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H Python givar o edkodn oty ekuddnon, woyvpt yAdooo mpoypouuatiopov. Exer amoteleopatikés do-
uég dedouévarv vPNAov emiTédov Ko ua Al oAG ATTOTELEGUOTLKY] TTPOGEYYLOT OTOV OVTLKELUEVOOTPOPY
spoypapuatiopd. To Kouypd ouvtakTiko Ko 1 duvoukn tumomoinon g Python, o ouvdvaoud pe t) diepun-
veupévn o TG, TNV KaBLoTovv 1dovIKY YADooa yua scripting Kou taygia avamtuEn epapuoydv og Torhoig
TOUELG OTLG TTEPLOOOTEPES TAATPOPUEG,

O depunvéag g Python ko 1 ektetapévn tumiky (standard) BiphodNKm dratiBevrol ehetiBepa oe nyaia
dvadLky poppn yia Oheg Tig KUpLeg mTAATQOPUES atd TV LoTooehida g Python, https://www.python.org/ kou
utopovv va droveunBouv ehetibepa. O (8L0g LoTOTOTOG TTEPLEYEL ETTLONG dLOVOUEG Kol delkTES 08 TTOAMG dwpedv
modules Tpitwv, Tpoypdpuota Kot epyoleio Python, kabwg kol tpdobetn texunplwon.

O diepunvéag tng Python emexteiveTor ehKola Le VEEG CUVAPTIOELS Ko TUTTOVG OESOUEVMV TTOV VAOTTOLOVVTOL
oe C N C++ (] dhheg yhwooeg mov pmopovv va kKnbouv amd ) C). H Python eivan emiong KatddAnin wg
YADOOO ETEKTAONG YLOL TTPOOOPUIOUUES EPAPUOYES.

Avut6 10 tutorial eLOGYEL TOV AVAYVOOTY OVETIONUA OTLG BAOLKEG £VVOLeg Kal duVATOTNTEG TNG YAMOOAS KoL
Tov ovotiuatog Python. Bon0del va éxete mpoyeLpo évav diepunvéa Python yio tpoktiky| epselpio, olhé Oha
Ta TAPAOELYILATO ELVAL AUTOTET), 0TTOTE TO tutorial umwopei va diafaotel Kot EKTOG GUVOETNC.

[0 (oL TEPLYPOPT TMV TUTTOTOLNUEVIV OVILKEWWEVWY Kol evOTNTwY, deite library-index. To reference-index
divel évav mo emionuo oplond g yAwooags. Tia va ypdyete emektaoelg oe C 1) C++, drapdote to extending-
index kau to c-api-index. Ymdipyovv emiong apketd Bipiia wov korvmtovy tv Python oe fabog.

Avtd 10 tutorial dev mpoomadel va eivor epLlekTiKO Ka va Kohhper KAOe YopaKTnPLoTKO 1) akoun Kot Kaoe
OLY VG YPNOLUOTOLOVUEVO YOPaKTNPLOTIKO. AVvTifeTa, Oa cog mapovotdoel ToAE amd ta o aEloonueimto
YopaKTNPELOTLKG TG Python kau Ba cag dwoel pua Kol woéa yiar ™) yevon Ko To Veog TG YADooos. Apov
to drapaoete, Oa eiote og O£om va drofdlete kau va ypdpete modules ko wpoypduporta Python, kol Oa giote
érolpot va udibete mepLoooTepa Yo o dudpopa modules BLpioOnkmy Python tov meprypdpovton oto library-
index.

AEiCeL emiong va dwafdoete To ['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

The Python interpreter is usually installed as /usr/local/bin/python3.11 on those machines where it is
available; putting /usr/local/bin in your Unix shell’s search path makes it possible to start it by typing the
command:

[python3.ll }

oto shell.! Epdoov 1 emhoyi) Tov katordyou dmov Bpioketal o interpreter etval pa A0y £YKATAOTAONG,
Ko dAha uépm elval TOavds emKoLvmvioTe (e Tov Tomttkd oag guru tg Python 1) tov duaelploti cuoTUOTOG.
(mt.x., /usr/local/python gival o dNUOPANG evOrLaKTLIKT TOTOOEGCL.)

On Windows machines where you have installed Python from the Microsoft Store, the python3. 11 command will
be available. If you have the py.exe launcher installed, you can use the py command. See setting-envvars for other
ways to launch Python.

H mhnxtpordynom evog yapaktpa téhovg apyelov (Cont rol-D oto Unix, Control-7Z oto. Windows) otnv
KUpLaL ypauuy eviohmv ovorykdtel Tov interpreter va fyer pe undevikn kordortaon eE6dov. Edv autd dev Aet-
TovpYEl, pmopeite va Byeite artd Tov drepunvéa TANKTPOAOYDOVTOG TNV aKOLOVON EVIOM]: quit ().

O duvatotnteg eneEepyaoiag ypauung tov interpreter septhaufdvouy interactive emeEepyooia, avikotd-
OTOO1 LOTOPLKOY KO CUUTTAPmWOT KMOLKA 0€ ovoThuota tov vrootnpiCovy tnv GNU Readline BipiioOnk.
Towg 0 o YPIYopog Eheyyog yia va deite av vootnpileton 1) eneEepyaoio TG YPAUUNG EVIOM®V EivoL va.
TKTpohoyNoeTeE Cont rol—P otV mpod T ypauw evrohmv Python mov haufdvete. Eav nynoel, éxete emne-
Eepyaoio ypouung eviohdvs BA. to mapdptnuo Awadoactik’) ExeEeoyacia Input kaw Avukatdotaon l6tootkod
yio eloayoyf oto dkTpa. EGv dev gaivetol vo cuppaivel timota 1) av nynoel to P, 1 eneEepyaocia g
vypauung eviohmv dev givan drabéoun. o pmopeite vo ypnopuomomoete wovo to backspace yio vor apoLpé-
OETE YOPAKTIPESG ATO TNV TPEXOVOA YPOULLY).

O interpreter Aettovpyel Kdmwg émtwg to Unix shell: 0tav kodeitow wa standard eicodo ouvdedepévn oe o
ovoKeLT tty, dLofaLeL Ko eKtehel EVTIOAEG AAMAETLOPAOTIKA OTOV KaAElTOL [LE EVOL OPLOUO OVOUATOG 0Py ELOV
1 e éva apyeio wg standard €i00d0, dtaPdlel ko ektehel £va script amd avtd TO ApyELo.

'Evog deUtepog TpOmog eKKivnong tov interpreter eivar python —c command [arg] .. .,1 omoio ektehel
TLG EVTOMEG 0T0 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.



https://tiswww.case.edu/php/chet/readline/rltop.html
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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 Ewcaywyn Opiopatoqg

‘Otav eivol yvootd otov interpreter, To OVOUOL TOU script Ko To TpOoOETO 0PIOUATO GTNV CUVEYELX UETATPETO-
VTOL 0€ AMOTO OUUPBOLOCELPDYV Kol EKYWPOUVTOL 0TV UeTABANT argv oto module sy s. Mmtopegite va amokt-
0€TE TPOOPAON 08 OVTHY TNV Mot EKTELDVTOG TO import sys. To unKog tg AMotag eivan TouhdyLotov €vae
otav dev divovtaw script Ko dev divovtat opiopata, 1o sys.argv [0] eivol o kev) oupporooelpd. Otav to
Ovoua tov script divetor wg '—' (;wov onuaivet standard €10000g), To sys.argv [0] opiletor wg '-'. Otav
YP1OLULOTTOLELTAL ) VTOAT) —C,TO sys.argv [0]  “opiletar oe " '—c'.Otav xpNOLUOTOLELTOL 1] EVTOAR
-m,T0 sys.argv [0] opiletar mg To mMpeg dvopa tov module ov Bpiloketal. O emihoyég mov pédnkav
HeTd v evrodrj —c 1) to —m module dev KoTOVOADVOVTOL QITO TOV EneEepyaoT ETAOYDV TOV interpreter TG
Python aALd agijvovtol 0To sys.argv yio Ty evtoln 1) tTo module va to dtoyelpLotel.

2.1.2 Interactive Aeittoupyia

‘Otav duafdfovtat evtolég omd éva tty, o interpreter Méyetou OTL BploKeTon O€ interactive Asttovpyio. Ze auth T
Lertovpyla VITEVOUIITEL TV eTOUEVT EVTOLT| UE TNV kDot evToAr], ouviOmg Tpia oVUBoA HeYOAUTEPO (>>>).
YLOL TG YPOUUESG OUVEYELOG, VITeVOUUITEL ue T devtepevovoa evioldr, amd mpoemhoyr| Tpelg teheieg (. . .). O
interpreter EKTUTTMOVEL £VOL WVUUO. KOAWOOPIOROTOG TOU avapépeL ToV apLlBud €kdoomng Kat Ua eLd0Toinot
TVEVUOTIKOV SIKOLWUATOV TTPLY EKTUTTMOEL TO TPMTO UNVUUOL:

$ python3.11

Python 3.11 (default, April 4 2021, 09:25:04)

[GCC 10.2.0] on linux

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

AToLToUVTOL YPOUIESG CUVEXELAG OTAY ELOGYETAL L0 KOTAOKEVT) TTOA®V ypauumv. Lo mapdderyua pigte wio.
notid og authv Ty dMhwon 1 £:

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

Be careful not to fall off!

[N epLocdTepa OYETIKA Ue TV interactive Aettovpyia, Ph. Atadpactixki) Asttovoyia.
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2.2 O Interpreter kat to MNeptBaiAov tou

2.2.1 Kwdwkomoinon Nnyaiou Kwdwka

And mpoemhoyn, Ta Tyaio apyeio Python avuipetwmiZovion og kwdikomomuéva oto UTF-8. Ze avtiv Ty
KWOLKOTTO(NO1), OL YOPAUKTNPES TWV TEPLOTOTEPWV YAWOOMV 6TOV KOOUO UITOPOVV Vil XpNOLUoTotn0ovy tav-
toypova ot literal cuuBolooelpéc, avayvwpLoTiKG KoL oyXOMo. — av Kat 1 Turitky) Bplodnkn ypnoipomotel
uovo yapaktipeg ASCII yio avaryvewplotikd, wo cupfoot mov pémel vo akohovbel 0mmolodnmote popntdg
KOdKag. T vo epgpavioel omotd OLoUg auTolg TOUG YOPAKTIPES, TO MOYLOWKO eTeEEpYOotag 00G TPETEL VO,
avayvopioer 0tL to apyelo eivor UTF-8 Ko mpémet vo xp1noLUoToLel P YPOUUOTOOELPG TTOU VO VTTOOTHPICEL
OMOUG TOVG YUPUKTIPES TOV APy ELOV.

T va SNADOETE PLoL KOALKOTTOLN 01 SLOPOPETLKTY) OO TNV TTPOETUAEYUEVT], O TpémeL va TpooTeDel (o eLdLKY)
YPaUUT OXOMWOV WG TN Ypouu Tov apyeiov. H ouvta&n eivon n eENg:

[# —*— coding: encoding —*- }

610V 10 encoding eival éva amd To EyKupa codecs mov vootpitovrol amd v Python.

T wopdderyua, yio va dimoete oL tpokertal va ypnouomoinei  kwdikoroinon Windows-1252 , ) mpwth
ypouU Tov apyelov Tov s yoiov Kodika Oa spémel vo eivau:

[# =%= coengs cpll252 =%= J

Mo eEaipeon otov Kavova first line eivon dtov o mnyaiog kmdukag Eekivd ue wa ypouuy) UNIX «shebang». Ze
QUTHV TNV TTEPLITTOOon, 1) dMAwor kwdikomoinong Ba mpémel va mpootedel mg devTepn ypauuy Tov apyeiov.
INo mopdderypo:

# —*— coding: cpl252 —*-

#!/usr/bin/env python3 J

YTOONUELWOELG

2.2. O Interpreter kat to MNMeptpaiiov Tou 7
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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."
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3.1 Xpnowpomowwvtag tnv Python wg Apltpounxavn

Ac dokipdoovpe uepLkéc amhéc eviohés tng Python. Eekiviote Tov dlepunvEa KoL TEPLUEVETE TO TPMTO prompt,
*>>>" . (Agv Oa mapet ol xpdvo.)

3.1.1 ApBpoi

O diepunvéag ettovpyel wg pio ot aptOpounyovy: WITOPELTE VoL TANKTPOLOYNOETE Uit EKPPOOT KAl EKEIVOG
Ba ypdaper v ). To CUVTOKTIKO Uiag £KQPaong eival ammho: oL TEAEOTEG +, —, * KOl / UTTOPOVV VO PN OL-
nosotnOouv yio TNV eKTEAEDT) aPLOUNTIKOV TPdEemve oL TapevOEoels (() ) Wropovv va xpNoLUosToL 00UV yio.
opadomoinon. INa moapdderypa:

>>> 2 + 2

4

>>> 50 - 5*%6

20

>>> (50 - 5*6) / 4

5.0

>>> 8 / 5 # division always returns a floating point number
1.6

J

O axéparor aplBpot (mt.y. 2, 4, 20) €rouv Tov TOTO int, oL apbuol pe dexadukd Yyneia (7t.y. 5.0, 1. 6) éxovv
Tov 0o £loat. Oa dovue TEPLOTOHTEPA YLOL TOUG OPLOUNTLKOUG TUTTOUG 0P YOTEPX OE AUTOV TOV 001YO.

