ko g To global Kaw nonlocal ennpedCovv ta variable binding:

def scope_test():
def do_local():
spam = "local spam"

def do_nonlocal():
nonlocal spam
spam = "nonlocal spam"

def do_global():
global spam
spam = "global spam"

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
spam = "test spam"
do_local ()
print ("After local assignment:", spam)
do_nonlocal ()
print ("After nonlocal assignment:", spam)
do_global ()
print ("After global assignment:", spam)

scope_test ()
print ("In global scope:", spam)

To amwoTéheopua Tov KMALKA 0TO TOPAIELYUOL ELVOL:

After local assignment: test spam

After nonlocal assignment: nonlocal spam
After global assignment: nonlocal spam
In global scope: global spam

ENUELDOTE TIWG 1] EKYMOPNON Tomukr) (1) omoia eivar tpoemheyuévn) dev dAhoEe v déouevon scope_test's Tov
spam. H gxympnon nonlocal dAhaEe tnv dE0UEVON TOV scope_test's TOV spam KoL 1) EKY®OPNON Tov global
dAhaEe T déopevon oe enimedo module.

Mitopeite emiong va deite ot dev vy e TPONYOUUEVT) SECUEVTT YLOL spam TPLV oIt TNV eKympnon global..

9.3 Mua npwtn patia otig KAaoeilq

O K\doeig eloyouy Aiyn véa oUvToEn, TpeLg vEoug THITOUG AVTLKELUEVWV KoL KATTOL0, VEX. GUAoLOMOYid.

9.3.1 Xuvta&n OpLopou KAaong

H amhovotepn popen optopot kKhAong WoLateL ue avto:

class ClassName:
<statement-1>

<statement-N>

J

Optopoi kKAdoewv, 6mtmg oplopoi ouvapthoemy (def dMNADOELS) TPETEL VO EKTELEGTOVV TPOTOV £YOUV OTTOLO-
dMmote amotéreoua. (Ao umopovoote vo tomodetioete £vav oplopud KAAomng o€ évay Khado uag dnhmong i £
1 LEOQ O€ Lo CUVAPTNOT).)

St TPAEN, ot dnhwoelg uéoa oe £vav optoud khdong ocuviBwg Oa eivol oplopol ouvapTnoewv, cAMG EmtL-
tpémovtal dhdeg dMMADOELS Kot ueplkés popég ypnowueg — Ba emavélbovue og owtd apyodtepa. O oplopol
oVVaPTHOEMY UECA 08 (o KAAON cuvnOmg €XOUV oL TTEPLEPYT LOPEPT MOTAS OPLOUATMOV, TTOV VITAYOPEVETOL
and g ovuphoelg KAong yia nueBodovg — ko i, avtod eEnyeitar apyotepa.

‘Otov ewodryetar £vag oplopdg KAAONG, dNUOVPYELTOL EVOG VEOSG XDPOS OVOUATWY KoL YPTOLULOTTOLELTAL G
TOTUKT) EUPELEL — ETOUEVIDG, OLEG OL EKYMWPTOELS OE TOTLKEG UETOPANTES TINYALVOLY GE AUTOV TOV VEO Y MPO
OVOULATV. ZUYKEKPLUEVA, OL OPLOUOL CUVAPTHOEMY SEGUEVOVY TO OVOUX THG VEOG CUVAPTNONG EOM.

‘Otav évag opopndg KLAoNg agrvetalr Kavovikd (LEow Tou TéLovg),dnuovpyeital éva avakeiuevo kAdorg.
Avtd elvan Baotkd éva mepttiAypa YUpw amd To TEPLEXOUEVA TOU YMPOV OVOUAT®VY TOU dNuovpynonke
amtd Tov opLoud Khaong. Ba pdbovue mepLoadtepa Lo TaL aviiKeipeva KAaong oty eduevn evotnto.H ap-
YUK Tormky| eufiérera(avtd Tou Loyve Alyo TtpLv amd TV ELCAYWYT TOV 0pLopuov g KAAoTg) amokadiotatol
Ko To aviikeipevo khdong deouevetol €dm 010 dvouo KAGoNG tovu divetal oty Kepaiido oplopot KAGong
(ClassName oto mopdderyua).
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9.3.2 Avtikeipeva KAaong
Ta avukeipevo kKhaong viroatnpifouv Vo eidn mpdEewv: avapopig XopaKTNPLOTIKMY KoL OTLYUOTUTTO.

O Avagopés xaparTnotoTKdV YPNOLUOITOLOVY TV TUTTLKT) GUVTOE TTOV YP1OLLOTTOLELTAL YLa OMOL TLG CLVOL(PO-
pEg yapakTNPLoTIK®V otV Python: obj . name. Ta éykupa ovOUATO XOPOKTNPLOTIKOV €lval OO TO OVOUATO.
7OV BPLOKOVTAV OTOV XMPO OVORAT®VY TNG KAAoNS OTtay dnuovpynOnke to aviikeipevo tg khaonc. ‘Etol, av

0 opLopdg ™G KAGOoNG Euotale wg eENG:

class MyClass:
"""A simple example class'"""
i = 12345

def f (self):
return 'hello world'

tote to. MyClass.i kxow MyClass. f eivai €YKUpeG AvapopEg XOUPOKTHPLOTIKMV, ETLOTPEPOVIOG EVAY OKEPOLO KOL
€VOL AVTIKELIEVO CUVAPTNONG, avtioTtouya. Ta attributes kKAdong uropotv emiong va ekywpnBovv, doTe Vo uito-
peite vo. odAGEete ™V Ty} Tov MyClass.i avé avaBeon. To __doc__ eivaw emiong éva £yKupo XopaKTnpL-
oTLKO, emotpépovtag To docstring wov avikeL otV KAAoN: "Eva anid napd8eiypa kAdong".

H «\don oryudtvmo (pnouromolel onpeloypapio ouvaptnong. AThmg TpoomotnOeite OTL TO AVILKELUEVO TG
KAAONG Elvol o GuvapTnon Ympig TapaUETPOVS TTOV EMOTPEPEL EVa VEO OTLYILOTUTTO TG Khdonc.[ o mopd-
derypa (vroBéTovtag ™V mopamdvew KhAom):

[x = MyClass () }

dMuovpyel éva véo oryudTvmo ™G KALONG Kol EKYmPEL auTd TO OVTLKEIUEVO GTNV TOTLKY UETAPANTY X.

H Aertovpyia tou otrypdtumov («calling» éva ovtikeipevo KAAoNG) dnuovpyel €vor Kevo ovVTIKEIIEVO. Ze To-
Mg KMGOELG APE0EL VO ONULOVPYOUV AVTILKELUEVOL UE OTLYMOTUITOL TTPOCOPUOTUEVO OF (L0 CUYKEKPLUEVY] CLPYLKT)

Katdotoon. Emopévog o khdon umopel vo oploet pua eldikn uébodo pe to dvouo. _ init (), OTwg avtod:
def _ init_ (self):

self.data []
‘Otav pa KAGom opilet o pébodo _ init (), o owyudTumo KAAong kokel avtopota _init () yw

TO OTLYULOTVITO KAGoNG o dnuovpynOnke mpdopata. ‘Etol o€ avtd To Topaderyia,Eva VEo, 0Py LKOTOLNUEVO
OTLYIOTUITO WITopet vo AngBet amod:

[x = MyClass () }
dvuoikd, M uébodog ___init__ () wmopei va €xel opiopata yio peyohvtepn eveMEia. Ze aqutnv TV mepi-
TTTWOM), TO. OPLOUOLTOL TTOV dLVOVTOL OTOV TENEDTH OTLYIWOTUTTOV KAGoNg petafipdtovioaroe __init_ ().Tw
mopddeLyua,

>>> class Complex:

def _ _init__ (self, realpart, imagpart):
self.r = realpart
self.i = imagpart

>>> x = Complex (3.0, —-4.5)
>>> x.r, x.i
(3.0, —-4.5)

9.3.3 AvTIKEipEVA ZTLYHLOTUTIWV

Topo T umopovue va Kévovue pe to avitkeipevo otyiotimmy; O pdveg hettovpyleg mov yivovtal Kaoto-
VONTEG OTTO TOL AVILKELUEVOL OTLYULOTUTTMV ELVOL OL AVOPOPES KOPOKTNPLOTIKADV. YTapyovv 600 €ldN £yKupmy
ovoudtwv attributes: attributes kow uéfodor dedouévmv.
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Ta yapaktnototkd OeSouévmv avILoTOLOUV 0TLG «UETAPRANTEG oTrydtumov» oto Smalltalk kow ota «uéhn
dedouévovy ot C++. Ta yopakmplotikd dedouévov dev ypetdletar vo dMmhwBovv, dmwg Kot oL Tomkég
UeTOPINTES, EUpaviiovTal OTaV eKYmPOVVTAL VLo TPMTN opd. Tia Tapdderyua, eGv To x elval OTLYIOTUITO
™G MyClass mou dnuovpyhdnke mopamdvew, to akdlovbo kouudtt Kodika 0o ektumdosl Ty tum 16,
Ywpig va agroel tyvog:

x.counter = 1
while x.counter < 10:
X.counter = x.counter * 2

print (x.counter)
del x.counter

To dALo €id0G OVOPOPAS YOPAKTNPLOTLKOV OTLYWOTUTTOU elval pua wéodog. Mia uéBodog eivau o ovvéptnom
TTOU «OVIKEL> O€ £VO, AVTLKELUEVO.

Ta éykvpa ovopata uefOdwV evOg avVILKEUEVOU oTLYWOTVITOU eEapTdvTal amd TV kAo tov. EE opiopov,
OOl TAL YOPOKTNPLOTIKA PLag KAAGTG TTOU ELVOL AVTLKELUEVO, GUVAPTNONG 0pitouv TG avtioTotyeg uebddovg
TV otypotirov t™g. 'Etol oto mapdderyud pag, to x.f eivar o Eykupn avagopd uebodov, agpol to
MyClass.f eivon ovvéptnon, adld to x.i dev eivon agpov to MyClass.i dev eivor. AMG To x.f dgv eival To (810
apdrypa ue to MyClass.f — eivan éva avureiuevo uedédov, OyL £V OVTLKELLEVO GUVAPTNONG.

9.3.4 Avtikeipeva Mebodou

ZuvihBwg, o néBodog Kaeiton apuéoms HeTd ™) déouevom ™e:

[X.f()

If x = MyClass (), as above, this will return the string 'hello world'. However, it is not necessary to call a
method right away: x . f is a method object, and can be stored away and called at a later time. For example:

xf = x.f
while True:
print (x£())

0o ouveyioel va ekTumtdveL To hello world péypl To TELOG Tov YPOVOoU.

T axpipwg ovppaivel 0tov Kaelitor wao uébodog; Towg éxete mopatnpnoel Ot x . £ () KMNONKe ywpic dpLopa
Tapartdvm, ToPdLo TOV 0 0pPLORdG TG ovvapTnong Yo £ () kKabopile éva dpopa. Tu cuveRT ue to dpLona;
Ziyoupa 1 Python dnuovpyei o eEaipeon 6tav wo GuvapTnon oV AoLTel OPLopa KOAELTOL YwpPic — aKouo
KL 0LV TO OPLOWLOL OEV YPNOLULOTTOLELTOL 0TIV TTPOYUOTLKOTITA. .

2TV TPOYUOTIKOTITA, WTOPEL VO £XETE WOVTEPEL TNV OTTAVTNOT: TO LWOLATEPO e TG nebddovg eivar OTL To
OVTLKEIUEVO TOU OTLYIOTUTTOU UETOPPBACETAL WG TO TPMTO OPLOUC THG CUVAPTNONG. ZTO TAPAIELYUE UaC,
N KAMon x. £ () eival oakplpwg 1oodivaun pe 1o MyClass. £ (x). Tevikd, 1 kAMon wog nebddov ue o
Mota amtd n opioporta LOOSVVANEL HE TV KANON TNG AVTIoTOLYNG CUVAPTNONG UE Mo ALOTO OPLOUATWY TOU
dMULOVPYELTOL UE TNV ELTOYWYT] TOV OVTLKELWEVOU OTLYIOTUITOU THG HEBGOOU TTPLV aTtd TO TPDTO OPLOLOL.

Cevikd, ot uéBodol Aettovpyolv wg eEfg. ‘Otav yivetar avapopd ot £va apaKTHPLOTIKSO un dedouévav evog
OTLYILOTUTTOV, YEVETOL 1] AvalNTNON TG KAAONG Tou oTLyudTumtov. EGv to dvoua vmodnhmvel €va £yKupo yo-
PAKTNPLOTIKO KAAONG TTOV EIVOL AVTILKEILEVO GUVAPTNONG, Ol AVAPOPEG TOGO OTO AVILKELUEVO OTLYIWOTUITOU
000 KOl 0TO OVTIKEUEVO CUVAPTNONG CUOKEVALOVTOL 08 Vo avTikeiievo nefodov. ‘Otav To OVILKEIUEVO TG
uehodov Koheitan ue (o Mota opLopETOV,dNULOVPYELTOL (oL VEQ AMOTA OPLOUETOV OITTO TO OVTLKELUEVO OTLY-
WOTUITOV Kait T MOTO OPLOUATOV, KOL TO AVILKELLEVO GUVAPTNONG KOAELTAL LE AUTNV TN VEX MOTA OPLOUATWV.

9.3.5 MetaBAntég KAdong Kat ZTLyHLOTUTIOU

e YEVIKEG YPAUUES, OL UETABANTEG OTLYULOTUTTOV TTPOOPILoVTOL YLo. dEdOUEVO LOVODLKE Yo KGOE oTLydTumo
KoL oL UETAPINTEG KAAONG ELVAL YL XOPOKTHPLOTIKA Kot LeBOd0Vg TTov HoLpaLovTal OAa To OTLYILOTUTTO TG
KAGong:
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class Dog:

kind = 'canine' # class variable shared by all instances
def _ init_ (self, name):
self.name = name # instance variable unique to each instance

>>> d = Dog('Fido'")
>>> e = Dog('Buddy"')

>>> d.kind # shared by all dogs
'canine'

>>> e.kind # shared by all dogs
'canine'

>>> d.name # unique to d

'Fido'

>>> e.name # unique to e
'Buddy'

J

'Onwg ovInmOnKe oto Aiya Adyia yra Ovduata kaw Aviikelueva, To Kowd dedouéva umopel vo Exouv mlavag
EKTANKTLKA ATTOTENECLOTAL [UE TY) CUUUETOYY AvTLKEWWEVWV mutable dmwg Moteg Kou AeEikd. T mapdderyua,
N Mota tricks 6Tov TopaKdTo KOdKa dev Oa TPETEL VO YP1OLUOTTOLELTOL WG HeTafANTY KAdong emeldr) udovo
uioe Mota 0o propovoe va givor Koy og Oha o otrypdtusta Dog:

class Dog:
tricks = [] # mistaken use of a class variable

def = init__ (self, name):
self.name = name

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido")

>>> e = Dog('Buddy"')

>>> d.add_trick('roll over')

>>> e.add_trick('play dead')

>>> d.tricks # unexpectedly shared by all dogs

['roll over', 'play dead']

O 0wotdg 0YedLOOUOS TNG KAGONG Oat TTPETTEL VoL PN OUOTTOLEL (oL UETOPANTI OTLYIMOTUTTOU AL

class Dog:

def _ init_ (self, name):
self.name = name
self.tricks = [] # creates a new empty list for each dog

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido'")

>>> e = Dog('Buddy')

>>> d.add_trick('roll over')
>>> e.add_trick ('play dead')
>>> d.tricks

['"roll over']
(ouvéyela otV enopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> e.tricks
['play dead']

9.4 Tuxaieg Mapatnpnoelg

Av 10 {810 OVOUO XOPOKTNPLOTIKOU EUMAVICETOL KOL 0€ VO OTLYIOTUITO KoL 0€ pot KAGOT, TOTE 1 avalhiTtnom
YOPOKTNPLOTIKMV SIVEL TPOTEPALATHTA OTO OTLYULOTUITO:

>>> class Warehouse:

purpose = 'storage'
region = 'west'
>>> wl = Warehouse ()

>>> print (wl.purpose, wl.region)
storage west

>>> w2 = Warehouse ()

>>> w2.region = 'east'

>>> print (w2.purpose, w2.region)
storage east

J

To xapaKTNELOTIKG dESOUEVWV PTTOPOVV VAL OVOPEPOVTOL e HEBODOVS KaOMmG Kaw 0rtd arhovg xpNoTeg («ite-
MaTES») eVOG avitkeluévou. Me ahha MoyLa, oL KAGoELg deV UITopolv va. xpnoLuototnfoy yio TV vAoToinot
K0OapdV apneNUévaV TUTTOV dedOUEVOV. ZTNV TPOYUOTIKOTNTA, Timota otV Python dev xaOiotd duvorty|
™V emPBoAT) TG amdkpuYng dedouevmv — Oha faciCovror og ovupoot. (amd v dAhn mhevpd, 1 epapuoy|
Python, ypauuévn og C, umopei vo, armokpmpeL eVIEhws TG AETTOUEPELEG VAOTTOINONG Ko va. eEhEYEeL TV TTpo-
opaon og éva avitkeipevo v eivar amapaitnto autd umopei va ypnotpomown el amd enektdoelg oty Python
vpauuéveg oe C.)

O pNoteg Ba TPETEL VOL XPNOLULOTOLOUV TOL XOPUKTNPLOTLKA SESOUEVIV UE TTPOTOYT] — OL YPYOTEG EVOEYETOL
Vo WITEPAEPYOLV TOL AUETAPBATTO TTOV dLaTpovvToL artd TG HeBOdoUg GrPPAYILOVING TA YOPAKTPLOTLKA TV
dedouévarv Toug. Adfete vITdYm OTL OL XPNOTEG UTOPOVY VO, TTPOGHEGOVY SLKA TOUG YOPAKTHPLOTIKG dEdOUE-
VOV 08 EVOL OVTIKELUEVO OTLYIOTUTTOU Y WPIG VOL ETNPEATOUV TNV EYKUPOTNTA TV HeBOd WV, YOOV aopevyo-
VTOL OL GUYKPOVOELS OVOUATWV — KO TTAAL, (o GVUB00T OVOUAGLOG UTOPEL VO GDOEL TTOMOVG TTOVOKEQPALOVG
€dm.

Agv umapYEL CUVTOUOYPAPLAL YLOL TV OVOPOPA XAPOKTNPLOTIKMV dedopuévarv (1] GMwv nebddwv!) néoa amd
TG ueBOd0VG. ALATLOTOV® OTL AUTO OTNY TPAYUATIKOTNTA GUERVEL TV AVOYVWOLUOTNTO TwV uebodwv: dev
VITAPYEL Koo TOavOTNTO OUYYUOTG TOTKMV UETABANTMV KL TWV UETABANTMV Ttopadeiyuatog dtav eEetd-
Coupe wa pébodo.

Zuyva, To TPOTO OPLoue. Lo ueBddov ovopdteta self. Autd dev elval TimoTa TEPLOGOTEPO ATTO (at CVUBOoN:
T0 Ovopa self dev €xel Kapio armolTmg tdaitepn onuocia yia v Python. Znuewmote, moTt600, OTL OV OEV AKO-
LovBnoete ) oVUPAoN 0 KOALKAG 00G WTOPEL VO eival MYOTEPO EVOVAYVOTOG 08 GANOUG TTPOYPAUUATIOTES
Python, ko giva emiong Katovontd 0Tl umopei va ypaptel éva mpodypauuo class browser wov vo. faciletol oe
wor TéTola oVUPBoo.

Kd&0e ovtikeipevo ouvaptnong mov eival xopaktnplotko KAdong opiler po uébodo yia otrypdtuma avtrg
™G KMGoNG. Agv givol omapaitnTo 0 0pLoRdG TG OUVAPTNONG VO, TTEPLKAELETAL e KELUEVO GTOV OPLONd TG
KAGONG: 1 0VTLOTOlYNON VOGS AVILKELUEVOU CUVAPTNONG O€ ULoL TOTTLKY UETABANTH TG KAAOTG elvan emtiong
evtdEer. T moapdderyuo:

# Function defined outside the class
def f1l (self, x, y):
return min (x, xty)

class C:
f = f1

(ouvéyela oty xopEV 0ehid)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

def g(self):
return 'hello world'

h =g

Topato £, g Ko h givar Oha xopaKTpLoTika TG KAGoNG C TOU 0VapEPOVTOL 08 AVTLKELUEVA GUVAPTNONG, KOL
Katd ovvémela eivar Oheg néBodot otrypotimwv tov C — To h givor akpimg LGodVVOO UE TO g. ZNUELDMOTE
OTL QLUTH N TPOKTIKT CVVHOWG XPNOLUEVEL UOVO YLOL VO UTEPOEYPEL TOV OVOLYVIDOTH EVOG TPOYPAULOTOG.

Ot uébodot umopovv vo kohotv ddieg uebddoUG YPNOLUOTOLDVTOG YOPAKTPLOTLKG (eBddoV Tov argument
self:

class Bag:
def _ init_ (self):
self.data = []

def add(self, x):
self.data.append(x)

def addtwice (self, x):
self.add(x)
self.add (x)

Ot uéBodoL pmopel v ovopépovtol 0g KaBoAKE OVOLOTA UE TOV (D10 TPOTO OTTMG OL CVVNOLOUEVES OUVAPTN-
oelc.H xaBolkn eupérelo mov oyetiCetar pe wo pébodo eivar To module wov mepiéyel tov opopud tg. (Mo
KAdon dev xpnoluomoLelitaol ToTé g KaBoAK) euPéleta.) Av Kol OTdvio GUVOVTO KAVELS évay Kahd AOYo yia
™ XPN o1 KabohKkdv dedouévarv e (o 1EB0do, vtdpyovv molhéc Nouwwes xpfoelg tg kabohikng eupérerac:
Yo EVaL TTPAYUA, OL AELTOUPYIES KO OL AELTOVPYLKEG LOVADES TTOV ELOGYOVTOL TNV KOOOMKT| EUPBELELO UTTOPOVY
va. xpnotpomoBouv amd uebddovg, kKabmg Kol cuvoptnoelg Kot KhAoeLg Tov opilovtal o€ autod. Zuvihbwg,
1 KAGon Tov mepLéyel T uEBodo opiletar amd udvn g oe avth TV KabBolkn euféheia, KoL 0TNV eTOUEVT
evomnta Oa Bpovue peptkovs kKohols MOYoUg Yo Toug 0moiovug pa uéBodog Bo Bghe vo avapépel T LK) TG
KAOLO.

Kd&0e i) eival éva ovtikeipevo Kau emopévog Exel uua kAdon (ovoudteton emiong tomog ). Amobnkeveton
wg object.__class__.

9.5 KAnpovouikotnta

Duokd, Eva YopaKTNPLOTKO YAMOOoog dev Ba fiTav avtdELo Tou ovouatog «class» ywpig v vootpEn g
Kinpovoukdtnrag. H ouvta&n yia évav mapayoduevo opioud kKhaong pordet pe avtd:

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

To 6vopo BaseClassName PETEL VO OPLOTEL OE VOV Y MPO OVOUATWV TPOCSRACLUO 0td To mtedio mov te-
PLEYEL TOV TTOPAYOUEVO OPLOUO KAAONG. 2 0€0m €vOg 0vouaTog Baotkng KAAONG, emtTtpémovtol Ko GAleg
avBaipeteg ekppdoslc. Autd umopel va eivar xpiowwo, yia apdderyua, o6tav 1 paocikn kAdon opiletar o
&AAn module:

[class DerivedClassName (modname.BaseClassName) : }

H extédeon evog mapayduevou opiopot) kKAAong tpoywpd to idto 6mtmg yia o faorkn kKhdon. ‘Otav to avi-
Kelpevo g KAGong KataoKevatetal, 1 faotkr kKAGon amopvnuovevetal. Autd p1OLULOTTOLELTAL VIO TV ETTi-
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MU0 AVAPOPMV XAPUKTNPLOTIKMV: EAV £V TNTOVUEVO YopaKTNPLOTIKO dev Bpedel oty Khdon, N avalhitnon
TPOY WP 0TV ovalNTnon ot Baotkr| KAGON. AUTOg 0 KavOvVag EQapUOCETOL vadpoutkd edv 1) idla 1 Baotk
KMo pogpyetan amd Kdmmora Giln KAGo.

Agv vmdpyel TLTOTA TO LOLOUTEPO OYETLKA pe TNV dMULOVPYLC OTLYWOTUITOV TAPAYOUEVODY KAACGEMV:
DerivedClassName () dnuovpyei éva véo otrypudtumo g kKhaong. Ou avagopég nebddmv emivovron
¢ €ENG: yivetonw avalnmon Tov aviioTolov XopaKTNELOTIKOU KAAOTG, KATERAIVOVTAG TTPOG TA KATW OTNVY
oAuoida TV Baotkdv KMAoEMV €AV Elval amapaithTo, Kot 1 avapopd T uedddou eivar Eykupn edv avtd
0TT0d(OEL £Val AVTLKELUEVO OUVAPTNONG.

Ou mapdywyeg KAAOELG EVOEXETOL VO TAPAKAUTTOVV TLG ueBddovg TV Paotkmv tovg kKhdoewv. Emeldn o
uébodoL dev €xouv e1dLKA TPOVOLL OTOY KahoUV dlleg uefodoug Tou 1dLov avitkelnévov, po nebodog uog
Baoikhg KAGoNG ov KaAel wa G uébodo mov opiletan otnv idra Baokn kAdon umopetl vo KatalnEel
vo Kohel por péhodo pLag mapayoduevng kKhaong ov v ovikowotd. (o mpoypappatiotég C++: Oheg oL
uébodor otnv Python gival ovoLaotikd «eLkovikéc».)

Mua vmeployvovoo uébodog oe o mapoyouevn kKhon umopel oty mpoypattkotto va 0éhel va emextel-
VEL aVIL VO OVTLKATOOTHOEL amth®dg T uéBodo Poaoikrig KAdong ne to ido ovopa. Ymapyer €vog amhog
TPOTOG Yo va. kKohéoete ™) uéBodo Paoikng khdong omevbeiag: amidg Kaléote 10 BaseClassName.
methodname (self, arguments) . Autd elval meploTaolakd YXPNOLlPO OTOUC XPNOTEC
(A&Bete undyn 6Tl autd Aeitoupyel povo edv n Pacikrn kAdon eivar npooPBdoiun
w¢ | ' BaseClassName otnv Kool eufiéera.)

H Python &yer 0o (evomuotmuéveg) built-in guvoptioelg wov Aettovpyotv ue KApovoukotToL:

o Xpnowosomote To isinstance() yw vo eiéyEete Tov TOMO €vOg  OTLYWOTUTOU:  TO
isinstance (obj, int) 0Oa eivaw True pwdvo €dv to obj.__class___ eivar int 1| mpogp-
yetan amd Kamowa kKhdon amd int.

o Xpnowomorjote To issubclass() Yo va ehéyEete v KAnpovowkdtnta kidong: To
issubclass (bool, int) eivaw ™ True™ agol to bool eivar vrwokAdon tov int. Qotdoo,
to issubclass (float, int) eivarFalse agol to £loat dev eival vrokidon Tov int.

9.5.1 MoAAanAn KAnpovouwkotnta

H Python vtootnpiCel emiong o popet tolhamirg kAnpovoukdtnrag. ‘Evog oplopodg khéong ue morhamhés
Baotkég KhGoeLg potdiCel ue avtd:

class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

[0l Tovg TEPLOTOTEPOVG OKOTOVG, OTLS TTLO OTTAEG TTEPUTTWOELS, WTOPELTE VO OKEPTELTE TNV OVl TNON YOpO-
KTNPLOTIKOV Tov KANpovounonkay amd pa yovikn khéon og depth-first, amd aplotepd mpog to deE1d, ywpig
avalitnon 8o @opég otV dLa KAAoT dmov vitdpyel emtkdAvym oty epapyia. ‘Etot, edv dev Ppedei éva
YOPAKTNPLOTIKO 070 DerivedClassName, avalnteitor 0to Basel kol petd (avadpoutkd) otig Paotkés
KAGoglg TOV Basel, Kou av dev BpéOnke exel,avalntOnke oto Base?2, kot o0tw kabeEng.

2TV TPOYUATIKOTNTA, Elval Aiyo o epimhoko amd avtod. H oepd avaivong g uedddov alrhdlel dSuvouka
YLOL VOL UTTOOTNPIEEL OUVEPYOTLKEG KANOELG 08 super () . AUTi) M TPOOEYYLON ELVOL YVOOTH 08 OPLOUEVEG GANEG
YA®OoEG TOAMATI G KANpovoukdtnTag wg call-next-method ko ival mmo woyupt| 0td T covmep KAHON TOU
Bpioketal og YADOOEG HELOVMUEVNG KATPOVOLULKOTNTOC.

H duvopuukn ogpd eivor amopaitn emeldn OAES OL TEPUTTWOELS TOMATANG KANPOVOUKOTTAS ELQAVITOVY
uio M TEPLOTOTEPES OYEOELS ALAPAVTLAV (OTTOV TOVAAYLOTOV MLat aTtd TLG YOVIKES KAAOELS WTOPEl VoL TTpooTteha-
0TelL PECW TOMATADY dLadpop®V artd TV KotwTaty kKAdon). [ mapdderypa, Oheg oL KAGOELG KANpOovopouv
amd object, emouévmg KaOe TEPITTWOT TOMATANG KANPOVOULKOTITAG TOPEXEL TEPLOCOTEPES OTTO Uiat duot-
dpouég ya va @ptdoete oto object. o va unv vdpyeL Tpodofaon otig faotkés KAATELS TEPLOOTEPES QLT
uior popéc, o duvapukog alyopLlOnog ypoupkomoLel T oewpd avalitnong we tpdmo mou datnpel T oelpd

90 Kegpdlawo 9. KAdoelg




Python Tutorial, Anpocieuon 3.14.0rc2

amd apLotepd TPpog ta deELd-mov Kabopileton o KaOe KhAoT, Tou Kohel KGO yovéa wdvo pia popd, Kal Tou
eivar Lovotovog (;tov onuaiver ot o KAAom pmopel vo yiver vrd-khaon ywpic va ennpeaotel 1) oelpd mpote-
PALOTNTOG TWV YOVEDY TNG). ZUVOMKA, AUTEG oL LLOTNTEG KaOLoTOUY duvatd Tov oxedlaond a&dmotmy Kat
eneKTAoWV KAAoEmVY ue ootk kKAnpovoukotnto. o meploodtepeg hemtouépetes, deite python_2.3_mro.

9.6 1dwwTIkEG MeTaBANTEQ

O petafAntég otrypotimov «Private» 0T 0moieg dev ival duvati) 1) TPOoROoY EKTOG OTTO TO EGWTEPLKO EVOG
AVTLKELUEVOU,dEV utdpyovv oty Python. Qotdoo, vidpyel wo ovufoon wov akolovheital ad Tov mTepLooo-
tepo Python kddika: éva dvoua pe tpdbepa kétw movha (;t.). _spam) 0o TPETEL VAL AVTLUETOITILETOL OG U1
dnuooro uépog tov API (eite mpodxettan yio ovvaptnon,uéfodo 1 uéhog dedopévmv). Oa mpémel va Bewpeiton
WG METTOUEPELDL VAOTTOINONG Kol VTTOKELTOL 08 AAMLYES Y WPLG TPOELOOTOIN o).

AedopEVOU OTL VTTAPYEL LOL EYKVPT) TEPLTTTWON XPOMG YLOL LOLMTLKA LAY TNG KAGomMG (dNhaidT| yia vo. atopev-
%000V GUYKPOUGELG OVOULATMOV UE OVOUOTOL TTOV 0pilovTal amd VITOKAAOELS), VITAPYEL TEPLOPLOUEVY VITOOTY-
PLEN Yo évav TETOLo PN oVIoUd, Tov ovoudleton name mangling. OTOLOdNTOTE AVAYVWPLOTIKO TNG QOPUOG
___spam (TOVAAyLoTOV V0 TPOTOPEVOUEVEG KATM TTOVAES, TO TTOAV (LLOL 0T OUVEYELDL KATW TOVA) avTtkadi-
otatoL (e Kelpevo pe to _classname_spam, 070U T0 classname €ival To OVOUO. TNG TPEXOV0AG TAENG Ue
TV TPWTN VIToYpauuLon stripped. Avtd To mangling yivetow ympig va Aappdvetor vedypn N ovviokTiky 0¢om
TOV TOU QLVOYVOPLOTIKOU, APKEL VO ELpOVICETaL EVTOG TOV 0pLOUO ag KAAoNG.

e Ascite emiong

OL TPOdLOYPAPES TOPATOINONG LOLWTLKOV OVOUATOG Y10 AETTTOUEPELES KOl ELOLKEG TTEPLITTDOELS.

H mtapafioon ovoudtov eivor ypfoLur Yo v, ETLTPETETOL 0TLS VITOKAAGELG VA TTAPOKAUTTTOVY pebddovg yw-
pig va drakdmTouy Tig KA oelg uefddwv evdokhdoewv. INa wopdderypa:

class Mapping:
def _ init_ (self, iterable):
self.items_list = []
self.__update(iterable)

def update(self, iterable):
for item in iterable:
self.items_list.append(item)

__update = update # private copy of original update () method
class MappingSubclass (Mapping) :

def update (self, keys, values):
# provides new signature for update ()
# but does not break __init__ ()
for item in zip(keys, values):
self.items_list.append(item)

To mapamdve mapdderyno Ba Aertovpyoloe akduo kow v tTo MappingSubclass elonyaye €va avayvo-
pLoTikd _update 0ol avikatootadnke ue To _Mapping__update otnv KAAoHN Mapping Kou U€ TO
_MappingSubclass__update ot khdon MappingSubclass aviiotouyo.