H dwaipeon (/) mavta emotpépet éva float. INa va kdvete floor division (axépaio SLolpeot)) Ko Vo TTAPETE EVaL
OKEPOLO QLTTOTEAEOLLOL, UITTOPELTE VA XPNOLUOTTOLOETE TOV TeAeOTH // "« yila va umoloyloete To TO
vndioino plac Sralpeong, ypnoipomoilnote Tov TeAeothn = %

>>> 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 XpNOLLOTO0ETE TOV TEAEOTY * * Y10, VoL vtohoyioete duvapelg':

>>> 5 ** 2 # 5 squared

25

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

To oVuPoro TG LoOTNTAG (=) XPNOLUOTTOLELTOL YLOL TV AVAOEDY [LOG TYUNG OE (oL LETABANTY. 2T ouvEyELa,
dev gppavitetor amotéheoua TPLV oo To ETOUEVO dLadPATTIKO prompt:

>>> width = 20

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

Av pia petafinti) dev €xeL «opLoTel» (dev TG €xeL amodobel Kdmoia Tun), N Tpoomdbeia xpfong g Ba oog
dwoeL Eva opdipa:

! Aedopévou 6TL To ** éxel LeyaliTepy TPOTEPALdOTNTA AT TO —, To —3* *2 Oo eppVevTel g — (3**2) KoL éTol 0o TPoKeL —9.
To va 1o 0ITo@UYeTe avTd Kol va TTAPETE 9, WITOPELTE VA YXPT|OLULOTOLOETE (—3) ** 2.

10 Kegahawo 3. Mia Atunn Elocaywyn otnv Python
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>>> 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 mAipng voot)plEn yio dekadikd Ynice TeEAE0TEG HE TELEGTEOUS (UKTOV TUTTOU UETATPETOUV TOV
OKEPOLO TELEOTED 0€ BEKUDLKO:

>>> 4 * 3,75 - 1
14.0

211 SLadPOOTIKY) AELTOVPYIQL, 1) TELEVTALA EKTUTTMUEVY EK(PPAOY] EKXWPELTAL 0T UETABINTY _. AVTo onpal-
vel 0TL Otav ypnowportoteite Tv Python mg apBuopnyovn ypoageiov, eivol KATmS o e0KOAO VoL GUVEYIOETE
TTPONYOVUEVOUG VTTOROYLOUOVG, VL0 TTOPAdELYOL:

>>> tax = 12.5 / 100
>>> price = 100.50
>>> price * tax
12.5625

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

Avti 1 peTofAnT Oa TPEmeL Vo avTLUETMITITETOL ATTO TOV XPNOTH MG WOVO VLo OVAYVmaon. Mnv tng avobétete
PNTE o Ty — Ba dNuovpyovoaTe o AVEEAPTNTY TOTLKY UETABANTY WE TO D10 dVOUO QTOKPUTTOVTOG
TNV EVOOUOTOUEVT UETABAT LE T1) LOYLKT] TG OUUITEPLPOPAL.

Extog and int wou float, N Python vmootnpiler kol ddhovg timovg aplBumy, 6twg Decimal kou

Fraction. H Python éyei emiong evowpatmpuévi vrootiplEn yio complex numbers (uuyadikcots aptbuovc),
Ka xpnowpomotel v Katdngn j ) J yia va dnAdoel 1o pavtaotikd uépog (st.y. 3+57).

3.1.2 Keipevo

H Python ptopsi va yelpLotel Keipevo (;Tou avTTpoomteveTal 0td ToV TUTO St r, TG AeYOUEVES «OUUBOLOOEL-
péc») KaOhg Kat apOuovs. Autd mephapBdvet xopakTipeg « ! », MEeIG «xoUuvEAL», ovouato «lapioi»,
TPOTAOELG «KAAUNTW TG viTA COU.», KA. «Nai! :)». Mmopolv va meptkheiovtal o€ Lova ELooymyLKd

("...") N dmhd etoayoyud (M. . . ") ue To (910 amoTéheona’.

>>> '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"

[ vo TpooBéooupie Eva eLoarywyLlkd, TPETEL VO, TO «KAVOUUE escape», TPOTATooVTAG Tou pia \. Evalloktikd,
WITOPOVUE VAL YPNOLUOTTOLCOVUE 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."

(ouvéyela oty entodpevn oehida)

2 S avtiBeon te GAAEG YADOOES, OL ELOLKOL YOPOUKTHPEG OIS TO \n £X0VV TNV idLa oNuasic TO00 pe omhé (1 . . . ') 600 KoL pe SUThd
("...") swoayoykd. H pdvn dwapopd ueta€d tov 8lo eivar 6tL péoa o amhd eloaywylkd dev yperdieton vo amoquyete o " (aAld
TPETEL VO OTTOPUYETE TO \ ') KOL TO OVTLOTPOQO.

3.1. Xpnowonowwvtag tnv Python wg AptBuopnxavn 11
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
'"Yes," they said.'
>>> '""Isn\'t," they said.'
'""Isn\'t," they said.'

Zto shell tg Python, o opioudg ovpporooelpds kow 1 oupforooelpd e£680v wropei va potdfouv dLapopeTikd.
H ovvédptnon print () mapdyel o o evavayvwotr) ££080, TAPUAEITOVIOG TO ELOAYMYLKE TTOV TEPIKAEL-
OVV TNV OVUPBOLOCELPE KOl EKTUTOVOVTOG escaped Ko eLdLKOVG XoPUKTNPES:

>>> s = '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

First line.

Second line.

J

Edv dev 0éhete oL (apakTNPES TOV TPONYOUVTOL 0T Uict \ var epunvevoVToL MG ELOLKOL XOPUKTNPES, WTOPELTE
VO PN OUWOTTOLNOETE AKATEQYAGTES GUUPOAOGELOES TTPOTOETOVTOG £Val T TTPLV QT TO TPMTO ELOAYWYLKO:

>>> 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

Yrdpyetr o SuodLdkpitn vyt 0TiG AKATEPYAOTES OUUPBOAOTELPES: L0 KOTEPYOOTY OUUBOLOTELPE BEV (ITO-
PEL VoL TELELWVEL O€ TTEPLTTO 0pLBud yoapakthpwv \” deite To Muuo twv Zvyxvidv Epotosmv yio teploodtepeg
TIMPOPOpLeg Ko AVOELS.

String literals can span multiple lines. One way is using triple-quotes: """ .. ."""or '''...""'"'. End of lines
are automatically included in the string, but it’s possible to prevent this by adding a \ at the end of the line. The
following example:

print ("""\

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

nn ")

produces the following output (note that the initial newline is not included):

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

Ot ovuBorooelpég wropotv va ouvdehotv (KoMnBovv 1 wiot otnv GAN) pe Tov TEAEOTH +, KOL VO ETTOVOAN-
@O0V Ue ToV TELETTN *:

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

AYo 1 mopamdve ougfolooelpés (tov mepikheiovial oe eloarywytkd) M pia distho oty Gl cuvdEovtan av-
TOUATO.

>>> 'Py' 'thon'
'Python’

Avt 1 Aettoupyia eivar Wdaitepa ypnoun otav Béhete va omdoete peydheg ouUBOLOOELPES:

12 Kegahawo 3. Mia Atunn Elocaywyn otnv Python
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>>> text = ('Put several strings within parentheses '
c 'to have them joined together.')

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

Qot600, 0VTO AELTOUPYEL LOVO e KUPLOAEKTIKEG GUUBOAOOELPES, Ol e UETAPANTES 1] EKPPAOELS:

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

AAAAAN

SyntaxError: invalid syntax

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

AAAAA

SyntaxError: invalid syntax

Av Béhete va ovvdéoete neTaPANTEG 1) wior peTafAnTy) Ko puio KuplohekTiky ovuPorooelpd, XPNOLULOTOLOTE
TO +:

>>> prefix + 'thon'
'Python'

O oupporooelpég umopovv va gival mooomeddoiues (LEGW EVPETPLOV), UE TOV TTPDTO YOPAKTHPA VO EXEL TOV
deixtn 0. Agv vitapyel Eexwplotdg THITOG YLoL XOPaKTAPES £VaG XOPAKTHPAG Eival oG o ovuBohooelpd.
ue uéyebog évai:

>>> word = 'Python'

>>> word[O0] # character in position 0
'Pl

>>> word([5] # character in position 5

n!'

O deixteg wropovv va eivor koL apvntikol apduol, yia vo Eekiviioete v apibunon omd to SeEud:

>>> word[-1] # last character

lnl

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

>>> word[-6]

IPI

Znuewmote 6T oot to -0 eivar To idLo pe to 0, oL apviTikoi deikteg Eekivoiy oo to -1.

In addition to indexing, slicing is also supported. While indexing is used to obtain individual characters, slicing allows
you to obtain substring:

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

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

O deixTeg £VOG TELOYLOUOV EXOUV YPTOLUES TPOETUAOYEGe 1) TTOPAAEPY) TOV TIPMTOV SEIKTN EXEL WG TPOETL-
Loy to undév, N mapdherpn tov devtepou delkTn €xeL wg mpoemAoyy To uéyebog g ouUBOLOCELPAS TOV
TepoyiCeTat.

>>> word[:2] # character from the beginning to position 2 (excluded)
le'
>>> word[4:] # characters from position 4 (included) to the end

(OuvEyELa OTNY ETTOUEVT] GEMDO)

3.1. Xpnowonowwvtag tnv Python wg AptBuopnxavn 13




Python Tutorial, Anpooiguon 3.11.13

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
|l on A\l
>>> word[-2:] # characters from the second-last (included) to the end
|l on A\l

MpooéEte g 1 apyn TEPLMAUPAVETOL TAVTOL, EVD TO TENOG TTAVTA eEqupeiToL. AvTd eE0opaliletdTito s [ 1]
+ s[i:] eivouw whvto (00 pe s:

>>> word[:2] + word[2:]
'Python'’
>>> word[:4] + word[4:]
'Python'

"Evag 1p0mog vo. Oupdote g MeLttoupyoUv oL TEROYLoUOL elvol vo oke@Teite OTL oL deikteg delyvouv uetaEd
YOPAKTHPWV, IE TO APLOTEPO GKPO TOV TPDTOV YopakThpa va optbueitor pe 0. Tdte To 8eE10 Gxpo Tou Te-
Levtalov XopaKTNPO oG GCUUBOAOOELPAG V XAPUKTNP®Y EXEL KT v, Yia TTAPAELYILOL:

Fom b ——+
Pl yl tlh|oln|
A S
0 1 2 3 4 5 6

=@ =5 =4 =3 =2 =i

H spdhn oepd apbumv diver ™) B€om twv dewktdv 0...6 oty ovuporooelpds 1 devtepn oelpd divel Tovg
avtiotoLyovg apvNTIKoUg deikteg. O TeEPayLonog artd i wg j atoTeleital amtd OLOUG TOVG YUPOUKTHPES UETAED
TOV GKPOV UE ETIKETES I KAL J, AVTIOTOLYO.

[oe un apvnTikovs deikTeg, T0 UNKOG VO TEUAYLOUOU glval 1) dLapopd Tmv deLKTAOV, edv KoL oL Vo elval
evtog Tov opiov. [N mapaderypa, To unkog tov word [1: 3] eivor 2.

H amomepa yphong evog okt ueydhov deiktn Ba 0dnynoel oe opdiuo:

>>> 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

Qot600, oL delKTEG EKTOG EVPOVS OVTIUETOIULOVTOL YWPLG GPANULAL OTOV Y PNOLUOTOLOVVTOL YLOL TEUOYLOUOVG:

>>> word[4:42]
'On'

>>> word[42:]
T

Ou ovuforooelpéc g Python dev pmopouv vo alhdEovv — eivan immutable. Emouévwg, 1 avadeon og o,
OoVYKEKPLUEVY B€0m ot ovpporooelpd 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 ypeidCeote o diagpopetikt] oupuforocelpd, 0o mpemel va dNuovpynoeTe (o véa:

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

>>> word[:2] + 'py'
'"Pypy’

14 Kegahawo 3. Mia Atunn Elocaywyn otnv Python
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H evowpatmuévn ovvaptmon len () emoTpEQPEL TO UNKOG PLag Gupohooelpdc:

>>> s = 'supercalifragilisticexpialidocious'
>>> len (s)
34

Agite emiong:

textseq
O ovuforooelpéc eival mapadeiynato toxwv akolovbiog Kol vtooTnpifouy TIg Kowveg TpaEelg mou
VITOOTNPILOVTOL OTTO TETOLOVG TUTTOVG.

string-methods
Ou ovuporooelpég vootnpiCouvv évav peydho apdud pebodmv yio faotkovg HETAOYNUATIONOUS Kat

avagnmon.

f-strings
Kuprorektikég ouufBorooeLpéc OV £X0VV EVOWUATMUEVES EKPPATELS.

formatstrings
IIAnpogopieg oeTIKA 1E TH LoPPoToinot cuuforooelpmy pe ™) uéBodo str. format ().

old-string-formatting
Ot woklég hettovpyleg LOPPOTOINOoNG TOV KAAOUVTOL OTaV oL GUUPBOROOELPES ElVaL O 0PLOTEPOG TEAE-
0T€0G TOU TELEOTY| & TTEPLYPAPOVTOL LETTTOUEPEDTEPA EDM.

3.1.3 Aioteq

H Python yvwpiCel évav aplud cvletmv TOmmv dEdOUEVAOV, TOV YPNOLUOTTOLOVVTOL YL TNV OUOd0TTOLNTT
AoV TudV. O o gVEMKTOG ival 0 TUTTOG AloTa, 0 0TTOLOG WITOPEL VO YPOPTEL WG ULt AMOTA dLoymPLoué-
Vv Ue Koupa Tuadv (otouxelwv) avapeoo oe tetpdywves aykivhec. O Moteg Wmopel va mepLéyovv otoryeio
dLapopeTttk®mv THTV, odhd ouvnBmg dha Ta otoryeia Exouv Tov (dLo TuTo.

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

‘Ontwg oL ovuPorooELPES (Kot OAOL OL GALOL EVOWUATWUEVOL TUTTOL sequence), oL MOTEG WTOPOoUV Vo, HELKTOJO-
™O0UV Ka Vo TEQOYLOTOVV:

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

1

>>> squares[—1]

25

>>> squares[-3:] # slicing returns a new 1list
[9, 16, 25]

O Moteg vmootnpilouvv emiong hettovpyieg dmtmg ovvdeon:

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

Ze avtibeon pe tig ovuPorooelpés, oL omoieg elvar immutable, oL Moteg elvar mutable TOmog, dnhod 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

>>> cubes
[1, 8, 27, 64, 125]

3.1. Xpnowonowwvtag tnv Python wg AptBuopnxavn 15
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Mitopeite emiong va mpoobéoete véa otolyeia 010 TEAOG TG MOTOg, PNoLoTOLWVTaG TV tébodo list .
append () (Ba dovue mepLoodTEPQ VIO TIG UEBOdOVG QP YOTEPCL):

>>> 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 avaBeorn oty Python dev avtiypdgel moté dedouéva. Otav avabdétete o Moto og po petafpint,
1 UETOPINTN avapépeTol 0TV vadoyovoa Alota. Omoleodnmote alhayés Kavete 0t Moto HEow Wog (eTa-
BANTIG B Yivouy ovTiMnmTég 0td OAES TIG GANES UETOPANTES TTOV AVAPEPOVTOL GE OUTHV:

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

>>> rgba = rgb

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

>>> rgba.append ("Alph")

>>> rgb

[llRedll’ "Green", llBluell’ "Alph"]

‘O)oL oL TEUOLLOUOL ETLOTPEPOVY oL VEQ AOTA TTOU TTEPLEYEL T CNTOVUEVA OTOLYELD. AVTO ONUAivEL OTL O
akdhovBog Tepoytonog emotpépel éva shallow copy (pnyd avtiypago) tng Alotag:

>>> correct_rgba = rgbal:]

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

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

["Red", "Green", "Blue", "Alph"]

H avabeon oe tepoyiopog eivan emtiong duvati), Kow outd wwopel akoun ko vo odddEel to uéyebog tng Motog
1N va ™) dLoypdeL EVIEL®G:

>>> 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

tva¥, v, 'gv, YD, Vm¥, YE", VgV]

>>> # 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

L]

H evoouatmuévn ovvdptnon len () epapudletal eniong otig Moteg:

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

J

Eivaw duvatd vo eugpoiedoete Moteg (Vo dnuovpynoete Moteg mov meptéyouv dhheg AMOTES), Yia Tapaderypa:

N

>>> a = ['a', 'b', 'c'l]
>>>n = [1, 2, 3]

>>> x = [a, ]

>>> x

(rra', 'b', 'c'l, I[1, 2, 311

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> x[0]
[ A} a A} o A} b A} 0 \J c A} ]
>>> x[0][1]
|l b |l

3.2 MpwTta Brjpata Mpog Tov NMpoypappatiopod

Duoikd, uwopovpe va ypnowomolnooupe v Python yio o mepimhokeg epyaoieg amd tnv mpdobeon dvo ko
dvo nati. o wopdderyua, LropoVue va ypdpouue wa apyLk vo-oeLpa g 2elpds Fibonacci wg akohovBei:

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

Qo Ul W NP PO

AvTtd T0 TOPAdELYUa ELOAYEL DLAPOPO VEQ YOPAKTIPLOTLKG.

o Hmpwtn ypouun wepLéyet o moAdlamin avdbeon: oL ueTafAnTtég a KoL b Taipvouv TouTdY POV TIG VEEG
Tég 0 ko 1. Ztnv tehevtaia ypauu auto xpnouormoteiton Eavd, amodetkviovtag 0Tt oL EKQPPAOELS OTH|
8eELa mheupd aglohoyouvtal dheg TpdTo TPLY Yiver omoladnmote avabeon. Ot ekppdoelg oty deELd
mhevpa aElohoyotvral amd aplotepd TPog To OeELA.

o O Bpodyoc while ekteheitan 600 1) cuvOhKN (edw: a < 10) mapapéver aindifg. Ztnv Python, dmwg ko
ot C, omoLadnmote pun undevikt) axéporo T eivor alndng, to undév eivar Yevdéc. H ovvOnkn umopel
emiong va elval wo ovpBorooelpd 1 wo Mota, oty TpayuattkdTnTa 0mToLt0dNnTote okolovdioes otdN-
TOTE PE WY UndeviKo unkog eivan odnbéc, kevég axohovdieg eivor Pevdeic. To Te0T oL X pNOoLULOTOLELTAL
010 TTapaderyua eivor o oAl ovykpLon. Ot tumikol teheotés ovykplong ypdgovtar émtmg ot C: <
(uxpdTEPO amd), > (ueyalitepo amd), == (i0o ue), <= (UKpOTEPO 1) (00 ue), >= (ueyahitepo 1 oo pue)
Ko ! = (un ioo ue).

o 2710 odua Tov Ppdyov vtapyel ecoyi: M ecoyn elvar o Tpdmog tng Python va opadomolel evtorés. Zto
dLadpaoTIKO prompt, TPETEL VoL TANKTPOoLoyNHoeTe £va tab 1 kevo(a) yia Kdbe ypouur| pe ecoyr. Ztnv
pdEN Ba TpoeToLudoeTe Mo TEPLTAOKES ELoOYmYES Yo TV Python pe évav eneEepyaati) kepévous dhot
oL aElompeneic eneEepyaotég keywévou dLadéTovy TNV duvatdtnto avtduatng eooyfc. Otav elodyetol
por oVVOETN eVTOLT) dLOdPUOTIKA, TTPEmEL Vo aKOAOVOETAL OTTO (oL KEVT] YPOUUN VL0 VO VTTOdMADVEL
™V 0AOKMP®ON (0poV 0 CUVTOKTIKOG avaAvTig dev umopel vo. LavTéPel ToTe TANKTPOAOYHOATE TV
tehevtaia ypauuy). Enuetmon ot kae ypouur péoa oe €va Paotkd pmhok mpémer vo €xeL Ty ido
€00YN).

e Theprint () function writes the value of the argument(s) it is given. It differs from just writing the expression
you want to write (as we did earlier in the calculator examples) in the way it handles multiple arguments, floating
point quantities, and strings. Strings are printed without quotes, and a space is inserted between items, so you
can format things nicely, like this:

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

3.2. NMpwta Bripata Mpog Tov MNpoypappatiopo 17
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To 6pLopa-kheldi end ptopel vo xpnoLoTon0el Yo TV oroQuyy TG VEAG YPAUUNG UETA TV £€000, 1)
VIO, VOL TELELWOETE TNV £E080 U o SLapopeTk) oupuBohooelpd.:

>> a, b =20, 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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[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 o 1o YvmwoTdg THmog statement eivan 1 tpdtaon if. Mo mapdderyua:

>>> 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

Mrtopei va vitdpyovv undév 1 mepocdtepa uépn elif kaw 1o Tuuo else sivan mpoarpetikd. To keyword
“elif” eival ouvtopoypapio Tov “else if”, Ko eivar ypnoun yio va amo@uyete Ty viepfolkn ecoyn. Mua
akohovBio keyword:/if ... e1if ... elif ... €lvol VTOKATACTOTO TOV INADOEWV switch 1) case mov vdp-
YOUV 0€ GAAeg YADOOEG.

Edv ouykpivete v idia tiun pe mohhég otabdepég 1 ELEYYETE Y100 OUYKEKPLUEVOUG TUTTOUG N X OLPOKTNPLOTIKA,
wropel eztiong va. Bpeite ypnoun ) dMiwon mat ch T tepLoodtepeg hemtouépeleg, avotpeEte oto Ilpotdoeis
match.

19
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4.2 Mpotdaocelg for

H dMlwon for omv Python diapépel Aiyo amd avtd mov umopel va €xete ouvnbioer ot C 1 otnv Pascal.
Avti vo emavahappavete tdvro wa optdunTtikn mpododo aptbuwv (0mwg ot Pascal) 1] va divete otov yphotn
™ duvatodTTa VO 0pioeL TOGO To Prra exavdAnyng 600 Kau T cuvOhkn diakomng (drtwg C),n dnhwon g
Python for emavolappdvetot tdvm amd To otolygia omolaodnmote akolovbiog (AMotag 1 ovuporooelpdc),
LLE T1) OELPA TTOV epaviCovtor oty akolovbia. [N wopdderyuo (xwpic Aoyomaiyvio):

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

O K®OILKAG TOV TPOTOTOLEL ULo. GUALOYT VD ETOVAAAUPAVETOL TTAVD aTTd TNV idL0L GVUALOYT| UITOPEL VoL ElvaL
dVoKohOG YL0 VAL Yivel omoToc. Avtifeta, givar ouvnBmg mmo atho va kdvete loop mdvo amd éva avtiypopo
OVALOYNG 1] VO ONULOVPYNOETE L VEOL GUALOYN:

# Create a sample collection
users = {'Hans': 'active', 'Eléonore': 'inactive', 'BEA': '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 ypetdleton va kavete emavddnyn oe o akolovdio aptbudv, n evoouatwuévr (built-in) cuvaptnon
range () elvow xpnowun. Anuovpyel aplBuntikég Ttpoddovg:

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

S w N e O

J

To dedouévo tekd onueio dev amotedel ToTé u€Pog tng mopayduevng akohovdiag to range (10) dnuovp-
vei 10 Tuég, Toug delkteg yia otouyeia wog akohovbiog unkovg 10. Eivor duvatdv va agnoouvue to 0pog va
Eekwva amd adho apbud 1M yio vo Kabopioete o SLopopetiky] TpocaiENon (aKoun Kot opvnTiKY), UEPLKES
Popég aTd ovopaletol “Prua’):

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

>>> list (range (0, 10, 3))
(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

0, 3, 6, 9]

>>> list (range(-10, -100, -30))
[-10, -40, -70]

T vo yivouv iterate ou deikteg (o akolovdiag, umopeite va ovvdvaoete T range () koL len () wg eEng:

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

0 Mary

1 had

2 a

3 little
4 lamb

2T TEPLOOOTEPEG TETOLEG TEPLTTOOELS, MOTO0O, €ivor BOAMKO VO YXPNOLUOTOOETE TH OLVAPTNON
enumerate (), deite Teyvikée Looping.

'Eva. tepiepyo mpdryua oupufaivel v amhdg EKTUITMOETE €VoL range:

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

Me t0AOUG TPOTOVG TO AVILKELUEVO TTOV EMLOTPEPETAL OO TO range () CUUTEPLPEPETAL OAV VO ELVOL LLOL
Mota, aAhG oty paypatikdTTa dev eivar. Eivar éva aviikeipevo mov emotpépel To dLadoyLkd atoryeio
™G embuun g akolovbiog OTav KAVETE EmAVAMIYN TAVD TOU, OAG SV WITaivel paypuatikd otn Alota,
eEoLKovoumvTag £t Y Hpo.

Aéue 6T évo TETolo aviikelpuevo elval iferable, SNAady), KATAMNAO OG 0TOYOG VLA OUVAPTIOELS KOL KATOOKEVEG
TTOV TEPLUEVOLVY KATL 0TTO TO 0IT0L0 UITOPOoUV va Maouy dtadoyikd atoryeio uéypl vo eEavtinbei 1) Tpoopopd.
Eidaue 6tL 1 dHhwon for eivar o TETolo KOTAoKELT, EVM EVO TAPASELYILO CUVAPTHONG TTOV TTALPVEL €Val
iterable eivaum sum () :

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

Apyodtepa Ba dovue mEPLOOOTEPEG CUVOPTNOELS TTOV ETLOTPEPOUV iterables Ko Aappdvovy Toug iterables wg
oplopata. 210 kepdhawo Aoués Aedouévawv, Bo ouINTNOOVUE AETTOUEPETTEPA YLOL TO 1ist ().

4.4 break and continue Statements, and else Clauses on Loops

The break statement breaks out of the innermost enclosing for or while loop.

A for or while loop can include an e1se clause.

In a for loop, the else clause is executed after the loop reaches its final iteration.

Ze évav Ppoyo while, exteheiton apov 11 GuvONK”N Tov BPOYOVL ELVOL YPEVOT|S.

In either kind of loop, the e 1se clause is not executed if the loop was terminated by a break.