Adfete voyn Ot oL Kavoveg mopafloong €Xouv OxESLOOTEL KUPLWG YL TNV OITOQUYN OTUYUd-
tov.EEakolovbei va eival duvati 1 Tpdofaon 1 1 TPoTomoinoy wag uetafAnTg mov Bewpeitor LOLWTLKY).
Avtd umopel va elvan ypfoLno akduT Kol 0€ ELOLKES TEPLTTWOELS, OTTWG OTO TPOYPOLUUL EVTOTLOUOV CQAAUL-
twv(debugger).

ZNuelmoTte OTL 0 KOOLKOG OV UETAPLBAOTNKE 0T0 exec () 1) 010 eval () dev Bewpel OTL TO TO Gvoua KAAOoNG
g KhAomg exikAnong va eival n tpéyxovoa kKAAoN. Auto gival TapOUoLo Ue TO OTTOTENEGUA TG KAOOA LKA C

9.6. I18wwTikEég MeTaBAnTEQ 91




Python Tutorial, Anpociguon 3.14.0rc2

MAWONG , TO TOTELETUE TNG OTTOLOLG ETTLONG TEPLOPILETOL OTOV KWMLK OV £XEL peTayhwttiotel pali(byte-
compiled). O idL0g TEPLOPLOUOS LOYVEL Yo To getattr (), setattr () ko delattr (), Kabwg Kot dtov
vivetal avagopd amevleiag oto _ dict_ .

9.7 Mikpompayupata

Mepikég qopég elvar ypnowo vo €xete évav tomo dedouévov mapouolo pe tov Pascal «record» © C
«struct», ouadoToLwVTAG UEPLKA emmvupa otouyeto dedouévmv. H dumpotikn mpooéyylon eivat n ypnon
dataclasses yLo QUTOV TOV OKOTTO:

from dataclasses import dataclass

@dataclass

class Employee:
name: sStr
dept: str
salary: int

>>> john = Employee ('john', 'computer lab', 1000)
>>> john.dept

'computer lab'

>>> john.salary

1000

"Eva koppdtt kwdiko Python wov avopével Evov ouykekpuiévo agnpnuévo timo dedoévmy UTopel ouyva va.
mepdoeL og o Ko mov ppeitan tig neboddovg avtov tov timov dedouévarv. Tia mopdderyua, edv éxete
ULL CUVAPTION TTOV LOPPOTTOLEL OPLOUEVOL OEQOUEVA OTTO EVAL AVTLKELUEVO APYELOV, WTOPELTE VO OPLOETE ULaL
KAGon pe nebddovg read () koL readline () mov Aaupdvovy ta dedouéva amd évo buffer cuuforooepmv
avt” ovTov, Ko TEPAoTE TO WG OPLOUAL.

Instance method objects €yovv emiong xoPaKTNELOTIKA: m.__self  &ivol TO OVTIKEILEVO TAPOVTIAG e TH
uébodom (), Koawm._ func__ eivol TO OVTLKELLEVO GUVAPTNONG TTOV AVILOTOLXEL 0T 1éBodoO.

9.8 EnavaArnnrteqg

Méypt trpa TOOVOTOTO £XETE TOPATNPTOEL OTL TOL TEPLOOOTEPO OVTLKELUEVOL container PItopoVV VoL ETOVORY-
@BV ypnopooLdvTog wo dhwon for:

for element in [1, 2, 3]:
print (element)

for element in (1, 2, 3):
print (element)

for key in {'one':1, 'two':2}:
print (key)

for char in "123":
print (char)

for line in open("myfile.txt"):
print (line, end="'")

Avt6 10 0TVA TPOOPaoNG elval copég, ouvormTikd Ko foikd. H yprion twv Iterators diamepva Ko evomoLel Ty
Python. Zt0 mapaoknvio,  dNhwor for kKahel iter () oto avikeipevo container. H ovvdptnon emotpépel

évo avtiKeipevo iterator wov opilel ™) uébodo __next__ () momoia €xeL mpdofact o€ ototyeio 0To container
éva KGOe popd. Otov dev vitdpyouv Ao ototyeio, To __next__ () dmuovpyei wa StopIteration eEai-
peon mov AéeL tov Bpdyo for va teppatiotel. Mmopeite va karéoete T wéBodo _ next__ () yPNOLUOTOLD-

VTOG TV EVOOUOTOUEVT) oOVVAPTNOT next (). Autd to mopdderypo deiy Vel Tmg Aettoupyovv Oha:
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>>> s = 'abc'
>>> it = iter (s)
>>> it

<str_iterator object at 0x10c90e650>

>>> next (it)

lal

>>> next (it)

lbl

>>> next (it)

lcl

>>> next (it)

Traceback (most recent call last):
File "<stdin>", line 1, in <module>

next (it)
StopIteration

"Exovtag d€L Toug Ny oviopuovs tiom ortd to tpwtdkollo iterator, eival eVKoAO va Tpoobécete GUUTEPLPOPA
iterator otig KMaoELg oac. Opiote o néBodo __iter_ () mou emotpépel £vo OVTIKEIUEVO ue o péBodo
__next__ ().E&vnxhdonopiler__next__ (),t0tet0 __iter_ () wmopel amhmg vo emotpépel sel f:

N

class Reverse:
"""Tterator for looping over a sequence backwards.
def _ init_ (self, data):
self.data = data
self.index = len (data)

mrirn

def _ iter_ (self):
return self

def @ next_  (self):
if self.index == 0:
raise Stoplteration
self.index = self.index - 1
return self.data[self.index]

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at 0x00A1DB50>
>>> for char in rev:
print (char)

n T o3 -

9.9 Nevvntopeg (Generators)

Generators givor €va oo Ko Loyvpo epyodeio yia T dnuovpyia iterators. Eivar ypoauuéveg oov kovovikég
ovvaptioelg oAb ypnowomoloty ) yield 6mote 0€hovv va emotpépouv dedopéva. Kdbe popd mov kaei-
Tow next () og owtd, o generator cuveyitel amd exel mov otoudTnoe (Bupdtor Oheg TG TWEG dEdOUEVOV KOl
mota. dMAwon exkteréotnke tehevtaia). 'Eva mopdderyuo deiyver dTL oL generators Pwopel vo eivol aofuovTo
gUKoAO va dnuovpynHovv:

def reverse (data) :
for index in range(len(data)-1, -1, -1):
(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

yield data[index]

>>> for char in reverse('golf'):
print (char)

Q O H Hh -

OTdMToTE PITopEL vaL YiveL e generators UITOPEL VoL Yiver Ko (e iterators ov faoifovtol o KAAOoELS, OTwg Tte-
PLYPAPETOL OTHV TIPOTYOUUEVY EVOTNTA. AUTO TTOV KAVEL TOVG generators TO00 GUUTTOYELS lval 0Tt oL uébodot
__iter_ () xougenerator__next__ () dMuoupyouvtol ovtduaTa.

'Eva GAA0 Baotkd xapokTneLoTikd eival 0Tt oL TOomKES LeTafANTEG Kot 1) Katdotaon ekTéheong amobnkevo-
VTOL QUTOUOTO LETOED TV KAoewV. AuTtd €Kave T OVvAPTNOT L0 EVKOAT OTNY YpapY] Ko JToAD mtlo Sexd-
Oapn amd Po TPOGEYYLON TOV YXPNOLLOTTOLEL LeTaPANTEG Tapdderypo Otwg self.index kou self.data.

Extog amd v avtopotn dnuovpyia nebddov kot v amodfKevon g KatdoToong TOU TPoYPAUUoTog,
dtav oL generators Teppatifoval, eyeipouv avtouata Ty eEaipeon StopIteration. g ouvduaoud, outd.
TA XOPOKTNPLOTIKE KaBLoToUV VKON TH dnuLovpyia emavoliPewv xoplig TepLoodTepn TpoomddeLo amd ™
oUVTOET (WOG KOVOVIKNG GUVAPTNONG.

9.10 Ekgppaocelg Nevvijtopwyv

Oplopévol arthoi generators LITopovV va KodLKomotnfovv ouvostikd mg EKPPATELS PN OLUOTOLDVTOG ULK OV~
vtaEn apduota pe Tig list comprehensions, oAAG pe opevOEoelg avti yio orykOAeg. Avtég ol ekppdoelg £xouv
OYEOLOOTEL YLOL KATAOTAOELS OTTOV O generator yPNOLOToLElToL OUESMS 0o P tepLkieiovoa ouviptnomn. Ot
eKpPAoELg generator elvol Lo CUNITTAYElG aMG AYOTEPO EVEMKTES OTTO TOVUG OPLOUOVS TTAPOUG generator KoL
Telvouy va elval TEPLOOOTEPO PIMKO TTPOG TN wvhun artd avtiotouya list comprehensions.

Mapadeiypato:

>>> sum(i*i for i in range (10)) # sum of squares

285

>>> xvec = [10, 20, 30]

>>> yvec = [7, 5, 3]

>>> sum(x*y for x,y in zip (xvec, yvec)) # dot product

260

>>> unique_words = set (word for line in page for word in line.split())

>>> valedictorian = max((student.gpa, student.name) for student in.
—graduates)

>>> data = 'golf'
>>> list (data[i] for i in range(len(data)-1, -1, -1))
[lfl, |ll, 'O', 'g']

YTOONHELWOELG
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keoanaio 10

2 Uvtoun &evdynon otnv Standard BipALoBrikn

10.1 Aientagn AELTOUPYLKOU ZUOTHHATOG

To module os mapéyel dekddeg AeLTOVPYIES YLOL OAANAETIOPOLON UE TO AELTOVPYLKO GVOTNUOL:

>>> import os

>>> os.getcwd () # Return the current working directory
'C:\\Python314"

>>> os.chdir('/server/accesslogs') # Change current working directory
>>> os.system('mkdir today') # Run the command mkdir in the system shell
0

BepoawmBOeite 0tL ypropomoleite To 0TVh import os aviiywo 1o from os import *. Autd Oa kpatnoet
T0 0s . open () VIO TN OKILAON TNG EVOMUATOUEVNG CUVAPTNONG open () TToU AELTOUPYEL TTOA) SLAPOPETIKAL.

O evoopotopéveg ouvoptnoelg dir () karhelp () givan xpNoueg wg dLadpaoTtikd fondnuata yia epyaoio
ue peyaro modules 0mwg os:

>>> import os

>>> dir (os)

<emioTpépel pla Atota amnd OAec Tig ouvaptioelg module>

>>> help (os)

<emiotTpépel pra extevn oeAida eyyeipidlou mou Snuioupynbnke amd Ta.
—~docstrings Tou module>

J

[0 KaOnuepLvég dLayelploTikég epyacies oe apyeio kot Kataldyous, To module shut il mapéyet wo SLemogt
VYNAOTEPOV ETTEDOV TTOU ELVOL TTLO EVKOAT] OTNV PN OT):

>>> import shutil

>>> shutil.copyfile('data.db', 'archive.db')
'archive.db'

>>> shutil.move ('/build/executables', 'installdir')
'installdir'
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10.2 Wildcard Apxeia

To module glob mopéyel o Aettoupyio yia T dnuLovpylo MoTmv apyelmv omd avalnTioelg Ue XopoKTNPES
WITAAAVTEP KATAAOYOU:

>>> import glob
>>> glob.glob('*.py")
['"primes.py', 'random.py', 'quote.py']

10.3 Opiopata ypapunig EVIoAwv

Ta kowvd scripts BonONTK®V TPOYPOUUATWVY VY VA Y PeLGLoVToL Vo eteEepyAlovTal OpioUoTo YPOUUG EVTO-
AV, AuTd Ta 0plopaTo ATo0NKeEVOVTOL 0TO YOPAKTNPLOTIKO argy Tov module sy s wg Aiota. [ mapdaderyua,
oG apove To akodiovbo apyeio demo . py

# File demo.py
import sys
print (sys.argv)

Edwm elvau o ammotéheoua amd v eKtéheon tov python demo.py one two three ot ypauuy eviohmv:

[['demo.py', 'one', 'two', 'three'] }

To module argparse mopéyeL £vav o eEEAYUEVO UNyavIoUO YO TV ETEEEPYOOLO OPLOUATOV YPOUUNG
evtohmv. To axdloubo script eEdyeL £va 1) TePLOTOTEPO OVOILOTA OPYEIWV KOL EVOV TTPOULPETLKO apLtOUO YPOL-
WV 1ov B0 ERPAVIETOVV:

import argparse

parser = argparse.ArgumentParser (

prog='top',

description='Show top lines from each file')
parser.add_argument ('filenames', nargs='+")
parser.add_argument ('-1', '—-—-lines', type=int, default=10)
args = parser.parse_args ()
print (args)

J

‘Otav ekteheiton otn ypouun eviolmv 1o python top.py ——lines=5 alpha.txt beta.txt,Toscript
opiletto args.lines oe 5 Kauto args.filenames og ['alpha.txt', 'beta.txt'].

10.4 Avakateubuvon €£080uU 0pAANATOC KAl TEPHATLOMOG TIPO-
Ypappatog

To module sys £€xeL emiong XAPAKTNELOTIKG YI0 stdin, stdout, kou stderr. To TehevTaio eivar xpNOLUO YL THY
EKITOUTTY] TTPOELOOTOLNOEWV KOl UNVUUATOV GQUAUATOV DOTE VO Eival 0patd oKOua Ko OTov To stdout €xeL
ovakotevuvoet:

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

O 1o Guecog TPOTOG YL VoL TEPUATIOETE €val script elvol va YP1OLULOTOOETE TO Sy s . exit ().
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10.5 Taiplacpa HOTiIBWV CUNBOAOCELPWV

To module re mapéyel epyodeia Kavoviky EKppaong yLo tponyuévn eneEepyaoio ovufohooelpdv. Fia wohv-
TTLOKY] OLVTLOTOLY(LOT] KO YELPLOUO, OL TUTTLKES EK(PPATELS TPOOPEPOVY GUVOTTTIKES, BedTioTomotuéveg AMIGELS:

>>> import re

>>> re.findall (r'\bf[a-z]*', 'which foot or hand fell fastest')
["foot', 'fell', 'fastest']

>>> re.sub(r' (\b[a-z]+) \1', r'\1l', 'cat in the the hat')

'cat in the hat'

‘Otav ypetdlovral udvo amhég duvatdTnTeg, TpoTLUmVTaL oL uéBodot cuuporooelpwy, emeldn eivan evkoldte-
PES OTNY OVOAYV(IOT KCL TOV EVIOTLOWO OPOAUATWV:

>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 Maénuatika

To module math divel TpooPoon oTig vitokeipeveg ovvaptnoelg TG PpriodNkng C yia podnuotikd Kivng
VITOSLALOTOMAG:

>>> import math

>>> math.cos (math.pi / 4)
0.70710678118654757

>>> math.log (1024, 2)
10.0

To module random mapéyelL epyoleio Yo va KAvoupe Tuyaieg emhoyég:

>>> import random

>>> random.choice ([ 'apple', 'pear', 'banana'l])

'apple'

>>> random.sample (range (100), 10) # sampling without replacement
[30, 83, 16, 4, 8, 81, 41, 50, 18, 33]

>>> random.random () # random float from the interval [0.0, 1.0)
0.17970987693706186

>>> random.randrange (6) # random integer chosen from range (6)

4

To module statistics vmoloyiler faoikés otatiotikés WOLdTNTES (LEGOG OPOG, dLAUETOS, dLaKVIavoT,
K.AIT.) aplfuntikov dedouévov:

>>> import statistics

>>> data = [2.75, 1.75, 1.25, 0.25, 0.5, 1.25, 3.5]
>>> statistics.mean (data)

1.6071428571428572

>>> statistics.median (data)

1.25

>>> statistics.variance (data)

1.3720238095238095

To épyo SciPy <https:/scipy.org> €xel Todhég Ghleg eVOTNTEG YLOL 0PLOUNTLKOVS VITOAOYLOUOVG.
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10.7 Npéopaon oto Aladiktuo

Ynapyer évag aplbpog modules yia tpdofaon oto duadiktuo Kai emeEepyacio tpmToKOA®Y dLadiktiou. Avo
a7td To 7o ot eivan to urllib. request yio va Ty avakton dedopévav amd devbivvoeig URL ko to
smtplib yio TV aooToA aAnloypapiog:

>>> from urllib.request import urlopen
>>> with urlopen('http://worldtimeapi.org/api/timezone/etc/UTC.txt"') as.
—response:

for line in response:

line = line.decode () # Convert bytes to a str
if line.startswith('datetime') :
print (line.rstrip()) # Remove trailing newline

datetime: 2022-01-01T01:36:47.689215+00:00

>>> import smtplib

>>> server = smtplib.SMTP ('localhost')

>>> server.sendmail ('soothsayer@example.org', 'Jjcaesar(@example.org',
"""To: jcaesar@example.org
From: soothsayer@example.org

Beware the Ides of March.
mn ")

>>> gerver.quit ()

(Enuelmote 0TL To deVTEPO TAPAELYOL Y PELALETOL dLakouLoTy) alnhoypapiag tov ektekeitan oe localhost.)

10.8 Huepopnvieg Kat wpeg

To module datet ime mapéyel KAAOELS VIO XELPLOUO MUEPOUNVLADV KOL WPDV UE ATAovg Kou GUVOETOUG TPO-
mtovg. Evo vitootnpieton 1 aptbuntikn nuepounvio Ko mpa, 1 vhomoinon eotdleTon 0TV oToTENEOUATIKT
eEaymyn ueh®V yLo. Loppooinat kat xewptopd e5680v. To module entiong vtooTnPilel OVILKEipEVQ TOU EYOUV
eniyvmon Covng mpac.

>>> # dates are easily constructed and formatted
>>> from datetime import date

>>> now = date.today ()

>>> now

datetime.date (2003, 12, 2)

>>> now.strftime ("%m-%d-%y. %d %$b %Y is a %A on the %d day of %$B.")

'12-02-03. 02 Dec 2003 is a Tuesday on the 02 day of December.'

>>> # dates support calendar arithmetic
>>> birthday = date (1964, 7, 31)

>>> age = now - birthday

>>> age.days

14368

10.9 Zuprieon Acdopevwv

Ot ouvnBelg noppéc apyerobétnong Ko ovpmieong dedouévmv vitootnpitovion dueca otd modules d6mwg:
zlib,gzip,bz2, 1zma, zipfile kot tarfile

>>> import zlib
>>> s = b'witch which has which witches wrist watch'

(ouvéyela oty eV oehida)
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>>> len (s)

41

>>> t = zlib.compress (s)
>>> len(t)

37

>>> zlib.decompress (t)

b'witch which has which witches wrist watch'
>>> zlib.crc32(s)

226805979

10.10 M€tpnon enidoong

Opropévol ypnoteg Python avasttiooouv obl evdlagépov va yvwpilouv T OYETLKT Atdd001 SLOPOPETLKMV
mpooeyyloemv 010 1010 Tpofinua. H Python mapéyel éva epyodeio H€Tpnong Tov amovtd o aVTEG TIG EPWTY)-
OELG OUECMG.

T TapddeLypa, (WTopet va ival deEeaoTikd va pnoLomooete T duvatotyto tuple packing kou unpacking

avTi TG TOPAdOTLOKTG TPOTEYYLONG YL THV evodhayT) opiopdtwy. To module t imeit deiyvel ypfyopa éva
TATELVO TAEOVEKTNLOL OTTODOONG:

>>> from timeit import Timer

>>> Timer ('t=a; a=b; b=t', 'a=1l; b=2"') .timeit ()
0.57535828626024577
>>> Timer ('a,b = b,a', 'a=1l; b=2"'") .timeit ()

0.54962537085770791

Ze avtiBeon pe To hemtd eminedo evkpivelog Tov timeit, ta modules profile Ko pstats mapéyxouv ep-
YOLELQL YLOL TOV EVTOTLOUO KPLOLWOV XPOVIKDV TUNUATWVY 08 UEYOAITEPO UTTAOK KOILKAL.

10.11 'EAeyXog nowotntag

Mo KA} TPOGEYYLON YLOL TV OVATTTUET AOYLOWKOU VYPNATG TTOLOTITAG Eival va ypdpovtal tests yio ka0e
Lertovpyio KaOmG avamTHOOETOL KOL VO EKTELOVVTOL OUY VA CGUTA TA, tests KOoTd T dtadikaoio avamtuEnc.

To module doctest mapéyel éva epyodeto yia T odpwon evog module KoL TV emKVP®ON tests Tov elvor
EVOMUOTWUEVES OTLG CUUBOAOCELPES ey Yphpwv evig poypaupatoc. H Kataokeun Tou test eival 1000 otk
600 1) ATOKOITY) KO ETKOAANOT WLOG TUTTLKN G KA oNG Lol pe ta ammoteléopata tg ot ovuBorooelpd eyypd-
POV. AVTO BEATIDVEL TNV TEKUNPLOON TAPEXOVTOG OTOV YPTOTN VAL TOPASELYILOL KOl ETULTPETEL 0TV EVOTNTO.
doctest va BeBormBel OTL 0 KOOLKOG TAPAUEVEL TLOTOG 0TIV TEKUNPLWOT):

def average (values) :
""rymoAoyiler €vav apibuntixkd pEco yia pra Atorta and apibuoug.

>>> print (average ([20, 30, 70]))
40.0

mrmrn

return sum(values) / len(values)

import doctest
doctest.testmod () # automatically validate the embedded tests

J

To module unittest dev eivow 1600 gukolo 600 to module doctest, alld emiTpémel T dLoThHPNon EVOG
7110 OAOKANPMUEVOL OVVOLOV tests e SeympLotd apyeio:

import unittest

(ouvéyela oty eV oehida)
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class TestStatisticalFunctions (unittest.TestCase) :

def test_average (self):
self.assertkEqual (average ([20, 30, 70]), 40.0)
self.assertkEqual (round(average([1, 5, 71), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :
average ([])
with self.assertRaises (TypeError) :
average (20, 30, 70)

unittest.main () # Calling from the command line invokes all tests

10.12 Batteries Included

H Python éyeL o grhooopio «ovpumepthapfdvoviol pratopieg». Avtd gaivetal Kahitepa Héoo oo TG ege-
Mypéveg Ko Loyvpég duvatodTTeg TV HeyohiTtepmv Takétwv e. o mapdderyuo:

Ta modules xmlrpc.client xouw xmlrpc. server KaflotoVv TV VAOTOINGT KA IOE®Y QITOUAKPU-
OUEVDY SLadLKOOLmY O (o oyedov aonuavty epyaoio. ITapd ta ovopata twv modules, dev amorteitan
AUEDT YVOOT 1 xepLopog e XML.

To makéto email eivar o BLPAMOONKN Yial T SLOYEIPLON UNVVUATOV NAEKTPOVIKOU TaudpOuEiov,
ouusepthapfavouévov MIME kot Gy unvupdtoy eyypagwy mov BaciCovtar og RFC 2822. Ze avti-
Beon pe o smtplib xouw poplib mov TNV TPAYUATIKOTNTA OTEAVOUVY Ko AapuBdvouy unvopata, To
mokéto email €xel Eva A PEG GVVOLO EPYOLELV YLO TN dNULOVPYLOL 1] THY ATOK®ALKOTOLN0Y) TOAMITTAO-
KOV SOUMV UNVURATOV (CUITTEPLAAUBOVOUEVOV TWV CUVNUUEVDV) KOL YO TNV EQAPUOYT KOOLKOTOINaT
Ko TPWTOKOAAO KEPALIdMY 0T0 dLadikTvo.

To makéto json mapéyel LoyuPY VITOOTAPLEN YL TNV AvalLoT AUThG TG dNUomholg LopPhG avTah-
Laryng dedouévav. To module ¢ sv vootnpilel TV AUeoN avaryvmon KaL eYypapY) OpYELDV OE LOPPY TL-
U1 SLaLY WPLOUEVOU e KOUUOTA, TTOV 6UVNOMG VITooTNPILETOL Atd FAOELS OEDOUEVOV KO VTTOLOYLOTIKA
@UALo. H XML eneEepyaocio vroompiletol and To wokéto xml .etree.Element Tree, xml .dom
Ko xml . sax. Magi, autég oL HoVAdES Ka Ta TTAKETO, ATTAOTTOLOVY ONUAVTIKA THY ovTohhoyy) dedoué-
vov HetaE epapuoymy Python kot dAlmv epyodeimv.

To module sglite3 amotehel £vay wrapper yio. T BLpAobNKn g Pdong dedouévwv SQLite, wapéyo-
VTog (o ouvexng Paomn dedouévmv ov umopet vo eviuepmOeL KoL Vo TPOOTELAOTEL Y PTOLULOTOLMOVTOG
ghappdg un Tustkt ovvtaEn SQL.

H diebvomoinon vmoompiletan amd €vav apbud modules, cupmephapfavouévov twv gettext,
locale, Kai T0 TOKETO codecs.
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kKeoAralo 11

> Uvtopun rieptiynon otnv MNpdturin BipALobrikn — Mepog |

Avt 1 devTepn) mepuynon kolvmtel ta o tponypéva modules Tov VTOoTNPILOUV ETOYYEAMLOTIKES OVAYKES
mpoypoppatiopot. Autd ta modules GrTdvio epPAvICOVTOL O ULKPA Scripts.

11.1 Mop¢ortoinon £§6dou

To module reprlib mopéyel wa €Kd00N TOV repr () TPOCAUPUOCUEVT] VLU CUVTOUEVIEVES EWPOVIOELS UEYA-
v 1 Badid évBetmv containers:

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))
"{'al, ‘C', ldl’ |el, lf" |gl, ...}"

To module pprint mpoo@épel o eEeMyIEVO EleyY0 TG EKTUTMONG TOOO0 TV eVOOUOTmUéVV (built-in) Ko
TV KaOOPLOUEVMY ATTO TOV Y PTOTI AVILKELWEVV LE TPOTTO TOV Elval EVAVAYV™OTo atd Tov dtepunvéa. ‘Otav
TO OTOTéLECUA ELVOL UEYOAVTEPO ATTO WioL Ypauwy], O «pretty printer» tpooO€tel aAMAYEG YPAUUUNG KOL ECOYES
YLoL VoL UpOVIOTEL TTLo EgkdiBapa 1) doun) dedouévmv:

>>> import pprint
>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'vellow'], 'blue']l]

>>> pprint.pprint (t, width=30)
[[[['black', 'cyan'],

'white',

['green', 'red']ll]l,
[['magenta', 'yellow'],
'blue']]]

To module textwrap WOPPOTTOLEL TG TOPAYPAPOVG TOV KEWEVOU MOTE VAL TOLPLALEL o€ éva dedouévo mhdtog
006vrg:

>>> import textwrap

>>> doc = """The wrap() method is just like fill () except that it returns
a list of strings instead of one big string with newlines to separate
the wrapped lines."""

(ouvEyELD TNV ETTOUEVY] GEMDO)
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>>> print (textwrap.fill (doc, width=40))
The wrap () method is just like £fill ()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

To module 1ocale £xeL mpodoPaon o€ o FAon SESOUEVOV LOPPMOV SESOUEVIV CUYKEKPLUEVNG KOVATOVPOG.
To XaPUKTNPLOTIKO OUOOOTTOINONG TNG CUVAPTNONG LOPQPOTTOINONG THG TOTILKNG pUOUONG TTapéxeL Evay Gueso
TPOTO LOPPOTTOLNONG APLOUMY UE dLOYMPLOTLKE OUAdMV:

>>> import locale
>>> locale.setlocale(locale.LC_ALL, 'English_United States.1252"'")
'English_United States.1252'

>>> conv = locale.localeconv () # get a mapping of conventions

>>> x = 1234567.8

>>> locale.format_string("%d", x, grouping=True)

'1,234,567"

>>> locale.format_string (" ", (conv['currency_ symbol'],
conv|['frac digits'], x), grouping=True)

'$1,234,567.80"

11.2 Templating

To module st ring mepthaufaver po evéhiktn kKhGon Template e amhomotnuévn ovvtagn Katdnin yio.
emeEepyaoia amd telkolg xpNoTeg. Avtd eTPETEL 0TOVG XPNOTESG VO, TTPOCAPUOTOVY TIG EQAPUOYESG TOUG
Ywpig va yperaletal va oAGEoUV TV epapproy.

H pope1| ypnoipomotel ovoporta Kpdtnong 0€omg wov oxnuotiCovral amd $ ue £ykupa avoyvoplotika Python
(ahpaplBunTiKots yopaktipeg Ko Katw mavleg). [lepipdrhovtag to placeholder ue aykivieg emtpémer vo
axolovBeitan ard mePLoadTEPO ahpoPLOUNTIKE YpduuoTa xwpig evoldueoa kevd. Tpdgpovtag $$ dnuovpyel
éva gviaio $:

>>> from string import Template

>>> t = Template ('S folk send $$10 to $cause.')

>>> t.substitute(village='Nottingham', cause='the ditch fund')
'Nottinghamfolk send $10 to the ditch fund.'

H pnébodog substitute () Kdvel raise éva KeyError 6tav éva placeholder dev mapéyetal o éva heEikd 1
éva Opropa AEENG-KAEWdL0V. Ta eqapuoyég otul cuyywvevong mail, Ta dedopéva mov mapéyovior amd Tov
YPHOTN EVOE ETOAL VO givon EMMITY) Ko 1) uéB0dOG safe_substitute () umopel va givan mo KoOTdAnin —
0o agnoer apetapinta ta placeholders edv Aeimovv dedouévar:

>>> t Template ('Return the Sitem to Sowner.')
>>> d = dict (item='unladen swallow')

>>> t.substitute (d)

Traceback (most recent call last):

KeyError: 'owner'
>>> t.safe_substitute (d)
'Return the unladen swallow to S$owner.'

J

Ou vtokaTnyopieg TPoTHIV Wropovv va Kabopioouv évav mpooapuoouévo optofétn. o mapdderyua, éva
batch TpOYPOUUO LETOVOUOGTOG YLOL £VaL TTPOYPOLULAL TTEPINYNONG PWTOYPAPLOV WTOPEL VoL eTAEEEL VoL xpnOL-
nogtotel ovpPola TooooTov yia placeholders dTwg M TPEYOVOQ NUEPOUNVIKL, O APLOUOG aKOAOVBIAG ELKOVMV 1)
1 wope1| apyeiov:
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>>> import time, os.path

>>> photofiles = ['img_1074.Jjpg', 'img 1076.jpg', 'img 1077.jpg']
>>> class BatchRename (Template) :

delimiter = '%'
>>> fmt = input ('Enter rename style (%d-date %$n-seqgnum —format) : ")
Enter rename style (%d-date %$n-seqnum $f-format): Ashley_%n%f
>>> t = BatchRename (fmt)
>>> date = time.strftime (' $b%sy"')
>>> for i, filename in enumerate (photofiles):

base, ext = os.path.splitext (filename)

newname = t.substitute (d=date, n=i, f=ext)

print (' ——> '.format (filename, newname) )

img_1074.jpg ——> Ashley_0.Jjpg
img_1076.jpg ——> Ashley_1.]Jpg
img_1077.jpg ——-> Ashley_2.jpg

J

Mo dAAn epapuoyn yio templating eivor o duoywpLopndg TG AOYLKNG TOU TPOYPAUUOATOG OO TLG AETTTOUE-
PELES TOAMATIADV HopPdv eEGSOV. AuTO KOOLOTA duvaTH TNV AVTIKOTAGTOON TPOTOPUOCUEVMV TPOTHTMV
vio apyeia XML, avagopég amhov Keluévou ko avapopés otov HTML.

11.3 Epyaocia pe duadlkeg dLatagelg eyypagng dedopevwv

To module struct mapéyel TG ouvapTNoelg pack () Ko unpack () yuo €pyacion ue Hopepég duadLKmVY
(binary) eyypogpav petafintov ufkovs. To akdhovbo mapdderyno deiyvel Tmg va Kavete o hovmo péow
TOV TANPOPOPLOV Kepaiidag oto éva apyeio ZIP ywpig ) ypNnomn tov module zipfile. Ou kwdLKOL TOKE-
Tov "H" Kou "I" avipoonmebouy aptuoig xwpig vtoypagy dvo kol 1eocdpwy byte avtiototya. To "<"
vTodNAveL OTL elvar Tumkov ueyéboug kou oe oelpd byte Alyo endian:

import struct

with open('myfile.zip', 'rb') as f:
data = f.read()

start = 0

for i in range (3): # show the first 3 file headers
start += 14
fields = struct.unpack ('<ITIIHH', data[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:starttextra_size]

print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header

11.4 Multi-threading

To threading eivat po TEXVIK Y10 TNV AITOCUVOEDN EPYAOLMV TTOV eival dradoyikd eEaptmueves. To viuoTo
WITOPOVV VA XPNOLUOTOLN 00UV yioL TV BEAToN TG aVTATOKPLONG TV EQAPUOYDV TOV dEXOVTAL EI00S0
amd Tov XPNOoTN VM GANEG EpYOTieg EKTELOUVTAL OTO TOPAOKNVLO. Mial OYETIKT| TTEpimTmon ypfong extelel
I/O mapdnha pue virohoylopnovg o0to dGAko viua.
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O akdrhovhog kmdiKag deiyvel tmg to module VoV emmédov threading umopel va ektelel epyooieg 0To
TOPAOKNVLO EVA TO KUPLO TPOYPOUUO OVVEYILEL VO EKTENEITAL:

import threading, zipfile

class AsyncZip (threading.Thread) :
def _ init_ (self, infile, outfile):
threading.Thread.__init__ (self)
self.infile = infile
self.outfile = outfile

def run(self):
f = zipfile.ZipFile(self.outfile, 'w', zipfile.ZIP_DEFLATED)
f.write(self.infile)
f.close ()
print ('Finished background zip of:', self.infile)

background = AsyncZip('mydata.txt', 'myarchive.zip')
background.start ()
print ('The main program continues to run in foreground.')

background. join () # Wait for the background task to finish
print ('Main program waited until background was done.')

H xdpia mpdnon twv epoproydy ToAATADOV vUdTwVv eivol 0 GUVTOVIOIOS VNULATOV TOV Uolpdloviol
dedouéva 1 ahhovg topove. ol 1o Koo autd, to thread module mapéyel Evav aplOud TPwTOYOVDY GUYYPO-
viopov, cupsepthapavouévav locks, events, uetafintdv cuvOnKmv, Kol semaphores.

Evo outd ta epyadeio eivar loyupd, WKpd opAaluoto oyedL0oIo0 WITopEel va 0dNYHoovY 08 TPOPAUATO TTOU
etval duoKkoro vo avastapayfouv. Exouévmg, 1 TpoTiudUevn TpocéyyLon 0ToV CUVTOVIOUO EPYACLMOY EIVOL VO,
ovykevtpwbel OAn M TPOoPaon o Evav TOPO O€ VO LOVO VI KOLL 0T OVVEYELD VO Y pnotportotn 0l to module
queue, YL TPOPODOTIOEL AVTO TO VIO e cTiuaTa amd dAha vinoto. O epapuroyEég Tov X PNoLULOTOLOVY
OVTIKELUEVO Queue YLO ETKOLVMVIO KOl OUVTOVIOUS UETAED VNUATMV Eival TTLo EVKOLO VO, 0XESLAOTOVV, Elval
O EVAVAYVWOTES KO TILO AELOTTLOTEG,

11.5 Logging

To module 1ogging mpoo@épel £va MANPWS EE0TMOUEVO KoL EVEMKTO GVOTNUO KATAYPOUPNG. 2TV AThov-
OTEP LOPEPY] TOV, TA UNVOLOTO KOTOYPOPNG OTTOOTEMMOVTIOL OE VAl APYELO 1] OTO Sy s . stderr:

import logging
logging.debug ('Debugging information')
logging.info('Informational message')

logging.warning ('Warning:config file not found', 'server.conf')
logging.error ('Error occurred')
logging.critical ('Critical error —-- shutting down')

Auto mapdyel TV akorovoT 50d0:

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error —-- shutting down

Amo default (mpoemhoyn), ToL EVNUEPMTIKA UNVURATO KOL TO UNVURLATO EVIOTLOUOU OPAALATWV OTTOKPVITTO-
vTow KoL 1) £€£080¢ amooTtélAeToL 08 TUTTKO opalua. AMeg emhoyég eE0dov mepthauPdvouv dpouordynon
unvuudtwv uéow email, datagrams, virodoydv (sockets), 1) oe HTTP diakouiot) (server). Ta véa giltpo pmo-
povv va emhEEouv dLapopeTikt) SpouordyN o ue BAon TNV TPOTEPALOTITA TOV Unvipotog: DEBUG, INFO,
WARNING, ERROR, kou CRITICAL.
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To ovotnua logging umopei va dropoppmbei amevdeiog amd tv Python 1 pmopel va poptwbei amd éva eme-
Eepyaouo apyeio SLoudpE®ong YLo TTPOCUPUOCUEVT] KATOYPOET| XWPIG TNV TPOTTOTOINoT TG EPAPLOYC.

11.6 Aduvapeg avagpopeg

H Python kdvel avtdportn duayeliplon uviung (KOTapétpnon avamopmy YLo. T0. TEPLOCOTEPA AVTLKELUEVA KoL
garbage collection ywa. Ty eEdherym twv KUK Amv). H uviurn ehevBepdveton Ayo petd v katdpynon g te-
Levtaiag avapopds og QUTNV.

Avti M TPooEYYLoN AELTOUPYEL KAAG Yo TG TTEPLOGOTEPES EQPAPUOYES, AAMG TTEPLOTACLAKA VITAPYEL OVAYKT
TOPAKOALOVONONG AVILKEWWEVWV UOVO €QOGOV YPNOLUOTOLOVVTOL ATTd KATL GALO. AVOTUYMGC, 1) TAPAKOIOV-
Onom Tovg dnuovpyel wo avagopd mov ta Kdver uoviuo. To module weakref mapéyel epyoheio yia v
TOPAKOAOVONON AVTLKELUEVOV Y wPlg TN duovpyia avapopds. ‘Otov To aviikelpuevo dev ypeldtetol Théov,
oorpeital outopaTa oto Evay mivako aofevolg avapopdc KoL EVEPYOTTOLELITAL (AL ETTLOTPOPY KATONG YLt
avTikeipeva aofevoig avapopdig:

>>> import weakref, gc
>>> class A:
def _ init__ (self, wvalue):
self.value = value
def _ repr_ (self):
return str(self.value)

>>> a = A(10) # create a reference

>>> d = weakref.WeakValueDictionary ()

>>> d['primary'] = a # does not create a reference

>>> d['primary'] # fetch the object if it is still alive
10

>>> del a # remove the one reference

>>> gc.collect () # run garbage collection right away

0

>>> d['primary'] # entry was automatically removed

Traceback (most recent call last):
File "<stdin>", line 1, in <module>
d['primary'] # entry was automatically removed
File "C:/python314/lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

11.7 EpyaAeia ywa epyaocia pe Aioteg

IMol\ég avaykeg dopmv dedouévav Wtopovv va Kohvphouv te Tov EVomuaTmuévo timo Motac. Qotdoo, [e-
PLKEG (POPES VITAPYEL AVALYKT YL EVOAMOKTUKEG VAOTTOLOELG LE SLOLPOPETIKOVG GUUSLBAoHoVS 0rtddoonc.

To module array mopéyeL £va OVTIKEIUEVO array Tov LOLALeL (e o MoTo Tov aroOnKeVeL LOVO OUOLOYEVT
dedouéva Kat ta amrodnkevel pe o ovpumoyn tpomo. To akdlovbo mapdderyna detyver Evay mivoko aplounv
mov elvol amofnkevpévol wg Vo byte avumdypapmy dvadikmv (binary) aptBumv (Kwdikog Tomov "H™) avii
yio ta ovvnoouéva 16 byte avd Kotoympnon Yo Kavovikéc AMoteg avuikeluévov tostov Python int:

>>> from array import array

>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

26932

>>> a[l1:3]

array ('H', [10, 7001])

To module collections mopéyel évo avilkeitevo deque o Potdlel pe MoTo Ue TayUTEPO. TPOTUPTHLOTO
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Ko avadVETOL 0ITd TNV OPLOTEPT] TAEVPA OAAG LLE TTLO OPYES VAL TNOELS 0T UEDT]. AUTA TO AVTIKELUEVA ELVOL
KATOMNAO Y1e VAOTTOINOT OUp@MV KoL 0VOLNTHOEMY O€ TPMTO dEVTPO EVPOVG:

>>> from collections import deque

>>> d = deque(["taskl", "task2", "task3"])
>>> d.append ("task4")

>>> print ("Handling", d.popleft ())
Handling taskl

unsearched = deque ([starting_node])
def breadth_first_search (unsearched) :
node = unsearched.popleft ()
for m in gen_moves (node) :
if is_goal (m) :
return m
unsearched. append (m)

J

Extog amnd tig evaAhakTikég VAOTOOELS MOT™V, N BLBALOONKN mtpoapépel emtiong ko dhha epyareia dmmg
to module bisect pue GUVAPTNOELS VL0 TOV XELPLOUO TAELVOUNUEVWY MOTADV:

>>> import bisect

>>> scores = [(100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]
>>> bisect.insort (scores, (300, 'ruby'))

>>> scores

[ (100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

To module heapg mapéyet Aettovpyieg yio tnv vhomoinon cwpwv (heaps) wov Facifoviol o Kavovikég AMoTeG.
H xataympron ue v younhotepn T dratnpeitor tavro otn 0€on undév. Avtod eivan xpNoLo yio eQopuo-
VEG TTOV €YOVV ETAVELNNUUEVA TTPOOBOOY OTO WKPOTEPO OTOLYELD OALG eV BELOVY va EKTEAEGOVY (O TTATPT
tagvounon Motog:

>>> from heapq import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify(data) # rearrange the 1list into heap order
>>> heappush (data, —-5) # add a new entry

>>> [heappop (data) for i in range(3)] # fetch the three smallest entries
=5, 0, iI

11.8 Aekadikni AptOunTikng Kivntng YnodlaocTtoAng

To module decimal mpoogépovy évav Tomo dedouévmv Decimal yio deKadIKT aptOunTikn Kivntg vrodia-
otoM|c. Ze oUYKpLoT pe v evomuatmuévn (built-in) epappoyn £loat tov dvadikov KivnTig vTodLaoTorc,
1 KAdon elvol Wioitepa xpNnouun yo

o OLKOVOULKEG EQAPUOYES Kol GMLES XPTOELS TOV ATTOLTOVY OKPLPT| dEKALKT avaTapaoTao,
o £eYY0G YL TNV aXpifeLa,

o £\eYY0G TNG OTPOYYUAOITOLNONG YLOL TV EKTAPWOT VOILK®V 1] KAVOVIOTIKDV OITALTOEWY,
o JTOPAKOAOVONON ONUOVTIKMV SEKASKMOV YNPimv, 1)

o EQUPUOYEG OTTOV O YPNOTNG AVAUEVEL OTL TO. ATOTEAEGUOTO TOLPLATOVY UE VTTOLOYLOUOUG TTOU EYLVOLV LLE
TO YEPL.

T Tapaderyua, o VIToAoYLIoUOG evog pdpov 5% ot ypémwon TNhepmvou 70 Aemtdv divel dLopoPeETLKY ATOTE-
Mopata og dekadiky) Kivnth vrodiaotoly kou og dvadikt) (binary) Kivnti vitodiootoln). H dtogpopd yiveton
ONUAVTLKT) €AV TO ATTOTELEGUATO OTPOYYVAOTONO0UV 0TO TANGLEGTEPO AeTTO:
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>>> from decimal import *

>>> round (Decimal ('0.70") * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73

To amotéleopa Decimal dlotnpel évo undév 0to TEhog, CUVAYOVTOG CUTOUATO TN ONUACTO TEOCUPWY BEcemV
amd molamhdoio pe onuacio dvo Béoewv. To dekadikd avarmapdyer To LOONUOTIKG OTTWG YIVOVTaL UE TO
YEPL KOL TOPEVYEL TNTHUOTOL TTOV UITOPEL VO TTPOoKYPouV OTav 1) SuadLky Kivit vrodiaotoly) dev umopel vo
AVILITPOOWITEVEL AKPLBMG TG deKAdLKEG TOTOTNTEG.

H axpiprig avomapdotaon enttpénel oty KAdon Decimal vo ektelel vroloyiopovg modulo Kot dokiuég
LOOTNTOG TTOV ELVOL AKATAAANAES YL SUADLKY KLVITH VITOSLOOTOAN:

>>> Decimal ('1.00') % Decimal('.10"'")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1')]*10) == Decimal('1.0")

True

>> 0.1 + 0.1 + 0.2 +0.12 +0.2 +0.2+ 0.2+ 0.2+ 0.1+ 0.2 ==1.0
False

To module decimal mapéyel aplOuUNTIKy ue 6omn axpifeia ypetdletar:

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")
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KEdArAlD 12

Ewkovika MNMeptpdAAovta Kat makeTa

12.1 Ewcaywyn

O epapuoyéc Python ovyvd xpnoyomooty makéto kot modules wov dev amotehovv PEPOG TG TUTTLKNG Pi-
BroOfKNc. OL eapuroyeg LePLKES POPES Y PELATOVTOL tLat GUYKEKPLUEVT €KDOON oG PBAOONKNG, Emeldf N
eopuoyn wropet vo amartel v emdLOpOwon evdg cUYKEKPLUEVOU OQALLOTOG 1) ETTELDT 1) EQapUOYN €xEL
ypagel ypnolpomoldvrag o Semepacpévn ékdoan g demagig thg PLpiodnkmc.

Avutd onuaiver OTL uopel va uny givor duvato yia pia geykotdotoon Python va minpol tig amortijoelg ka0
epapuoyns. Eqv n epapuoyn A ypeidleton v €ékdoon 1.0 evdg ovykekpiuévov module, adhé 1 epapuoyn B
ypetdetat v £xdoo 2.0, TOTE oL ATOLTNOELS BPLoKoVTaL 08 GUYKPOUOT KOl 1) eyKatdotaon thg ékdoang 1.0
1 2.0 00 0pNOEL (oL EQOPUOYT AVIKAVY] VO EKTENEOTEL.

H Mon yia autd to mpdPAnua eivar va dnuwovpyfoete éva virtual environment, €vo. vTOVOUO dEVIPO KATAAO-
YOU TTOV TTEPLEYXEL (oL EYKOTAOoTOON Python yio o ouykekpuévn ékdoon g Python, kabwmg kot évav apbud
pdoHETWV TAKETWV.

ALOPOPETIKEG EPAPUOYEG UTTOPOUV OTI] CUVEYELL VO YPTCLUOTTOLOVV JLAPOPETIKA etkoviKd mtepLBailovta. T'a
VoL EMAVOETE TO TTPONYOVUEVO TTOPASELYUO, OVTIKPOUVOUEVIY OTTOLTNOEWY, 1] EQPAPUOYT] A WITOPEL va €XEL TO
dLK0 ™G eLkoviko mepLPalhov ue eykateotnuév Ty ékdoon 1.0 eva ) epappoyr B €xer ahho etkoviko mepL-
Badrov pe v ékdoon 2.0. Edv 1 epapuoyn B amartel avafaduon Bipiodnkng oty éxdoon 3.0, avtd dev
Oa emnpedoel To ePLBAMOV TNG EPaPUOYNS A.

12.2 Angoupyia ELKOVIKWYV TEPLBAAAOVTWYV

To module 7OV YPNOLOTTOLELITOL YLOL T dNULOVPYLCL KOL T1) SLOYELPLON ELKOVIKOV TTEPLROANOVTWV ovoudZeToL
venv. To venv Oa gykatootioel v ékdoon Python amd tnv omoia ekteléotnke 1) evioln (OTTWG avapépeToL
o7to Ty emhoyn ——version). o mopdderyua, 1 eKTéLeOT TG EVIOMG e To python3. 12 Oa eyKoTaoT)-
oeL v ékdoon 3.12.

I vo dnuovpynoete €va eLkovikod meptpdilov, amopoaoiote évav pakelo dmtov Bélete vo 10 TomoOETHOETE
Ko ekteléote To module venv wg éva script pe ) dtadpout| Katahdyou:

[python -m venv tutorial-env

Avutd Oo dnpovpyfoel Tov katdhoyo tutorial—-env edv dev vdpyel, Ko emxiong o dnuovpyhoel Kata-
LOYoUg LEsOL OE AUTOV TTOV TTEPLEYOUV EVaL OVTLYpOpo TOV interpreter thg Python ko dudpopa vTooTnpPLKTLKG
opyeiaL.
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Mo kouwvi) TomoBeoia Katahdyou yio éva etkovikd septBdihov eivan . venv. Avtd to dvouo Kpatd tov Ka-
tdhoyo ouvnBwg kKpuuuévo oto shell oog KoL cuverdg pokpLd amd ) dadpoun, eV Tov divel Eva dvoua Tov
eEnyel yioti vtdpyeL 0 KaTAhoYoG. ATTOTPETEL ETLONG TN CUYKPOLOT] UE 0PYELC 0pLoHoD HeTafANTdY TEPLBEA-
LOVTOG . env OV VITOOTNPLLOVY OpLopUEVA Epyolela.

MOAig dNovpyNOoETE EVaL ELKOVIKO TTEPLPAAAOV, WTOPEL VO. TO EVEPYOTTOLOETE.

>¢ Windows, ektehéote:

[tutorialfenv\Scripts\activate }

Ze Unix 1] MacOS, ektehéore:

[source tutorial—-env/bin/activate }

(Avt0 1o script elvau ypappévo yua to bash shell. Edv ypnoipomoteite ta shells esh 1) £ish, vdpyovv evaiho-
KTUKA Scripts o B0 TTPETTEL VOL XPNOLILOTTOLOVVTOL OLVTL AUTMVY, OTTwg act ivate.cshkatactivate. fish.)

H evepyomoinaom tov etkovikov mepitBarrovtog Oa alldEel To prompt Tov shell oag yio vo dei&elL oo eLkoviKO
mepLBdihov ypnowuomoteite Kat Ba TpomomoLoel To TePPUAAOV £TOL MOTE 1) ekTéheon TG python va oag
dWoeL TN ovyKeKpLévT €kdoon kot eykatdotaon g Python. T mapdderyuo:

$ source ~/envs/tutorial-env/bin/activate
(tutorial-env) $ python
Python 3.5.1 (default, May 6 2016, 10:59:36)

>>> import sys

>>> sys.path

['', '"/usr/local/lib/python35.zip', ...,
'~/envs/tutorial-env/1lib/python3.5/site-packages']
>>>

TLoL va. oITevePYOTTOLOETE £VaL ELKOVIKO TTEPLBAALOV, TANKTPOROYOTE:

[Qnevapyonoinon }

uéoa oto terminal.

12.3 Awaxeipion MNak€twv pe To pip

Mrtopeite va eYKOTOOTNOETE, VO AvaFoOUicETE Ko VO 0POLPECETE TAKETO Y PNOLUOTOLDVTOG VAL TTPOYPOUUOL
7tov ovoudletal pip. And mpoemhoyn To pip Oa eykatootioel mokéta amd to Python Package Index. Eoeig
uropeite va epinynOeite oto Python Package Index petafaivoviog og autd 0to TpodyYpOouo TEPLYNONG OOC.

To pip éxer évav apBud vmoevtohdv: «install», «uninstall», «freeze», k.Am. (Zvufovievteite Tov 0dNyod
installing-index yio. TApY TEKUNPLMON Y0 TO Pip.)

Mrtopeite va eYKOTAOTNOETE TNV TELEVTALO £KO00T) EVOG TAKETOV TPOOALOPILOVTAG £Val OVOUO EVOG TAKETOV:

N

(tutorial-env) $ python -m pip install novas
Collecting novas

Downloading novas—-3.1.1.3.tar.gz (136kB)
Installing collected packages: novas

Running setup.py install for novas
Successfully installed novas-3.1.1.3

J

Mrtopeite €mioNg VO EYKATOOTNOETE WO CUYKEKPLUEVN £KB00T EVOG TAKETOV SIVOVTOG TO OVOUOL TOU TOKETOV
akolovBovpevo amd == Kat Tov aptdud £kdoong:
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(tutorial-env) $ python -m pip install requests==2.6.0
Collecting requests==2.6.0

Using cached requests-2.6.0-py2.py3—-none-any.whl
Installing collected packages: requests
Successfully installed requests-2.6.0

Edv exteléoete Eava autv thv eviol), To pip Oa mapatnpfoet 6t Cnroduevn ékdoon eivor O eyKateot-
uévn kou dev Oa kdvel timota. Mmopeite va ddoete Evav dropopetikod aptBudg £kdoomng yia vo MaPeTe vtV
™V £€k8001 1| Wrtopeite va ekteléoete 10 python -m pip install —-upgrade yio vo ovopaduioete
TO JTOKETO GTNV TTLO TPOTPATY £KSOON:

(tutorial-env) $ python -m pip install —--upgrade requests
Collecting requests
Installing collected packages: requests
Found existing installation: requests 2.6.0
Uninstalling requests-2.6.0:
Successfully uninstalled requests-2.6.0
Successfully installed requests-2.7.0

J

Topython -m pip uninstall ouvodevOUEVO QT £V 1] TEPLOCOTEPA OVOUOTA TAKETOU B0l SLoypapeL
TO TOKETO ALTTO TO ELKOVLKO TTEPLBAALOV.

To python -m pip show Ba gupavioel TANPOPOPIES OYETIKA UE £V GUYKEKPLUEVO TTOKETO:

(tutorial-env) $ python -m pip show requests
Metadata-Version: 2.0

Name: requests

Version: 2.7.0

Summary: Python HTTP for Humans.

Home-page: http://python-requests.org
Author: Kenneth Reitz

Author-email: me@kennethreitz.com

License: Apache 2.0

Location: /Users/akuchling/envs/tutorial-env/lib/python3.4/site-packages
Requires:

Topython —m pip list Qo gupavioer OLO TO TAKETA TOV ELVOL EYKATEOTNUEVA OTO ELKOVLKO TEPLBAMOV:

(tutorial-env) $ python -m pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)

setuptools (16.0)

To python -m pip freeze Oa dNULOUPYNOEL (O TOPOROLL MOTO UE TOL EYKATETTNUEVO TTAKETA, AAGL 1)
¢5000¢ ypMoLHoTTOoLEL TN LOPPT) TTOV avauével To python —m pip install. Mia kowvn ovufoon eivor vo
tomofetiioete auTnv ™) Mota o€ éva requirements. txt apyeio:

(tutorial-env) $ python -m pip freeze > requirements.txt
(tutorial-env) $ cat requirements.txt

novas==3.1.1.3

numpy==1.9.2

requests==2.7.0

To requirements. txt umopel ot ouvéyela va dnpootevdel otov Eleyyo £Kd00mg Kot va diatebel wg HéPog
wog epapuoyng. Ou xpNoTeg PITOPOUV 0T CUVEXELD VAL EYKATAOTIOOUV OMOL TOL QITALPOLTITO TOKETOL UE TO
install -r:
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(tutorial-env) $ python —-m pip install -r requirements.txt
Collecting novas==3.1.1.3 (from -r requirements.txt (line 1))

Collecting numpy==1.9.2 (from -r requirements.txt (line 2))
Collecting requests==2.7.0 (from -r requirements.txt (line 3))
Installing collected packages: novas, numpy, requests

Running setup.py install for novas
Successfully installed novas-3.1.1.3 numpy-1.9.2 requests-2.7.0

To pip éxeL morAEg mePLOTOTEPEG EMNOYEG. ZupfovlevTeite Tov 001y installing-index yio wApn TEKUNPLOOT
v to pip. Otav éxete ypapet éva makéto ko 0élete va to kdvete drabéaipo oto Evpethpio Takétwv Python,
ovppovieuteite Tov 00170 ypNnong packaging Python.
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kKEoAanalo 13

Kal twpa T

H avéryvawon autot tov SL8aKTkov vALKoU milavotato VIoYVoE To EVOLOPEPOV aag YL T xpNon tg Python
— Bo wpémel va elote Tpdbupol va epapudoete v Python yia tv emilvon Tov tpofinudtmv tov mpayuo-
KoV oog kOopov. Iov mpémet va Tdte yio vo, LAbeTe mTePLocoTepal;

AuTd 10 SLOOKTIKO VALKO glval H€Pog Tou GuvOLoU TeKUNpiwaong g Python. Mepikd dhha €yypacgpo Tov ov-
vohou elvou:

library-index:

Oa mpémeL vo epiynOeite o€ AUTO TO EYXELPIOLO, TO OTTOI0 TAPEYEL TANPES (AV KO GUVOTTTIKO) VALKO
OYETLKA UE TOUG TUTTOVG, TIG OUVOPTNOELS, Ko ta modules otny standard Bifiio07kn. H standard duavous
Python sepihappdver modd tpdobeto kmdika. Yrdapyovy modules yia aviryvwon NAEKTPOVIKOU YPAUUOL-
tokiwtiov Unix, avdxtnon eyypdowv péom HTTP, dnwovpyio tuyxaiov aplbumv, avdivon emhoymy
YPOUUTG EVTOL®YV, ovustieon dedouévmv kow Torhég epyaoies. To Skimming péow tng PLpiodnkng Oa
oog dMOoeL Lo LOE YLoL TO TL Elvan dLabéoLpo.

installing-index eEnyei mwg va eykataotioete tpdobeto modules ypopuévo omd GAhovg ypnoteg Python.

reference-index: Mia hestropepng eEfynon g ouvtaEng ko tng onuootoroyiag. Eivar fapid avayvwon,
oMM glval yphoLo og TANPNG 001YOS YLo TV 1dLaL T YAhood.

[Meproootepa Bondrjuata yia Python:

https://www.python.org: O KUpLog Lotdtomog tng Python. [epiéyel KmdLKa, TekKUNPLwon, Kot SEIKTES TOU
oyetiCovrol pe v Python ato web.

https://docs.python.org: Tpnyyopn mpdopoon oty tekunpiwon g Python.

https://pypi.org: To evpetpro Maxétwv Python, mov mponyovuévog ovopatotav emiong Tupokoueto!,
eivau éva gupetnplo Python modules tou €xouv dnuovpynOel amd pnoteg wov givar duabéouuar yuo M.
MOohig EekivioeTe TV KUKAOQOPio TOU KMBLKA, WTOPEITE VO TOV KOTAYWPNOETE £8® Y1 TO BPOVV GAAOL.

https://code.activestate.com/recipes/langs/python/: To Python Cookbook eivat o apketd peyahn ovihoyr
mopaderyudtov kmdika, ueyolitepa modules kol ypnowua scripts. Idwaitepa aEloonueinteg ouvelopo-
péc ovdAéyovtar og éva BuBiio pe titho Python Cookbook (O’Reilly & Associates, ISBN 0-596-00797-3.)

https://pyvideo.org culhéyel cuvOESUOUG TPOG Pivteo mov oyetiCovran ue thv Python amd ouvédpua ko
OUVOVTNOELS OULADWV YPNOTMOV.

! To «Cheese Shop» eivar éva okitoo twv Monty Python: évo. mehdtng ptaivel oe éva Tupokopeio alhét 6,71 Tupi TNTHoEL, 0 VITdhAnhog
e 0T dev vdpyeL.
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« https://scipy.org: To épyo Scientific Python wepihaufdaver modules yio yp1yopovg VITOAOYLOWOVS KAl YEL-
PLOROVG TULVAKMY GUV 0L OELPG OTTO TTOKETAL VL0 TTPAYUOTOL OTTMG 1] YPOUULKT) GAYERPQ, OL LETAOY 0L
twopol Fourier, ou un ypouukol Mteg, oL KOTAVOUES TUYAIVOD opLlOUdYV, 1) OTATIOTIKT AVAAVOY KaL T
Aot TapdpoLaL.

INo epwtoelg Kal avagpopég mpofinudtov mov oyetiCovral ue Python, umopeite vo dnuocievoete oty
oudda oviNToNG comp . lang. python, 1 vo Tig 0TeiAeTe 0TN AMoTta aAnAoypapiog otny dievBuvon python-
list@python.org. H oudda ovintnong ko 1 Moto alnhoypopiag eival gatewayed , £T0L OOTE TO WVUULATOL TTOU
dnuootevovrol 0to éva Ba tpomBovvTal avTOUATO 0TO GALO. YITAPYOUY EKATOVTIADES AVAPTHOELG TV NUEPQL,
OV KAVOUV (KOl OITtavToUV) EPMTIOELS, TPOTEVOUV VEeg duvaTdTNTES Ko avakowvdvouy véo modules. Ta
apyeia g Aota adknhoypapiog eivar droéoiua ot dievbuvon https://mail.python.org/pipermail/.

ITpwv amtd T dnuoocievon, @povrtiote va ehéyEete ) AMoto pe Frequently Asked Questions (o€ cuvtopoypapio.
FAQ). OLFAQ gpwtioelg amavtouv o€ ToAEg amd Tig epwThoeLg o epgpavilovrol Eava Kow Eava Kol pmopet
VoL TEPLEYOVV 101 TN Mo Yo To TPdPANUd oac.

YTOONHELWOELG
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AwadpaocTtikn Enegepyaoia Input kat Avtikatdotaon lotopkou

Oplopéveg ekdooeLg Tov interpreter tng Python vrootnpifovv v eneEepyaoio tov tpéyovtog input koL TV
OVTLKATAOTOON TOU LOTOPLKOY, TOPOUOLa e TIg Aettovpyieg mov Bpiokovior oto kélvugog Korn ko oto ké-
M@og GNU Bash. Avtd vhomoieitar ypnoipomormvtag ™ Biodnkn GNU Readline, 1 omoia vrootnpilet
duapopa otvh emeEepyaociag. Avth 1 BLprodNKY €xel T Sk TG TekuNpiwon Tov dev B avTLypapouue
edw.

14.1 ZupnAnpwon Tab kat Ene&epyaocia lotopikou

H oloxinpwon twv ovopdtov towv petafintoy Kot twv modules £vepyomoLeiTal quTONATO KATA TNV EKKI-
VNOT TOV interpreter, £ToL MOTE TO KAeWdlL Tab va Kolel 1 ouvapTNON OAOKANPWONGs KOLTATEL TOL OVOUATOL
dMiwoewv g Python, Tig tpéyovoeg Tomkég uetafintéc, kot ta dabéoo ovopata twv modules. Tia dotted
ekppdoelg, Omwg string. a, 0o aElohoynoel Ty Ekppaot uéypt To TeEMKO ' . ' KoL ot ouvexelo Oa Ttpo-
TEIVEL CUUTTANPADOELS QT TOL XOPOKTNPLOTIKA TOU AVILKELUEVOU TTOV TTPOKVITTEL. ZNUELDOTE OTL 0VTO UTOpPEL
VoL EKTEMETEL KMOLKOL TTOV OPITETOL OTTd TNV EQAPUOYY GV Eva ovTikeipevo e o uébodo _ getattr ()
elvauw pépog g mpodtaone. H mpoemheypuévn dLapdppmon amobnKeveL exiong To LOTOPLKO 00G 08 Vol apyELo
ue To Ovopa .python_history otov katdhoyo tov xpfotng oog. To wotopikd Ba eivar Eavd drabéoipo
Katd TV emduevn ouvedpia dadpaotiko interpreter.

14.2 EvaAAakTIKEG AUOELG Yia ToV AladpacTikoO Interpreter

Avti 1 Aertovpyia lval €vo TepAoTo BT TPOG Ta EUTTPOG 08 GUYKPLON UE TIG TTPOTYOUUEVES EKOOOELS TOV
diepunvéas wotdo0, TOPAUEVOUY UEPLKEG embuuieg: Oo NTav wpPaio vo TPoTabel 1 KATAAMNAY €00yT| OTIG
vpouuég ouvéyelag (o parser yvopitel edv éva INDENT token astauteiton ot ovvéyela). O unyavioudg oho-
KM pWONG UITOPEL VO PNOLUOTTOLHOEL TOV TTivako oupforlwy Tov diepunvéa. Oa fTtav emiong xpnowun wo
evToM yio va eléyEete (1] akdpa Ko va poTeivete) aviiotoly e mopeviEoeLs, El0oywyKE KA.

'Evog evalhokTikog, PeAtiopévog, dLadpaotikdg interpreter mov vdipyel €dd KoL 0pKETO Kapd eivor o
IPython, To ormtoio dtaBétel cuuTAHPWO tab, EEePEVVIOT AVIIKELUEVWV KO TPONYUEVT] SLouEipLon LoTopLKoD.
Mmopei emiong vo TPOCaPUOCTEL TANPWG KoL vo. evoouatwdel oe dhheg epapuoyés. Eva ddho mapoduolo
Bertiopévo dradpaotikd meptfarlov eivor To bpython.
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AplBuntikn Kivntrig YodlaotoAng: Zntruata Kat MNeploplopol

O apLBuol Kvnmg vrodLaoTorNG AVILITPOOMITEVOVTUL 0TO VALKO TOU VITohoyLoT wg KAGouato ue Baon to
2 (dvadikd). T wapdderyua, To dekadiko kAdouo 0. 625 &yxer T 6/10 + 2/100 + 5/1000, koL ue Tov idLo
TpO7T0 T0 dVAdIKO KAdopa 0.101 £xel tyuh 1/2 + 0/4 + 1/8. Avtd ta 80 KAAOUATO. £(0UV TOVOUOLOTUTEG
TWEG, 1 LOVN TPAYLOTLKY) dLapopd eival OTL TO TPMTO €ival YPOUUEVO e KAAoUaTtikd oupfolound ue faom
t0 10, Ko to devtepo ue o to 2.

AvoTLY DG, T TEPLOGOTEPQ dEKAOLKA KAAOUATO OEV UWITOPOUV VO VOTTAPOOTUO0UV aKPLBDG G KAAGUOTAL.
H ovvémeira eiva 0T, yevikd, ot dekadikoi aplbuol Kivntig vTodLaoTolNG OV ELOAYETE TPOOEYYLLOVTIOL LOVO
atd Tovg duadLKoug apLBUoVS KIviTig VITOSLAOTOANG TTOV €iva TPAYUOTL ATOONKEVUEVOL GTO WIYGVILCL.

To pdPINua eivar mo Katovontd othv apyn we pdon to 10. Oswpifote to kAdoua 1/3. Mmopei va to mpo-
ogyyloete wg khaopo faong 10:

[0.3

1, KaAvtepa,

[0.33

1, Kahvtepa,

[0.333

1

Kat oVt kabeEng. ‘Ooa ymepia ko av giote diatedepévor va, ypdapete, to amotéleopo dev Bo givar moté
aKpLpoS To 1/3, odhd Oa eivar pua ohoéva Ko kaditepn mtpooéyyion tov 1/3.

Me tov idLo tpomo, aveEaptta amd to oo YPheia Bdong 2 eiote diateBeluévol va xp1oLUOTOLOETE, 1)
dexadukn tun 0,1 dev umopei va avasapaotadel akplpng wg kKhdoua faon 2. Ztn fdon 2, to 1/10 eivor to
KAdoua mov emavalapufaveTon

[0.000l100110011001100110011001100110011001100110011. ..

ZTOUOTHOTE O€ OTOLOVONTTOTE TETEPOUOUEVO apLtOUd bit ko AapufAavete (wa TPooEyyLon. ZTLG TEPLOCOTEPES
unyavég ofuepa, ot floats pooeyyiZovral ¥pNnoLuomolmwvTag ta TpdTo. 53 bit Eekivavtag amtd To o onuo-
VTLKO bit KoL (e TOV TapovouooTy) wg duvaurn tov dvo. Ztny mepittwon tov 1/10, to dvadikd khdoua eivor
3602879701896397 / 2 ** 55 mov eivol kKovtd adhd L akplpaog too pe Ty mparypotik tiun tov 1/10.