Avtd amodeikvietor otov akorovbo Bpodyo for, mov avalntd TpdTovs apLduovg:

>>> for n in range (2, 10):
for x in range (2, n):
if n % x == 0:
print (n, 'equals', x, '*', n//x)
break

(ouvéyela otV enopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
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
equals 3 * 3

OW 0 J o Ul WN -

(Yes, this is the correct code. Look closely: the e1se clause belongs to the for loop, not the i f statement.)

When used with a loop, the e 1 se clause has more in common with the e1se clause of a t ry statement than it does
with that of i f statements: a t ry statement’s e 1 se clause runs when no exception occurs, and a loop’s e 1 se clause
runs when no break occurs. For more on the t ry statement and exceptions, see Awayeloion EEaipéoewv.

The cont inue statement, also borrowed from C, continues with the next iteration of the loop:

>>> for num in range (2, 10):

[}

if num % ==

print ("Found an even number", num)
continue
print ("Found an odd number", num)

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 Mpotaoelg pass

H dMlwon pass dev Kavel timota. Mmopel va ypnoLpuomomOel 0Tov amanteitol ovvtaKTkd wa tpdtaom,
oMG To TPOYpouue dev amartel Kapio evépyeia. o mopdderyua:

>>> while True:
pass # Busy-wait for keyboard interrupt (Ctrl+C)

Auto ypnopomoleiton ovvihomg yo T dnuovpyio e LoTmV KAAGEWV:

>>> class MyEmptyClass:
pass

'‘Eva 6\ho pépog pass mov umopel va ypnotpomom et eivor wg place-holder yio puat ouvéptnomn 1 to ooua vd
Opovg dtav epyaleate 0e VEO KMOLKQ, ETULTPETOVTAS OO VO, OUVEYIOETE VO OKEPTEOTE O€ £VAL TTLO QLPNPNUEVO
enimedo. To pass ayvoeital olwmanid:

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

Mo OMhworn match malpvel (o EKpPoor Kol ouyKpivel Ty Ty g te dtadoytkd potifo wov divovtal mg
€va 1] TEPLOCOTEPO WITAOK TTECDV-KEPAAALWVY. AVTY Elval ETLPAVELAKA TOPOUOLL LE [La TTpdTOon switch otnv
C, Java 1 JavaScript (xou wolég dhheg YADOOES), AMG ElVOL TTLO TAPOUOLOL UE TNV OVTLOTOLYLON TPOTVUITMV
oe yAbooeg 6mwg 1 Rust 1) 1 Haskell. Exteheitor pdvo 1o mpmto notifo mov Toupldlel Ko Wtopet emiong vo
eEayayel otouyeia (otouyeio akolovdiag 1 LOLOTNTEG AVTLKELUEVOV) QITO TNV TUUT) OF PETAPBANTES.

H amhovotepn popuo ovykpivel wo it Bépatog ue éva 1 meptooodtepa literals:

def http_error (status):
match status:

case 400:

return "Bad request"
case 404:

return "Not found"
case 418:

return "I'm a teapot"
case _
return "Something's wrong with the internet"

ZNUELMOTE TO TENEVTOLO UITAOK: TO «variable name» _ Aertovpyel g umaAaviéo Ko dev OmOTUYYAVEL TOTE VO
taupldlel. Edv dev touptdCel kovéva case, KovEvag amd Toug KAAdoUg dev exteheiTol.

Mropeite vo ouvduaoete TOMA yplpuoto o€ £va LOVO LOTIBO YP1OLULOTOLMVTAS TO | («1»):

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

Ta potifa propei va potdZovv pe avadéoelg unpacking, Kol pwopovv va xpnouostotnfov yio T ovvoeot
UETOPANTOV:

# point is an (x, y) tuple
match point:
case (0, 0):
print ("Origin")
case (0, vy):
print (£"Y={y}")
case (x, 0):
print (£"X={x}")
case (x, Vy):
print (f"X={x}, Y={y}")
case _
raise ValueError ("Not a point")

Mehetnote To éva mpooektkd! To mpdto potiffo €xel dvo literals, Kou umopel va Bewpnbel wg emékTaon TOU
literal potifov mov paiveron Topamdvm. AMA to emduevo dvo potifa cuvdvatouvv éva literal oe pa ueta-
BANTN, Ko 1 peTa AN deouever pua T amd to Ogua (point). To tétapto potifo cvihaupdver dvo Tuég,
YEYOVOG TTOV TO KAVEL EVVOLOLOYLKA TTapOUoLo (e tv avdeon unpacking (x, y) = point.

Edv ypnowomoteite KLAOELS YLa T oy TOV SESOUEVIV 0AC, UTOPELTE VO YPNOLUOTOLNOETE TO GVOLLOL TG
KAGoNG akohouBoUUEVO aITd (Lo MOTa 0PLOUATWY TTOU WOLATEL LLE £VAY KOTAOKEVAOTY, AALG UE TH duvaTdTTO
Vo GUMOUPAVEL YOPAKTNPLOTIKA O PeETAPITES:

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

def where_is (point) :
match point:
case Point (x=0, y=0):
(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
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 KAATELS TTOV TTAPEXOVY UL
OELPA VIO TA YOPAKTNPLOTLKE TOUG (TT.). KAAOELS dedouévav). Mmopeite emiong va oploeTe po ouyKekpuuévn
0¢om Yo XAPAKTNPLOTIKG € HoTiBa, 0pitovTag To EOLKO YopaKTHPLOTIKO _ match_args_  otig KAAoelg
oac. Edv éxeL opLotel oe («x», «y»), Ta akohovBa potiffa eivar Oha LoodUvaua (Kot Oho dECUEVOVY TO Y0P
KTNPLOTLKO v 0T petofinti var):

Point

(1, wvar)
Point (

(

(

1

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

Point
Point

'Evag ouviotmuevog Tpomog yio va dLaaoete to. potifia eivar va To SEITE g ULal EKTETAUEVY HOPPT] QUTOV
7tou B BALETE 0T OPLOTEPG PLOG AVAOEONG, VL0 VO KOTAVONOETE TToLEG UETAPANTEG Bl opLoToUV 08 TI. Mdvo
T AveEGPTNTO oVOUaTO (OTTWG var TopPamdvm) eKxmpPovvTal amd we dSNhwaorn avitotoiywone. Ovouato pe
Kovkkideg (Omwg £oo.bar), oOvOUATO YOPAKTHPLOTIKMOV (T0 X= KOl y= TOPOTAVED) 1 0vouato KAAoEmY
(avayvopifovtat oo to «(...)» mov Bpioketol dimha Omtmwg 10 Point mapamdvm) dev avotifevran mToTé.

Ta potifa wropovv va eivan avbaipeta £vOeta. Iio Tapdderyua, edv Exovpe wor ovvIour AMoto pe TOvToug,
ue TpoobfKn __match_args__, O wropovoaue vo Ty aviiotolyicovue og eENg:

class Point:

__match_args__ = ('x', 'y'")
def _ _init__ (self, x, vy):
self.x = x
self.y =y

match points:
case []:
print ("No points")
case [Point (0, 0)]:
print ("The origin")
case [Point(x, y)l:

print (f"Single point {x}, {y}")
case [Point (0, yl), Point (0, y2)]:

print (f"Two on the Y axis at {yl}, {y2}")
case _

print ("Something else")

Mropoupe va tpooBécovue pa tpodtaon 1 £ oe éva potifo, yvwotd wg «guard». Eqv to guard eivaw false, to
match ovuveyiCel yia va dokiudioet To emduevo Aok melmv-keporaiwv. AAPete voYn 6T 1 CVAAYN TG
TG yiveran tpuv o guard a&loloynOei:

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

TToAAG G BAOLKA XAPOKTNPLOTIKA VTG TNG dHhwong:

 'Ontwg to unpacking avadéoewv, Ta potifa mhewddag (tuple) Kou Aiotag £xovv axpimg Ty idia onuaocio
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KoL TopLalovy poypoatikd pe avbaipeteg axohovdieg. Mo onuavtik) eEaipeon eivan 6tL dev TanpLd-
Covv ue iterators 1 ouuohooelpés.

Ta potipa axohouvbiog vwootpitovy extetauévo unpacking: [x, y, *rest] ko (x, y, *rest)
Lettovpyel Topopoto pe To unpacking avabéoemv. To dvoua Hetd To * (opel emxiong va givat _, omoTe T0

(x, v, *_) ovuotoyel og po akorovdio touhiytotov 600 otoLyeimv xmpig va deouetel to vtdloLTo.
OTOLYELL.

Motifa avtiotoiyiong: { "bandwidth": b, "latency": 1} kotaypdgeltigTuég "bandwidth"
Kot "latency" and éva AeEikd. Ze avtifeon pe ta potifa akolovbiag, AoV KAEDLA aryvooUvTaL.
Ynoowpiletar emtiong to unpacking 0wg 10 **rest. (AAMG to **_ Oa oV 7ePLTTO, EMOUEVIG dEV

ETLTPETETALL.)

o Ta devtepevovia potifio PTopovv va aroTuwOovy xpnooTolwvtag 1o keyword as:

[case (Point (x1, yl1), Point (x2, y2) as p2):

1

Ba Kataypdpel To devTepo aToLKElD TNG EL0OdOV WG P2 (eOoOV 1 €100d0G eival wa akohoubia dvo

onueimv)

o Ta mepioodtepa literals ouykpivoval pe L0OTNTA, WOTOCO Ta singletons True, False ko None ovykpl-

VOVTOLL L€ TAVTOTNTA.

o Ta potifo wropotv va xpnoLIoToLoUV Ovouaouéves otadepés. AVTd TTPETEL VaL ELVOL OVOLLOITAL [LE KOUK-

KIOEG YLOL VO UMV EPUNVEVOVTOL WG capture PETABANTI):

P
from enum import Enum
class Color (Enum) :

RED = 'red'
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 : (")

T 7o hemttopepn) emeEnynon ko tpdobeta mapadeiyuato, uropeite va deite to PEP 636 1o omoio eival

YPOAUUEVO OE popen ekudonong.

4.7 KaBoplLopog Zuvaptioewy

Mmopotue va dSNULOVPYNOOVUE oL GUVAPTNOT TTov YpdpeL T ogwpd Fibonacci og éva avbaipeto opto:

>>> def fib(n): # write Fibonacci series up to n
"""Print a Fibonacci series up to 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

4.7. Kaboplopog ZuvaptRoewyv
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To keyword de £ elodyeL o ouvapTnon optoudg. TIpémet vo akohovBeitol amd To dvoua TG oUVAPTNONG Kot
™ MOTA TV TUTKOV Tapauétpmy og mopévieot). OL dNAmoELg oV OYNUATILOUY TO OMOWO TG CUVAPTIONG
EEKLVOUV aItd TNV ETOUEVY] YPOALULUT KOL TTPETEL VAL ELVOL E0OYEC.

H mpo ) dNAwon tov omuatog e ouvaptnong Wtopel Tpoatpetikd va elvor éva literal ovppolooelpdc: avtd
7o literal ovuporooelpdc eivar 1 ovpforooelpd TeKuNPiwong TG ovvaptnong 1) docstring. (IleplocdTepa yLaL ToL
docstring wropeite va Bpeite otnv evomta Svufoloceioée Tekunolwong.) Ymapyovv epyaleia Tov XpnoLuo-
mtoLovv docstrings Yo TV aUTOUOTY TApoymy dLOdLKTUOKTAG 1 EVTUTING TEKUNPLWONG 1 Y10 VA 0p)GOUV TOV
¥PNOTN Vo TTEPYNOEL BLOdPAOTIKA OTOV KMALKO: €ival KO TPakTiKy) vo. cuusephapfavovtor docstrings
OTOV KMALKO TTOV YPOAPETE, Y10, 0VTO KAVTE TO oLV DeLaL.

H extéleon pog ovvapTnong eLOAYEL Evay VEO TTvaKa oVUPOMMY TTOV Y PNOLUOTOLELTAL VIOl TIG TOTLKEG UETA-
BANTEG TG ouvapTNoNG. [To CUYKEKPLUEVA, OMEG OL EKYMPTOELG UETABANTDOV OE U0 GUVAPTNOT 0TodnKetovv
TNV T OTOV TTVAKOL TOTULKMY OUUBOAWYVs EVA OL OVOPOPEG UETAPANTHOV KOLTATOVTOL TTPDTO OTOV TTEVOKOL TO-
UKDV OVUPBOLWYV, 0TI OUVEXELO OTOVG TEVOKES TOTILKMY CUUBOMMY TOV GUVOPTINOEMV TOV TEPLKAEIOVV, UETA
otov mivoka KabolMkdv ovupBorwv Kat, T€Aog, 0TV ivako evoouatwuévmv ovoudtwyv. ‘Etol, ou kabohikég
UETOPANTES KOL OL UETOPANTEG TOV OVVOPTNOEWV TOV TEPLKAELOVY dEV WITOPOVV VA EKYwPNO0UV ™G Ui T
UEoQ O (oL oUVAPTNON (EKTOG EGV, Yia KOOOMKES ueTABANTES, OV ovoudZovtal o wa dNhmwon global 1,
YLOL LETOPANTEG CUVOPTNOEWV TTOV TTEPLKAEIOVY, OVOUATovTIoL og o dMAwon nonlocal), av KoL WIOPEL Vo
OVOLPEPOVTAL.