IToihol xpnoTeg dev yvmplLovy T TpooéyyLon Aoym Tov TpdTou ue Tov omolo ppaviCovtal ou tiuéc. H Python
EKTUTTMVEL UOVO Ll SEKAOLKY] TPOCEYYLON OTNV TPALYUATIKY] SEKAOLKY TUUY TNG dVALKNG TPOTEYYLONG TTOV
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elvar amwodnKevpévn atd To undvnuo. Zto TEPLocdTEPO unyaviuota, ov 1 Python timmve v mparypotikn
deKALKT T TG SUAdLKNG TPOoEYYLONG TTov eival amodnkevpévn yia 0,1, Oo pémel va eppavitel:

>>> 0.1
0.1000000000000000055511151231257827021181583404541015625 }

Avtd givol teploodTepa Ynepia amd doa BPLoKoVV XPNHoLUa OL TEPLOTOTEPOL, ETOoUEVG N Python duatnpei tov
apLOpd TV droelplowy Yneimv eUmavitoviog Ue OTPOYYVAEUEVT TUY oVT” aUToU:

>> 1 / 10
0.1

Amhidg OuunOeite, TopdLo TOU TO EKTUTWUEVO ATOTEAEOUO LOLATEL LE THV aKkpLPT) Ty Tov 1/10, ) tporypatiks
OO0 KEVUEVY TLUT) ELVAL TO TTAOLEGTEPO AVOTTOPOOTACLUO dUadLKO KAAOoUO.

Eivar evdiagépov Ot vmdpyouv molhoi diapopetikol  dekadikoi aptbuoi mwov powpdlovior To
ido mnoléotepo Katd mpooéyyion dvadikd KhGopo. o mapdderyua, ov apbuoi 0.1 wow 0.
1000000000000000055511151231257827021181583404541015625 givar Oha Katd TPOCGEYYLOT
ue 3602879701896397 / 2 ** 55. Aedouévou 0TL Oleg aUTES OL OEKADLKEG TLES LOLPATOVTOL TNV (dLaL
TPOCEYYLOY], OTTOLALONTTOTE OO AVTEG 0L WTOPOVOE VO EUPAVIOTEL DLATNPWVTOG TAPAINAL TO AUETAPANTO
eval (repr(x)) == X.

Iotopukd, To prompt tng Python kai 1 evowpatwuévny ouvapmon repr () Oa enéleye ovtd pe 17 onuoavtkd
Yyneia, 0.10000000000000001. Eekivarvtog ue v Python 3.1, ) Python (ota meploodtepa ouotnuota)
elvan théov og B¢om va emhéEel To cuvtoudTePo amd avTd ko amhé gupaviter to 0. 1.

Adfete vroYn 6L VT lvar otV 1L T PYOT TOU SVAALKOV KIVTHG VITOdLAOTOMG: vt dev eival opdipa
otnv Python, ovte givar oo otov kmdika oag. Oa deite 1o 1dLo TPayua oe OAEG TIG YAMDOOES TOV VITO-
otNPICoVY TNV apLOUNTIKY KLVITHG VITOdLOOTOMG TOU VKOV 0aG (av KO OPLOUEVES YADOOES WITOPEL VoL unv
gupavitovv ™ dagpopd amd mpoemAhoyr| 1 o€ Oreg TIg Aettovpyieg eE6d0v).

[ 7o gvydpLoTn addooT), WToPEL Vo OELETE VO (PNOLLOTTOLYOETE LOPPOTOINOT CUUBOLOCELPAG YLaL VO. ON)-
ULOVPYYOETE EVOLV TTEPLOPLOUEVO apLOUO ONUOVTLKOV Y1pimV:

>>> format (math.pi, '.12g') # give 12 significant digits
'3.14159265359"

>>> format (math.pi, '.2f'") # give 2 digits after the point
'3.14"

>>> repr (math.pi)
'3.141592653589793"

Eivor onuaviikd vo ouveldnTomotjoovuie 0Tt auTo €LV, UE TV TIPOYUATIKY £vvola, o Yeudaiotnom: arhd
OTPOYYVAEVETE TNV TAPOVGIAGT TNG TPAYUOTIKHG aElag TOU i aviatog.

Mo YevdaioOnon umopet va yevvnoet wo adA. Do mopdderyuo, kabwog 1o 0,1 dev eivan axpipmg to 1/10,
To dBpotopa TpLdV Tmv tov 0,1 uwopel va unv amopépet axppag 0,3:

>> 0.1 + 0.1 + 0.1 == 0.3
False

Emiong, epooov 1o 0.1 dev pmopel va tinordoer tnv axpiBi i tov 1/10 ko to 0.3 dev pmopel va tinoidoet
v axpifn Ty tov 3/10, tdte 1 TPo-0TPOoYYVAOTOINoT UE TN GuvapTNoN round () dev umopei va. fondnosL:

>>> round (0.1, 1) + round(0.1, 1) + round(0.1, 1) == round(0.3, 1)
False

Av xou oL apLBpoi dev WTopouv Vo, Yivouy o Kovia oTig Tpofiemtoueveg akpifeic Tuég toug, n ovvaptnon
math.isclose () umopel va givar xpHowun yio T oUYKPLon avakpLoy Timv:
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>>> math.isclose (0.1 + 0.1 + 0.1, 0.3)
True

J

Evalhoktikd, 1 ovvdptnorn round () WITOpel va pnoLuomotnOel Yo T ovyKpLon XovOpLKmY TPpooeyYioemV:

N

>>> round (math.pi, ndigits=2) == round(22 / 7, ndigits=2)
True

H oaptBuntikn dvadikng Kivntig virodlaotohg enmtpuidooel Tolhég ekmtinEelg dnwg avth). To mpodinua pue
10 «0.1» eEnyeitan hemropepwg mapakdTm, 0TV evOTNTo «Zpdhua Avartapdotaong». Aeite [apadeiynata
TPOPANUATOV KLVITHG VITOOLOGTOATG YLOL ULat EVYAPLOTY TTEPIAN YN TOU TPOTOU AELTOUPYLAG THG HUODLKTG KL
VITNG VITODLOOTOMG KOl TV ELODV TPOPANUATWV TTOU AvTUETOTULLOVTOL OVVHOWG OTNY TPAEEN. Agite emiong
Ou kivévvor tov Floating Point <http://www.indowsway.com/floatingpoint.htm>"_ y.o. (oL 7110 OLOKANPOUEVT) TTE-
pLypa@r dAM®V Kowvmv eKTtANEemv.

‘Ontog MéeL autd Kovtd 0To TEM0G, «OEV VITAPYOUV EVKOAES QTTAVTHOELG.» Q0TO00, unv elote vtepPoltkd emi-
uLokTIKoL pe TV Kivne) vrodiaotol)! To opdipata otig Aettovpyieg kKivntrg vrtodiaotolng Python kin-
POVOUOVVTAL 0ITO TO VALKO KLVITHG VITOSLOLOTOAG KOL OTOL TTEPLOCOTEPA Py oviuota dev eivan tg ThEng Tou
1 o€ 2*%*53 avd npd&n. Avtd eivar Tapamdvm amd eTapKES Yo TIG TEPLOCOTEPES EPYAOIES, CANG TPETEL VO
€yeTe KOT@ vou OTL dev eiva dekadik) aptdun Tkt ko ot kd0e Aertovpyia float umopel va vwootel véo opdiuo
0TPOYYLLOTTOINONC.

Eva vdpyovv mofohoyLkég TEPLITTMOELS, YLOL TV TILO TTEPLOTAOLOKT) Y PT|01 TNG aPLOUNTLKNG KLVNTNG VITtodLa-
otolM|c, B deite 0To TENOG TO QUTOTELETUAL TTOV TTEPLUEVETE EAV ALTTAMDG OTPOYYULOTTOLHOETE TNV EUPAVLON TWV
TEMKOV QTOTEAEOUATMVY 0OG 0TOV apLOUd Tmv deKadIK®V Ynpimv mov mepuévete. To str () ouvnbmg apket,
Ko yio KahOtepo éheyyo deite Toug TPoodLloploTég Loperg ™G nebddou str. format () oe formatstrings.

[0l TEPLTTWOELG YPTIONG TTOV ATOLTOVV aKPLBT) dEKODLKY) AVOTAPACTOOT, SOKLUATTE VO Y PYOULOTTOL|CETE TO
module decimal mov epapudlel dekadLk aptOunTLk KOTdAANAN Yia LOYLOTIKEG EQPAPUOYES KOL EQAUPUOYVES

VYNNG aKpLBElaG.

Mo GAN popen akppoig aptbuntikig vrootpiletar omd to module fractions, 1 omoio vAomoLel Ty
apLounTiky pe faon tovg opHoroyikots aptbuovs (tol oL aplbpot 6tmg to 1/3 uopov vo avasapaotadovv
aKPLBOG).

Edv giote éva eviatikog yphote TpdEemy Kivng viodiaotolc, Oa pémel va pi&ete pa potid 0to mTakéto
NumPy ko told Ao Ttakéta Yo podnuatikés KoL oToTloTikeg TPAEelg mov opeyoviaL omd To project
SciPy. Agite <https://scipy.org>.

H Python mapéyelL epyaheia mov popet vo fonbNoouv oe KELVES TG OTTAVIES TEPLITTMOELS TTOV TPAYUOTLKC
Oélete va pdbete v axpiPn tun evog float. H uébodog float .as_integer_ratio () ex@pdlel v Tium
evog float mg Khaopo:

>>> x = 3.14159
>>> x.as_integer_ratio ()
(3537115888337719, 1125899906842624)

Aedouévou 0tL 1 avahoyia givar oakpLpg, WITOPEL Vo PN oLoTTotn el yia TV avadnuovpyic xwpis ammieleg
™G APYLKNG THUNG:

>>> x == 3537115888337719 / 1125899906842624
True

H uébodog float . hex () exppdlet éva float o dexaeEadukod (faomn 16), divovrag il Tnv akpiLf Tiun mov
€yl amobnKevTelL 0TOV VTOMOYLOTY| OOG:

>>> x.hex ()
'0x1.921£f9f01b866ep+1"

Avti 1 akpprg dekaeEadiKy| avarapioTooT WIOPEL va PNOLLOTONOEL YLa TV OVOKATOUOKEVT] TNG TWUNG
float axpifng:
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>>> x == float.fromhex ('0x1.921£f9f01b866ep+1")
True

Agdopévou 6tL 1 avastapdotaon eivar akpipic, eival xpnowun yio Ty oaELOTLOTY PETAQOPE TUHOV 08 dLapo-
petikég ekddoeig tng Python (aveEaptnoio mhatpdpuac) Kar tnv avtarllayr dedouévmv ue dhleg yAdooeg
7OV VTOOTNPILOUV TNV 1L popn (6mtmg Java ko C99).

‘Eva dhho xpnowo epyodeio givar 1 ouvéptnon sum () wov fondd oTov UETPLaoud TG ammlelas aKpifeiag
Katd v aBpoion. Xpnowoolel exteTauévn akpifela yior evaldpeoo uoto otpoyyviomoinong Kabwg ot
TWég mpootifevtal g éva Tpé oV oUVoLo. AVTO Witopel var KAveL T dLapopd 0T CUVOMKT akpifela, MoTe To
OPAALOTA VO, IV CUCOMPEVOVTOL OTO CNUELO TTOV ETTNPEATOVY TO TEAKO OVVOLO:

>> 0.1 + 0.1 + 0.2 + 0.2 + 0.2 + 0.2 + 0.2 + 0.1 + 0.1 + 0.1 ==1.0
False

>>> sum([0.1] * 10) == 1.0

True

Tomath. fsum () mnyoivel o pokpLd Ko opokohovdel Oho Ta «xopéva Yrepio» Kabmg oL Tuég tpootie-
VTOL € EVOL TPEXOV GUVOLO, £TOL MOTE TO ATTOTELECUOL VAL EXEL LOVO Piat OTPOYYULOTOINOY. AuTd €lva o apyo
oo 1o sum () oald Oa eivon o akpBég oe AoVVHOLOTEG TEPLTTMOELS OOV OL €100d0L ueydhov ueyédovg
OKUP@OVOUV 1 pia TV GAAN agpivovtag éva tehko dBpoloua Kovtd oto undév:

>>> arr = [-0.10430216751806065, -266310978.67179024, 143401161448607.16,

.. -143401161400469.7, 266262841.31058735, -0.003244936839808227]
>>> float (sum(map (Fraction, arr))) # Exact summation with single rounding
8.042173697819788e-13

>>> math.fsum(arr) # Single rounding
8.042173697819788e-13

>>> sum(arr) # Multiple roundings in extended.

—precision
8.042178034628478e-13
>>> total = 0.0

>>> for x in arr:

total += x # Multiple roundings in standard.
—precision
>>> total # Straight addition has no correct.
—~digits!

-0.0051575902860057365

15.1 Z¢paApa Avarnapaotaong

Avt 1 evotnto eEnyei o mapdderypa «0.1» hemrtopepis Ko deiyvel mmg umopeite vo eKTeAéoeTe o oKpLfi
avVAAUOT TTEPUTTHOOEWV OTTWG avTh Lovol oag. Yrotifetar dtu éxete Paotkr) eEotkeiwon pe tv avamopdotaon
SVAdIKNG KIVNTNG VTTOSLALOTOMAG.

To Spdiua avarapdotaons (Representation error) avogépetat 0To YEYOvOg OTL opLouéva (To TepLocoTePa,
OTNV TPOYUATIKOTNTO) dEKAIKE KAAoUoTa dev umopov va avamapaotafotv akpifng wg dvadikd (Bdon
2) kKhdopato. Avtdg eivat o kOpLog Adyog yia tov omoto 1) Python (1) Perl, C, C++, Java, Fortran, ko wolhég
aMheg) ovyvd dev eupaviCovy tov akpipn dekadikd aplBd Tov TEPLUEVETE.

Tt ovppaiver avtd; To 1/10 dev umopel va avastapaotadel akpipwg og dvadikd Khdoua. Ao to 2000
TOVAAYLOTOV, OXEDOV OLEG OL UNYAVES XPNOLUOTOLOVY duadikn aptduntikn Kuvntg vrodiootohg IEEE 754
Ko 0yedov Oheg oL mhatpdpueg avtiotoryiLovy ta Python floats oe IEEE binary64 «dumhig akpifeiac» Tiué.
Ou tipég tov IEEE 754 binary64 sepiéyouv 53 bits axpipelog, emouévwg Kot tv €i60d0 0 VToAOYLOTNG TTPO-
omaBel va petatpéypel to 0,1 oto TAnoLEoTtepo KhAoUa Tov Utopel va éxeL T popen J/2*%*N dmov J elvar évag
AKEPOLOG TTOV TTEPLEXEL AKPLBMG 53 bits. Zavaypagpeta
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[1 / 10 ~= J / (2**N)

g

[J ~= 2**N / 10

1

Ko vrevOupitovtag 0tL to J €xer akpLpig 53 bits (sivan >= 2**52 alhd < 2* *53), 1 KahOTEPN TLUY YLO. TO
N givau 56:

>>> 2*%*52 <= 2**56 // 10 < 2**53
True

|

Anhad, To 56 givow 1 povn Ty Yo to N mov agpnver to J pe axpiog 53 bits. H kakivtepn duvorth tun yio
70 J glvan toTE auTod TO TNAKO OTPOYYUAOTOLNUEVO:

>>> g, r = divmod(2**56, 10)
>>> r
6

Aedopévou OTL TO VTTOAOLTTO ElVOL TTEPLOCOTEPO ATtd TO Wad Tov 10, 1) KAAUTEPT TPOTGEYYLON ETLTUYYAVETAL UE
0TPOYYVLOTTIOLN 0N TTPOG TOL ETLAV®:

>>> g+l
7205759403792794

Q¢ ek TtovTov, M KeAUTepn duvarty| Tpoaéyyion oto 1/10 oto IEEE 754 dutkng akpifeag eivol:

[7205759403792794 /2 #% 56

H diaipeon tov aplbunti) KoL Tov TopovopaoT) ue SU0 UELOVEL TO KAAOUA OF:

[3602879701896397 / 2 =% 55

)

AdPete vToOYn dTL 0TTO TH OTLYWUT| TTOV KAVOUE OTPOYYVAOTTOLN 0T, AuTd ELVOL 0TV TPAYUATIKOTNTO ALYO peya-
Mitepo amd to 1/10- av dev eiyoue oTpoyYULOTOLGEL TPOG TAL TAVM, TO TINAKO Ba tav Alyo KkpoTtepo amd
to 1/10. AAMAG o xopia Tepimtwon dev pmopel va givan axoySang 1/10!

"Etot 0 vtohoylotg dev «BArémers moté 1/10: autd mov PAémel eivar To akpLBEg KAAoUO Tov diveTtal Tapamdvm,
N kolvtepn duhy pooéyyon IEEE 754 wov umopel va mtdpel:

>>> 0.1 * 2 ** 55
3602879701896397.0

Av molMamthaoidoovue avtd to Khaopa pe 10¥*55, umwopovue va dovpe tv tur| ne 55 dexadikd Yneplo:

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

TTOU ONUALVEL OTL 0 aKPLPNG apLBROG ToV eival 0ToONKEVUEVOG OTOV VTOAOYLOTY) ELvaL {00G e TV OEKAOLKT)
Ty} 0.1000000000000000055511151231257827021181583404541015625. Avti va epqaviotel 1) Thipng Tw),
TOMEG YADOoEG (oLuITEpLapfovoUEVOY TmV Todadtepwy ekddoewv ™G Python), atpoyyvhomototv to asto-
téheopa og 17 onuovtikd Ymepio:

>>> format (0.1, '.17f")
'0.10000000000000001"

Ta modules fractions kot decimal KGvOuv autovg TOUG VITOAOYLOUOVS EVKOAOVG:
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>>> from decimal import Decimal
>>> from fractions import Fraction

>>> Fraction.from_float (0.1)
Fraction (3602879701896397, 36028797018963968)

>>> (0.1) .as_integer_ratio()
(3602879701896397, 36028797018963968)

>>> Decimal.from_ float (0.1)
Decimal ('0.1000000000000000055511151231257827021181583404541015625")

>>> format (Decimal.from_float (0.1), '.17")
'0.10000000000000001"
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KEoAAAIO 16

Mapdptnua

16.1 AwadpaoTtikn Asttoupyia

Yndpyouv dvo mapodiayég Tou dadpaoctikot REPL. O khootkog Baotkos diepunvéag vtootnpilel oe Oheg
TG TAATPOPUEG e EAAYLOTES OUVATOTNTEG ELEYYOU YPOUUNG.

On Windows, or Unix-like systems with curses support, a new interactive shell is used by default since Python
3.13. This one supports color, multiline editing, history browsing, and paste mode. To disable color, see using-
on-controlling-color for details. Function keys provide some additional functionality. F1 enters the interactive help
browser pydoc. F2 allows for browsing command-line history with neither output nor the >>> and ... prompts. F 3
enters «paste mode», which makes pasting larger blocks of code easier. Press F 3 to return to the regular prompt.

‘Otav ypnowomoteite 1o véo dLadpaotikd kéhvpog, Byeite amd to shell mAinktporoywvtag exit or quit. H
TPOCONKN TapevOEOEMV KATIONG UETA OTTO OUTEG TLG EVTOLEG OEV OLTTOLTELTOL.

Edv 1o véo duadpaotikd shell dev eivor emBuuntod, pmopel va amevepyomonOel péow g uetaintig mept-
Bédhovtog PYTHON_BASIC_REPL.

16.1.1 Awaxeipion ZPaApatwyv

‘Otav mapovolaotel éva opalua, o interpreter lgpaviCel £va pivupo o@aluatog kot éva stack trace. Ztn dia-
dpaoTLKT) AELTOVPYLO, 0T CUVEXELD ETLOTPEPEL OTNV KUPLAL YPOUUT) EVTOLDV. OTAV 1) EL0080G TPOEPYETOL ALTTO
éva apyelo, eEEpyetal pe KaTtGotaon eE6dov un undevik netd Ty ektdmwon Tov stack trace. (Ou eEaupéoerg
TTOV AVTLUETMITULOVTOL ATt (oL EVTIOM| except 0€ éva try Umhok, Sev eivan oQAAIOTO 08 AUTO TO TAALCLO.)
Oplopéva opahpata givar dvev dpmv potpaic ko tpokarotv €080 e kotdotoon eE6dov un undeviki.
AvTo LoYVEL Y10, ECWTEPLKEG ATUVETIELESG KOL OPLOUEVES TTEPUTTMOELG EEAVTANONG TG uviunc. ‘Ola o unvo-
HOTOL OPAALOTOG EYYPAQPOVTOL 0TIV TUTILKT] pOT) OQAAUATOVS 1) KavovikY] €5080G 0t TIG EKTELEOUEVEG EVTOAEG
vpbpeton oty TuTLKY £E080.

ITMKTPOAOYWVTAG TOV YopakThpa diakomng (cuvnBwg Control-C 1) Delete) oty KUpLa 1 deutepElOVOO
YPOUUY] EVIOADV 0KVPMVEL TV £60000 KoL EMLOTPEQPEL 6TV KOPLaL Yoo eviodv.! TIANKTpohoyhvTag o
dtakom) evd exteheital o eviols) dnuovpyeiton N eEaipeon KeyboardInterrupt, 1 omoia uropei vo
oVTLUETOTLOTEL Ao (o TPdTaon try.

! "Eva mpopAnua pe to oxéto GNU Readline pmopei va 1o aotpéapet.
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16.1.2 EkteA€opa Python Scripts

Zta ovothuata BSD’ish Unix systems, to Python scripts pwopotv va yivouvv Gueca ekteléolua, 6mmg to shell
scripts, Bagovrog T ypouun:

[#.’/usr/bin/env python3

(voBétovtag OtL o interpreter fpioketal 6To PATH TOU XpNOTI)) OTNV O0P)1 TOV OEVOPLOV Kol dvovTag 0To
apyelo o ekteléorun Aettovpyio. To # | mpérmel va eivan oL 800 TPMTOL YOPAKTIPESG TOV QPYELOV. Z€ OPLOUEVEG
TNOTPOPUES, QUTH 1) TPADTN YPOUUY TPETEL VO TEAELWVEL Ue o ypouur) Tomov Unix ov TELELWVEL UE (oL
vpauut tomov Unix wou tehetdvel (' \n'), Oyt pue ypouun Windows (' \r\n'). ZnuUelmote 0TL 0 UPOKTNPS
KATOKEPUATIONOU, , ' # ', XP1OLUOTTOLELTOL Yo TNV évopEn evdg ayoAiov otnv Python.

To script wwopei vo 500el (o exteréolun Aettovpyio 1 AdeLa, YPNOLUOTOLMVTOG TV EVTOLY) chmod.

[$ chmod +x myscript.py

Zta ovotuota Windows, dev vitdpyel 1) évvola TG «ektehéotun Aettovpyiogy. To mpdypapua eyKaTaoToong
g Python ovoyetilel avtdpota ta apysia . py pe To python. exe €10l dote vo ektereitol Eva dumho KK oe
éva apyeto Python wg script. H enéktoomn umopel emiong va elval . pyw, 0€ QUTNV TV TEPLTTWOT), TO Tapadupo
TNG KOVOOLOG TTOU eugpaviletal ouvnOme atoKpUTTETAL.

16.1.3 To dLadpaoTiko apxeio ekKivnong

‘Otav ypnowpomoteite Tnv Python dtadpaotikd, eivan ouyvé BoAKo vor eKTELOVVTAL OPLOUEVES TUTILKEG EVTOMEG
k&b popd mov Eekivd o interpreter. Mmopeite va o KGvete avtd opifovtag pa petafinty mteptpdilovrog
ue to dvouo PYTHONSTARTUP 0T0 Ovoua evOg apyeiov Tov EPLEYEL TG EVIOMEG EKKIVIIONG 00G. AUTO glvan
ToPOUOLO UE TO YOPaKTNPLOTIKO . profile ota Unix shells.

Avutd 1o apyeto drapdletar povo oe diadpaotikég ovvedpieg, Oyt 0tav 1 Python duafdler eviorég amod éva
script, Kow Oyt 0tov To /dev/tty dlvetal og 1 pnT TNy evToldv (1] omtoia Katd To. AAAC CUUTEPLPEPETOL
oav o dLadpaotiky) ovvedpia). Extekeitor 0tov idLo xmpo ovoudtmv 0mtou eKTeloVvTaL OAMNAETLOPAOTIKES
EVTOMEG, £TOL MOTE TO OVTLKELUEVOL TTOV OPILEL 1 ELOAYEL VA (WTOPOUV VOl XPNOLUOTTONO0UV Ympig empUlaEn
ot dLadpoaotiky) epiodo hertovpyiog. Mrtopeite emiong va aldEete TG TPOTPOTEG SYS . PS1 KAL SYS . pS2
o€ avtd TO apyELo.

Edv 0éhete va duapdoete éva emumhéov apyelo eKKivong oo Tov TPEYOVTO KATAAOYO, UWTOPELTE VO TO TTPO-
vpoupatioete 0to KOOOMKO 0pyElo EKKIVIONG YPNOLULOTOLOVTAG KWK 0twg 1f os.path.isfile('.
pythonrc.py') : exec(open('.pythonrc.py') .read()).Ed&v 0élete va ypnNOLUOTOLACETE TO 0P~
yeto ekxivong oe éva oevplo, TpémeL va To KAveTe prtd 0To script:

import os
filename = os.environ.get ('PYTHONSTARTUP')
if filename and os.path.isfile(filename) :
with open (filename) as fobj:
startup_file = fobj.read()
exec (startup_file)

16.1.4 Ta Modules Npocappoyng

H Python mapéyer 800 AyKLoTpOL YL0 VO 0OG ETLTPEPEL VOL TNV TTPOCoAPUOCETE: sitecustomize Ko usercustomize.
T va deite g ettovpyel, mpémel mpwta va Ppeite T €01 TOV KATAAIYOU TAKETMV LOTOTOTWV Y PNOTH).
Eexivnote v Python kot exteréoete ovtdg 0 KMILKAG:

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.x/site-packages'

Topo pmopeite vo dnuovpyNoeTe €vo apyeto (e 1o dvopo usercustomize . py 6€ AUTOV TOV KOTAAOYO KO
va, Béhete 0,11 Oéhete oe avTdV. O ennpedioel KGOe emikinon g Python, extog edv Eekuvioel ue tnv emhoy
—S OTTEVEPYOTTOLNOTE TNV CUTOUOTY] ELOAYWYT).
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To sitecustomize AelToupyel pe Tov idLo tpomo, alld cuvnBwg dnuLovpyeitor amd Evav dLayELPLOTI| TOV VITO-
LOYLOTH] OTOV TTAYKOOULO KOTAAOYO TOKETWV TOTOOETLMV KO ELGAYETAL TPLV ATd TO usercustomize. Agite Tnv
tekunpiwon tov module site yio mePLOCOTEPES AETTOUEPELEC.

YTOOnHELWOELG
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Mwoodpt

>>>
H mtpoemiheyuévn Python evioly| tov interactive shell. Zvyvd ugpaviCeTon yio Topadelypuato KOdLKo Tou
WITOPOUV VO, EKTELEGTOVV LodPaoTIKA GTOV interpreter.

Mmopel vo. avapEPETaL OE:

o H mpoemieyuévn Python evioh| tov inferactive shell kotd v eloaywyn 10U KOSdKO Yoo Eva
WITAOK KMOLKO [e €00y, OTav BPlokeTol PECO OE €va (VYOS TALPLUOUEVOV APLOTEPMDV Kol Oe-
Eudv delimiters (mapevOéoelg, aykUies, dykiotpa 1) TPTAG eloaywylkd), 1 uetd tov kaboploud
evog decorator.

o H evoouatouévn otabepd E11ipsis.

agnpnuévn Bactkr) KAaom

O agnpnuéveg Pootkéc KMAOELG CUUTANPOVOUY TO duck-typing mopéxovrag €vav TpoOmo 0pLopov
interfaces O6tav Gheg Teyxvikég Omwg M hasattr () 0o Nrov adé€ieg M avenaiodnto hovOaouéveg
(yio mopdderyuo pe magic methods). Tao ABC (abstract base class) elodryovv elkovikég vmokhAioeLs, oL
ortoieg elval KLAoELG IOV deV KAnpovopouvTol oo e Khaor, alld eEakolovfoiv va avayvwpilovio
amd 10 isinstance () kou amd to issubclass ()7 PA. v TeEKunpiwon tov module abe. H Python
drabéter modd evowpatmuéva ABC yia douég dedopuévmv (oto module collections.abc), apb-
povg (oto module numbers), poég (oto module povada io), etoaywyn finders ko loaders (oto module
importlib.abc). Mmopeite va dnuovpynoete ta dikd oag ABC pe to module abe.

ouvapTI o annotate
Mo ouvapTNOT TTOV UTTOoPEL var KANOEL yLoL vo. avaKTNoEL To annotations €vOG OVTLKELUEVOV. AUTN 1] OV-
vapTNOoN €ivar TPOooPAEoLUY WG TO YOPAKTNPELOTIKO ___annotate_  TwV CUVOPTHOEMY, TV KAAGEMV
Ko twv modules. Ou ouvapTHOELG annotate givan £va VITOGUVOAO TOV evaluate functions.

annotation
Mo eTikéTO TOU OYETICETAL UE ULt LETAPANTY, VO YOPAKTIPLOTLKO KAAONG 1) ULOL TTAPAUETPOG OUVAP-
TNONG 1] TULY TTOV ETUOTPEPETAL, TTOV ¥ PNOLLOTOLELTOL KOTA oVUPBaoT g type hint.

Aev givan duvati) 1) TPOOPoT oTa annotations TWV TOTKDOV UETAPANTOV KATA TO POVO EKTELETNG, AAAG
Ta annotations Twv global petafANTmv, TOV XAPUKTNPLOTIKOV KAAONG KoL TwV GUVOPTNOEMV UTOPOVY
vo avak 0oV Kohmvtag Ty eviod) annotationlib.get_annotations () oe modules, kKh&ogLg
KOl GUVOPTYOELS, AVTLOTOLY .

BA\. ta variable annotation, function annotation, PEP 484, PEP 526 xouw PEP 649, ta omoia mepLypdgpovy
™V Aertoupylkotnta. Agite emiong ta annotations-howto yia TG BENTLOTES TPAKTIKEG dOVAEVOVTOG |Ie
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annotations.

opopa
Mo T petofualetan og wio function () method) xotd v KAHon T ovvdptnong. Yrdpyovv dvo
€LdM opLopdTv:

o keyword argument: £va. OpLOUOL TTPLV ATTO €VO OVOLYVPLOTLKO (FT.%. name=) O€ o, KAon ouvap-
oNG N TEPVADVTAG TO WG TUUT| 08 £va AeELko mtpLv amd * *. Tia Tapddetyua, To 3 KoL To 5 amotehovv
optopata AEEewv-kheldLhv otig akoAovbeg KA oELS TPog complex () :

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

« positional argument: ¢€va. dpopa Tov dev givan dpLopa keyword. To opiouata 0€omg umopovv va eu-
pavilovTow 0TV 0pyNG WG MOoTog 0pLopdtov /Kot va, LetofLBatoviot wg oToyelo evOg iterable
mpwv oo *. Tua mapdderyna, To 3 koL o 5 amotehovv opiopata 060G 0TLg TOPAKATO KANOELS:

complex (3, 5)
complex (* (3, 5))

Ta opiouato eKymPoVVTOL OTIG OVOLLOOUEVES TOTILKES UETABANTEG 0TO GmUA Mo oVvapTong. BA. Ty
evotnta calls yio Toug KavOVES TOU SLETOUV QUTNV THV EKYMPNOT]. ZUVTOKTIKY, OTTOL0ONTOTE EKPPUOT
WITOPEL VAL PN OLUOTONOEL YLOL VO AVATTaPOOTNOEL EVa OpLopa” 1) aELOAOYOUEVT] TLUN EKYWPELTOL OE L0
TOTTLKT) UETOPANTY.

Bl emtiong v eyypagn Tov YAwooapiov yo to parameter, v FAQ gpdtnomn oto 1 duagopd teta&n
oplopdTmv kou opouétpwy, kol PEP 362.

aoVYYpovog drayelploTi|s context
‘Eva avTLKELIEVO TTOV ELEYYEL TO 0pOTO TTEPLPAIAOV o€ po dhwon async with opiloviog tig uebo-
dovg __aenter_ () Kou__aexit__ (). ITov ewonydn and PEP 492.

aoVyypovogs generator
Mo GUVAPTNOT| TTOV ETLOTPEPEL EVaV asynchronous generator iterator. MolGLeL ue wa ouvéptnon coroutine
7ov opiletan ue async def ektog amd OTL TePLEXEL EKPPACELS yield YLo TNV TAPOymY WLOG OELPAS
TLUOV TTOV WITOPOovV va. ypnotpomombovyv oe évav async for Bpdyo.

ZuvHBwg avagépeTal 08 oL OUVAPTNOT CoVYYPOVOU generator, GAAG WITOPEL VO AVAPEPETOL O EVOY
aclyypovo generator iterator 0€ OpLOUEVA contexts. Ze TEPLITTMOELG OTOV TO ETILWKOUEVO VOTIUOL dEV
elval oapéc, (LE TNV P10 TWV TANPOV OPWV OTTOPEVYETAL 1] ATAPELQ.

Mo oUVAPTNOT QoVYYPOVOU generator (WTOPEL Vo TEPLEXEL EKPPATELG awalt , KabBdg kol dNADOELG
async for,xaLasync with.

aoUyypovog generator iterator
An object created by an asynchronous generator function.

Avtog elvon évog asynchronous iterator Tov 0TV KOAELTOL XpNoLpuoTolwvtag v wébodo ___anext__ ()
EMLOTPEPEL EVOL AVOUEVOULEVO OVTLKELUEVO TTOU B0 EKTEALETEL OTO GMUA TIG CUVAPTIONG TOV ALoVYYPOVOU
generator PéypL THv enouevy yield ékgppoon.

Kdabe yield avaotédier mpocwpivd v eneEepyooia, Buudtor v Kotdotooy ektéheong (cuuste-
PLLOUBOVOUEVOY TMV TOTKMOV UETAPANTOV KoL Tov dNhdoewv try oe ekkpeudtnta). Otav o acvy-
X00VOG generator iterator GUVEYIOEL ATTOTENEOUOTLKA UE GAAO OVAUEVOUEVO TTOU ETLOTPEPETOL ATTO
:pep: 492 () xou PEP 525.

aovyypovog iterable
‘Eva. ovtikeipevo, ov uopei va ypnotportonel o o dMAwon async for. [pémel va emotpépet
éva asynchronous iterator amd v uébodo __aiter (). IMov ewonyOn amd PEP 492.

aoUyypovog iterator
‘Evo. ovtikeigevo mov vhomotel TG pebddovg _ aiter_ () xou __anext_ (). H uébodog
__anext__ () mpémel vo emoTPEQEL Eva awaitable avuikeipuevo. To async for emlVgL To ovoue-
vopeva TTov emLoTPEpovTol otd ) wébodo _ anext () gvog aovyypovov iterator £mg OTOU eyeipeL
wo eEaipeon StopAsyncIteration. Ewofydn amé PEP 492.
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KOTAOTO01] CUVOESEUEVOL VIIUOTOS
'Eva thread state ov givan EVEPYT| VLA TO TPEXOV VIO TOU AELTOVPYLKOU GUOTHLUOTOGC.

‘Oto emovvasttetal €vag thread state, TO VUG TOU AELTOUPYLKOV CUOTHUATOG £XEL TPOOFOOT 0TO TAMPES
Python C API xou pumopei va kahéoer ue oopdieia tov diepunvéa bytecode.

Extdg edv o ouvdptnon avagéper pntd to avtifeto, 1 tpoomdbeio kKAong tov C API ywpig wo
ouvNUUEVY Katdotaon viuatog Oa 0dnyNoeL £va oLpaio opdAua 1 08 aTpoadLOPLOTH GUUITEPLPOPAL.
Mo KotdoTaon vUoTog Utopel vo. ouvoedel ko va amoouvdedei pntd amd tov ypnon uéow tov C API
1 éuueca amd Tov xpovo ektéleonc, ovumephappfoavouévoy tTov kinoemv amokiewopot C Kot amd Tov
diepunvéa bytecode peta&u Twv Koewv.

Zuig mepLocdtepeg ekdO0ELS TG Python, M VmapEn pog Katdotoorn ovvdedeuévou vIijaTog VITovoEl Ot
0 KoAdV dtatnpet TV GIL Yo ToV TPEXOVTO SLEPUNVED, ETOUEVIG LOVO EVOL VL0 AELTOUPYLKOV GVOTN-
HOTOG UTOPEL VAL €XEL PLOL KOTAOTOON OUVOEDEUEVOL VAUATOG O WLt OEdOUEVT OTLyUn. ZTLG EKDOOELG
free-threaded tng Python, To vijuato Ltopouv va SLatnpov TauToypova Uid KOTAOTOO CUVOEDEUEVOU
VILOLTOG, EMLTPETOVTAS TV TPOYUATLKT) TOPaANAia Tov diepunvéa bytecode.

XOPOKTIPLOTIKO
Mo Tt oV OETICETOL UE £VaL AVTIKELUEVO TTOU CUVNOWG AVAPEPETAL LLE OVOUD YPTOLUOTTOLMVTAG EK-
ppaoelg pe Koukkideg. I'a mapdderypa, edv éva avitkeipevo o €xel éva xapoktpLotkd a Oa avopé-
PETOL WG 0.4.

Elvou duvato vo dmoovue o€ Eva OVTLKELLEVO VAl YOPOKTIPLOTLKO TTOU TO OVOUO. TOU OEV ELVOL AVOYVm-
pLoTikd 6mtmg opitetor amd identifiers, yio TopddeLyno xPNOUOTOLMOVTOG setattr (), oV emTpémeTon
a7to To avtikeipevo. ‘Eva tétolo yopaktnplotiko dev Oa eival tpooAaoiio xpoLuoToLdVTog TG TEMELES,
Ko avti avtov Oa mpémel va ovokTnOel ypnopomolmvtag getattr ().

awaitable
'Eva 0VTLKELLEVO TTOU UTTOPEL VL X pnoLpomtotn0el oty ékgppaon await. Mmopel va elval coroutine M €vo.
ovTikeigevo pe o __await_ () uéBodo. Bh. emiong PEP 492.

BDFL

Axpwviuo tov Benevolent Dictator For Life, kahokdyafog diktdtopag g Cone, dnradn Guido van
Rossum, o dnpouvpydg tng Python.

dvadiko apyeio
'Eva. file object tkovd va. SLaalel ko va ypagpeL Svadikot timov aviikelueva. apadeiyuato dvadikmy
apyelwv eivar apyelor mov avoiyovv oe dvadikn Aettovpyio ("rb', '"wb' 1 'rb+'), sys.stdin.
buffer, sys.stdout.buffer, Kol OTLYIOTUTOV TV 10.BytesIO KoL gzip.GzipFile.

B emtiong text file yio. €vor OVTLKELPEVO TUTTOV OPYELO LKAVO VO SLABAOEL Ko VaL YPAYEL ST T OVTLKELUEVAL.

daverkn avagopd
Zto C API g Python, o davelkt| ovogopd eival (o avopopd og €vo. OVILKEIUEVO, OTTOV 0 KMALKAG
TTOV YPTOLUOTTOLEL TO aVTLKELUEVO dEV KaTéxel TNV avapopd. [ivetan évag aypnoipuomointog deiktng edv
TO avtiKeipevo Kataotpopei. o mapdderypa, o dadikaoio garbage collection pwopei vo apaipéoet
TO TEAEVTOUO Strong reference amd TO AVILKELUEVO KOL ETOL VO TO KATOOTPEPEL.

Zuviotatol 1 KMo tov Py_INCREF () 070 daveiki] avagood e 0KOmd VoL LETATPATEL 08 £VaL LGy V0T
ava@opd emITOIOV, EKTOG OTAV TO AVILKELUEVO OEV UITOPEL VO KATAOTPOPEL TTPLY 0O TNV TEAEVTALN
xphHom g davelkng avagopds. H ouvaptnon Py_NewRef () umopet va xpnotpomown0el dote vo. om-
wovpynOel Eva Loy vo1 avapood.

bytes-like avtikeipeva.
'Eva. avTikeipevo mov vitootnpilet o bufferobjects kou pmopel va eEayer éva C-contiguous buffer. Avtd
mephappdver Oha ta aviikeipeva bytes, bytearray, Kaw array . array, Kafmg Kot oA Kowva
memoryview avikeipeva. Ta dvadikov tomov (bytes-like) avitkeiuevo popotv vo xpnotuootnovy
ya dudipopeg hettovpyieg wou droyeLpitoviar dvadikd dedouéva” avtd TePAauPAvouv CUNTEST QITO-
Onkevon oe dvadikd apyeio ko amootol) péow socket.

Oplouéveg hertovpyieg yperdtovrol tor duadikd dedouéva va eivar uetofintd. H texunpioon ovyva
AVOPEPETOL 08 AUTA MG «dVAdIKA avTiKelpueva avayvoonc-eyypogrc» (read-write bytes-like objects).
Mapadelynato PeTABANTOV OVILKEWEVMVY TPOCWPLVTG 000N KEVOoT g TTEPLEXOUV bytearray Kol éva
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memoryview gvOg bytearray. AMEG heLTOVPYieG OTOLTOUV TNV OIT0ONKEVONG TV SUOSIKMV dE-
dopéva oe auetdfinta avitkeipevo («duadikd ovTikeipeva wovo avayvwaong»” (read-only bytes-like
objects) mopadelyuoTto oVTAV TEPLEXOVY bytes Kot éva memoryview evog bytes avitkeluévou.

bytecode

O myaiog kwdika g Python petoylwttileton o byfecode, 1) E0MTEPLKY] AVOTAPAOTAON EVOG TPO-
vpduuatog Python otov diepunvéa CPython. To byfecode amoBnkevetal emiong TPoowPLVE WG .pycC
apyelor MmoTe M eKTELEON TOV LOLOV OPYELOV Va givan YpNYopdTEPN TNV deVTEPT] POPA EKTENEONG (UITO-
pel va amopevyOel 1 ek VEOU UETOYAMMTTLON atd TOV TTNyaio Kmdiko o bytcode). Auti M «evdLdueon
YADOOoO» Aéyetal OTL Tpéyel O€ Wo virtual machine mov €KTeLel TOV KMOLKO UNYOVIG TOV OVTLOTOLYEL
o€ KG0Oe bytecode. AGfete vrdOY OTL Tl bytecode dev ovopEVETAL VO AELTOVPYOVY UETAED SLOPOPETLKMV
ELKOVIKMV pyovav Python, ovte va eival otabepd petall twv ekddoewv g Python.

Mo Alota artd 0dnyieg oxetikd ue ta bytecode ptopei va Bpedel otnv tekunpimwon yia to module dis.

callable
‘Eva callable eivow évo avtikeipevo mov pmopet va Kaheotel, mbavd ue éva ovvoho opopdtwv (Bh.
argument), U€ TNV TOPAKATO OVVTAEN:

callable (argumentl, argument2, argumentN)

Mua function, xou xot” eméktaon wa method givon callable. ‘Eva otrypudtumo wa kKhAong ov vAoToLEL

™ puébodo ___call__ () eivow emiong callable.

callback
Mua subroutine ouvaptnon 1 omoia petafLBdtetor wg opLopa Tov Oo EKTENEOTEL KATOLX OTLYUT OTO
HEAOV.

KAdon

"Evo pdTUuITo Y T dnULovpyios aviiKeLuEVav Tov opiovtat amd to ypnot. Ot opiopoi KAGoEmY ou-
VNOWG TePLEYOUV 0pLoUovg HeBOdWV TOV AeLTOVPYOUV 08 OTLYIOTUTTO TG KAGONG.

uetoiTi KAGong
Mua petafAnt) mov opileTon og po KAAoM Kot tpoopiletal va tpomomotn el uovo oe enimedo Khdong
(. Oy o€ éva oTrydTLTTO aG KAAOTG).

uetafinti KAewoipatog
"Evag free variable tov ovagépetal amd éva nested scope Kou 0pileToL 08 (uo. EEWTEPLKT) TEPLOYN, AVTL
va eAOETOL dUVALKE KOTA TV EKTELEON OTTO TOL KOOOMKA 1] EVOWUOTOUEVO namespaces. Mtopel vo.
dMhwOel pnTd pe TN deopevuévn AEN-KAewdi nonlocal dote va emTpastel 1 eyypap, 1| va OewpnOel
OTL opiletan épuueca GTav 1 UETAPANTY pNoLoToLeital udvo yio aviryvaoon.

[0 TopAdeLypa, 1 GUVAPTNON inner Tov TOPAKATO KMHOLKO, TO0O 1 x 000 KoL 1 print givou free
variables, oM nOvo M x glvon po uetafAntr kAewoluatog:

(def outer () :
x =0
def inner():
nonlocal x
X += 1
print (x)
return inner

L J

AOY0 TOV YOpaKTNPLOTIKOY codeobject .co_freevars (To 0700, TOPA TV OVOUAOLO TOV, TTEPL-
rappdvel udvo ta ovouato Tov uetafAnTav Khewolpatog Kot oL Oleg TG avapepoueves Elevbepeg eta-
BANTES), XPNOLULOTTOLELTAL UEPLKEG POPES O TTLO YEVIKOG OpOG free variable axoun Kot OTov YIVETOL ELOLKY)
avapopd og PETAPANTEG KAELOLUOTOG.

mryadukog apdpog
Mo ETEKTO0N TOV YVOOTOU GUOTHUOTOG TIPOYUATIKDV 0PLOU®OY 0TO 07T010 OAOL 0L apLlOpol eKppAtovTa
wg dbpolopa £vOg TPAYUOTIKOY HEPOUG KoL EVOG pavTaoTkoy uépovg. OL gpavtaotikol aplbuol eivor
TPOYUOTLK A TTOAMAATTAAOLOL TG PAVTAOTIKTG LOVAdO (1] TETPOY®VIKT pila Tov —1), oV ovyva Ypapo-
vtol i ota pednuotikd 1 3 oty unyoviky. H Python €yel evoopotmpuévn voothpleEn yio wyadikoig
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aptBuovg, oL 0ToioL YPAPOVTaL (e AuTdV TOV TELELTOLI0 CUUBOMOUO” TO PavTOoTIKO uépog ypdpeTon
ue to emibnua J, Y., 3+13. o va amoxthoete mpodoPaon oe ovvOeta Looduvapo to module math,
ypnooTomote to cmath. H ypnon wyadikmv aptbumv givar £va apketd mponyuévo nodnuatiko yo-
POKTNPLOTLKO. €4V dEV YVWPITETE TNV OVAYKT) TOVUG, ELVaL OYEDOV GLYOUPO OTL UTOPELTE VOL TO. OLYVOT|OETE
LE ALOPANELXL.

context
Auto 0 6pog £xEL DLOPOPETIKEG ONUOLOLEG OLVANOYOL UE TO TTOV KO TTMG Y PT|OLUOTOLELTOL. MEPIKES KOLVEG
évvoleg:

o H mpoowpivi) katdotaon 1) 1o meptBarlov mov dnuovpyeitol amd évav context manager UEGW PLAG
dMhwong with.

o To oUvoho TV deopevuévav KAELOLOV-TIUNG TTOV OYETILOVTOL e VO CUYKEKPLUEVO AVTILKELUEVO
contextvars.Context kol mpoomeldfovtol péow avitkewévov ContextVar. B, emiong
context variable.

« 'Eva aviikeiyevo contextvars.Context. BA. emiong current context.

TPWTOKOAAO drayeipiong mepifaiiovog
OuuéfodoL __enter_ () xou__exit_ () xohoVviow amd T dNhwon with. BA. PEP 343.

Swayeprotiic context
'Eva avTIKELIEVO TTOV VAOTTOLEL TO context management protocol Kouw ELEYYEL TO TEPLPAILOV TTOV €l 0POTO
uéoo og o dMiwon with. BL. PEP 343.

context petafinti
Mua peta ANt TG omoiag 1) T eEaPTATOL AITO TO TTOLO Eival To current context. Ou TéG Tpoomeldo-
VTOL PECM TWV AVTLKEWWEVOV contextvars . ContextVar. O petafAntég cuuppalouevwy xpnoLuo-
TTOLOVVTAL KUPLWG YLOL VO, OUTOUOVMOOUV TNV KOTAOTOON UETAED TOUVTOYPOVMY 0LOVYYPOVIV EPYOOLMV.

contiguous
"Eva buffer Oewpeital contiguous akplBag edv eivou eite C-contiguous eite Fortran contriguous. To buffer
undevikmv draotdoemv givor C xow Fortran contiguous. e (lOVOSLAGTATOVG TTLVOKES, T OTOLYELOL TTPE-
meL vo TomofeTovvtal ot pviun To éva dimha 0to GAAo, pe oELPA avENONG TWV SEKTHOV EEKLVAOVTAG
atod 1o undév. Ze mohvdidotatovg C-contiguous mivakes, o TeELeVTOLOG deikTng UeTABAMETOL TAYXVTEP
OTaV EMLOKETTOVTOL TOL OTOLYELO O OELPA dleuBuvong uvhung. Qotdoo, oe Fortran contiguous mtivakeg, o
TPADTOG OELKTNG LETABAMLETAL TTLO YPTYOPOL.

coroutine
OL coroutines €ivaL (Lot ITLo YEVIKEUUEVT Lop@n subroutines. Ot subroutines £L.04yOVTOL OE VO OT)UELO KL
eEdryovtar og Ghho onueio. Ou coroutines pumopel va ewoayBovv, vo eEayBolv Kar vo ovveyLotovv og
TOAG dLapopeTikd onueia. Mmopovv va vhosoujoovy pe v dMiwon async def. B eniong PEP
492,

coroutine cuvaptnon
M GUVAPTNOT TTOV ETLOTPEWPEL £VAL coroutine AVTIKELUEVO. Mo ouvapTN oY) coroutine Wtopel va opitetan
a6 ™) dhwon async def, Kou Umopel va mepLéyeL await, async for, Kaw async with AéEelg
KAEWOLG. Avtég elonyOnoav amtd to PEP 492.

CPython
H xavovikn vhomoinon g yhwooag mpoypaupatiowot Python, dmwg duavéuetar ato python.org. O dpog
«CPython» ypnowpomoteitor 6Tav eivol omapaiTTo Yia TV dLAKPLoT OUTHG THG VAOTOIN oG ot dhheg
omwg M Jython W 1 IronPython.

TpEYOV TAXICLO
To context (contextvars.Context OVIKEILEVO) TOV XPNOLUOTOLEITOL QUTT] T OTLYUY 0T TOL ALVTL-
Keluevo ContextVar yua vo mpoomeldoet (va TapeL 1) vo 0pioel) TG TWEG Twv context variables. K&Oe
Vi €xEL To kO Tov TPEYoV ovuppalouevo Ta Thaioto yio TV EKTELEDT] AoVYYPOVWV EPYOTL®V (BA.
asyncio) ovvdéouv KGbe epyacia pe Evo oupuppalouevo, To 0Toio YIVETOL TO TPEYOV GUUPPALOUEVO
omote 1 gpyaocia Egkivd 1 ouveyiler v extéheon.

KUKMK1] ¢Topoveen)
Mo vToopdda evog 1] TEPLOTOTEPMY AVTLKELUEVIV TTOV AVaPEPOVTOL LETOED TOoVg oynuatifovrag évay
KUKLO avopopmv, 0hhG dev avagépovtol amd dAha ovTiKeiueva eKTog g opddag. O okomdg tov cyclic
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garbage collector glvon vo. eVTOTLEL UTEG TIG OLALOEG KalL VO OTTAEL TOV KUKAOG OVOLPOPHDYV (DOTE VO, WITOPEL
VO OTTOOEOUEVTEL 1) Uviu.

decorator
Mo GUVAPTNON TTOU ETLOTPEPEL Lo GAAY GUVAPTNOY, CUVNOWG ePapUOTETAL MG UETUTYTUATIONOS GU-
VAPTNONG YPNOWOTOUDVTAG THY @wrapper ovvtagn. Zuvhouéva mapadeiynota yio Toug decorators
elvor classmethod () xou staticmethod ().

H oUvtaEn tov decorator givar amhdg KoAhwtioTiky), ou ak6iovbolr V0 opLopol cuvapTioewy eival
ONUOOLOAOYLKA LOOSVVOUOL:

def f (arg):
f = staticmethod (f)

@staticmethod
def f (arg):

L

H {81 évvola vtdipyet yio g khdoelg, odhd ypnopomoleitol Ayotepo ovyvd exel. Bh. v tekunpimon
vio. function definitions kou class definitions yia epLoodTepa oyeTikd pe Toug decorators.

descriptor

Kd&0e avukeipevo mov opilel tig uebddovg _ get_ (), __set_ (),M __delete_ (). Otav éva
YOPAKTNPLOTLKO KAGoNG elvon descriptor, 1) eLOLKT] dEOUEVTIKY TOV OUUITEPLPOPE EVEPYOTTOLELTOL KOTA
TV avalnTnon XopoKTNPLoTikdv. Kavovikd, ypnouomoimvtag a.b yia va Mfete, vo opioete 1) va dia-
ypdpete Eva xapaKkTNPELOTIKO avalnTd To avItKeievo ue To dvoua b 0to AeEtko g KAGoNG Yo a, AAAG
edv 1o b elvou descriptor, kaheitow 1 aveiotouyn wéBodog descriptor. H katavonom twv descriptors eiva
T0 KAEWL Yoo TV Kahitepn kotavonon g Python yioti avtd amotehet Ty fdon yio wolhd yapokt-
PLOTIKG OTTWG OVVAPTHOELS, eBOdoUG, 1OLOTNTES, NEB0dOL KAAONG oTaTiKEG HéBOdOL, KOl avapopd oe
oovmep KAAOELG.

TN TepLoodTEPEG TANPOPOPLEG OVOPOPLKA e Tig ueBOdoVg Twv descriptors, BA. see descriptors 1) to I[Tpa-
KTKOG 001ydg yia ) xpnon tov Descriptor.

AeEiko
"Evo TpooeTaLpLlotikog mtivaka, omov avbaipeta khetdid aviotoryiCovral oe twég. Ta kheldid pmopei
va. glval 0TtoLod1ToTe avTLkeipevo ue uefddovg  hash_ () xou__eq (). OvoudCetar wg hash oto
Perl.

Kotavonon AeEikov
"Evo. GUUITTOYNG TPOTTOG YL VO, ETTEEEPYAOTELTE OAA 1) HEPOG TWV OTOLYEIWV OF £VOL ETAVAATITIKO KL
vo emotpopet évo ue heSikd ue ta amotedéopata. results = {n: n ** 2 for n in
range (10) } dnwovpyel éva AeEKO Tov mepLéyeL To KAWL n Tov avtioTolyileton pe Ty ) n - **
2. B\. comprehensions.

oyn AeEkov
Ta avtikeipeva wov emotpépovral amd dict .keys (), dict.values (), Kardict.items () Ko-
rovvtar 0elg AeEkov. Autég mapéyovy wa duvauky dym Twv Tmv eyypap®v tou AeELkov, ov ot)-
naiver 6t 6t to heEukd petafadietal, 1 6P avitkatomtpilel avtéc g odayés. Na va avaykdaoete
v 6Yn AeEtkov va yiver wo TAhpng Alota ypnolwomomote 1o 1ist (dictview) . BA. dict-views.

docstring
Mua literal oupfohooelpd Tov eUpaviteTor mg 1 TPMTN EKPPAoT o€ wia KAGom, ouvaptnon 1 module.
Evd ayvoeital Katd Ty eKTéMent) TG CoviTag, ovoryvipileTol otd ToV UETAYAMTTLOTY Ko Torrodeteito
0TO YOPAKTNPLOTLKO _ doc__ TNg KAMAONG, TG cuvapTnong 1 Tov module ov mepikheiet. Aedouévou
OTL gival LaOEOLO HECW EVOOTKOTNONG, TO KOVOVLKO EPOG YLOL TNV TEKUNPLIOT TOU AVILKELUEVOU.

duck-typing
"Eva. 6TUl TPOYPouUoTioio sov dev eEeTdlel Tov THTO VG AVTLKELUEVOD YLOL VA TTPOOSLOPIoEL v £XEL
T 0ot dLemaEn” avtibeTa, 1 uEB0SOG 1| TO XOPUKTNPLOTIKO KaleiTol amhodg 1 xpnowomoteitan («If
it looks like a duck and quacks like a duck, it must be a duck.») Aivovtog éugaon otig dtemapég Kan Oyt
0€ OUYKEKPLUEVOUG TUITOVGS, 0 KOAG OYedLAOUEVOG KMALKOG BENTLOVEL TV EVEMEID TOV EMLTPETOVTOG
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TV ohvpopPLkn vrokotdotaot). O timog duck-typing amopelyel doKLUES Y PN OLULOTOLOVTAS type ()
1 isinstance (). (Enueiwon, wotd00, 6Tl 0 TUTOG TATLOG duck-typing UTopel va. CUUTANPWOEL pe
abstract base classes.) Avti avtol, cuvnOmg ypnowomolel dokuwég hasattr () fapoypapuationd EAFP.

dunder
An informal short-hand for «double underscore», used when talking about a special method. For example,
__init__ is often pronounced «dunder init».

EAFP
Mo evKoAo va TNTioelg ovyydpeon Tapd adeta. Avtd To Kowvd oTul tpoypapuatiopov og Python wpot-
oBETeL TNV VITOPEN EYKUPWOV KAELOLDV 1) XOPAKTNPLOTIKOV Ko cudhapuBdver eEopéoelg edv 1 vtdBeon
amodeyOel eopoluévi. Avtd to Kabapod KoL ypNyopo GTUA XOpaKTNPILETAL A0 THY TAPOVCLO TTOAMMY
dMlwoewv try kow except. H teyvikn épyetal oe avtifeon pe to atuk mov eival LBYL Kowvo o€ molhég
dheg yhwooeg, dmmg 1 C.

aEoAdyN 0N oUVAPTONS
Mo ouvaptnon wov uropei var KAnOet yio va aElohoynoet £va adpaveég xapoKTHPLOTIKO EVOG aVTLKEL-
UEVOU, OTIMG 1) TL] TOV PEVOMVVUW®V THITOV TTOV dNULOVPYOUVTAL LLE THY TPOTOOT type.

EK@ppaon
"Eva. Koppdtt oUuvtaEng o propel va agtohoyn el oe kdmoro tur). Me dAho AoyLa, o €K@paat eiva
Wo. CVOOMPEVOT oToLyelmV EKppaong dmtwg kKuploreEia, ovopata, TpOaBaon YapaKTPLOTIKGOV, TeEhe-
0TéG 1] KMOELG OUVAPTHOEMV TOV OLEG EMOTPEPOVY [uat LY. Ze avtifeon pe mohhég dhheg yYhwooeg,
dev eivar Oheg oL YAwooukég douég exppdioets. Ymapyovve emiong statements Tov deV ITopovV vo. Xp1oL-
poromBouv wg eKpPATELS, OTtmg To while. O avabéoelg Tudv eivar emiong dniboelg oyl ekppdoeLc.

module ewéktaong
'Eva module ypoupévo oe C 1) C++, wov ypnoipomoteital amd to C API tng Python yua vor aAdniemidpd-
GOUV L€ TOV TTUPNVOL KAl L€ TOV KMOLKA TOV %P1 OTH).

f-string

f-strings
String literals prefixed with £ or F are commonly called «f-strings» which is short for formatted string literals.
See also PEP 498.

OVTIKEIUEVO PYEIOV
‘Eva avtikeipevo mov ek0étel évo API mpooavotolouévo oe apyeio (te uedddovg dmwg read () M
write ()) og évav vmokeluevo mopo. Avdloya pe tov TpdmTo mTov dnuovpyNOnKe, éva avitkelnevo
aPYELOV UTOPEL VO UECOLOPTOEL OTHY TPOOPOCT O€ £VOL TPAYUATIKO apyELO0 0TO dioko 1 o€ dhho TUTo
ovokeung amobfKevong 1 emkowvaviag (Yo mopdderypo Tumiky) eicodog/ €50dog, in-memory buffers,
sockets, pipes, KA.). Avtikeipevo apyeiov ovoudtovran emiong file-like objects 1 streams.

2TV TPAYUOTIKOTNTA VITAPYOUV TPELS KATNYOPLEG AVTLKEWEVOV apyelov raw dvadikd apyela, buffered
dvadikd apyeio xon apyelo keyévov. OL dLemapég Tovg opllovtal oty evotnta io. O Kavovikdg Tpdmog
YLOL VOL OTULLOVPYT|OETE €VOL AVTILKELUEVO OPYELOV ELVALL X PNOLUOTTOLDVTAS TV CUVAPTN O open () .

OVTIKEILEVO TTOV NOLATEL NE apYEiO
'Eva ouvavupo pe to file object.

KOSIKOT0I(1)01] GUOTINUATOS APYEIWV KL YEPLOTIS CPAANATMY
H xwdLKomoinon Kat 0 YepLoTig 0paAudTtwy xpnoluomoleitar amd tv Python yio v amokmdiko-
7oiN o1 TV bytes amd to Aettovpytkd ovoTnua Kou TV Kodikoroinon oe Unicode yio 1o Aettoupykod
ovoTNUO.

H x0dikomoinon ovothuatos apyelov WTopel vo eyyun0el v emTuynuévn amokmdlkomoinon ohmy
TV bytes katw otd 128. Edv 1) KdLKOTOL01 CUOTHUATOS APy ELDV OEV TOPEYEL CLUTIHV TNV EYYUNOT, OL
ouvapthoelg API uopotv va gyeipouvv éva UnicodeError.

Ovovvaptioelg sys.getfilesystemencoding () Kausys.getfilesystemencodeerrors ()
WITopouv va xpnowortotnfotv yior vo AMABETE TV KmALKOTOoiNo TOU CUOTHUATOS APYELDY KoL TOU
YELPLOTH OPOALATWV.

O filesystem encoding and error handler diopoppavovior Katd TV ekkivnon tg Python amd ™ ov-
vaptnon PyConfig_Read () Ph. filesystem_encoding kou filesystem_errors péln tov
PyConfig.
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BA. emtiong to locale encoding.

finder
‘Eva aviikeipevo mov poomadel va Bpet to loader yio éva module wov e1omy 0.

Ynrdpyouvv dvo timol finder: finders ueta dStadpourns yio xpon ue sys .meta_path, Ko finders ei.6édov
Stadpouns Yo xpnon we sys .path_hooks.

BA. finders-and-loaders xow import1ib yio meplocdtepeg hemTopépeLec.

aképor Sraipeon
H poadnpotixn diaipeon mov 6TpoyyvhomoLel Tpog ta KATw 0Tov Kovitvotepo aképato. O teheoTtng oKke-
porag daipeong eivon / /. Twa mopdderyna, n éxgppaon 11 // 4 aSlohoyeitow og 2 o ovtifeon ue v
T 2 . 75 TOV EMOTPEPETAL OTTO TNV LAUPEDN UE VITOdLOOTOM). EZnueiwon 6tL (-11) // 4 xGver -3
emeLdN v elval 1 0TPOYYULOTOINGT OGS Tar Kdtw tov —2 . 75. BL. PEP 238.

Swpeav vijna
‘Eva povtého viudtwv 0mmov molha vijuato propotv va ektehovv Python bytecode tautdypova uéco
oToV 1010 dtepunvéa. Auto épyeton oe aviibeon pe to global interpreter lock, 1o omolo emitpémel o€ Eva
uovo viuo va ektelel Python bytecode kG0e popd. Aeite to PEP 703.

dwpeav perafinti
Tumikd, dmwg opiletar oto language execution model, pwo ehevBepn petafAnty eivor omoladnmote ue-
TOANTY XPNOLUOTTOLELTOL 08 £va namespace IOV eV ELVOL TOTLKY| LETAPANTY] O€ eKelvo TO namespace.
Agite 10 closure variable yio mopdderypo. IIpaktikd, AMOYw TOU OVOUOTOG TOU YOPOKTNPLOTIKOV
codeobject.co_freevars, 0 0pog XPNOLULOTOLEITOL ETTLONG UEPLKES POPES G CUVDVUNO TNG closure
variable.

ouvapToN
Mia oeLpdt 0td SNAMOELS TTOV EMLOTPEPOVY KATOLL TIUY) OF OUTOV TTOVU TNV KAAEDE. € AUTEG UITOPOVV
VO TTEPALOTOUV KOVEVOQL 1| TTEPLOCOTEPO. OPlOUATE TTOV UITOPEL VoL ypnoyortotn0ei yio v ektéheon. BA.
emiong TG evotteg parameter, method, kou the function.

ouvapTNo annotation
'Evag annotation Wog TopapéTpou GUVAPTONG 1 WG TG ETLOTPOGPTS.

OL ovvOPTNOELG annotations GUYVA YPNOLOTTOLOUVTOL YO vT0delEels TUmov: Yio TOPAdELYUa, VT M
OUVAPTNON OVOUEVETOL VO TTAPEL HVO OPLOUATO 1Nt Ko ETLONG AVAUEVETOL VO EXEL 0L ETLOTPEPOUEVT|
T int:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

H ovvta&n ovvdptnong annotation ovahdetow otnv evotnta. function.

BA. variable annotation xou PEP 484, tov mepLypdiper oty Ty Aettovpyikotnta. Esiong fi. annotations-
howto yia Tig KaATEPEg TPAKTIKES dOVAEVOVTAG e annotations.

future
‘Eva future statement, from __ future_ import <feature>, KaHodNYel TOV UETAYAMTTILOTY VO
uetayhmtrioet to Tpéyxov module yPNOLUOTOLHVTOG GUVTAEY 1) oNuactoloyia tov Ba yivel 1) TumtKy og
uedhoviikr) ékdoon tng Python. To module  future  tekunpwvel Tig mbovég Tuég Tou feature. Me
TV ELOAYWYY] OQUTNG TNG AELTOVPYIKHG LOVADOG KoL TNV aELOAOYNOT TwV UETABATOV TNG, UWTOPELTE VO
deite moTe o véa duvatdtTTo TPooTEONKE Yo TPWTH Popd TNV YAdooo Kot ote O yiver (1) €yive)

1) TTPOETUAOYT):
>>> import __ future
>>> _ future_ .division

_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

GVALOYI] TOPPLUATOY
H duadikacio amehevfépmong g uvnung otav dev ypnowwomoteitar dhho. H Python extelel oudhoyn
ATOPPLUATOV HECH KATAUETPONG OVOPOPMV KOL EVOS KUKAKOU CUALEKTY OKOUTILOLWV TTOU ELVOL OF
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B¢om va aviyvevel Ko va ortder Toug KUkhoug avapopds. O ouihéktng amoppiudtwy umopel va eheyy el
xpnoLpomolmvtag To module ge.

generator

Mo GUVAPTNON TTOV ETLOTPEPEL EVOL generator iterator. MOLATEL UE O KOVOVLKY) GUVAPTNOT EKTOS 0TTtd TO
OTL TEPLEYEL EK(PPAOELS yield yio TNV Tapaywy) Wag OELPAS TLUMV TTOV WTOPOVVY VO, ¥PNOLHoTTot 0oy
o€ évav Bpdyo for M| Tov Wtopovv va. ovoKTNOoUV o T popd e TV ouvaptnon next () function.

ZVVHOWG AVaPEPETOL OE L0 GUVAPTNOT generator, GAAG (WITOPEL VoL VAPEPETOL OE £VALV generator iterator

0€ UEPLKA contexts. 2e TEPLITTMOELG OTTOV TO ETMLOLWKOUEVO VOO OEV ELvaL GAPECS, 1] XPNOT) TWV TAPWV
OPWV ATOPEVYEL TNV OLOAPELCL.

generator iterator

"Evo avTLKEIUEVO TTOU dNIOVPYELTOL ATTd (oL GUVAPTNON generator.