Ou Tpayuotikég mapdpeTpol (0plopata) og o KANo) CUVAPTNONG ELOGYOVTOL GTOV TOTLKO TTivaKa ouppo-
AV ™G KOAOUUEVTG CUVAPTNONG OTaV 0VTY KaAglTaL £T0L, To opiopota HETABLBATOVTOL YPNOLLOTOLDVTIOG
call by value (6mov 1 value eivon TEvToL évo AVTLKELLEVO reference, dyL TV TLWT| TOV ovTiKelévov).! ‘Otav o
OUVAPTNON KAAEL ot GANY cuvAapTNoN 1) KOAElL TOV €QUTO TNG avadpoukd, dnuLovpyeital Evag vEog TivaKag
TOTLKMY GUUBOLWY YLoL VTNV TNV KA o).

"Evog 0pLopdg ouvapTnong ouoyeTiCeL TO OVOUO TNG OUVAPTNONG LLE TO OVILKELLEVO GUVAPTNONG OTOV TPEYOVTQ
sivaka cuuforwv. O diepunvéas ovayvopilel TO OVTLKELUEVO OTO OO0 ETLONUALIVETOL AVTO TO OVOUO ™G
ouvapTNON TTOV 0piLeTOaL aTd TOV YPHOoTN. AMa ovopaTa PITOPOvV ETTLONG VO SEiXVOUV TO {810 OVTIKELUEVO
OUVAPTNONG KoL UITOPOVV ETLONG VA XPNOLUOTOLNO0VY YL0 TPOORAON 0T CUVAPTNON:

>>> fib

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

>>> £(100)
0112 358 13 21 34 55 89

[poepyoduevol amd dileg yhdooeg, umopel va avtitoydeite 60tL To £ib eV €lvan Hol oVVAPTNON GALG (o
dLadkaoio, Kabmg deV ETLOTPEPEL (AL TLUT). ZTNV TPOYUOTLKOTITA, AKOUT KoL CUVOPTNOELG Y wpig dfhmon
return emotpéPouv wa T, av Kol uddhov Bapety. Avti 1 T ovopdletan None. H eyypagt| g Ti-
ung None osd tov diepunvéa, edv Ba Nrov 1 wdvn Ty wov ypdpetol. Mmopeite vo 1o deite av to Oéhete
TPAYUOTLKA Y PNOLUOTTOLMVTAG T print () :

>>> fib (0)
>>> print (£ib(0))
None

Eivow amhé vo ypdapete pio ouvaptno ov emotpépel wo Mota ue tovg apbuovs tg oelpdg Fibonaccei, avti
V0L TNV EKTUTTDOETE:

>>> def fib2 (n): # return Fibonaccl 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 = b, atb

return result

(ouvéyela oty emtdpevn oehida)

! Sty mpayparticdma, 1 xAjon ue avapopd avakeuévov Ba frav (o, koAb tepn meptypagt, kKadng edv uetapipaotet éva petapintd
avTLIKeiLevo, o kahmv Oa deL TuyOv alhayég Tov KaveL 0 KohdV o€ 0uTd (OTOLYELC TTOV ELOAYOVTAL OF Ut MOoTaL).
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> f100 = f£ib2 (100) # call it
>>> £100 # write the result
o, 12, 1, 2, 3, 5, 8, 13, 21, 34, 55, 89]

Avto to Tapdaderyua, wg ouvnbme, deiyvel puepLkd véa yopaktnplotikd Python:

o H dMhwon return emiotpépel pe wo tut oo wo ovvaptnon. To return yopig dpiopa EKppaong,
emotpépel To None. H mtmon tov 1éhovg pag ovvdptnong emotpépel exiong None.

o HdMAwon result.append (a) kokei pa ué6odo tov avukelévou g AMotag result. Mia uébodog
elval pLa ouvapTNon Tov “aviKeL” og £vo avTtKelnevo Kat ovoudtetolr obj .methodname, 6mov obj
€lval KGITolo ovTiKeinevo (ovtd puopel vo ebvar pa £€Kgppoan), KoL To methodname givan to dvopa
og neBddov mov opiletol amd Tov TOTO TOU AVTLKELUEVOU. ALOPOoPETLKOL TUTTOL 0piLouV dLapopeTikég
uedddovc. MED0HOL dLOPOPETIKMV THTTWV UITOPEL VO EXOVV TO LBLO OVOUOL WPLG VO TTPOKOAOUV 0od-
pewa. (Elvan duvatod vo opioete Tovg d1Kovg oag THITOVG AVTLKELEVOV Kol uEBOS0VG, Y PNOLLOTOLMVTOG
classes, deite Kldoeig) H nébodog append () mov gugaviletar 0to mapdderypo opileTol yio aviKei-
peva Motag: mpoobétel éva véo atoryeio 0to Téhog ™G MoTag. 2 auTtd TO TaPAdELYIa ElvVOL LGOSUVOUO
pue result = result + [a], aAAd O ATOTEAEOUOTIKO.

4.8 MNepLoocotepo yia tov KaBopLopod Zuvaptrioewv

Eivaw emiong duvatdg o oplopds ouvapthoemv pe uetafintd aptbud optopdtwv. Yapyouv Tpewg Wopepes,
IOV WITOPOVV VO GUVOVAOTOVV.

4.8.1 Mpoermheypeveg Tipeg Opiopatog

H o ypnowun pdpua eivor va KaBopiloeTe (o TpoemAeyévn L yLo £va. 1) TepLocoTepa opiopata. Avtod on-
UWOUPYEL L. GUVAPTI O TTOV UIToPEL vo KANOEeL pe Myotepa oploporto amd autd ov €XeL OPLOEL OTL ETULTPETEL.
To Tapaderyua:

def ask_ok (prompt, retries=4, reminder='Please try again!'):
while True:
ok = input (prompt)
if ok in ('y', 'ye', 'yes'):
return True

if ok in ('n', 'no', 'nop', 'nope'):
return False
retries = retries - 1

if retries < O:
raise ValueError ('invalid user response')
print (reminder)

Avti 1 ovvdptnomn uropel va kKAndel pe dudipopoug tpdmovg:
o dlvovtog OVo To VIToYPemTKO Oplopa: ask_ok ('Do you really want to quit?')
« divovtog éva amd To TPoaLPeTIKA opiopata: ask_ok ('OK to overwrite the file?', 2)

« 1 dlvovtog 6ha ta opiopota: ask_ok ('OK to overwrite the file?', 2, 'Come on,
only yes or no!'")

Avtd to mapaderyno ewodryer emiong to keyword in. Avto eléyyel edv ma akohovBia epLEyeL 1 OYL (at ov-
YKEKPLUEVN TLu.

OL TtpoemLeYUEVEG THIEG AELOAOYOUVTOL GTO GUELD TOU OPLOUOV TNG OUVAPTNONG 0TO TTEdLO OV 0pileTat, £TOL
WoTE
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def f (arg=i):
print (arg)

0ol eKTUTTWOEL 5.

Inuevtiki xpoewdonoinon: H wpoemiheyuévn tun aElohoyeitor novo pia popd. Avtd kel ) diagopd dtov
1 tpoemAoyn ivar éva HETaPANTO avTikeiuevo, O6mwg wa AMota, AeEKo 1 oTyidtume Twv TePLocOHTEPMVY
KAdoewv. Ta mapdderyna, n akdrovdn cuvapTnon cvoompevel To. opiouata Tov dlofdloviol e avtd oe
EMOUEVEG KA OELG:

def f(a, L=[1]):
L.append (a)
return L

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

Avtd Oo EKTUTTMOEL

[1]
[1, 2]
(1, 2, 3]

Edv dev Béhete va yiveTow Kowvn xpNom TG TPOETAOYNG LETAED TV ETTOUEVOV KAYOEWV, WTOPELTE VAL YPOPETE
T ouvapPTNON WG eENG:

def f (a, L=None):
if L is None:
L =11
L.append (a)
return L

4.8.2 Opiopata Keyword

OL ouvapthoelg Wropolv emiong vo KAOoUV YPNoLUOTOLMVTOG TO keyword arguments TG WOPQPYS
kwarg=value. ['a mopdderypa, v axdrovdn cuvdptnon:

def parrot (voltage, state='a stiff', action='voom',6 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, "!")

déyetal éva ammortovuevo opLopa (voltage) Kau tpio wpoarpetikd opiopata (state, action, Kol type).
Avti 1 ovvdptnomn urtopel vo kKAnOel pe omolovdnmote amd tovg akdorovboug Tpdmovgs:

parrot (1000) # 1 positional argument
parrot (voltage=1000) # 1 keyword argument
parrot (voltage=1000000, action='VOOOOOM') # 2 keyword arguments
parrot (action='VOOOOOM', voltage=1000000) # 2 keyword arguments
parrot ('a million', 'bereft of life', 'Jjump') # 3 positional arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword

aAAG Oheg oL akdlovBeg KMoELS Oa Ty dKupeg:
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parrot ()

parrot (voltage=5.0, 'dead')
parrot (110, voltage=220)
parrot (actor="'John Cleese')

required argument missing
non—-keyword argument after a keyword argument
duplicate value for the same argument

HH W H

unknown keyword argument

Ze o kKAHom ovvaptnong, ta keyword opiopata mpémer vo akohovbouv opiouota 0éong. Ola ta keyword opi-
opato. Tov dLoBACovToL TPETEL VO TOLPLALOVYV UE £VaL 0TTO TO OPLOUOLTA TTOV YiVOVTaL SEKTA aITd TH oVVapTOoN
(7. To act or dev elval £yKVpo OPLOUA YLOL TN OUVAPTNOT parrot), Ko N duétaEy tovg dev givar anuaveiky).
Avtd meplhappdver eiong un Tpooupetikd opiopata (.. parrot (voltage=1000) eivou emiong £YKupo).
Kavéva dpiopa dev pumopet v MaBeL ol Tt eplocdtepeg amd pio popéc. Akohovbel éva mapaderyua o
ATOTUYYAVEL LOY® 0UTOU TOV TTEPLOPLOUOD:

>>> def function(a):
pass

>>> function (0, a=0)
Traceback (most recent call last):
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 sepLéy el Oha o keyword oploparta eKTdg amd aUTd TOV AVILOTOLOUV OE UL0L ETTLONUT) TTAPA-
UETPO. AUTO UTOPEL VO CUVOVAOTEL e LLaL ETTLON Y TTOPAUETPOG TG WOPPY|G *name (Tov TEPLYPAPETAL OTNV
emOUEVT] VITOEVOTITAL) 1) OTtoloL AaUPaveL €va fuple Tov TePLEYEL TO. opiopata OEong mépa amd TV exionun
Mota mapopétpwv. (To *name mpémel va gpupoviletat pLv atd to * *name.) Na wapdderyua, av opicovpe
o ovvapTnomn 6Tmwg auTh:

def cheeseshop(kind, *arguments, **keywords):
print ("-- Do you have any", kind, "?")
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 KAmTmg €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, sir.

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

client : John Cleese

sketch : Cheese Shop Sketch

J

Adfete vITOYN OTL M GELPA UE TNV OO0 EKTVTTWVOVTOL T keyword oplopato eivor eyyunuév Ot TapLateL ue
T O€LPA ue TV omoio dOONKAV 0TV KANOT TG GUVAPTHONG.
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4.8.3 EWOIKEG MapapeTpOL

And mpoemhoyy, Ta oplopoto wropotv vo uetafipaotolv oe o ovvdptnon Python eite pue fdon t 0éom
eite pntd pe 1o keyword. o avayvoouwdT)ta kou arddoon, eivar Loylkd va meploplotel o Tpdmog ue tov
07010 UITOPOVV VO TEPACOVY TO OPLOUATA, ETOL DOTE £VAG TPOYPAUUATIOTNG VO UMV XPELALETOL VO KOLTAEEL
TOV OPLOUO TG CUVAPTIONG YLO. VO TTPOCOLOPLOEL €AV T oToL el petafipalovion katd 0€on, Katd Béon 1|
keyword, 1 xatd keyword.

"Evog 0pLopdg ouvAapTnonG WIToPEL Vo LOLALZEL e QUTO:

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

| Positional or keyword
\ - Keyword only
—— Positional only

Omov T / Ko * elvan tpooupetikd. Eqv ypnowomolotvrol, outd ta ovppolo vtodetkviouy To eidog TG o
POUETPOUG [LE TOV TPOTTO TTOU TO OPLOUATO WITOPOVV VAL UETAPLBOTTOVY OTH GUVAPTNON: wOvo Béong (positional-
only), 6¢omg M keyword (positional-or-keyword), kouw uovo keyword (keyword-only). Ou keyword mapdypetpot ava-
PEPOVTOL ETTLONG (G OVOUALOUEVEG TTAPGUETPOL.

Mapapetpol ©€ong | Keyword

Edv ta / Kau * dgv vmdpyouv 0Tov 0pLopd ™G oLVAPTNONG, TA OPIoUATA LITOPOVY VO LETOPLBOOTOVY GE (oL
ovvdaptnon ova Béon M katd keyword.