Ké0e yield avaotélel Tpoowpivé TV emeSepyaoia, Bupdtol Ty Kkatdotaoy ektéleong (cuusept-
LOUBOVOUEVMVY TOV TOTILKMV UETAPANTOV KOL TV dNA®oEmV dOKLUNG 08 ekKpeudTTa). Otav o generator
iterator oVVEYiOEL, oUVeEXiTEL oo kel Tov oTaUdTNOE (0€ AvTiBEoN UE TIG CUVAPTHOELS TTOV EeKLVOUV aTTd
™V apy o€ kdbe exikinon).

generator éK@poon

Mua expression wov emotpépel Evay iterator. MoLGTeL ue Kavovikn éKppaon ov akolovbeitol amd wo
npdtaon for mou opilel wa uetafint) fpoyov, £va e0pog Kol wa Tpoapetkt) tpdtaon 1. H ovv-
SVOAOUEVT EKPPOOT ONULOVPYEL TLUEG YLOL LLLOL GUVAPTNOT EYKAELOUOV:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ....
285

YEVIKT] GUVAPTNOT)

Mo ouvdptnon mov asoteheitan amd ToMMATAEG CUVAPTHGELG TTOV VAOTTOLOUV TNV D10l Aettoupyia yio
drapopetikovg Tumovg. Tlowa vAomoinom mpémet va ypnotpomotn el Katd ) dLdpKelo wo KAHong Ka-
Bopiletan amd Tov adydplBuo amooToMC.

BA. emtiong v kataympnon tov single dispatch, Tov decorator functools.singledispatch () Ko
PEP 443.

YEVIKOG TUTOG

GIL

'Evag type Tov WTopEL Vo TopaueTpomot0el” ouvnbmg po container class, 0twg 1ist 1) dict. Xpnot-
pogtoLeiTtaL YL type hints Kou annotations.

TN eplocoTepeg Aemtopépeies, PA. generic alias types PEP 483, PEP 484, PEP 585, xou to module
typing.

BA\. global interpreter lock.

global interpreter lock

O unyoviopds mou ypnotposoteiton amd tov diepunvéa CPython o va dtaopaiioer 6t povo va viuo
extelel Python byrecode k&0e @opd. Autd amlomoiel v vhomoinon CPython dnuovpydviog to po-
VTELO OVTLKELUEVO (CUIITTEPLNOUPOVOLEVOY KPIOLW®WV EVOOUATOUEV®Y TUTTMVY OTTmg Y. dict) éuueoa
AoPalég EvaviL Tautdypovng Tpoofaonc. To kKheldwua oloxAnpov Tov dlepunveéa SLevKOAUIVEL TOV dLep-
unvéa va eivor TOAMATADY VNUATOV, €16 BAPOG TOV HEYAAOU UEPOVG TOV TTAPUANIOUOV TOV TaPEXOUV
oL Ny aveg TOAMATAWV eneEepyaoTdy.

Qo0t600, 0pLOUEVES AELTOUPYIKEG LOVADES ETEKTOONG, €ite TUTILKEG eite Tpitwv, ELouv oyedLaoTEl £TOL
wote va omehevdepdvouy to GIL dtav ektehoUv £pyaoieg EVIOTIKMV VITOLOYLOU®MY OTTMWG CUUTIETN 1)
Kotakepuotopos. Emxiong, to GIL amelevfepmvetan mavta otav exteleite 1/0.

Amtd v éxdoorn Python 3.13, o GIL umopei va amevepyorton0el ypnoomolmvtag ™ puouon
--disable-gil xoatd ™ dLoudPPWON TG Kataokevhg. Metd v Kataokeur tg Python pe avtiv
UE QUTHV TNV ETAOYY), 0 KDOOLKOG TTPETeEL Vo eKTeleitan pue v emhoyh —X gil=0 1) agov pvbuiotel
N petafint) weptBaihovtog PYTHON _GIL=0. Auth 1 duvatoTta emLTPETEL PEATLOUEVY 0TTtddOON YL
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£QPAPUOYEG TTOMOTIAMY VIUATWV KoL SLEVKOMIVEL T PN TWV ETEEEPYATTDOV TTOAATAMY TUPTHVWV LE
aodoTKo tpodmo. [N meproodTepeg hemrouépetec, deite to PEP 703.

Ze mponyovueveg ekdooelg tov C API tng Python, wa ovvdptnon pmopel vo Snhavel 6t amoLtel v -
pnomn tou GIL yua va ypnotpomonBei. Avtd avagpépetan otny VapEn wag kotaotaong attached thread
state.

hash-based pyc
'‘Evo. apygio Kpuphg wnung bytecode mtov ypnOUWOTOLEL TOV KATOKEPUOTIOUO Kot L ToV (pdvo Tpo-
TOTTOLNONG TOV OVTIOTOLYOV OPYElOV TPOEAEVONG VIOt VAL TPOTOLOPLOEL TV £YKUPOTNTO TOV. BA. pyc-
invalidation.

hashable
"Evo avtikeipevo eivan hashable v €xeL pua T Kotokeppotilopot ov dev alhdlel ToTé Katd ) dudp-
KeLo TG Comg tov (yperdleton o uéBodo __hash () ), ko uwopet va ouykplOel ue dhho ovtikeipevo
(xperdletan o uébodo __eq  ()) . Ta hashable ovTikeiievo IOV GUYKPIVOVTOL OOG TPOG TV LOOTNTO.
TOVG TTPETEL VAL £XOVV TNV OO TLUY| KATOKEPUOTIOUOV.

H YmtapEn hashable kéver éva aviikeipevo va wtopei va ypnowomoinei og khetdi AeEukot Ko wg uéhog
€vOGg GUVOLOU, ETTELDN AUTEG OL OUES DESOUEVWYV YPNOLUOTOLOVY TUUEG KOTAKEPUATIOUOV.

Ta wepLocdTEP amd Ta OUETAPANTA EVOOUATOUEVO avTLKELEVA TG Python wrtopoiuv va kortakepuott-
0ToUV” TaL HETAPANTA KoVTELvep (O0Tmg oL Moteg 1) ta AeELka) dev eivar” ta apuetdfinto Koviévep (0mTmg
mhelddeg Kou To frozesets) PITopovy Vo KATOKEPUOTLOTOVY LOVO EAV TOL OTOLYELO TOVG ELVOL KATOKEPULOL-
Tiopéva. Ta avtikeipevo ov eivar otrypdTuTa KAGoEmY Tov opilovral atd To XpNoTH WIopouv vo
KATOKEPUATLOTOUV amtd poemAoyr). Oha ouyKpivovtal dvioa ekTog amd Tov 0utd TOUG) Kat 1 T
KATOKEPUATLOUOU TOVG TPOEPYETOL atd TO 1d () .

IDLE
'Eva ohokAnpopévo meptdiiov ovamtuEng kot ndbnong yia v Python. idle eivan éva foaoikd mept-
Barhov emeEepyaoiag Kol diepunvéa. Tov cuvodevetal amd TV TumtLkT) dtovour| tng Python.

ABdavaro
Abdvata avukeiueva gival pua hemrouépeto vhomoinong g CPython mov ewonyOn otnv PEP 683.

Edv éva avtikeipevo eivor abdvato, o mAnloc avapoods Tov dev TPOTOTOLELTAL, KOl ETOUEVMG OEV
exympeitol Toté evd exteleiton o diepunvéac. Mo mapdderyua, True Kow None eivor abdvota otny
CPython.

Ta aBdvato avitkelpevo (topovv Vo ovoryvwpLoTtouy HEom TG sys._is_immortal (), N uéow g
PyUnstable_IsImmortal () oto C APL

immutable
‘Eva avtikeipevo pe otabepn) tuy. Ta ouetdfinta avitkeipeva mepthaufavouv apbuots , ouuBoro-
oelpég Kau mhelddec. ‘Eva tétoto avtikeipevo dev propel vor odAGEeL. 'Evo véo avtikeipevo mpémel vo,
dnuovpynOei v mpémer va amodnkevtel o dropopetikt) tiut). [aifovv onuovtikd poro og pépn 6o
o otabepd amarteital, yio mopdderypno wg khewdi oe éva heEuko.

e1oayouevo path
Mua Miota amd tomobeoieg (] kataywoloeis dtadpounc) mov uTopovy va avaintOovv path based finder
yio va gloayBovv modules. Katd v duadikacio etoaymyng, ovth 1 Aiota ue torobeoieg ouvnbwg ép-
yetal amd sys.path, alhd yia ta vromoakéta umopel emiong va €pBel amd T YOPAKTNPLOTIKO TOV
TOKETOV YOvVEQ __path__ .

ELGUYOYY)
H dradikaoia katd tv omoia 0 Khdikag e Python o éva module eivon dta0éoiun otov kwdiko Python
evog ddhov module.

EL00YWYEQS
‘Eva avTLKELIEVO UITTOPEL KoL var avolNTEL Ko va poptwvel éva module” kou éva finder xou loader ovti-
Kelpevo.

dadpaotikog
H Python éygt évov dLadpaotikd diepunvéa 0ov onuaivel Ot (WTOPELS VoL ELOGYELS ONAMOELG Kal EKPPUL-
OELG 0TIV ELOAYWYT) EVIOADY TOV SLEPUNVEQD, EKTEMDVTAG TG AIETO KOl EUPAVILOVTAG TA ATTOTELEGLOTAL.
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Amhdg eKKLVOTE TNV python ywpic opiopata (OaAvdg EMAEYOVTOG TO ATO TO KUPLO HEVOD TOV VITO-
Loyloth 00g). Amotelel évav ammodotikd TpoTo Yo va dokiudote véeg 1déeg 1) va eEetdote modules Ko
moxéta (BuunOeite help (x)). [ mepLocdtepa OYETIKA Ue TN dLadpaoTiky) Aettovpyia, deite Avadoa-
onkn) Aettovpyia.

interpreted
H Python givou pua interpreted yAdooa, o€ aviifeon pe pio PETAYAMTTLOUEVT), OV Kait 1] SLAKPLoT WTopet
va givar kow oA Aoym g apouoia tov bytecode uetayhmtTioty. Autd onuaiver OTL To apyeiol TPo-
£\eVomg WITopouV Vo, ekTelEoTOVV amevdeiog ywpig vo dnuovpyndei pntd éva exteréoo apyelo mov
oty ouvéyelo ektereitol. Ol interpreted yAddooeg ovvnBwg éxouvv wKpoTEPO KUKAO ovamTuENG/ evto-
TUOUOV OPAAUATWV ATTO TIG UETAYAWTILOUEVES, OV KAL TA TPOYPAUUATA TOVG YEVIKA EKTELOVVTAL TTLO
apyd. B, emiong inferactive.

TEPUOTIOUOS AELTOUPYING diepunvin

‘Otov Tnrelton Tepuationds Aettovpyiag, o diepunvéag g Python ewoépyetal oe o eldikn pdon dmov
amehevfepdvel oTadLaKd OLovg Toug dLaTLOEUEVOUG TOPOUGS, OTTWG AELTOVPYLKEG LOVADES Kol TTOM\OL-
mhég Kploweg eomtepikég douéc. Emiong mpaynotomolel apketéc KMOELG OTO GUALEK TG GKOVTLALDV.
AvuTo nopel va evepYOoTOMOoEL TV EKTELEDT] KMOLKA 08 KOTAOTPOPELG TTOV 0pilovTaL oo To xpNot 1
o¢ callbacks ao0evoig avtamokpioels. O KMALKAG TOU EKTENELTOL KATA T (AT TEPUATIOUOV AELTOVP-
viog umopei va ouvavtioel dudpopeg eEaipéoels, kabmg oL TOPOL 0ToVG 0Toiovg PacileTal evogyeTal
va. unv hettovpyovv mhéov (ouvnOm mopadeiyuato eival oL Aettovpytkég povades BLpiodfkng 1 o un-
YOVIOUOG ELOOTTOOEMV).

O Baotkdg MOYOG TEPUATLONOU AeLTOVPYiag TOV diepunvéa eivar 6tLto __main__ module 1 ohokAnpo-
OnKe 1 EKTELEON TOV KMOOLKO TTOV ETPEYE.

iterable
‘Eva avtikeipevo tkavo va emioTtpéPel to. LEAT Tov éva Kabe popd. TTapoadeiypota iterables mepihoufd-
VOUY OAOVG TOV TUTTOVG 0koAoVOLMY (OTtwg 11 st, st r, kKoL tuple) Kol uepLkovg THmovg un okohovOiog
omwe dict, avakeuevo apyelov, KoL OVTIKELULEVO OTTOLOVONTTOTE KAAGEMY TOV UITOPOVV VOL OPLOTOVY e
o uébodo __iter_ () 7 pe wia uébodo __getitem__ () mwov vhomolel T onuocloloyio sequence.

Ta iterables umwopovv va xpnotnosomovv oe éva for Bpdyo Kot og Todd dhha onueia dov ypeLdiCe-
T wa akorouBia (zip (), map (), ...). Otov éva iterable avtikeipevo petafLpdletor wg OpLopo oTny
EVOOUATOUEVY] GUVAPTNON iter (), emoTpépel Evav iterator Yo, avTikeipevo. Autdg o iterator eivau
KOAOG Yo €Vl TEPAOUA ATTO £VaL GUVOLO TLUWV. ‘OTaV XPNOLUOTTOLEITOL ETOVOANTTTIKA, oVVHBWG deV &i-
VO oTTapoiTTO VoL KOAESETE TO 1ter () 1 va aoyolndeite udvol oag ue avitkeipeva iterator. H d&nhwon
for 1o KAVEL QUTOUATO YLO EGAG, ONULOVPYMVTAG LLOL TTPOCWPLVY] LETOPANTH YWPLS dvoua yia va Kot
ToV iterator yio TNV dudipkela Tov Bpdyov. Bh. emiong iterator, sequence, Ko generator.

iterator

"EvO OVTLKELUEVO TTOU OVTUTPOOWITEVEL UL pot) dedouévawv. Emavaloufovoueves KAOoeLG Tpog T ué-
0060 __next__ () Tou iterator (1] uetafifoon TOU OTHV EVOOUATOUEVY CUVAPTNON next () ) emoTpé-
@ouv dtadoykd otoygia atnv pot). Otav oy teplocdtepo dedouéva eivar dradéowua eyeipetal puo eEai-
peon StopIteration. Ze autd To onueio, To avtikeipevo iterator eEavtleital Kat TuyOV TEPOLTEP®
KMjoelg ot uéBodo __next__ () omhwg amhd eyeipovv Eava 1o StopIteration. O iterators mpé-
meL vo €xouv o péBodo __iter_ () mov emOTPEPEL TO 1610 TO OVTIKEIEVO iterator, £TOL hoTe KAOe
iterator va. eivou emiong iterable Ko umopel va ypnopomombel oto mePLocdTEP UEPT OOV YivovTon
amodektol Ko dAhol iterators. Mio, aEtoonueimtn eEaipeon eival o KddLkag ov emtyelpel TOMMATAG
mepdopata iteration. 'Eva aviikeipevo Koviéivep (Omtmg éva 1ist) mapdyel évav kobapd véo iterator
KGO popd ov K&Oe popd o peTaLBaletar 0TV GUVAPTNON 1ter () 1) TOV ¥PNOLULOTOLEITOL O EVay
for PBpodyo. Edv emyeipnoete avtd ue évav iterator amhdg Oo emotpépete 1o ido eEavtinuévo avri-
Kelpevo iterator o yp1oLLOTOONKE 0TO TPONYOVUEVO TTEPAOLLOL iteration , KAVOVTOG TO VA (POALVETOL
ooV £va AOELO KOVTELVEP.

[epioodtepeg mAnpopopieg wropotv va fpebovv oo typeiter.

To CPython dev eqpapudlel pe ovvemeLo TV omaitnon va opilel évagiterator __iter_ (). Emiong on-
uerhote Ot M kdoorn CPython pe ehetOepn vTOOTHPLEN VNUATOVY eV EYYLATOL TNV AOPHAELD VIUdTOV
yLo dLodLkaoieg (e iterators.

ouvvaptnon key
Mo ovvéptnon KAewdi 1 po ouvaptnon TaEvounong eivor o SuvatdTnTo KAoNG o ETLOTPEPEL (WO
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T o ypnowportoteitar yio taEvounon N dudta&n. Mo wapdderyno, locale.strxfrm() xpnot-
UOTTOLELTOL YLOL TV TTOpay WY evOG KAELOL0U TaEvounong mov yvmpilet Tig ovuBaoelg ToELVOUNongG yLo.
OUYKEKPLUEVEG TOTILKEG pLOULOELG.

‘Eva. oplBudg epyodreimv omnv Python oéyetor Paolkég OuVOPTNOELS YLOL TOV €AEYYXO TOU TPOTOU
ue Tov omoio To oTouelo Tagivouovvror M opadosolovvtat. Avtd mepiéyouv min (), max (),
sorted (), list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest(),
Kow itertools.groupby ().

Yrdpyovv dtipopol TpdIToL Yo vor dNuovpynoeTe wa. ovvaptnor kiewdov. INa moapdderypa. 1 wé-
00d0¢ str.lower () WTOPEL VO (PNOLUEVOEL WG OLVAPTNOT KAELDL YLl TV TEPLTTWOT W dLAKPLONG
meCov-Keparaiwv. Evolhaktikd, pa cuvaptnon kiewdot pmopet vo. dnuovpynbel amd wo lambda
éxppoon 6mwg lambda r: (r[0], r[2]).Emiong operator.attrgetter (), operator.
itemgetter () ko operator.methodcaller () &lval TPELG KOTAOKEVAOTESG FOOLKMOY OUVAPTN-
oewv. BA. to TaEwvounon HOW TO yua mapadeiynata dnuovpyiag kot ypnong Paotkdv cuvapthoewmy.

opiopo keyword

BA\. argument.

lambda

Miat avd VLY EVOOUOTOUEVT] GUVAPTIOT] TTOU OTTOTEAELTOL OITO LG, WOVODLKT| expression 1) 0Ttoia aELo-
hoyeitaw Otav kahgiton 1 ovvéptnon. H odvtaEn yuo ) dnuovpyia wag ovvdptnong lambda eivon
lambda [parameters]: expression

LBYL

Look before you leap. Autd 10 0Tuk KOOLKOTOINGNG ELEYYXEL PNTA TIG TPOVTOOETELS TPLV TPOYUATOTTOL-
NoeL KA oelg 1 avalnmoels. Avtd 1o oTuk €pyeTol o€ avtifeon ue v mpooéyylon EAFP Kol yapoKT-
piteTon amd TV mopovoic ToAmV dhwoenv 1 f.

Ze éva mepLailov molhamhmv vnudtov, 1 tpoogyyion LBYL pmopel va diakivouveloeL vo. eLoAyEL
wo ouvOfKn aydva uetoll «the Looking» kol «the leaping». I tapdderyua o kddikag, if key in
mapping: return mappinglkey] WIOPEL VO OITOTUXEL €AV £va GANO VIO OpaLp€OEL TO key o
TO mapping PETA T dokut), OAG TPV aTd TV avolntot. Avtd to Tpdfinuo pmopet va hubel ue
KAELOOUOTA 1) XpMoLpoToldvTas TV pooéyyion EAFP.

AeEkog avaivTig

Mota

Emionun ovouooia yio tov tokenizer - Bh. token.

'Eva evoouotouévo Python sequence. Iapd to Ovopa tov, LoLALeL TEPLOGOTEPO (LE EVOIV TIVOKA 08 (AAES
YAWoOoES Topd e po ovvdedeuévn hota, kKabhg 1 tpocPaon oto otolyel eivar O(1).

list comprehension

'Eva. oupstaync Tpomog yo va ereSepyooteite Oho 1 LEPOG TV OTOLYEIWY 08 pLa 0KoAovBia KoL vo.
EMOTPEYETE WO MoTa ue T ommoteléopata. result = ['{:#04x}'.format (x) for x in
range (256) if x % 2 == 0] dNWOUPYEL wat AloTA CURPBOLOCELPDV TTOU TTEPLEYXOUV LUYOVG dekae-
Eadukovg apBuovg (0x..) oto evpog artd 0 £mg 255. H mpdtaom i f eivon poarpetiky). Edv maparewpOei,
O\oL TOL OTOLYELDL 0TO range (256) vmofahllovtal oe eneSepyaoiaL.

loader

‘Eva. avukeipevo mov goptmvel éva module. Tpémer va opiler tig pebddovg exec_module () Ko
create_module () ywo ™V vhomoinon g demagng Loader. ‘Evag loader ouvnOwg emotpépetan
ue éva finder. Agite emiong:

o finders-and-loaders
e importlib.abc.Loader

- PEP 302

TOTIKY] KWOKOTOiNnoM

Zto Unix, givae 1 kmdikomoinomn g tomky pubuwong LC_CTYPE. Mmopet va puBuotei ue locale.
setlocale(locale.LC_CTYPE, new_locale).

Zta Windows, eivow 1) code page ANSI (;t.y. "cpl252™).
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Zto Android xow to VxWorks, 1 Python ypnowormotei to "ut £-8" mwg TomKk KmdKomoino.
locale.getencoding () WIOpPEL va xpNOLUOTOLNOEL Y10 TNV AVAKT O TG TOTILKNG KMALKOTOINomg.
Bh. emtiong o filesystem encoding and error handler.

noykt uédodog
"Eva dtumo ouvdvupo yia special method.

mapping
‘Eva aviikelpevo Koviévep mov vmootnpiler avbaipeteg avalntioelg KAeWOLdV Kol VAOTTOLEL
©g uefoddovg mov koBopilovior oto collections.abc.Mapping W collections.abc.
MutableMapping abstract base classes. Ta mopadeiyuata mepthaufdvovy dict, collections.
defaultdict,collections.OrderedDict Kawcollections.Counter.

meta path finder
'Evag finder mov emiotpdpnKe e avalntnon oto sys.meta_path. O finders peta-diadpour|g oyeti-
Covtat, aAld drogépouv amo ta finders entry dtadooung.

B\ importlib.abc.MetaPathFinder yia tig uebddovg mov viomolovy oL meta path finders.

neta-Khdon

H kAhdom wog khaomng. Ou opiopoi Khaong dnuovpyotv éva dvoua KAAomg, évo heEtko KAAoNG Kat uLo.
Mota Baotkav kKhaoewv. H peto-khdon eivor veufuvn yio v amdKTnon outmy TV TpLmV 0pLopid-
TV Ko TNV duovpyio TG KAaomg. OL TePLO0OTEPES AVTLKELUEVOOTPEPELG YADOOES TTPOYPAUUATLOUOV
TOPEXOVV ULaL TTPOETUAEYUEVT] VXOTTOINOT. AuTtd Tou Kdével tnv Python Egymploth eivan dtL givan duvari
1 dNuLovpYio TPOGUPUOOUEVWV UeTOKAATEWDY. OL TEPLOGOTEPOL XPNOTES dEV YPELALoVTAL TOTE OVTO TO
epyoheto, aAhG OTOY TOPOAOTEL AVAYKT, AUTO TO EPYOLELD, OL LETA-KAAOELS WTOPOUV VAL TTOPEYOVV LOY V-
péc, Koupég Moeis. 'Exovv ypnowuomown0ei yio tnv Katoypap Tpoofoong xopakTpLoTik®y, TV Tpo-
o0MKN aopdlelag vNUATY, TNV TopaKohoVON o dNULOVPYILLG AVTIKEWWEVW®Y, TNV VAoTToinoY singletons,
Ko ToAAEG GMAEG EpYaOieS.

[MepLoodtepeg mANpopopieg umopovv vo. fpedovv oto metaclasses.

uébodog
Mo cuvaptnon mov opitetal uéoa 0to omuo pag kKhaong. Edv xokeitar og yopaKTnpLotko Wog me-
picTmong avtrg g KAdong, N uéBodog O MafeL avILKeileVo TEPITTMONG WG TPWTO TG argument (To
omoio ouv)Bwg ovoudLeton self). BL. function Kau nested scope.

e avahvong nedodwv
H Zeipd Avalvong MeBodwv eival 1) o€Lpd ue TV omoia oL Baotkég KAAOELG avalnTouvTaL Yo éva LEAOG
Kot v ovalntnong. BA. python_2.3_mro yio AettopépeLeg Tov ahyopiOuou o ¥P1oLUOTOLELTOL OTTO
tov depunvéa g Python amtd v €ékdoon 2.3.

module
"EvoL OVTLKELLEVO TTOV Y PT|OLUEVEL MG OPYAVOTLKY LovAada Tov kKmdika tng Python. Ta modules éyxouv évav
YOPO ovoudTtmv TTov TepLEYEL avbaipeta avitkeipeva Python. Ta modules qpoptdvovtor otnv Python pe
™V dLodiKaoia importing.

BA. emiong package.

TEYVIKES TTPOdLaypapés module
"Evo. namespace 7o JTePLEYEL TIG TTMPOPOPIES TOU OYETICOVTAL UE TNV ELOAYWYT) TOV YP1OLULOTOLOUVTOL
Yo TV QOpTmon evog module. Mia stepintwon tov importlib.machinery.ModuleSpec.

BA. emtiong module-specs.

MRO

B\. method resolution order.

mutable
Ta eupeTAPATO OVTLKEIPEVO WTOPOUV VoL OAAAEOVV TG TLuég oG va Kportiioouy Ta 1d () . BA. emiong
immutable.

named tuple
O 6pog «named tuple» eapudletal yio. 0ToLovonmTote TOmo 1 KAAON Tov KAnpovoueital amd Ty
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TILELA L KOL TWV OTTOLWYV T GTOLYELD WITOPOVY VO EVPETHPLOTOLNO0VV €ival TPOTRATLILOL PN OLUOTOLD-
VTAG ETOVUILA YoPpaKTNPLOTIKAE. O TOTOG 1) 1) KAAOT WITopEl va €xEL Kot GAMOL {OPOKTNPLOTIKA.

Iolhol evomuotouévol timol eivor named tuples, CUUTEPIAAUPAVOUEVDV TWV TLUMV TTOV ETLOTPEPOVTOL

ond time.localtime () xou os.stat (). Eva dhho mopdderyno elvor 1o sys.float_info
>>> gys.float_info[1l] # indexed access

1024

>>> sys.float_info.max_exp # named field access

1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

L

OpLopéves avayvopLouEVeg TLeLadES eival EVOMUATOUEVOL TUTTOL (OTTMG TA TAPATAVD Tapadelyuata).
Evalhoktikd, pe avayvoplopévn mhelddao puopet vo dmuovpynoet amd évav oplopd Kavovikng kid-
ong mov KAnpovouel amd tuple ko wov opilet Eykvpa medio. Mia tétola KAGOoT WITtopel va elvou ypot-
Hév 1e to yépL N wopel va dmuovpynOei kKinpovoumdviog to typing . NamedTuple, Y| ue v factory
ouvdpton collections.namedtuple (). OiteElevToieg TEYVIKEG TPOTOETOVV ETTIONG UEPLKEG ETTL-
méov uefddovg Tov umopel va unv Bpefolv og XeLPOYPOPES 1) EVOMUATOUEVEG TAELADES ue GVOLLO.

namespace
To uépog dmov arobnkeveTow o petofint. To namespaces vhomolovvrar wg AeEtkd. Ymdpyouvv ot
TOTTLKOL, OL KABOALKOL KOl OL EVOMUOTOUEVOL namespaces KoOMg KoL oL £vOEToL namespaces 0€ AVIIKEL-
ueva (oe pebddovg). o Tapdderypa oL ouvapToelgbuiltins . open KoL 0s . open () dlokpivoviol
aTto TOUG Y MPOVG OVOUAT™V Tovs. O xwpotl ovoudtwv fondolv exiong tnv avayvooludTnTa Kot T ov-
vTNpPNoLoTNTO KofLotdvtog oapés woto module vhomotel wa Aettovpyia. o mopdderyua, ypdgoviag
random.seed () itertools.islice () KaBLOTd COPEG OTL QUTEG OL CUVAPTIOELS VAOTTOLOVVTOL
artd Ta module random kow itertools, aviioTouya.

TOKETO namespace
'Eva package mwov ypnowueter udvo mg KOVTELVEP YLOL VTTOTOKETA. Ta TAKETO Y MPOV OVOUATMOV UWITOPEL
VO U1V €XOUV (PUOLKT] AVOITTOPAOTOON KoL OVYKEKPLUEVE VO unv glvar oav €va regular package emeldn
dev éxouvTo __init__ .py apyelo.

Ta okéta OPOV OVOUAT®V EMLTPETOVY 08 TOAMA TaKETA Pe dUVATOTTA EYKATAOTAUONG LEUOVMUEVQL
v €XOUV €vaL KoLV YOVIKO TaKETO. ALAOPETIKA, ovvioTaTol 1) xpNon evog regular package.

TN wepocdTepeg minpogoplies, deite to PEP 420 xou to reference-namespace-package.
B emiong module.

nested scope
H duvatdomto avapopds o o PeTaAnty og évav meptkielopevo optopnod. Ta mapdderypo uo ov-
vapTNoT Tov opiletal uéoa o8 wo GAAT CUVAPTNON WITOPEL VO OvapEpeTaL O UETAPANTEG 0TV eEw-
TEPLKT] CUVAPTNON. ZNuelmote Ot ta évOeta medio amd TPOETLOYH AELTOUPYOUV UOVO Yo avapopd
Ko oL yro ekydpnon. Ot tormkég petafAntég dtafaloviol Kot Ypapoviol 0To ECWTEPLKO TedL0 Epap-
poyns. Opoiwg, ou kaBolkéc uetafintég drofdouv Kot ypdpouv otov Kabohkod ympo ovopdtwy. To
nonlocal emTtpémeL TNV eYYPAPY 08 EEWTEPLKA TTEdIAL.

KkAdo1 vEOU oTUA
To tahd dvopa yia 10 100G TV KAAGEMY Y PNOLUOTTOLELTAL TTAEOV Y10l OMOL TAL AVTLKELUEVOL. Z€ TAMOTEPEG
ekd00eLg TG Python, O vo oL KAGOELG VEOU OTUA WITOPOVOAY VAL XPNOLULOTTOLCOUV TIG VEOTEPES, EVEALKTEG
duvatomteg tng Python émwg _ slots_ , descriptors, 1810t)teg __getattribute_ (), uébodor
KAGonG, Kou otatikég pébodot.

OVTIKEIUEVO
OmoLadNmote dedouéva e KoTaoToon (YopaKTNPLOTIKA 1) TUY) Ko KaBopLopév ovpmeptpopd (ueédo-
dov). Extiong, M telkn ookt kAo ommolacdfote new-style class.

BertioTomotuEVO TeEdio opaToTnTOS (Scope)
‘Eva mtedio opatdtnTog (scope) 0ov To ovOUATo TWV TOTKOV UETAPANTOV eival YvmoTod ue Befardtntoa
OTOV UETOYAWTTLOTH KOTA TH UETOYADTTLON TOV KOILKA, EMLTPETOVTOG T BEATLOTOTOINGT TG TPOoPa-
NG YO AVAYVOOT KoL YYpapt o€ autd ta ovopata. Ou TomKol XMPoL OVOUAT™Y YLo. GUVOPTNOELS,
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YEVVITPLESG, OLVAPTHOELG coroutine, oupTTOEELS (comprehensions) Kou EKQPACELS YEVVNTPLOV BENTLOTO-
TTOLOVVTAL UE OUTOV TOV TPOTTO. ZNUELWOT): OL TEPLOCOTEPES BEATLOTOTOLNTELG TOV SLEPUNVED EPAPUO-
Covtal og Oha Ta Tedion opaTOTNTOG WOVO eKeives Tov Bacilovral 08 YVwoTd GUVOAO TOTILKMV KoL UT|
TOTKOV HeETABANTMV TTEPLopitoviol o felTioTomotnuéva medio opaTdTNTaC.

TOKETO
"Eva Python module mov ptopei va epiéyer submodules 1) avadpoukd, vtomokéta. Texvikd, éva makéto
elvar wa hettovpyukt) povada Python pe éva __path_ yopoktnplotko.

BA. emiong regular package xou namespace package.

TUPAUETPOS
Mua £yKupn oviotnta o€ Evav optopd function () uéBodog) mov kabopilel Eva argument (1) 0€ OPLOUEVEG
TEPLITTOOELS, Opiopata) wov umopel va dexOel 1 ouvdptnomn. Yradpyovv mévte eldn mapouétpmv:

o MéEn-kAeldi 1) Oéon: kabopilel éva dpLopa Tov witopet vo petafipaotel gite Oéoews N wg dptoua
AéEng-kAetdiod. Avtd eivol To TPOoETAEYUEVO ElO0G TAPAUETPOV, VIOl TAPADELYUA foo KoL bar GTa.
akohovOa:

[def func (foo, bar=None): ... }

o Oéoewg uévo: xaBopilel Evo OpLopa TOV PITOPEL Va TOPEYETOL LOVO artd TN B€om. OL mapdueTpot
uovo B€omg WTopovV vaL 0pLOTOVV GUUTEPLLAUBAVOVTOG EVOY XUPAKTHPO / 0TI AMOTO TAPAUETPOV
TOU OPLOUOY CVVAPTNONG UETE 0TTd QUTEG, Yo Tapdderyua posonlyl kon posonly2 oto eENG:

[def func (posonlyl, posonly2, /, positional or_keyword): ... }

o AéEng-kAeldi udvo: kabopilel éva dpLopa Tov Wtopel vo mapéyetor wovo ue MEN khewdi. Ou ma-
paueTPoL wovo Yo MEN-KAEdL witopoldv va 0ploTtovv ouUTEPLAOUPBAVOVTOG UL TTOPGUETPO OF-
ong 1 ok€to * 0TI MOTA TAPAUETPWY TOU OPLOUOY GUVAPTNONG TIPLY OO AUTEG, YLOL TTOPAELYLOL
kw_onlyl xou kw_only2 oto. axdrovdao:

[def func (arg, *, kw_onlyl, kw_only2): ... J

o uetafAnti Oéong: koOopilel OTL umopel va mapaoyedel wa avbaipetn akohovbio optopdtwv OEong
(emumhéov Twv oplopdtov Béong ov eivar N amodektd omd dhheg Tapouétpovs). Mia Tétola
TOPAUETPOG WITOPEL VAL OPLOTEL TTPOCUPTMVIOG TO OVOUA TNG TTOPAUETPOV UE *, YLOL TOPAIELYUOL
args oto. akolovba:

[def func (*args, **kwargs):

o uetafAntih AéEn-kAeldi: kaBopiler OTL propovv va mapéyovral avbaipeta TorG opiopota AEENG-
KAELOLOV (emuTAé0V TV 0pLopdTwv AMENG KAEWDLOU oV ivarl amodeKTd ammd dAleg TaPaUETPOUG).
Mo TétoLa TOPAUETPOS UTOPEL VO OPLOTEL TPOCOUPTWVTAS TO OVOUOL TG TOPAUETPOV UE * *, YL
mopdderyuo kwargs Ommwg TAPATAV®.
OL Tapduetpol uropovv vo, Kahopicouv T000 To TPOALPETIKA OG0 KOl TOL OTTOLTOVUUEVO OPLOUATO. , KO-
0ig KoL TPOETUAEYUEVEG TLUEG YLOL OPLOUEVE TEPOOLPETLKG OPLOUATAL.
BA. exiong v argument xotaympLlon gupetnpiov, Ty epdtnon FAQ oyetikd pe 1 dtogpopd puetal
0PLOUATOV KL TAPOUETPWY, TV KMAON inspect . Parameter, tv evotnta function ko PEP 362.

path entry
Mua pepovouévy tomobeoia oto import path tTv omoto ovppovievetan o path based finder yio vo. Bpet
modules Yo EL0AYWYT.

path entry finder
'Evag finder mov emotpépetar amd évov KahoUpevo 0to sys.path_hooks (dnhadn éva path entry
hook) mov Eéper mwg va evromntiler modules pe path entry.