Mapapetpor Movo-©€ong

EnaveEetalovtag avtd to Béua hiyo mo hemrtopepmg, eivat duvatd va emonudvete OpLOUEVES TAPOUETPOUG
g uévo Oéang.Edv uévo Oéang, n oelpd Twv TOPAUETPWV EXEL ONUOOLO KOL OL TTOPAUETPOL OEV WITOPOVV VO
uetofipaoctovv pe keyword. OL mapduetpor povo B€ong tomobetovvtan mpv amd €va / (FTPog Ta EUTPOS-
Kk&Oet0g). To /° “yxpnoiponoteitalr yia va Srayxwploel Aoyixd Tig napapétpoug pdvo
0éong and Tic undroimeg napapétpouc. E&v Sev undepyer To |/ OTOV 0pLOUO TG
OUVAPTNONG, dEV VITAPYOVY TOPAUETPOL WOVO BEanc.

Ou mapdpetTpol Tov akolovBoUv to / uropet vo elvow Oéong 17 keyword v uévo keyword.
Opiopata pévo Keyword
T va emonudvete TG TopauéTpovg og uévo keyword, vTtodELKVUOVTAG OTL OL TTOPAUETPOL TIPETEL VOl TTE-

paoovv amd to keyword Opioua, TomoBetoete éva * ot MOTO OPLOUATOV OKPLBDG TPLV atd TNV TPDTY
TAPAUETPO udvo keyword.

Mapadeiypata Zuvaptioswyv

ZreqpTelte Ta akOAOVOA TAPAELYIATO OPLOUDY CVVAPTHOEWV divovTag LOLOLTEPY TPOoToY T 0TOVG deikTeg /
Ko *:

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

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

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

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

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

O stpdTog opLopdg ouvapTNOoNG, standard_arg, 1 O OLKELD LOPPY, deV BETEL TEPLOPLOUOVG 0T cUUSOoT
KAHONG KO TO OPLOUALTO. WITOPOUV Va. TTEPAToVY artd BEon 1 artd keyword:

>>> standard_arg(2)
2

>>> standard_arg(arg=2)
2

H detitepn ovvdpon pos_only_arg meplopileTol ot xpnon uovo mopauétpwv 0¢ong Kabwmg vmdpyeL éva
/ o6Tov 0pLopdg TG oVVApPTNONG:

>>> pos_only_arg (1)
1

>>> 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'

The third function kwd_only_args only allows keyword arguments as indicated by a * in the function definition:

~

>>> 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 ypnolpomolel Ko TG Tpelg ovuBaoelg Khong otov idLo oplopd ouvaptong:

>>> 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'

J

Téhog, eEeTGoTE AUTOV TOV 0PLOUO CVVAPTNONG TTOU £XEL o TTLBavi cUYKPovoT ueta&n tov opiopatog 0¢omg
name KoL * *kwds mov €yeL mg KAeLdl 10 name:

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

Aev vtdpyer kapio mbavy KAHon mov Ba v Kdvel va emotpépel True Kabwg to keyword 'name' Oa
OUVOEETOL TTAVTO. LUE TNV TTPWTY TapdueTpo. o wapdderypor:
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>>> foo(l, **{'name': 21})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

AMG xpnowpomolmvtas / (opiouato povo Béong), elvan duvatd Kabmg emttpémnel 1o name wg Oploua OEong
KoL To 'name' wg kAewdi ota keyword opilopata:

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

>>> foo(l, **{'name': 2})
True

Me diha Moyra, to ovouato Tov Tapauétpmy udvo Béong umopotv va ypnowuoronfoy oe * *kwds ywpig
0.0ApELL.

Avakepalaiwon

H nepimtwon ypnong 0a kabopioel moleg mopauétpoug Oa xpnotuomotn0ovy oTov opLopud TG CUVAPTNONG:

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

Qc Kahodnynon:

o Xpnowuomorfjote Tt B€omn woévo edv BEMeTE TO Ovou TV TAPAUETPWY VaL NV givar dtabéoLuo oto ypn-
o). AVTO glvar XPNoLUo OTOV TA OVOUATO TTAPOUETPWV OEV £XO0VV TPAYUATIKO vonua, edv dev Oéhete
vaL eTUPAAETE T GELPA TV OPLOUATWVY OTAV KOAELTOL 1] GUVAPTION 1] €0V TTPETeL v ANpOovv oplopéveg
mapduetrpol BEong Kou avbaipeta keywords.

o Xpnowuomorfjote keyword wovo 6tov Tor ovOUATo £X0UV VOO KOL O 0PLOUOG TG GUVAPTNONG ELVOL TTLO
Katovontog 0tav elval pntdg pe ovopota 1 0éhete va AmoTPEPETE TOVG YPNOTES VO, faoifovial ot
B¢om Tov emyelpuaTog ov petafLpateTol.

o Ta éva API, ypnowpomomote 1o povo B€ong yio va amotpépete T dakorm twv adlaywv tovg API,
€Gv To dvoua TG TAPOUETPOU TPOTToTToLnOel 0To HEANOV.

4.8.4 Aioteg AuBaipetwyv OpLopatwy

TéAog, 1 MYOTEPO GUYVA XPNOLUOTOLOVUEVT] ETLAOYT ELVOL VO OPLOETE OTL ULeL CUVAPTNON WITOPEL vo. KANOel
ue évov ovbaipeto aplBuods optopdtov. Avtd to opiopota Oo tulyBolv oe wa mhedda (tuple) (BA. ITAewd-
Oe¢ (Tuples) kot AkolovOieg). Tlpwy amd tov PeTofANTO apLtdUd opLopdTwy evogyeToL Vo TPokKPouv Undév 1
TEPLOCOTEPOL KAVOVLKG OpLloUaTaL.

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

Kavovikd, avtd ta variadic opiopota 0o givor tehevtaio ot Moto Twv enionuwy mopatétpmy, emedy cul-
Aéyouv Oha ta VITOLOLTA OploUOTA ELTOOOV TTOU UETAPLPBATOVTAL 0T CUVAPTNOY. OToLEcdNTOTE TUTTILKEG TTOL-
PAUETPOL TTOV EUPAVITOVTOL UETE TNV TOPAUETPO *args eival “uovo keyword” opiopata, Tov onuaiver Ot
WITOPOVV vaL ¥ pNoLposto oty novo wg AEEeIG-KAEWOLA Ka 0L wg opiopato BEong.

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

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

>>> concat ("earth", "mars", "venus", sep=".")
'earth.mars.venus'
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4.8.5 Unpacking Aioteg Oplopatwyv

H avtiotpogn katdotaon cuufaiver dtav ta opiopato fpiokovtoe NoM o wa AMoto 1 mhetdda (tuple), adrd
TIPETEL VO, ATTOCVUITLEGTOVY YLO. ULat KAo1 ouvapTnong mov amoutel Eexmplotd opiopata Béong. T wopd-
devypa, 1 evoopatouévn (built-in) ovvéptnon range () ovapéver Egxywplotd start Kau stop opiopota. Edv
dev eivan drabéoua Eexwplotd, ypdyte Ty KANON ouvapTNongG e TOV *-TELEDTH] YLOL VO OTOCUWITLECETE TO.
opiopato ard o Mota 1 wherdda (tuple):

>>> list (range (3, 6)) # normal call with separate arguments

[3, 4, 5]

>>> args = [3, 6]

>>> list (range (*args)) # call with arguments unpacked from a list
[3, 4, 5]

Mze tov id10 TpdmTo, Ta AeELkd wtopovv va apadidovy keyword oplopato pe Tov * *-teheoth:

>>> 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 !

4.8.6 Ekppaocelg Lambda

Mrtopotv av dnuovpyndolv wkpéc avavuueg ovvapthoelg e to keyword 1ambda. Avt) ) GuvAPTYON ETTL-
otpépeL To dBpolopa Twv dYo opopdtwv e lambda a, b: a+b. Ov ovvaptioelg Lambda propouv
VO Y PNOLUOTOLNO0UV OOV ATOLTOVVTOL AVTLKEipEva ouvaptnong. [leplopiloviol ouvtakTikd og pio Lovo k-
PPOOT. ZNUOOLOMOYLKA, Elval arthmg syntactic sugar yio €vay opLopd Kavovikng cuvaptmong. ‘Ommg oL opiopol
évBetwv ovvapTthoewy, oL ouvapTioelg lambda pwopotv va wopaméumovy o petaANTég artd To mEdLo TOU
TEPLEYEL:

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

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

42

>>> £ (1)

43

To mapastdve Topdderyo xpNoLomoLel i ékgpaon lambda yio vo emotpépel pia ouvapton. Mua ddin
ypHoM eivor M neTddooN pag PKphHG ovvapTNong wg OPLoUOL:

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

>>> pairs

[(4, 'four'), (1, 'one'), (3, 'three'), (2, 'two')]
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4.8.7 ZupBoAlooelpeqg Tekunpiwong

Axohov00UV 0pLOUEVES CUUPBACELG OYETLKG UE TO TTEPLEYOUEVO KOL T LOPPOTTOINOT TWV CUUPBOLOCELPDV TEK-
unpioong.

H mpairtn ypouur| pémel va givar vt e GUVTOWY), OUVOITTLKT) TTEPIAN YN TOV 0KOTToU TOU avtkeluévov. I
OUVTOWL, OEV TTPETTEL VO VOLPEPEL PNTA TO OVOUX. 1] TOV TUITO TOU OVTLKELUEVOU , KOOGS autd eival dtabéoio
ue GAho péoa (eKTdg v To Hvopa Elva pYIaL TTOU TTEPLYPAPEL TN AeLTOVPYLO TNG OLVAPTNOTG). AUTH 1) Ypauu
mpémeL va EekLva e Ke@alaio YPAUUIO KoL VO TENEUDVEL UE TEAELQL.

Edv vrdpyovv meplocdtepes Ypouprés ot ouuBorooeLpd Tekunplwong, 1 devtep ypouun 0a mpémel va eivor
Kev, dlaywpifovtag omtikd t) ovvoyr amd Ty vroholy meprypagt). Ot akorlovdeg ypaupés Tpémel va eivor
uio 1| TEPLOCOTEPES TOPAYPOPOL TTOV TEPLYPAPOVY TIG CUUPATELG KAMONG TOV OLVTLKELUEVOD, TLG TTAPEVEPYELEG
TOV K.AT..

O parser g Python dev aparpel tv ecoyn amd ta literals tng cupfolooelpdg morhdv ypauumv otnyv Python,
EMOUEVWG TOL EpYOLein TTOV emeEePYALOVTOL TV TEKUNPLWOT TPETEL VO apaLpéGOUV TV 00T EAV ELVOL ETTL-
OuunTto. Autd yivetor YpNOLOTOLOVTIOG TNV 0kOAovON ovufaot. H mpatn un Kevi Ypouus Uetd vy mpot
ypauum g ovuporooelpdc kabopilel to uéyebog g ecoymg yia oAdKANPT T ovpPolooelpd Tekunpiwong.
(Aev pmopovue vo. PNOLOTTOLTOVUE THV TPMTY YPAUUY 0OV ELvaLL YEVIKA SITThOL 0T ELOOYMYLKA TNG CUL-
Bolooelpds, emouévimg 1 ecoyn g v elvon eppavig oto literal Tng ouuforooelpdg.) To Kevd dudoTnuo «Loo-
dVVaApO» GE AUTNV TNV E0O0YT OPALPELTAL OTY) CUVEXELX OO TNV aPYT OM®V TWV YPOULMY TS oVIBolooelpdc.
O ypappuég mov €xouv ukpdtept ecoyn dev Oa mpémel vo eppavilovon, aAhd ov eupoviotovy Oa Tpémet va
agapebei Lo To apyLkod Kevo Toug. H tooduvauia tov kevov dtaotnudtov Oa pémel va eléyyetal petd tv
EMEKTAON TWV KOPTEADV (0€ 8 KEVAL, KAVOVIKA).

AxohlovBel éva tapaderyua evog morhamhmy ypauudv docstring:

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

No, really, it doesn't do anything.

mmn

pass

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

No, really, it doesn't do anything.

4.8.8 Annotations Zuvaptriioswyv

To Function annotations eivol evTeELdS TPOALPETIKES TANPOPOPIES UETADEDOUEVWV OYETIKA [LE TOVG TUTTOVG
YPTOLULOTTOLOVVTOL OTTO GUVOPTNOELS Tov Kabopifovtar amd to xpfot (deite PEP 3107 xou PEP 484 yia
TEPLOOOTEPES TTANPOPOPLEG).

To Annotations amofnkevovIon 0TO YOPAKTNPLOTLKO __annotations_  tng ouvdptnong mg heEukod kou dev
€yovve Koulo eTidPaoN 08 KavEVa AALO PEPOG TG oVvapTNoNG. Ta annotations Twv TAPAUETPWV OPLLOVTOL UE
dvo ko katw teleio petd To dGvoua apauétpov, akorovBolduevy omd wo EKppaot) ov aEtohoyet TNV T
tov annotation. Ta annotations emLoTpog opitovrar amd éva literal —>, axohovBovuevo amd o £kgpoon,
UETAED TNG MOTAG TOPAUETPOV KOL TNG GV Kol KATW TEAELAG IOV VITodNADVEL TO TELOG TG dNAmwang de f. To
okO6hov0o Tapdderyua £yl Eva amoutoVueEVo OPLOU, £VaL TTPOQLPETIKO 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')

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

Annotations: {'ham': <class 'str'>, 'return': <class 'str'>, 'eggs': <class 'str'>}
Arguments: spam eggs
'spam and eggs'

4.9

Intermezzo: Ztul Kwdilka

Tohpa wov TPOKELTAL VAL YPAPETE PEYOAITEPQ, KO TTL0 oUVOETA Koppdtia TG Python, givan 1 Katddinin otiyus
VoL WAOETE Y1a 6TUA Kddtka. OL TEPLOGOTEPES YAMOOES UTOPOVYV VAL YPOAPTOUV (1] L0 OUVOTTIKES, HOPOPO-
TOLNUEVES) OF DLOPOPETLKA OTUA UEPLKEG elval TTLo evavayvmoTeg amd ahleg. To va dLevkohiveTe Toug dAhovg
vo. SLafBaoovy ToV KOdLKa 060G elval Tavta uio Kol déa Kot 1) vloB£tnon evog wpaiov oTuh Kmdika Fonddet
mtdpa oM 0€ avTo.

Io v Python, to PEP 8 éyer avadewyBei wg 0dnydg 0TUA 0TOV 07100 TNPOVV TaL 7TEPLOTOTEPX £pYO TPOWBEL
€va ToA evavayvooTto Kot evydploto otuh kmdika. Kabe poypaupotiotg Python 0o pémel va to diafdoet
Kdmowa atiyun): €dd eivol ta o onpoavtikd onueio Tov eEGyovtal yio €04G:

Xpnoipomoote ecoyt 4 daoTnudtwv Kot Oyl tabs.

Ta 4 xevé givor évag Kahdg ouufLBacuog Hetagy g wKpng ecoyg (emitpémel peyalitepo Babog eu-
PdreVONG) KoL TNG HeYding eooyng (eukohdtep oty avdyvoon). Ta tabs dnuovpyotv ovyyvon, Kot
givol KaAitepo vo tapoaueivouv ameEwm.

TuAiEte TG Ypouuég £ToL MoTe va unv vitepPaivouy toug 79 xapaktihpec.

Avtd Bondd tov ypnoteg ue wkpég 006veg ko kKoOLoTd duvath TV VTapEN TOAM®V apyeiwy KOdLKo,
dimha-dimha oe peyahitepeg 000veg.

XpnowooLelote KeVES YPOUUES YLOL VO LA wPLOETE CUVOPTNOELS Kol KAAOELG Ko (LEYOADTEPOL UITAOK
K®OOLKa L€ GUVOPTNOELS.

‘Otoawv gival duvatdv, Bdhte oydla og po dLkn) Tovg ypouun.

Xpnowworotnote docstrings.

XpNOoWomoLnote Keva yUpw ad TeELeOTES KoL UETA atd KOpuorta, oddd Oyl amevbeiag néoo de dopég
aykvhov:a = £(1, 2) + g(3, 4).

Ovopdote Tig KAAOELG KaL TG CUVOPTHOELS O0G UE OUVETELD: 1) OVUBAON ElvaL VO YPTCLUOTTOLELTE
UpperCamelCase yia TG KMAOELG Ko lowercase_with_underscores yio TG CUVOPTNOELG KOL
TG ueBddovg. Xpnowworoteite tévto 1o sel £ mwg dvopa yo o Tpwto dproua nebddov (deite Mia oy
uand ong KAdoes yio meploodtepa oxeTika ue tg KAGoeLs Ko TG ueodovg).

MV {P1|CLUOTTOLELTE (PAVTAYTEPES KWOLKOTTOLOELS EALV O KMOLKAG GG TTPOOPLLETAL VO YP1OLUOTOLNOEL
oe debvi| mepipddrovta. H mpoemhoyn tg Python, UTF-8, 1 axdéua kou 1o amhd ASCII Aertovpyoiv
KaAUtepa o k4be mepimTwon.

Ouotwg, un ypnowomoteite yopoktnpeg mov dev eivar ASCII oe avaryvwplotikd edv vtdpyel novo 1
Topoptkpt) havoTTa oL AvBpmItoL Tov WAoUV dLopopeTiKy YADooa va dtafdoouv 1 va dlatnproovy
TOV KOOLKAL.

4.9.
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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 yua tTIg Aioteq

O timog dedopuévarv Motag €xer uepikés okour uebddovg. AxkohovBovv dheg oL uEHOdOL AVTIKELUEVWV THTTOV
Morag:
list.append (x)

Add an item to the end of the list. Equivalentto a[len (a) :] = [x].

list.extend (iterable)

Extend the list by appending all the items from the iterable. Equivalentto a[len (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 ()
Remove all items from the list. Equivalent to del a[:].

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)

Emotpégel Tov apiud Tmv opov o eugpaviletal To x ot AMotd.

list.sort (*, key=None, reverse=False)
Ta&wouel Ta otouyeia thg Motag otn B€om Toug (ta opiopato wropouv va yxpnotuomotfoiy yio tpo-
oapuoyn tagvounong, r. sorted () ya tv €ENynon tovg).
list.reverse ()
Avtiotpégel To otouxeia g AMotag ot 001 Tovg.
list.copy ()
Return a shallow copy of the list. Equivalent to a [ :].

'Evo. mapdderyua mov ypnouomoLel TG meplocotepes amod Tig weboddovg g Aotog:

>>> 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’

Mitopei va. €xete mopatnpnoel 0t uéBodolL Owg insert, remove or SOort IOV TPOTOTOLOVY LOVO T AloTa
dev xouvv eKTUTOUEVY T ETLOTPOQYG — EMLOTPEQPOVY TO Tpoemiheyuévo (default) None.! Avti) etvou o
apy1 oyedloopov yia Oheg TIg netaANTég dopués dedouévav otnv Python.

Another thing you might notice is that not all data can be sorted or compared. For instance, [None, 'hello',
101] doesn’t sort because integers can’t be compared to strings and None can’t be compared to other types. Also, there
are some types that don’t have a defined ordering relation. For example, 3+43 < 5+77 isn’'t a valid comparison.

5.1.1 Xpnotn Alotwyv wg Ztoifeg (Stacks)

The list methods make it very easy to use a list as a stack, where the last element added is the first element retrieved
(«last-in, first-out»). To add an item to the top of the stack, use append () . To retrieve an item from the top of the
stack, use pop () without an explicit index. For example:

>>> stack = [3, 4, 5]
>>> stack.append (6)
>>> stack.append(7)
>>> stack

[3, 4, 5, 6, 7]

(ouvEyELD OTNV ETTOUEVY] GEMDO)

I AMeg yAooeg eVOEXETAL VA EMOTPEYOUV TO HETOALOYIEVO QVTLKELUEVO, TO OTTOLO EMLTPEMEL TV ChUCLOWTY eKTéNeon HeBOS®V,
émug d->insert ("a") ->remove ("b")->sort () ;.
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> stack.pop ()
>>> stack

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

>>> stack.pop ()

>>> stack
[3, 4]

5.1.2 Xpnon Alotwv wg Oupeg (Queues)

Eivau extiong duvotd va xpnotpomon0el wua Aota wg ovpd (queue), GIrov To TPMTO 0Tl ELO TOV TPOoTIOETUL
€LVaLL TO TPWTO OTOLYELO TOV ovakTdTon («first-in, first-out») « OTO00, OL MOTEG HEV ELVOL ATOTELECUATIKES YLOL
avtdv tov okord. Evd to va mpoobéoeig kau va agarpéoets (ototyeio) oto Téhog TG Motag eival yp1iyopo,
KdvovTtag autég Tig TPoabEaelg kKal TG agpaipéoels (otoueimv) oty apyf e Mota eivar apyd (emeldi) oha
TO. OTOLYELOL TTPETTEL VO, LETATOTLOTOVV KATH £VAL).

[ va epoprodoeTe o ovpd (queue), (PNoLLoTooTe Ty collect ions . deque 1 0moio OYESLAOTNKE YL
Vo, £xeL YPIYOPEG TPOOOEoELS KOl apulpLoelg Kol atd ta dvo dkpa. o wopdderypo:™

>>> 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 Aiotag

Ta comprehensions MoTog TopEyouv £va ouvorTTiko Tpdto dnuovpyiog Motdv. Ot ouvinOeLg epapuoyés eivar
1 dmwovpyia véwv Motdv 6rtov K&Oe oToLygio eival To amotéleoua KAToLwy TpaEemv Tov eQaprotovial og
Kk&Be uéhog wag diing axolovdiog 1 iterable, 1 1 dnutovpyia pog vroakorovdiog aVTMV TV GTOLYEIWV TOV
LKOVOTTOLOUV (L0 GUYKEKPLUEVT] CUVOTIKY).

T mapaderyua, ag vrodéoovue ot OELovUIE Vo dNUOVPYHCOVUE PLa MOTO TETPOYMVMY OTTMGC:

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

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

AdBete vroOPn 6TL ALVTO dNUovpYEl (1] avTKaBLoTd:) o LeTafAnT) ue To Gvoua x Tov eEokolovdel va vitdp-
YEL UETA TV 0LoKANpwOoN TG loop. Mmopovue vo vtoloYiooue T MOTO TWV TETPOYOVOV Y WPLG TOPEVEPYELES
Y P1OLUOTTOLMVTAG:

[squares = list (map(lambda x: x**2, range(10)))

1, L0odVVapOL:
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[squares = [x**2 for x in range(10)] J

TTOV E(VOL TTLO CUVOTTTIKO KOl EVOVAYVWOTO.

'Evo. comprehension MoTog otOTELELTOL QIO AYKULEG TTOU TTEPLEXOVY (L0 EKPPAOT akohovBovuevy oo (o
npotoon for, 0T OLVEXELD UNOEV 1| TTEPLooOTEPEG tpotdoelg for N if. To amotéheoua Oa eivar po véa
Mota wov mpokvmTer amd TV aELoAdYNON TG EKPPAoNG 0To TAALoLo Twv tpotdoewv for kou i f wov Ty
axorovBovv. Ta mapdderypa, avti 1 Alota ouvdvdlel ta otoryeio HV0 MoT®MV edv dev elva ioeg:

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

Ko Looduvouel ue:

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

>>> combs
[, 3, 1, 4), (2, 3), 2, 1), (2, 4), (3, 1), (3, 4)]

ZNUELMOTE TOG 1) OELPA TV dAdoewv for Kot i f eivar idua ko ot S0 ATooTATUATAL.

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

N
>>> 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 1list 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 = [' Dbanana', ' 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) ]
[, 0y, 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]1, [7,8,9]]
>>> [num for elem in vec for num in elem]
[1, 2, 3, 4, 5, 6, 7, 8, 9]

Ta comprehensions Aiotag umopel va mepléyouvv oVvOeTeG EKPPATELS Ko £VOETEG CUVAPTHOELS:

>>> from math import pi
>>> [str(round(pi, i)) for i in range(l, 6)]
['3.1', '3.14', '3.142', '3.1416', '3.14159']
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5.1.4 Comprehensions EvOetwv Alotwv

H apykn éxppaon og £va comprehension Aiotag umopel va givol omotadfmote ovbaipet Ekgpaom, ovumept-
roppovouévng evog ahlhov comprehension Alotogc.

Zxe@reite To akOhovOo mapdderypo wag untpag 3x4 wov viomominke wg wa AMota 3 Aotmv unkovg 4:

>>> matrix = [
(1, 2, 3, 41,
[5, 6, 7, 81,
[9, 10, 11, 12],

To axdélovBo comprehension Aiotag Oa petapépel ypouués KoL oThles:

>>> [[row[i] for row in matrix] for i in range (4)]
(rsL, s, 91, (2, 6, 101, (3, 7, 111, [4, 8, 12]]

'Ontwg eidape oty TPONYOUUEVY EVOTNTA, TO comprehension TG e0mTePLKNG Motag aStohoyeital oto Thaioto
TOv fOor OV TNV AKOLOVDEL, ETOUEVIG OUTO TO TAPASELYUQ ELVOL LOODVVANLO UE:

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

>>> transposed
(rs, s, 91, (2, e, 101, (3, 7, 11], [4, 8, 12]]

TO 07010, UE T1) OELPA TOV, ELVAL TO 1OLO 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
rry, s, 91, [z, 6, 101, (3, 7, 111, [4, 8, 12]]

Ztov parypatiko Koopo, Oa pémel va mpotindre tig evoopoatmuéveg (built-in) ouvaptioelg oo Tig ovvOeTeg
evtohég poric. H ouvdptnon zip () Ba éxave eEaipetikh) Sovheld yio authv Tnv mtepitmon xpMong:

>>> list (zip(*matrix))
[, 5, 99, 2, 6, 10), (3, 7, 11), (4, 8, 12)]

Agite Unpacking Alotes Opioud v Y10, AeTTOUEPELEG OYETLKA UE TOV ALOTEPLOKO OE CLUTHV T1| YPOLULLY).

5.2 H d1Awon del

There is a way to remove an item from a list given its index instead of its value: the de 1 statement. This differs from
the pop () method which returns a value. The del statement can also be used to remove slices from a list or clear
the entire list (which we did earlier by assignment of an empty list to the slice). For example:

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

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

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> a
[1, 66.25, 1234.5]
>>> del al:]
>>> a

L]

To del pmopei emiong vo ypnowwosotnOei yio T dtaypapr] OMOKANPWV HETOPANTMOV:

[>>> del a }

H avagopd oto dvopa a oto €Eng givar éva opdhua (Tovhaylotov uéypt vo tov ekywpnOei ahin tur). Oa
Bpovue diheg ypnoelg yia to del apydtepa.