BL. importlib.abc.PathEntryFinder yia tig uefoddovg mov o entry finder duadpoung vhomotei.
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path entry hook

"Eva. kahoUpevo ot Mota sy s . path_hooks, To omtoto emotpépel éva. path entry finder edv Eépel mwg
va Bpioker module og po cuykekpLuévn path entry.

path based finder

‘Eva amd ta poemheyuéva meta path finders mov avolnta éva import path yio. modules.

path-like avrikeipevo

PEP

'Evo ovTLKELIEVO TTOV avTLpoommeveL éva path ovothuatog apyeiwv. ‘Eva aviikeiuevo path eivou eite
€va avTLKEipEvo str 1] bytes mov aviutpoowstevel £va path 1) €va AVTLKEIUEVO TOV VLOTIOLEL TO TTPO-
tOkoMo os . PathLike. Eva avrikeipevo mov vrootnpilel o tpwtdkolho os . PathLike umopel va
petatpamel o path cuoTHuOTog apyelwv str 1 bytes Kahwvtag Ty ovvdptnon os . £spath () ” ta
os.fsdecode () koL os.fsencode () UTOPOVV VO, XPNOLUOTOLNOOVY YLOL TV EYYINOT] EVOS OTTOTE-
Méopatog str M bytes, avtiotoryo. Ewonydn and tov PEP 519.

[pdtaorn Bektimong Python. ‘Eva PEP elval évo éyypago oxedlaouov mov mopéyel TANpopopleg oty
KowvotnTa Python 1 meprypdgper wa véa duvatdotta yio v Python 1) Tig dradikaoieg 1 o mepLfah-
Lov tng. To PEP Qo mpémet var mop€youy o GUVOTTTIKT TEYVLIKY TTPodLorypopr] Kot (o AoyLKY Yio T
TIPOTELVOUEVL Y APOKTIPLOTIKA.

Ta PEP mpoopilovror va givor oL KUPLoL ioviopol yio Ty tpotoon OUOVTLKOV VEDMV YOPOKTIPL-
OTLKMV, YO T GUMOYT] TTANPOQOPLMOV THG KOLVOTNTAG YLt £vo THTNUA KoL YLt TV TEKUNpimon tmv
ATOPAoEMV OoYEdLOOIOV TTOV £ouv eloayBel otnv Python. O ouvyypagéag tov PEP eivow veibuvog yio
TV 0LKodOUN N GUVaivEoNG eVTOG THG KOLVOTNTOG KoL TNV TEKUNPLWON AvTIOET™mVY ammdPewy.

BA. PEP 1.

THpe

‘Eva ovvolo amd apyeio og évav novo Kotdhoyo (evOeyouEvmg amoOnNKeVUEVO O apYELO Zip) TTOV OUU-
BaMovv og éva namespace TOKETO, OTWG opitetar oto PEP 420.

opwopa Ogong

BA\. argument.

provisional API

"Eva provisional API eivan avtd mov €xel eoxeppévo eEoupedel amd tig backwards eyyviioelg cuufoatdt-
TAG TG TVTTLKNG BLBAMOOTIKNG. AV Kail dEV OVOUEVOVTAL ONUOVTIKES OMAYEG OF TETOLEG DLETTAPES, EPOTOV
EMLONUOAEVOVTOL WG TPOCWPLVES, alharyég un backwards ovppatotrog (WéxpL Kot Katdpynon tng ote-
TOPNG) WITOPEL VoL TPOKMPoUV eGv KpLOel amapaitnto amd Toug Footkovg Tpoypaunatiotés. Tétoleg
alayég dev Oa yivouv dokoma - O ovpotv udvo edv ammokaivpOovy cofapd Oeuelimdr eraTTmpoTa
mou mapaleipdnkav mpiv amd ™ cuumepiinym tov APL

Axoun xow yia provisional API, ov un backwards ovufatég arhayéc Bewpovvrar «hdon €oyotng
avaykne»- Ba eEakolovdel va yivetow kdbe mpoondBeia yio va Bpedei wa Aon backwards ovufoti
O€ TUYOV EVIOTIOUEVO. TTPOPAUOTA.

Avt 1 dradikaoio emrtpémel oty Tumky BLlodNKn va cuveyioer va eEeliooetal pe v Tépodo tov
YPOVOU, YWPIG VO KAELDWVEL TPOPANUATIKG OAALOTA OYESLATUOV VL0 EKTETOUEVES YPOVIKES TEPLODOUG,.
Bi. PEP 411 yio weplocdtepeg hemTouépeLes.

provisional woxéto

BA. provisional API.

Python 3000

Weuddhvupo yo 1o ovvolo ekdocewv Python 3.x (emvonOnke mpLv 0rtd okt Kapd dtav 1 Kukhogpopio
™G €kdoong 3 ftav KATL 0T0 pokpLvd wéMov.) Autd ovoudteton emtiong wg ouvtopoypagio «Py3k».

Pythonic

Mua 1déa 1) éva Koupdt Kmdko tov okohovOel ToTd Ta o Kowvd wimpata tg YAwooog Python, avti
VO VLOTTOLEL KMALKOL PNOLUOTOLMVTOG £VVOLEG KOLVEG 0 dAleg YAwooeg. Tia mapdderypa, £va Kowvo
wWimpo otnv Python eivaw va kéver wa eavdinym mave amd oha ta otouyeio evog iterable ypnoluo-
oldvtog wo dNhmon for. [Modhég dhheg YAOOOES TOU deV €XOUV AUTOV TOV TUTTO KOTAOKEVNG, £TOL OL
avBpwrot wov dev eivan eEotkelmuévol ue v Python ypnopwomolotv uepikég @opég évav aptbuntikd

UETPNTN:
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IS N

for i in range(len(food)) :
print (food[i])

L J

Avtibeta, wo mo kabapn uébodog Pythonic:

s 2}

for piece in food:
print (piece)

L J

AVOYVOPLOUEVO OVOUQL
"Eva Ovopa ue KOUKKideg mov deiyvel tn «dadpour)» amd to Kabolkod eupog evog module oe pua kKLAom,
guvaptnon 1 uEBodo mov opiletar oe avtnv TV EVOTNTA, OTtwg opiletal oto PEP 3155. T'ia ovvaptioelg
Ko KAAOELS OVATATOV EMLITEDOV, TO OVOLYVWPLOUEVO OVOUOL ELVOL I8LO [E TO GVOUX TOV OVTLKELUEVOU:

>>> class C:

class D:

def meth(self):
pass

>>> C._ _qualname
ICI
>>> C.D.__qualname_
'C.D'
>>> C.D.meth._gualname_
'C.D.meth'

‘Otav ypnopomoteiton yio ovapopa oe modules , To TAOWS AVayVOELGUEVO Svoua GNUOLVEL OLOKANPO
to drakekopuévo path tpog to module, cuuTEPIAAUPBAVOUEVWV TUYOV YOVIKMV TOKETWV .. email.
mime.text:

>>> import email.mime.text
>>> email .mime.text. name
'email . .mime.text'

i 00c avagopag
O aptBudg TV avapopmv o éva ovikeipevo. ‘Otav 1o 00 avapopdv evOg aVTLKELUEVOY TETEL
070 UNdEY, Katovéuetat. Mepikd aviikeipeva eivan immortal Kou €xovv TAf00g avapopwv Tov dev Tpo-
JTOTTOLOVVTOL TTOTE KOIL ETTOUEVIG TA CVTLKELIEVO dev KaTtovénovtol toté. H Kotapétpnon avogpopmv
vevikd dgv glval opaty otov kmduka g Python, oddd eival faotkd atouyeio tng viomoinong CPython.
OL TTPOYPOUUOATLOTES WITOPOVV VAL KAMEGOUV TN CUVAPTNON SYS . getrefcount () Yo VoL ETLOTPEYPOVY
70 TAH00G aVapOPAG YLOL EVOL GUYKEKPLUEVO OVTLKEIUEVO.

In CPython, reference counts are not considered to be stable or well-defined values; the number of references
to an object, and how that number is affected by Python code, may be different between versions.

KOVOVIKO TTOKETO
'Eva mopadooiokd package, dnwg €vag KATAAOYOS Tov TepLéyeL éva __init . py opyelo.

Bh. emiong namespace package.

REPL
Axpoviuo tou «read-eval-print loop», GA1 ovopaoio yia to interactive epBAALOY TOU dlepunvéa.

__slots__
Mo dMdwon péoa oe wa kKhaon mov eEotkovopel uviun dnAdvovtog €K ToV TPOTEPWV MPO YLOL T
paderyua xopoKmpLotikd Ko eEaleipovrog MeEikd oTrypotimwy. Av Kot SMUOQLANG, 1 TEXVIKT| elvor
KATwg dUOKOAO vaL YivelL 0WOoTI Ko TPoopileTol KaAITEPO. YLo GIAVIEG TEPLTTWOELG OTTOV VITAPYEL UE-

YOLOG aPLOUOG OTLYIOTVTTMV OE (oL EQOPUOYT] KPLOWNG-UVIUNG.

akorovdic
'Evag iterable mov vooTnpilel TV OTOTENEOUATIKT] TPOGPACY OTO OTOLYELO YPNOLUOTOLDVTIOG OKE-
paLovg delKTEG HECW TG ELOLKT) ueBOdov __getitem () kou opiCel o uéBodo _ len_ () mov
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emoTPEPeEL To UNKOG TG akorovBias. OpLouévol evomuatmuévol Tomol akolovbmv eivor 1ist, str,
tuple, ko bytes. Enuewdote 6t to dict vmootnpilel emiong __getitem () xouw __len_ (),
odd Bewpeltor avilotoiylon Kol Oyt akolovBio emeld’) ov avalnmoelg xpnoluomotoVv avdaipeta
hashable x\eldLd TaPG OKEPOLOL.

H agnpnuévn Paoikn khdon collections.abc.Sequence opilel o moht mo mhovoto dte-
oy mov Eemepvd tor amhd __getitem_ () kow __len__ (), adding count (), index(),
__contains__ (),kxo__reversed__ ().OutdmoL wov vhomolotv authy TV dtevpupévn diemap
WITOPOUV va KotaympnOouv pntd xpnowomoidviag register () . [o mepiocdtepn tekunpiwon oye-
kG e Tig uebodovug axorovdiag yevikd, avatpéEte oto Common Sequence Operations.

set comprehension
"Evog ouumaync Tpomog yio. va. eneEepyaoteite OMoL ) HEPOg TV oToLyelmv o éva. iterable ko vo emi-
oTpapel €vo ouvolo pe ta omoteléoparta. results = {c for c in 'abracadabra' if c
not in 'abc'} dnwovpyei to ovvolo ovpporooelpwv {'r', 'd'}. B\ comprehensions.

novadiko dispatch
Mua popepn) dispatch generic function 6mov 1 vhomoinom emAEyeToL ue BAoN TOV TUTO EVOG LEUOVMUEVOU

oplouortoc.

slice
‘Eva ovtikeipevo mov ouvnOmg mepléyel éva tufua og axkorovbiag sequence. Anpovpyeiton éva slice
YPNOLULOTTOLMVTAG TN onueiwon subscript, [] pe dvow Ko Kétw teleieg ueta&y apbumv otav divovon

moAhoi, Omtwg oto variable_name[1:3:5]. H onueiwon aykiing (subscript) xpnOoLUOTOLEL E0WTE-
pLKd oviikelpeva slice.

OTOPYOLOUEVY UE 1TTLO TPOTO
‘Eva. ammopyowmpévo pe fmo tpomo API dev Oo mpémer va ypnolpwomoteitanl og véo kKmdka, oAl eivan
aopalég og o1 VITdpyovIa KwdLka va To xpnowpomotel. To API mapouéver texunplouévo Kot doxkio-
ouévo, ol dev Ba evioyvBei mepartépw.

H xotdpynon pe o tpodmo, o€ avtifeon te Ty Kavoviky Katapynon, dev oyedidlel Ty Katdpynon
Tov API xou dev 0o eKmTépITEL ELOOTTOLYOELS

Aeite PEP 387: Soft Deprecation.

181k uédodog
Mo pébodog mou kakeitan olwmnped oo v Python yio vo ekTeAEOEL (oL OLYKEKPLUEVT AELTOVPYIA O€
gvav tOmo, dmwg 1 Tpoodk. Tétoleg uéBodol £xouve ovopata Tov EEKLVOUV Kol TEAELMVOUV e SLTAEG
K&tm movkeg. Ou e1dLkég uéBodol TekunpLvovTal 0To specialnames.

standard library
The collection of packages, modules and extension modules distributed as a part of the official Python interpreter
package. The exact membership of the collection may vary based on platform, available system libraries, or
other criteria. Documentation can be found at library-index.

See also sys.stdlib_module_names for a list of all possible standard library module names.

dMlwon
Mua tpdtaon eivar uépog wag oovitog (éva «umhok» Kmdika). Mo pdtao eivol gite évag expression
gite wa oo wodhég douég ue o AEEN-KAewdi émwg i f, while 1) for.

EAEYKTIG OTATIKOV TUTOU
"Eva eEmtepikd epyaleio 6mov diafalel tov Python kdhduka Kat Tov avaliel, avalntovrag Tpofinuoto
omwg havbaouévol Tomol. BA. emtiong rype hints ko to module typing.

stdlib
An abbreviation of standard library.

strong reference
210 C API g Python, pua 1oyupn ovopopd eival e ovapopd 0g Vo AVIIKELIEVO TTOU AVIKEL OTOV
KOSk Tov meptéxer v avagopd. H woyvpn avagopd hopfdvetal kohoviag to Py INCREF () dtov
1 avopopd duovpyeitor Kou aehevdepmvetal (e Py DECREF () OTOV SLOYPAPEL 1] AVAPOPAL.
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H ouvaptnon Py_NewRef () Wropei vo xpnouorotn0el yia T dSnuovpyia Loyuphg avapopag oe Eva
avtikeipevo. Zuvnbwg, N ouvapton Py _DECREF () mpémel va KAAELTOL 0TV LoYVpy ovopopd pLy
ByeL amd o €VPOg TG LOYVPNG AVOPOPAGS, YL VO OTTOPEVYOEL 1] dLOPPON ULOG AVAPOPAGS.

B emtiong borrowed reference.

t-string
t-strings
String literals prefixed with t or T are commonly called «t-strings» which is short for template string literals.

KWOKOTOIN0N KENEVOU
Mo ovpBorooelpd otnv Python eivan o axohouvBio onueiwv kmdika Unicode (oto eVpog U+0000-
U+10FFFF). o va amobnkedoete 1 va UeTapépete (o ouiBorooelpd, Tpémel va oelplomobel mg
duadiki) axolovdia.

H oepromoinom pog ovpforooelpdc oe pua Suadikt| akorovdio eivol Yvwot mg «KmdLKomToinon» , Kat
1 avodnuovpyia g oupporooelpdc amd ™V duadiki akohovdia eival YvmoT Mg «amoKmdLKoIToi-

nomn».

Yrdpyel o wolkihian SLapopeTikg OELPLOTTOiN NG KELEVOU codecs, oL 0TToloL CUALOYLKG aVapEPOVTOL
WG «KMOLKOTOLNOELG KEWUEVOU».

OPYELD KEWWEVOU
'Eva. file object tkavd va. SLafBalel Ko voL YpApeL aviiKeipeva str. Zuyvd, Evo apyeio KELWEVOL AoKTA
TPAYUOTLKG TPOOBOoT 08 (o por) duadiky) por) dedouévmv Kal XELPILeToL autopata TV fext encoding.
Mapadelypato apyeimv KEWEVOD givat apyeio Tov avoiyouv o Aettovpyio kewévouv ("r' 1 "w'), sys.
stdin, sys.stdout, kot oTLYWOTUTO TOV 10. StringIO.

BA. emtiong binary file yio évo, OVTLKEIUEVO APYELOV e dUVATOTITA AVAYVWONG KAl YYPAPNG dvadikd
avuKelueva.

KOTAOTAO1] VIILOTOS
OL TANPOPOPIES TTOV (PN OLULOTTOLOVVTOL OTTO T PON) EKTENEONS THG CPython Yo TNV eKTELEDT) 08 EVOL VL
Aertovpykov ovotuortog. o mapdderypa, avtd mepthaufaver Ty tpéxovoa eEaipeon, edv vdpyeL,
Ko TV Katdotaon tov diepunvéa bytecode.

Kd&0e katdotaon viuatog eivar ouvaedeuévn pe éva ndvo viuo AELToupyLKoy CUOTHUATOS, AAMG T
viuato Wtopet va £xovv moAhég duabéaiueg Kotaotdoelg viuotos. To oy, pio amd avtég umopet vo
eivaw attached tovtoOypoOvaA.

Amauteitan éva attached thread state yuo Ty KXAon Tov peyolvtepov pépovg tov C API tng Python, ektog
€4V o oVVAPTNOT TEKUNPLOVETOL pNTA 0Ttd To avtifeto. O diepunvéag bytecode exteleitan povo vd
KATAOTOO CUVNUULEVOU VIILALTOG.

Kdé&0e katdotaon vipatog oviKeL o€ Evav wovo diepunvéa, alhd ka0 diepunvéo umopel va €xel ToAEG
KOTAOTAOELG VIUOTOG, CUUITEPIAALUBAVOUEVWY TTOAATAMV YLl TO {810 VIUa AELTOUPYLKOU GUOTHUOTOG,.
O Kotaotdoelg VIHaTog oo ToMaTAoUg diepunveig Wtopet va givor cuvoedeuévog ue To ido viua,
oG pdvo pie uwopeil va lvan attached o€ 0wTd TO VIO OE OTTOLAONTOTE HESOUEVY TTLYUT).

Aceite to Thread State and the Global Interpreter Lock yio mepiocdtepeg mhnpogopiec.

AekTIKO ovppolo (token)
M pukpn povada mnyaiov Kodika, tov mapdyetol amd tov lexical analyzer (yvwotd kou wg avalvts)
(tokenizer)). Ovouorta, aplOuol, CLHPBOLOOELPES, TELEOTEG OAMYEG YPOUUNG KOL TTOPOLOLOL OTOLYELN OIVaL-
mopiotavtol og Aektikd ovufoia (tokens).

To module t okenize ekBétel Tov heEukd avaluti g Python. To module t oken mepiéyel TAnpogopieg
Yol TOVG dLdpopoug THTTOVS AeKTIKAV GuuBOAmV (tokens).

ounPoAOCELPE TPUTAMY ELCAYWMYIKOV
Mo oupfoloceLpd OV SECUEVETOL OTTO TPELS TEPLITTAOOELG ELTE EVOG ELOAYMYLKOD (») 1| (WO 0TTOTTPO-
@ov (). Av Kat dev TapEYOUV KOUia AELTOVPYLKOTNTO oV deV eivar diadéoun pe ovupolooelpég (e
ROV ELOAYOYLKE, ELvOL YPTIOLUES YO LapOPOVg AOYOUGS. 20 ETLTPETOUV VO, CUMITTEPIAAPETE LOVE KoL
TG ELOOYWYLKA YWplg dLapuyn] 08 Lot CUUBOLOCELPG KOl LWITOPOVY VO, EKTELVOVTOL 08 TTOMES YPOLLL-
UEG YWPLS TN XPNON TOV YOPAKTHPA CUVEXELD, KOOLOTOVTOG T LOLALTEPO XPNOLUa KOTE TN oVvTaEn
eYYPAPV ue oupohooelpés.
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TOMOG
O timog evog Python avtkewwévou kabopiletr T eidovg avtikeipevo eivale KaOe avikeiuevo €xel évay
TU70. O TU7OG EVOG OVTIKEWEVOU EiVOL TTPOORAOLILOG WG TO YOPAKTNPLOTIKO _ class_ 1) WIopel va
avaktnOel pe type (obj).

type alias
"Evo. GUV@OVUUO Y10 £VaV TUTTO, TToV dMuovpyeitan pe v avafeon Timov og Vo avoryvwpLoTiKo.

Ta type aliases eival ypnowua yio v amhomoinon rype alias. Tio wapaderypa:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) —-> list[tuple[int, int,.
—int]]:
pass

UITopEl vaL YIveL Lo evavayvmoTo OTmg:

Color = tuplefint, int, int]

def remove_gray_shades(colors: list[Color]) —> list[Color]:
pass

B\. typing xouw PEP 484, mou mepuypdgper autiv Ty AeLtoupytkotnTa.

type hint
"Evag annotation mov KaBopilel Tov avapevouevo THITo yLo. (ol LETABANTY), £Va XopaKTNPLOTLKO KAGOoNG
1 WOl TTOPAUETPO CUVAPTNONG 1] TULY] ETLOTPOPNG.
O vitodei&elg TOmwv (type hints) eivar wpoarpetikég ko dev emBdilovtor omd v Python, adAd eivon
YPNOLWES YL static type checkers. Mmopovv emiong va fondnoouvv tovg IDEs pe t ovumipwon Kot thy
AvadLOUOPPWOT KMALKA.

YnodeiEeig tomov (type hints) yio KaBohké petafANTéS, YOPAKTNPLOTIKE KAAONG KOL GUVOPTN-
oelg , OMG Oyl ToTkég petafAnTég, WITopovV VA TPOOTEAACTOUV YPNOLUOTOLWVTAG TO typing.
get_type_hints ().

BML. typing kol PEP 484, mov meprypdgpel ovtiv v AELToupyLtkoOTTO.

Kofohkég véeg ypauués
"Evo TtpOmog epunveiag pomv KEWWEVOU 0TOV 0Ttolo OAa T akOAouOa avayvwpiloviol wg MEEL oG
ypauung: 1 ovpfaon téhovg ypauung tov Unix '\n', 1 ovufaon tov Windows '\r\n"', koL v ma-
M ovufoon Macintosh "\r'. Br. PEP 278 xou PEP 3116, xa0d¢ KoL bytes.splitlines () ywo
pdobeTy ypnHon.

annotation perafinuig
'Evag annotation pio. petaFANe 1 evog xopaKTpLotikoy KAGonG.

‘Otov annotating puo ETOBANTY 1) va xopakTnpLotikod KAdong, 1 avabeon eivol TpoatpeTikn:

class C:
field: 'annotation'

Ta annotations HETAPANTOV XPNOLUOTOLOVVTAL CUVHOWGS YLaL 1ype hints: Y10 TOPAdELYUo cuTh M LeTaPANTY
ovouévetal vo el Tiég int:

[count: int = 0 }

H ovvta&n annotation petaAntig meprypdpetal oty evoTnTo annassign.

BA. function annotation, PEP 484 xouw PEP 526, mov meprypdpouv avuty| ) Aertovpyia. Agite emiong
annotations-howto yia BENTLOTEG TPAKTIKEG OYETLKA UE TNV EPYOOLO LE OYOMACUOVG.

virtual environment
'Evo. ouvePYOTIKA OTtolovOUEVO TEPLBAALOV YPOVOU EKTELEDTG TTOV ETLTPETEL OTOVG YPNOTEG KOL TLG
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eqpapuoyég g Python va eykataomoouv kou vo avafaduicovv makéta diavoung Python ywpig va
sopeufaivouv ot ovumepLpopd AWV epapuoymv Python o ektehovviol 0to idto guoThua.

B. eniong venv.

virtual machine
"Evog vmohoyotiig opiletan €€ ohoxAfpov astd to hoyiouko. H eucoviky unyoavn tng Python extelei to
bytecode mov ekméumeTal amd Tov PETaYAwTTLOTH bytecode.

walrus operator
A light-hearted way to refer to the assignment expression operator := because it looks a bit like a walrus if
you turn your head.

Zen g Python
Katdhoyog oyedlaotikdv apydv KoL QLAOCOQLOYV TTOV E(VOL XPNOLUES YLO. TNV KATOVONOoT KoL T x0T
™G YAdooog. O xatdhoyog wropet va Bpedel TAnKTpoloywvtag «import this» otnv dLadpaoTiky
KOVOOAQL.
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nAPAPTHMA B’

2 XETLKA PE TNV TEKUNPlwon

H texunpiwon g Python €xel dnuovpynOei amd ta reStructured Text sources Tov Sphinx, évav eneSepyaot
EYYPAPMV oV £xeL dnuovpynOel eldLkd Yo Ta £yypapa tg Python.

H avamtuEn tov eyypdewv kol Tov epyaleimv Toug eivat e€” ohokApou eBehovtiki] TtpoomtddeLa., dwg Kat
1 idua 1 Python. Edv 0éhete va ouvelopépete, piEte wa potid oty oelido reporting-bugs yio Anpogopieg
OYETIKEG e TO TG VO, To Kdvete. Kawvouprol eBehoviég eivan mavta evmpdodektol!

[ToAAég vy OpLOTiES TTNYALVOUY OTOVG:

o Fred L. Drake, Jr., Tov dnpuovpyd tov apytkmv epyoleimv g tekunpinong mg Python kot ouvtditn
OPKETOV TEPLEYOUEVOL

« 1o Docutils tpdtlekt yia Tqv dnuovpyio tov epapuoywv reStructuredText kow Docutils-

o Fredrik Lundh yio to 81x6 tou Alternative Python Reference mpotlext amd 1o omoio to Sphinx mjpe woht
KaAég 10éec.

B'.1 ZuvteAeoTEQ OTN TEKUNPiwon tTng Python
IMoAhol GvBpwmoL éxovv ouvelopéper otn yAwooo Python, tnv Bupiobnkn g Python, kol to €yypago tg
Python. Aeite Misc/ACKS otig mtnyég dravoung g Python yia wo Aoto tov ouvieheotav.

Movo e T ouUBoAT| KoL TIG CUVELOQOPEG THG KoLvotntag tg Python, 1 Python €yeL tétola vépoya éyypapa
- Zag evyopLotovpe!
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4
NAPAPTHMA [

lotopla kat Adela

.1 Hotopia Tou AoyLoHLKOU

H Python dnuovpyndnke otig apyés tov 1990 amd tov Guido van Rossum oto Stichting Mathematisch Centrum
(CWI, BA. https://www.cwi.nl) omnv OdMavdio wg duddoyog wa yhwooog tov ovopdaietan ABC. O Guido mo-
pauével o KUpLog ouyypapéag tng Python, tapdia ovtd mephoufdver ouvelopopés Kat amd dilo dropo.

To 1995, o Guido ouvéyioe to €pyo tov yio TV Python oto Corporation for National Research Initiatives (CNRI,
BA. https://www.cnri.reston.va.us) 6to Reston tg Virginia, 07t0v kukho@opnoe ToAES EKOOOELG TOV AOYLOULKOV.

Tov Mdéuwo tov 2000, o Guido ko 1 Baoikn} oudda avdmtuEng tng Python petokduoay oto BeOpen.com yuo.
va oynuatiocovv v oudda BeOpen PythonLabs. Tov Oktwfpro tov idtov €tovg, | ouddo tov PythonLabs
uetokouoe otnv Digital Creations, 1 omoia petatpannke oe Zope Corporation. To 2001, to Python Software
Foundation (PSF, BA. https://www.python.org/psf) dnutovpyhOnke wg évag un KepOOTKOTLKOG 0pYOVIOUOG UE
0TOY0 VO KOTEXEL TNV TTVELUOTLKY) LOLOKTNOL0 Tov oyetiletan pe thv Python. H Zope Corporation tov uéhog-
yopnydg tov PSF.

‘Oleg oL exdO0eLS TG Python eivar Avorytov Kmduka (BA. https://opensource.org yio Tov oplopd tov Avolytov
Kodika). Iotopikd ou meploodtepeg, arhd Oyl Oheg, exddoeLg TG Python fitay emiong ovufotéc ue mv ddea
GPL: 0 mopokdtm mivakag ouvopilet tig dudpopeg ekdOOELS.

‘Ekdoon Mpoepxduevn ard  ‘Etoq [dloktnoia  ZupPatotnta GPL; (1)
09.0émwg 1.2 &/v 1991-1995 CWI VoL
1.3éwg1.52 1.2 1995-1999 CNRI VoL
1.6 1.5.2 2000 CNRI oL
2.0 1.6 2000 BeOpen.com Oy
1.6.1 1.6 2001 CNRI va (2)
2.1 2.0+1.6.1 2001 PSF oYL
2.0.1 2.0+1.6.1 2001 PSF VoL
2.1.1 2.1+2.0.1 2001 PSF vou
2.1.2 2.1.1 2002 PSF vou
2.1.3 2.1.2 2002 PSF vou
2.2 xou whvew  2.1.1 2001-onuepa.  PSF vou
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O Ihusioon

(1) H ovppatotra ue GPL dev onuaiver 6t dravépetor 1 Python kdtw amd v ddewor GPL. ‘Oleg ot
adeieg g Python, oe avtifeon pe tv GPL, cog emttpémouy vo. SLOVELIETE ULd TPOTTOTTOLNUEVT EK-
doon ywpig vo KaveTe Tig ahhayég oag, ovolytov kmdika. Ot adeteg ue ovppatotnta GPL xabiotoiy
duvatd Tov ovvdvaoud g Python pe dilo Aoyioukd mov kukhogpopet ue pdoel tg GPL, evad ou G-
Leg OyL.

(2) ZOupwva pe tov Richard Stallman, 1.6.1 dgv eivar ouufoty) pue tnv GPL, emedn 1 ddera tng €xeL vo-
wKh prTpa emAoyns, Zoppwva ue to CNRI, wot600, 0 d1knyopog tov Stallman &ime otov dtkNyopo
™G CNRI 6t 1 1.6.1 «dev eivar ovufaty» pe v GPL.

Xéapn, otovg mohhotg eEmTeptkolg 0elovTég mov epydotnkav Katw amtd g 0dnyieg tov Guido, autég ot
EKOO0ELG EYLVALY EPLKTEC.

.2 Opol kal nipoUmnoBEoceLg yLa TNV Mpéopaocn 1} TNV XPrion tTng
Python pe aAAoug tpoémoug

To Moywopko tg Python ko 1 tekunpiworn adetodotovvion ovppmva we v adewa ypnong Python Software

Foundation 'Exdoon 2.

Eekivaovtag amxd v Python 3.8.6, mapadeiyuata, ovvtayég kol 0 GAOG KOdIKAG 0TV TEKUNPlwa Exouv
St ddela xpNomg, ovpupwva pe v Adewa PSF 'Exdoon 2 kaw tg Zero-Clause BSD doeia.

Kdémolo hoyoukd mou givar evowuatmuévo otny Python eivoar vd dragpopetikég adeteg ypnons. OL adeteg
ToPOTIOEVTOL LE KMOLKO TOV EUTTLTTTEL 08 AUTHV TNV adera. Agite Adeies ko Evyapioties yio Evewuatwuévo
Aoyiourd o oL EMITT AMoTo QuTdv TV adeLdv.

".2.1 PYTHON SOFTWARE FOUNDATION LICENSE VERSION 2

1. This LICENSE AGREEMENT is between the Python Software Foundation ("PSF
"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using this

software ("Python") in source or binary form and its associated.
—documentation.

2. Subject to the terms and conditions of this License Agreement, PSF.
—hereby

grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001 Python Software Foundation; All.
—Rights

Reserved" are retained in Python alone or in any derivative version

prepared by Licensee.

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python or any part thereof, and wants to make the
derivative work available to others as provided herein, then Licensee.

—hereby
agrees to include in any such work a brief summary of the changes made.

(ouvéyela oty emtduevn oehida)
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—~to Python.

4. PSF is making Python available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY._
—OF

EXAMPLE, BUT NOT LIMITATION, PSF MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR..
—THAT THE

USE OF PYTHON WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON
FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—RESULT OF
MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON, OR ANY DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. Nothing in this License Agreement shall be deemed to create any.
—relationship

of agency, partnership, or joint venture between PSF and Licensee. .
—This License

Agreement does not grant permission to use PSF trademarks or trade name.
—~in a

trademark sense to endorse or promote products or services of Licensee,.
—O0r any

third party.

8. By copying, installing or otherwise using Python, Licensee agrees
to be bound by the terms and conditions of this License Agreement.

2.2 ZYMoQNIA AAEIAZ BEOPEN.COM I'l|A PYTHON 2.0
SYM®QONIA AAEIAZ ANOIXTOY KQAIKA BEOPEN PYTHON EKAOZH 1

1. This LICENSE AGREEMENT is between BeOpen.com ("BeOpen"), having an.
—~office at

160 Saratoga Avenue, Santa Clara, CA 95051, and the Individual or.
—~Organization

("Licensee") accessing and otherwise using this software in source or.
—binary

form and its associated documentation ("the Software").

2. Subject to the terms and conditions of this BeOpen Python License.
—Agreement,

BeOpen hereby grants Licensee a non-exclusive, royalty-free, world-wide.
—license

to reproduce, analyze, test, perform and/or display publicly, prepare.
—~derivative

works, distribute, and otherwise use the Software alone or in any.
—derivative

version, provided, however, that the BeOpen Python License is retained.
—~in the

(ouvéyela oty eV oehida)
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Software, alone or in any derivative version prepared by Licensee.

3. BeOpen is making the Software available to Licensee on an "AS IS" basis.
BEOPEN MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY..
—WAY OF

EXAMPLE, BUT NOT LIMITATION, BEOPEN MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF THE SOFTWARE WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

4. BEOPEN SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF THE.
—~SOFTWARE FOR

ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT.
OF USING,

MODIFYING OR DISTRIBUTING THE SOFTWARE, OR ANY DERIVATIVE THEREOF, EVEN.
—IF

ADVISED OF THE POSSIBILITY THEREOEF.

5. This License Agreement will automatically terminate upon a material.
—breach of

its terms and conditions.

6. This License Agreement shall be governed by and interpreted in all.
—respects

by the law of the State of California, excluding conflict of law.
—provisions.

Nothing in this License Agreement shall be deemed to create any.
—relationship of

agency, partnership, or joint venture between BeOpen and Licensee.
—This License

Agreement does not grant permission to use BeOpen trademarks or trade.
—names 1in a

trademark sense to endorse or promote products or services of Licensee, .
—0r any
third party. As an exception, the "BeOpen Python" logos available at

http://www.pythonlabs.com/logos.html may be used according to the.
—permissions

granted on that web page.

7. By copying, installing or otherwise using the software, Licensee agrees.
—~to be

bound by the terms and conditions of this License Agreement.

r.2.3 ZYM®QNIA AAEIAZ CNRI I'lA PYTHON 1.6.1

1. This LICENSE AGREEMENT is between the Corporation for National Research
Initiatives, having an office at 1895 Preston White Drive, Reston, VA._
20191
("CNRI"), and the Individual or Organization ("Licensee") accessing and
otherwise using Python 1.6.1 software in source or binary form and its
associated documentation.

2. Subject to the terms and conditions of this License Agreement, CNRI._
—hereby

(ouvéyela otV oV 0ehid)
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grants Licensee a nonexclusive, royalty-free, world-wide license to.
—reproduce,

analyze, test, perform and/or display publicly, prepare derivative.
—works,

distribute, and otherwise use Python 1.6.1 alone or in any derivative.
—version,

provided, however, that CNRI's License Agreement and CNRI's notice of.
—copyright,

i.e., "Copyright © 1995-2001 Corporation for National Research.
—~Initiatives; All

Rights Reserved" are retained in Python 1.6.1 alone or in any.
—derivative version

prepared by Licensee. Alternately, in lieu of CNRI's License Agreement,

Licensee may substitute the following text (omitting the quotes) :
—"Python 1.6.1

is made available subject to the terms and conditions in CNRI's License

Agreement. This Agreement together with Python 1.6.1 may be located on.
—~the

internet using the following unique, persistent identifier (known as a.
—~handle) :

1895.22/1013. This Agreement may also be obtained from a proxy server.
—on the

internet using the following URL: http://hdl.handle.net/1895.22/1013".

3. In the event Licensee prepares a derivative work that is based on or
incorporates Python 1.6.1 or any part thereof, and wants to make the.
—~derivative
work available to others as provided herein, then Licensee hereby..

—agrees to
include in any such work a brief summary of the changes made to Python.

‘*}1.6-1-

4. CNRI is making Python 1.6.1 available to Licensee on an "AS IS" basis. .

—CNRI
MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY OF._

—~EXAMPLE,
BUT NOT LIMITATION, CNRI MAKES NO AND DISCLAIMS ANY REPRESENTATION OR.

—WARRANTY
OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR THAT THE._

—USE OF
PYTHON 1.6.1 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.

5. CNRI SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 1.6.1.

—FOR
ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 1.6.1, OR ANY.

—~DERIVATIVE
THEREOF, EVEN IF ADVISED OF THE POSSIBILITY THEREOEF.

6. This License Agreement will automatically terminate upon a material.
—breach of
its terms and conditions.

7. This License Agreement shall be governed by the federal intellectual..
—property
law of the United States, including without limitation the federal.

(ouvéyela otV entopevn oehida)
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—copyright

law, and, to the extent such U.S. federal law does not apply, by the.
—~law of the

Commonwealth of Virginia, excluding Virginia's conflict of law.
—provisions.

Notwithstanding the foregoing, with regard to derivative works based on.
—~Python

1.6.1 that incorporate non-separable material that was previously.
—distributed

under the GNU General Public License (GPL), the law of the Commonwealth..
—of

Virginia shall govern this License Agreement only as to issues arising.
—under or

with respect to Paragraphs 4, 5, and 7 of this License Agreement. .
—Nothing in

this License Agreement shall be deemed to create any relationship of.
—agency,

partnership, or joint venture between CNRI and Licensee. This License.
—Agreement

does not grant permission to use CNRI trademarks or trade name in a.
—trademark

sense to endorse or promote products or services of Licensee, or any..
—third

party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, .
—~installing

or otherwise using Python 1.6.1, Licensee agrees to be bound by the.
—~terms and

conditions of this License Agreement.

r.2.4 ZYMoOQNIA AAEIAZ CWII'lA PYTHON 0.9.0 EQx 1.2

Copyright © 1991 - 1995, Stichting Mathematisch Centrum Amsterdam, The
Netherlands. All rights reserved.

Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted, provided.
—that

the above copyright notice appear in all copies and that both that.
—copyright

notice and this permission notice appear in supporting documentation, and.
—that

the name of Stichting Mathematisch Centrum or CWI not be used in.
—advertising or

publicity pertaining to distribution of the software without specific, .
—written

prior permission.

STICHTING MATHEMATISCH CENTRUM DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, .
—IN NO

EVENT SHALL STICHTING MATHEMATISCH CENTRUM BE LIABLE FOR ANY SPECIAL, .
—~INDIRECT

OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS OF.

(ouvéyela otV oV 0ehid)
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—USE,
DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER.
—TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS
SOFTWARE.

".2.5 ZERO-CLAUSE BSD AAEIA I' A TON KQAIKA ZTHN TEKMHPIQZH THZ
PYTHON

Permission to use, copy, modify, and/or distribute this software for any
purpose with or without fee is hereby granted.

THE SOFTWARE IS PROVIDED "AS IS" AND THE AUTHOR DISCLAIMS ALL WARRANTIES.
WITH

REGARD TO THIS SOFTWARE INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS. IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY SPECIAL,.
DIRECT,

INDIRECT, OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM
LOSS OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE.
—OR

OTHER TORTIOUS ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

.3 Adeleg katL Euxapiotieg yia Evowpatwpévo AOYLOULKO

Avti M evotita givor o nutelic, odd avEavouevn Moto adewmv KoL EVyapLoTImV Yo, AOYLoWKOS Tpitmv,
IOV EVOOROTOVETAL 0TV dtavour| g Python.

".3.1 Mersenne Twister

H enéxtaon _random C mov Bpioketor KAtw omd v evoTto random TePLauPAVEL VOV KMOOLKO |Ie
Baon wa AYn amd http://www.math.sci.hiroshima-u.ac. jp/~m-mat/MT/MT2002/emt19937ar.html. Axohov-
Bouv Katd MEN ta oy dha amtd To apyLKO KhdLKaL:

A C-program for MT19937, with initialization improved 2002/1/26.
Coded by Takuji Nishimura and Makoto Matsumoto.

Before using, initialize the state by using init_genrand (seed)
or init_by_array(init_key, key_length).

Copyright (C) 1997 - 2002, Makoto Matsumoto and Takuji Nishimura,
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the

documentation and/or other materials provided with the distribution.

(ouvéyea otV exopEVn oehid)
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3. The names of its contributors may not be used to endorse or promote
products derived from this software without specific prior written
permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. 1IN NO EVENT SHALL THE COPYRIGHT.
—~OWNER OR

CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO,
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR
PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF
LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING
NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF THIS
SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

Any feedback is very welcome.
http://www.math.sci.hiroshima-u.ac.jp/~m-mat/MT/emt.html
email: m-mat @ math.sci.hiroshima-u.ac.jp (remove space)

M.3.2 Sockets

H evdtnta socket xpnowwomoLel Tig ouvaptoels, getaddrinfo (), KoLgetnameinfo (), To omoio £xouv
viomoBei oe draopetikd apyeia amd to WIDE 'Epyo, https://www.wide.ad. jp/.

Copyright (C) 1995, 1996, 1997, and 1998 WIDE Project.
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

3. Neither the name of the project nor the names of its contributors
may be used to endorse or promote products derived from this software
without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE PROJECT AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE PROJECT OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.
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M.3.3 Aouyxpoveg socket unnpeoieq

Ouevomteg test . support .asynchat koL test . support .asyncore mePLEXOUV TV TAPAKAT® E100-
moinon:

Copyright 1996 by Sam Rushing
All Rights Reserved

Permission to use, copy, modify, and distribute this software and
its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of Sam
Rushing not be used in advertising or publicity pertaining to
distribution of the software without specific, written prior
permission.

SAM RUSHING DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS SOFTWARE,
INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS, IN
NO EVENT SHALL SAM RUSHING BE LIABLE FOR ANY SPECIAL, INDIRECT OR
CONSEQUENTIAL DAMAGES OR ANY DAMAGES WHATSOEVER RESULTING FROM LOSS
OF USE, DATA OR PROFITS, WHETHER IN AN ACTION OF CONTRACT,
NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT OF OR IN
CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

M.3.4 Awaxeipion Cookie

H evomto http.cookies mepéyeL TV mopaKdT® £100TOINON:

Copyright 2000 by Timothy O'Malley <timo@alum.mit.edu>
All Rights Reserved

Permission to use, copy, modify, and distribute this software

and its documentation for any purpose and without fee is hereby
granted, provided that the above copyright notice appear in all
copies and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Timothy O'Malley not be used in advertising or publicity

pertaining to distribution of the software without specific, written
prior permission.

Timothy O'Malley DISCLAIMS ALL WARRANTIES WITH REGARD TO THIS
SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY
AND FITNESS, IN NO EVENT SHALL Timothy O'Malley BE LIABLE FOR
ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR
PERFORMANCE OF THIS SOFTWARE.

M.3.5 Avixveuon eKTéAeong

H evomto trace mepLéxel v TapokdTm eL80ToINoN

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...

err... reserved and offered to the public under the terms of the
(ouvéyela oty eV oehida)
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Python 2.2 license.
Author: Zooko O'Whielacronx
http://zooko.com/
mailto:zooko@zooko.com

Copyright 2000, Mojam Media, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1999, Bioreason, Inc., all rights reserved.
Author: Andrew Dalke

Copyright 1995-1997, Automatrix, Inc., all rights reserved.
Author: Skip Montanaro

Copyright 1991-1995, Stichting Mathematisch Centrum, all rights reserved.

Permission to use, copy, modify, and distribute this Python software and
its associated documentation for any purpose without fee is hereby
granted, provided that the above copyright notice appears in all copies,
and that both that copyright notice and this permission notice appear in
supporting documentation, and that the name of neither Automatrix,
Bioreason or Mojam Media be used in advertising or publicity pertaining to
distribution of the software without specific, written prior permission.

M".3.6 Zuvaptioeig UUencode kat UUdecode

O uu KWOLKOTONTNG TEPLEYEL TV TOPAKATMD ELOOTOIMON:

Copyright 1994 by Lance Ellinghouse
Cathedral City, California Republic, United States of America.

All Rights Reserved
Permission to use, copy, modify, and distribute this software and its
documentation for any purpose and without fee is hereby granted,
provided that the above copyright notice appear in all copies and that
both that copyright notice and this permission notice appear in
supporting documentation, and that the name of Lance Ellinghouse
not be used in advertising or publicity pertaining to distribution
of the software without specific, written prior permission.
LANCE ELLINGHOUSE DISCLAIMS ALL WARRANTIES WITH REGARD TO
THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANTABILITY AND
FITNESS, IN NO EVENT SHALL LANCE ELLINGHOUSE CENTRUM BE LIABLE
FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY DAMAGES
WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS, WHETHER IN AN
ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS ACTION, ARISING OUT
OF OR IN CONNECTION WITH THE USE OR PERFORMANCE OF THIS SOFTWARE.

Modified by Jack Jansen, CWI, July 1995:

— Use binascii module to do the actual line-by-line conversion
between ascii and binary. This results in a 1000-fold speedup. The C
version is still 5 times faster, though.

— Arguments more compliant with Python standard
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M.3.7 KAnfoeig Antopakpuopgvng Atadikaciag XML

H evomto xmlrpc. client mepiéyel v mopakdtw €100moinon:

The XML-RPC client interface is

Copyright (c) 1999-2002 by Secret Labs AB
Copyright (c) 1999-2002 by Fredrik Lundh

By obtaining, using, and/or copying this software and/or its
associated documentation, you agree that you have read, understood,
and will comply with the following terms and conditions:

Permission to use, copy, modify, and distribute this software and
its associated documentation for any purpose and without fee is
hereby granted, provided that the above copyright notice appears in
all copies, and that both that copyright notice and this permission
notice appear in supporting documentation, and that the name of
Secret Labs AB or the author not be used in advertising or publicity
pertaining to distribution of the software without specific, written
prior permission.

SECRET LABS AB AND THE AUTHOR DISCLAIMS ALL WARRANTIES WITH REGARD
TO THIS SOFTWARE, INCLUDING ALL IMPLIED WARRANTIES OF MERCHANT-
ABILITY AND FITNESS. IN NO EVENT SHALL SECRET LABS AB OR THE AUTHOR
BE LIABLE FOR ANY SPECIAL, INDIRECT OR CONSEQUENTIAL DAMAGES OR ANY
DAMAGES WHATSOEVER RESULTING FROM LOSS OF USE, DATA OR PROFITS,
WHETHER IN AN ACTION OF CONTRACT, NEGLIGENCE OR OTHER TORTIOUS
ACTION, ARISING OUT OF OR IN CONNECTION WITH THE USE OR PERFORMANCE
OF THIS SOFTWARE.

M.3.8 test_epoll

Hevomto test.test_epoll mepLéyel TV TOPAKATO ELOOTOINON

Copyright (c) 2001-2006 Twisted Matrix Laboratories.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND

NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
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r.3.9 Eruioyn kqueue

H evomta select mepiéyel v Tapakdtm eldomoinon yio v kqueue diemopi):

Copyright (c) 2000 Doug White, 2006 James Knight, 2007 Christian Heimes
All rights reserved.

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

.3.10 SipHash24

To apyelo Python/pyhash.c mepiéxer v vhomoinon tov Marek Majkowski tov olyopiBuov tov Dan
Bernstein, SipHash24. Autd mepléyel v mapakatm onueinon:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

Permission is hereby granted, free of charge, to any person obtaining a.

—COopy
of this software and associated documentation files (the "Software"), to.
—deal

in the Software without restriction, including without limitation the.
—rights

to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in
all copies or substantial portions of the Software.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/little)
djb (supercop/crypto_auth/siphash24/little?2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)
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M.3.11 strtod kaw dtoa

To apyelo Python/dtoa. ¢, mov mapéyel g ovvapthoelg dtoa ko strtod tng C yio petatporm twv C doubles
7TPOG Ko atd strings, poépyetat amd to oumdvupo apyeto tov David M. Gay, mtpog to mopdv diabéoiuo amd
https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c. To apyikd apyeto, dmwg avokt-
Onke otig 16 Maptiov, 2009, epiéyel Ta axOAOVO TVEVUATIKG SLKOLDUOTA KOL TV ELO0TOIN0N 0dEL0dOTN-

ong:

/****************************************************************

The author of this software is David M. Gay.
Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

*
*
*
*
* Permission to use, copy, modify, and distribute this software for any

* purpose without fee is hereby granted, provided that this entire notice
* is included in all copies of any software which is or includes a copy

* or modification of this software and in all copies of the supporting

* documentation for such software.

*

*

*

*

*

*

*

THIS SOFTWARE IS BEING PROVIDED "AS IS", WITHOUT ANY EXPRESS OR IMPLIED
WARRANTY . IN PARTICULAR, NEITHER THE AUTHOR NOR LUCENT MAKES ANY
REPRESENTATION OR WARRANTY OF ANY KIND CONCERNING THE MERCHANTABILITY
OF THIS SOFTWARE OR ITS FITNESS FOR ANY PARTICULAR PURPOSE.

**************************************************************/

M.3.12 OpenSSL

Ot pwovddeg hashlib, posix koL ssl xpnotuomoovv v Bifrodfkn OpenSSL yio emuthéov amoddoon,
eqv dratiBevton amd to hettovpykd ovotnua. Emumhéov, ta mpoypduuota eykoatdotaong yio v Python yio
Windows ka macOS, evdéyeton vo mepthapfavovy éva avitypagpo tmv Bihobnkmv OpenSSL, emouévmg ov-
urephappdvovue éva avtiypogo g dderag OpenSSL edw. Ta tv £kdoon OpenSSL 3.0 ko yio vedtepeg
€KOO0ELS TTOV TTPOEPYOVTOL atd auTh, LoyveL 1) ddela Apache v2:

Apache License
Version 2.0, January 2004
https://www.apache.org/licenses/

TERMS AND CONDITIONS FOR USE, REPRODUCTION, AND DISTRIBUTION
1. Definitions.

"License" shall mean the terms and conditions for use, reproduction,
and distribution as defined by Sections 1 through 9 of this document.

"Licensor" shall mean the copyright owner or entity authorized by
the copyright owner that is granting the License.

"Legal Entity" shall mean the union of the acting entity and all
other entities that control, are controlled by, or are under common
control with that entity. For the purposes of this definition,
"control" means (i) the power, direct or indirect, to cause the
direction or management of such entity, whether by contract or
otherwise, or (ii) ownership of fifty percent (50%) or more of the
outstanding shares, or (iii) beneficial ownership of such entity.

"You" (or "Your") shall mean an individual or Legal Entity

(ouvéyela oty eV oehida)
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exercising permissions granted by this License.

"Source" form shall mean the preferred form for making modifications,
including but not limited to software source code, documentation
source, and configuration files.

"Object" form shall mean any form resulting from mechanical
transformation or translation of a Source form, including but
not limited to compiled object code, generated documentation,
and conversions to other media types.

"Work" shall mean the work of authorship, whether in Source or
Object form, made available under the License, as indicated by a
copyright notice that is included in or attached to the work

(an example is provided in the Appendix below) .

"Derivative Works" shall mean any work, whether in Source or Object
form, that is based on (or derived from) the Work and for which the
editorial revisions, annotations, elaborations, or other modifications
represent, as a whole, an original work of authorship. For the purposes
of this License, Derivative Works shall not include works that remain
separable from, or merely link (or bind by name) to the interfaces of,
the Work and Derivative Works thereof.

"Contribution" shall mean any work of authorship, including

the original version of the Work and any modifications or additions

to that Work or Derivative Works thereof, that is intentionally
submitted to Licensor for inclusion in the Work by the copyright owner
or by an individual or Legal Entity authorized to submit on behalf of
the copyright owner. For the purposes of this definition, "submitted"
means any form of electronic, verbal, or written communication sent

to the Licensor or its representatives, including but not limited to
communication on electronic mailing lists, source code control systems,
and issue tracking systems that are managed by, or on behalf of, the
Licensor for the purpose of discussing and improving the Work, but
excluding communication that is conspicuously marked or otherwise
designated in writing by the copyright owner as "Not a Contribution."

"Contributor" shall mean Licensor and any individual or Legal Entity
on behalf of whom a Contribution has been received by Licensor and
subsequently incorporated within the Work.

2. Grant of Copyright License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
copyright license to reproduce, prepare Derivative Works of,
publicly display, publicly perform, sublicense, and distribute the
Work and such Derivative Works in Source or Object form.

3. Grant of Patent License. Subject to the terms and conditions of
this License, each Contributor hereby grants to You a perpetual,
worldwide, non-exclusive, no-charge, royalty-free, irrevocable
(except as stated in this section) patent license to make, have made,
use, offer to sell, sell, import, and otherwise transfer the Work,
where such license applies only to those patent claims licensable
by such Contributor that are necessarily infringed by their

(ouvéyela otV entopevn oehida)

164 Mapaptnua I'. lotopia kat Adsla




Python Tutorial, Anpocieuon 3.14.0rc2

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
Contribution(s) alone or by combination of their Contribution (s)
with the Work to which such Contribution(s) was submitted. If You
institute patent litigation against any entity (including a
cross—claim or counterclaim in a lawsuit) alleging that the Work
or a Contribution incorporated within the Work constitutes direct
or contributory patent infringement, then any patent licenses
granted to You under this License for that Work shall terminate
as of the date such litigation is filed.

4. Redistribution. You may reproduce and distribute copies of the
Work or Derivative Works thereof in any medium, with or without
modifications, and in Source or Object form, provided that You
meet the following conditions:

(a) You must give any other recipients of the Work or
Derivative Works a copy of this License; and

(b) You must cause any modified files to carry prominent notices
stating that You changed the files; and

(c) You must retain, in the Source form of any Derivative Works
that You distribute, all copyright, patent, trademark, and
attribution notices from the Source form of the Work,
excluding those notices that do not pertain to any part of
the Derivative Works; and

(d) If the Work includes a "NOTICE" text file as part of its
distribution, then any Derivative Works that You distribute must
include a readable copy of the attribution notices contained
within such NOTICE file, excluding those notices that do not
pertain to any part of the Derivative Works, in at least one
of the following places: within a NOTICE text file distributed
as part of the Derivative Works; within the Source form or
documentation, if provided along with the Derivative Works; or,
within a display generated by the Derivative Works, if and
wherever such third-party notices normally appear. The contents
of the NOTICE file are for informational purposes only and
do not modify the License. You may add Your own attribution
notices within Derivative Works that You distribute, alongside
or as an addendum to the NOTICE text from the Work, provided
that such additional attribution notices cannot be construed
as modifying the License.

You may add Your own copyright statement to Your modifications and
may provide additional or different license terms and conditions
for use, reproduction, or distribution of Your modifications, or
for any such Derivative Works as a whole, provided Your use,
reproduction, and distribution of the Work otherwise complies with
the conditions stated in this License.

5. Submission of Contributions. Unless You explicitly state otherwise,
any Contribution intentionally submitted for inclusion in the Work
by You to the Licensor shall be under the terms and conditions of
this License, without any additional terms or conditions.
Notwithstanding the above, nothing herein shall supersede or modify
the terms of any separate license agreement you may have executed

(ouvéyela otV entopevn oehida)
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with Licensor regarding such Contributions.

6. Trademarks. This License does not grant permission to use the trade
names, trademarks, service marks, or product names of the Licensor,
except as required for reasonable and customary use in describing the
origin of the Work and reproducing the content of the NOTICE file.

7. Disclaimer of Warranty. Unless required by applicable law or
agreed to in writing, Licensor provides the Work (and each
Contributor provides its Contributions) on an "AS IS" BASIS,
WITHOUT WARRANTIES OR CONDITIONS OF ANY KIND, either express or
implied, including, without limitation, any warranties or conditions
of TITLE, NON-INFRINGEMENT, MERCHANTABILITY, or FITNESS FOR A
PARTICULAR PURPOSE. You are solely responsible for determining the
appropriateness of using or redistributing the Work and assume any
risks associated with Your exercise of permissions under this License.

8. Limitation of Liability. In no event and under no legal theory,
whether in tort (including negligence), contract, or otherwise,
unless required by applicable law (such as deliberate and grossly
negligent acts) or agreed to in writing, shall any Contributor be
liable to You for damages, including any direct, indirect, special,
incidental, or consequential damages of any character arising as a
result of this License or out of the use or inability to use the
Work (including but not limited to damages for loss of goodwill,
work stoppage, computer failure or malfunction, or any and all
other commercial damages or losses), even if such Contributor
has been advised of the possibility of such damages.

9. Accepting Warranty or Additional Liability. While redistributing
the Work or Derivative Works thereof, You may choose to offer,
and charge a fee for, acceptance of support, warranty, indemnity,
or other liability obligations and/or rights consistent with this
License. However, in accepting such obligations, You may act only
on Your own behalf and on Your sole responsibility, not on behalf
of any other Contributor, and only if You agree to indemnify,
defend, and hold each Contributor harmless for any liability
incurred by, or claims asserted against, such Contributor by reason
of your accepting any such warranty or additional liability.

END OF TERMS AND CONDITIONS

r.3.13 expat

H enéxtaon pyexpat MUOUPYELTOL XPNOLUOTOLMVTAS £VO CUUWTEPINOUBOVOUEVO OVTLYPAPO TV TIYMV
expat, eKtOg Qv 1) €kdoom £xeL Ty pUOULON ——with-system-expat:

Copyright (c) 1998, 1999, 2000 Thai Open Source Software Center Ltd
and Clark Cooper

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to

(ouvéyela oty eV oehida)
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the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT.
IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY
CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION WITH THE
SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

r.3.14 libffi

H enéxtaon g C _ctypes mov PBpioketor KATW 0O TNV €VOTNTO ctypes dNUWOUPYELTOL XPNOLUO-
oLdvTog €va ovumepthappavouevo avtiypago twv mnyov libfli, extdg edv 1 ékdoon €xer v pubuom
——with-system—-1libffi:

Copyright (c) 1996-2008 Red Hat, Inc and others.

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be included
in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

r.3.15 zlib

H eméxtaon z1ib dnuLovpyeital p1oLLOTOLMVTAS EVO CUUTEPLAAUBAVOUEVOL avTiypapo TV Tnyov zlib,
eqv 1 €xd00m Tov zlib tov BpiokeTol 6To CVOTNUO ELVOL TTOA) TTOALA YLOL VAL X PN OLULOTTOLNOEL YL TNV KATOOKEVY):

N

Copyright (C) 1995-2011 Jean-loup Gailly and Mark Adler

This software is provided 'as-is', without any express or implied
warranty. In no event will the authors be held liable for any damages
arising from the use of this software.

Permission is granted to anyone to use this software for any purpose,
including commercial applications, and to alter it and redistribute it
freely, subject to the following restrictions:

(ouvéyela oty eV oehida)
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1. The origin of this software must not be misrepresented; you must not
claim that you wrote the original software. If you use this software
in a product, an acknowledgment in the product documentation would be
appreciated but is not required.

2. Altered source versions must be plainly marked as such, and must not be
misrepresented as being the original software.

3. This notice may not be removed or altered from any source distribution.

Jean—loup Gailly Mark Adler
jloup@gzip.org madler@alumni.caltech.edu

M.3.16 cfuhash

H vhomoinon tov mivako KatoKepUoTLopnoy Tov ¥ pNnoLuomoLeital amd to tracemal loc faciletol oto £pyo
cfuhash:

Copyright (c) 2005 Don Owens
All rights reserved.

This code is released under the BSD license:

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the above
copyright notice, this list of conditions and the following
disclaimer in the documentation and/or other materials provided
with the distribution.

* Neither the name of the author nor the names of its
contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.
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M.3.17 libmpdec

H enéxtaon _decimal mov Bpioketor KGtw omd v evotnta decimal €lvol QTIOYUEVY YPVOLUOTOLD-
vtag éva ovumepthapufavopevo avtiypogo g PprodNkng libmpdec, extdg av 1 €kdoon €xer pubuLom
—--with-system-1libmpdec

Copyright (c) 2008-2020 Stefan Krah. All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

1. Redistributions of source code must retain the above copyright
notice, this list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR AND CONTRIBUTORS "AS IS" AND

ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
ARE DISCLAIMED. IN NO EVENT SHALL THE AUTHOR OR CONTRIBUTORS BE LIABLE
FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS

OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
SUCH DAMAGE.

M.3.18 W3C C14N oouita doKLHiQ

H covita dokuung C14N 2.0 oto makéto test (Lib/test/xmltestdata/cl14n-20/) avokmOnke amd
tov Lotdtomo tov W3C https://www.w3.org/TR/xml-c14n2-testcases/ Kot dtovépetar pue v ddewa 3 pitpov
BSD:

Copyright (c) 2013 W3C(R) (MIT, ERCIM, Keio, Beihang),
All Rights Reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions
are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,

(ouvéyela oty eV oehida)
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SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

M.3.19 mimalloc
MIT Adero.:

Copyright (c) 2018-2021 Microsoft Corporation, Daan Leijen

Permission is hereby granted, free of charge, to any person obtaining a.

—Copy

of this software and associated documentation files (the "Software"), to.
—~deal

in the Software without restriction, including without limitation the.
—rights

to use, copy, modify, merge, publish, distribute, sublicense, and/or sell
copies of the Software, and to permit persons to whom the Software is
furnished to do so, subject to the following conditions:

The above copyright notice and this permission notice shall be included in.
—~all
copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT. IN NO EVENT SHALL THE
AUTHORS OR COPYRIGHT HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER
LIABILITY, WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING._
_FROM,

OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN.
< THE

SOFTWARE .

M.3.20 asyncio

Mépn g evOTNTOG asyncio evoouatmvovtat amd to uvloop 0.16, 1) omola dravéuetan pe adera MIT:

Copyright (c) 2015-2021 MagicStack Inc. http://magic.io

Permission is hereby granted, free of charge, to any person obtaining
a copy of this software and associated documentation files (the
"Software"), to deal in the Software without restriction, including
without limitation the rights to use, copy, modify, merge, publish,
distribute, sublicense, and/or sell copies of the Software, and to
permit persons to whom the Software is furnished to do so, subject to
the following conditions:

The above copyright notice and this permission notice shall be
included in all copies or substantial portions of the Software.

THE SOFTWARE IS PROVIDED "AS IS", WITHOUT WARRANTY OF ANY KIND,
EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED TO THE WARRANTIES OF
(ouvéyela oty eV oehida)
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MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE AND
NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT HOLDERS BE
LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY, WHETHER IN AN ACTION
OF CONTRACT, TORT OR OTHERWISE, ARISING FROM, OUT OF OR IN CONNECTION
WITH THE SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.

M.3.21 KaBoAikeég AntepLopioteg AKoAouBieg (KAA)

To apyeio Python/gsbr. c givol Tpocapuoouévo atd 1o GVOTNUO AopPAroVg ovaKTnong wnung «Global
Unbounded Sequences» tou FreeBSD, tov vhomoteitor oto subr_smr.c. To apyeio diavéueton vmd v Adela
2-Clause BSD:

Copyright (c) 2019,2020 Jeffrey Roberson <jeff@FreeBSD.org>

Redistribution and use in source and binary forms, with or without

modification, are permitted provided that the following conditions

are met:

1. Redistributions of source code must retain the above copyright
notice unmodified, this list of conditions, and the following
disclaimer.

2. Redistributions in binary form must reproduce the above copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

THIS SOFTWARE IS PROVIDED BY THE AUTHOR "AS IS" AND ANY EXPRESS OR
IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES
OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE ARE DISCLAIMED.
IN NO EVENT SHALL THE AUTHOR BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT
NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE OF
THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

M.3.22 Aecpeuoelg Zstandard

O deopevioelg Zstandard ota Modules/_zstd kow Lib/compression/zstd facifoviol o KOdLKo od
™ BLproOkn pyzstd library, mvevpotikng woktnotoag Tov Ma Lin xow tov ouvepyotdv tov. O K®dLKaG TG
pyzstd dravéuetan vird v ddeta 3-Clause BSD.

Copyright (c) 2020-present, Ma Lin and contributors.
All rights reserved.

Redistribution and use in source and binary forms, with or without
modification, are permitted provided that the following conditions are met:

1. Redistributions of source code must retain the above copyright notice, .
—this
list of conditions and the following disclaimer.

2. Redistributions in binary form must reproduce the above copyright.
—notice,
this list of conditions and the following disclaimer in the.
—documentation
and/or other materials provided with the distribution.
(ouvéyela oty eV oehida)

M.3. Adeleg kal Euxaplotieg yia Evowpatwpevo AOYLOULKO 171



https://github.com/freebsd/freebsd-src/blob/main/sys/kern/subr_smr.c
https://github.com/Rogdham/pyzstd/

Python Tutorial, Anpociguon 3.14.0rc2

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

3. Neither the name of the copyright holder nor the names of its
contributors may be used to endorse or promote products derived from
this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS "AS IS"
AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE._
—ARE

DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT HOLDER OR CONTRIBUTORS BE.
—LIABLE

FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER
CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT.
—LIABILITY,

OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE._
—USE

OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.
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Copyright

H Python ko vt 1) Tekunpiwon eivod:

Copyright © 2001 Python Software Foundation. All rights reserved.

Copyright © 2000 BeOpen.com. OLa T SUKOLMOUOTA SLATNPOVVTOL.

Copyright © 1995-2000 Corporation for National Research Initiatives. Olo. To. StKaLOUATO SLATNPOVVTAL.

Copyright © 1991-1995 Stichting Mathematisch Centrum. ‘Ola Tal SLKOLOUOTA SLATPOVVTOL.

AvatpéEte 010 lotopla kar Adea Yo TPNG TANPOQOPNON OYETIKE te TNV AdeLa YpNoNG Ko Tig eE0V010d0-
THOELG.
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GIL, 135
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PEP 3116, 146
PEP 3147,53
PEP 3155, 143
Pythonic, 142
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annotation petafAntnc, 146
annotations

function, 35
awaitable, 129
builtins

module, 54
bytecode, 130
bytes-like avtikeilpeva, 129
callable, 130
callback, 130
coding

style, 35
context, 131
context petaBAnth, 131
contiguous, 131
coroutine, 131
coroutine ouvdptnon, 131
decorator, 132
descriptor, 132
docstring, 132
docstrings, 26, 34

175



Python Tutorial, Anpociguon 3.14.0rc2

documentation strings, 26, 34
duck-typing, 132
dunder, 133
f-string, 133
f-strings, 133
file

object, 63
finder, 134
for

statement, 19
fstring, 60
f-string, 60
function
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generator, 135
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module, 66
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névodog, 139
mapping, 139
meta path finder, 139
module, 139

builtins, 54

json, 66

sys, 53
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