5.3 MAeLadeq (Tuples) kat AkohouBieq

Eidaue 6t oL Aioteg ko oL oupfohooelpég (strings) £xouve moMEG KOLVES LOLOTNTES, OTwG Aettovpyieg indexing
ko slicing. Eivow 800 apadeiyuato timwv dedouévawv sequence (deite typesseq). Aedouévou 6t m Python eivon
wo eEeMoadpevn yhdooa, dhhot thmot dedouévmv akorovbiog umopovv va mpooteBotv. Ydpyel emiong évag
dMhog Tumikdg TOTog dedouévmv akorovdiog type: the mietdda (tuple).

Mo wherdda (tuple) awoteheitan amd Evov aptBud TV OV XwPILovToL Ue KOUUATA, Yo Topdderyuo:

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

>>> t[0]

12345

>>> t

(12345, 54321, 'hello!"')

>>> # Tuples may be nested:
u=¢t, (1, 2, 3, 4, 5)

>>> U
((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, I[3, 2, 1])
>>> v
(ry, 2, 31, [3, 2, 11)

‘Onwg Prémete, oL mAelddeg (tuples) otnv €5080 mepikAeiovtol TAvVTa 0 TOPEVOETELS, £TOL MOTE OL £vOETE
mhelddeg (tuples) va epunvevoviol GmoTds UTOPOVV va. eLooy 00UV ue 1 xwpig mepipddlovoeg mapevOEoels,
av KoL ovyva oL tapevhioelg elvol amapaitnteg oUTmg 1 dAAmG (av 1 TAELAdA elval uéPog wag LeyahiTepng
EKQPOOTNG). AgV glval duvaTy 1) AVTLOTOl(LON 08 HEUOVIUEVO oToLyElD PLag TTAeLddag, woTdoOo eivar duvatd
vo. dnpuovpynBovv mhelddeg (tuples) wov mePLEXOUVV UETAPANTA ovTLKeieva, OTmg AMoTec.

Av ko ou mhelddeg (tuples) pwopel va. paivovral TapouoLeg te MOTeS, YP1OLUOTOLOVVTOL GUY VA OF dLOPOpPE-
TUKEG KOTAOTAOELS KoL YLe SLapopeTtkovg okomovs. Ot mhewddeg (tuples) eivaun immutable, Ko cuvnOmG TTePLE-
YOUV ULaL ETEPOYEVY] aKolovOio oTolyElwV 0TO oTtoio 1 TPdoPaon yiveror uéow unpacking (deite TAPAKAT®
o€ auThHV TNV evoTNTa) 1) To indexing () axdua Kot Kotd XopoKTNpLoTikd otV Ttepimtwon namedtuples).
O Moteg elvan mutable, Ko Ta 0TOLYELO TOVUG €lval oVVIHOWG OUOLOYEVT) KOL TPOCTTELATOVTOL UE ETAVOAN YT
ot Mota.

"Eva. e181k6 tpopinua givar 1 Kataokeun mierddwv (tuples) wov mepiéxouv 0 1 1 otouyeio:  ovvrokn éxel
Kdmoleg emumAéov dLoppubuies yia va tig pooapudoel. O Kevég mhelddeg KaTaokevdLoviol amd €vo Kevo
Cevydpl mopevOéoewv, o mhelada (tuple) ue éva ototyeio dnuovpyeitor akohovbmvTag (o Ty pe Kdupo
(dev apkei vo mepikheieTon pa povo Ty o Tapevoeaelg). Aoynuo, aild amoteleopotiko. Iio mopdderypo:
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>>> empty = ()
>>> singleton = 'hello', # <—-— note trailing comma
>>> len (empty)

>>> len(singleton)
1

>>> singleton
("hello',)

Honhwont = 12345, 54321, 'hello!' eivaréva mapaderyua tuple packing: oL tinéc 12345,54321 xou
'hello! ' elvou ovokevaouéveg poli oe o mhewdda (tuple). H aviiotpogn Aettovpyio eivan exiong eqpukty):

[>>> X, ¥V, 2 = € }

Avutd ovopdletal, apKeTd 0woTa, sequence unpacking Ko AELTOUPYEL Yo omtoLadNote akohovbio ot deELd
mhevpd. To sequence unpacking OrOLTEL VO VITAPYOVY TOOEG UETAPANTES OTNV OPLOTEPT] TAEVPA TOU GUUBOLOV
LoOTNTOG 000 OTOoLYELD VITAPYOVY TNV akohoubic. Enueiwon otL 1) Tohathy) ovadeom elvol 0TV TPOYUOTL-
KoTTA OThig €vag ouvdvaoudg tuple packing kou sequence unpacking.

5.4 ZuvoAa (Sets)

H Python stepihaufavel emiong évav tomo dedouévav ya sers. 'Eva set eivor o g TaEwvounuévy ovihoyi
ywpig duthotuma otoryeia. O Baoikég xphoelg mepthapdvouv ) dokur dLdTNTaG Wéhoug Ko TV eEGherym
dumhdturtwv eyypopdv. Ta aviikeipeva cuvorov vtootnpilovy eniong nabnuotikés TpdaEelg dnwg Evaon,
ToU), SLapopd KoL CUUUETPLKY dLopopd.

Ta dyKiotpa ) ) ovvapToN set () WToPOoVV va XPNOLUOTOLNO0UV YLoL TH dNULOVPYIO GCUVOLDV. ZNUELWOT): YLOL
VoL SNULOVPYOETE VO KEVO GVVOAO TTPETTEL VOL PN OLULOTTOLYOETE TO Set (), O)LTO { } « TO TEAEVTALO dNULOVPYEL
éva kevo AeEkd, wa doun dedopévawv tov Oa culnTiHooupue TNV ETOUEVY EVOTITAL.

AxolovBei o ovvroun emidelgn:

>>> 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')

>>> 3 # unique letters in a

{la', lrl, lbl, lcl, ldl}

>>> a — b # letters in a but not in b
{Vr" Vd" 'bV}

>>> a | b # letters in a or b or both
{'a', VC', ’r', ldV, le, lml, IZII lll}

>>> a & b # letters in both a and b
{lal, ICI}

>>> g ~ b # letters in a or b but not both
{lrl’ ldl’ 'bl, lml, 'Z‘, lll}

Ouotwg e list comprehensions, vitootpiCovtat exiong to. comprehensions TV cuvOL®V:

>>> a = {x for x in 'abracadabra' if x not in 'abc'}
>>> a
{lrl, le}
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5.5 Ac&ika (Dictionaries)

Another useful data type built into Python is the dictionary (see typesmapping). Dictionaries are sometimes found in
other languages as «associative memories» or «associative arrays». Unlike sequences, which are indexed by a range
of numbers, dictionaries are indexed by keys, which can be any immutable type; strings and numbers can always be
keys. Tuples can be used as keys if they contain only strings, numbers, or tuples; if a tuple contains any mutable object
either directly or indirectly, it cannot be used as a key. You can’t use lists as keys, since lists can be modified in place
using index assignments, slice assignments, or methods like append () and extend ().

Eivou kadtepo vo okegteite éva heEukd wg éva aivolo Levydv key: value, pe tnv mpoimoBear otL ta KAedLh
etvar povadikd (oe éva AeEkd). ‘Eva Levryog aykiulwv dnuovpyei éva kevo heEikd: { +. H tomobéton wog
Motag Cevydv key:value oto AeElkd, autdg elvar emiong o TpoOTOG ue Tov 0molo Ypdpoviol To AeELKE otV
£€000.

O x¥pLeg hertovpyieg oe Eva heELko gival 1) oo OKevon wag TG He Kamoto KAewdi kaw 1) Earywyi tng Tiung
mtou divetar oto Khewdl. Elvan emiong duvary) n duaypagr| evog Cevyoug key:value pe del. EGv amoOnkevete
¥PNOWOTOLMVTOG £Vl KAELDL OV BpiokeTal 101 o€ xpn o, N Takid Ty ov oyetiCetan ue avtd to KAedi €xel
Eeyaotel. Bival opaluo va eEayayete o Ty yp1oLUOToLmVTOG £V 0vITTOPKTO KAELSL.

H extéheon tov 1ist (d) oe évo AeEKO emotpépel o Mot (e OhoL To KAELBLE TTOU XP1OLLOTOLOVVTOL OTO
LeELkd, ne oelpd eroaymyng (av Béhete va taEwvoun0ei, amhmg ypnowomowote 1o sorted (d) ). T vo ehéy-
Eete edv vITApYEL £va Leovmuévo KAeldi oto AeELkd, ypnowuomoote ™) AEEN-KAeldi in.

AxolovBel Eva KpO TOPASELYILOL Y PNOLULOTTOLMVTAG VO AEELKO:

>>> 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

O constructor dict () dmuouvpyel heEikd amevbeiog atd axolovbieg Levydv key-value:

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

Emutléov, ta comprehensions AeELkmv puwopovv va ypnowuosto 0oty yio ™) dnuouvpyio AeEikdv omd avbai-
PETEG EKPPACELS KAELOLOV KO TLUDV:

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

‘Otav ta KAedLA elval amthés ouuPBoLoCELPES, LEPLKES (POPES Elval TTLO EVKONO VaL oploeTe TevyT PN OLUOTOLD-
VTOG oplopato AEEEWV-KAELOLDV:

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

Katd to looping péow AeEtkdv, To KAWL KoL 1) OVTLoTOLY(T TUUH PITOPOVV VO, avakTthBovv TauTtdypova Xpnot-
posolwvtag ™ 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 1o looping péow axorovbiag, o deiking 0£omg KoL 1 aviioTolyn Ty wropovv vo avaktov Tauto-
YPOVOL PNOLUOTTOLWVTOG TN OUVAPTHOT enumerate ().

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

0 tic

1 tac

2 toe

I va kdvete loop og V0 1 TEPLOOOTEPES AKOAOVOLES TAVTOYPOVAL, OL KATUYWPLOELS LITOPOVV VAL OLVTLOTOLYL-
OTOVV UE TV CUVAPTNON 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.

J

[ va xavete loop og pa akohovdia aviiotpogpa, KaHopiloTte TPDTA THY aKoAovOia TPOG TO EUTTPOG KoL UETA
KaAéote T ouvdptnon reversed ().

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

P w oo J w0 -

J

T va kdvete loop og wio. akolovBio pe ToELVouUnuévn oelpd, XPMNoLLOTOLAOTE T OUVAPTHoN sorted (), 1)
oroia ermloTPEPeEL o véa Tagvounuévn AMota agfiivovtag Ty sty ovaihoimtn.

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

J

H ypnon tov set () oe wo axorovBio eEateipet To Suthé otovyeia. Hypnon tov sorted () o€ cuvouoonod e
To set () og wo akohoubia eivol £vog LOLMUOTLKOS TPOTOG YLa va kKdvete loop téve amd uovodikd ototyeio
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™G akoloubiag og TaEivounuévn ogLpda.

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

J

Mepikég popég eivar deAeaoTkod va alATETE (o AMoTaL EVD TV TTEPINYEIOTE MOTOOO, ELVAL GUYVE TTLO OTTAO
KoL 0oQaAEg Vo ONUOVPYNOETE Lol VEO AOTO.

>>> 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 MepLoootepa yLa TG CUVORKEQ

Ou ouVOT|KEG TTOV YPNOLUOTOLOVUVTAL 0TI ONAMDOELG while Kar 1 £ umwopov va meptéyouv 0moLovadNToTe
TeLeOTES, OYL LOVO OVYKPLOELG.

OuteleoTég OUYKPLONG in Kawnot in eivou SoKég 1dottog LEhoug mov Kabopilovv edv o T ppioketon
(M Oy o€) éva container. Ot TeheoTég is Ko is not ovykpivouv edv dvo aviiKeipeva eival Tpayuatikd to
id10 avtikeipevo. ‘Ohot oL TeELeOTEG OVYKPLONG £XOVV TV (OL0L TTPOTEPALOTNTA, 1] OTTOLAL ELVALL XOUNAOTEPT OTTO
ovTY) OAWV TOV APLOUNTIKOV TELECTMV.

OL ouykpioelg umopovv va eivar odvodwtés. T'ia mapdderyua, a < b == c ehéyyeL edv 10 a elval ukpoTepo
atd b Ko emuThéov To b loovTaL e C.

OL oVYKPLOELG LTOPOVY VO GUVHVAGTOUV YPTCLUOTTOLMVTAS TOUG hOYLKOUS TEMe0TEG and KOL O T, KL TO ALTTOTE-
leopa oG ovykpLong (1 omolasdnmote dANG LoyLKng EKppaons) Wtopel va akvpmBel ue not. Avtol €xovv
YOUNAOTEPEG TTPOTEPALOTITES UETAED TV TELEOTDV OVYKPLONG, TO not €yeL TNV VYNAOTEPT) TPOTEPALOTTAL
KoL TO or T Xounhotepn, €10l wote to A and not B or Cwooduvopel pe (A and (not B)) or C.
‘Onwg tavta, oL TOPEVOETELS LITOPOUV VAL XPNOLUOTOLN 00UV Yo va. eKgpdoouy Thv embuunti ouvieon.

O hoykoi Teleotég and KoL or eivar oL Aeyouevol Teleotég short-circuit: Ta. 0piopata Tovg aELoloyovvral
and aplotepd mpog To. deELd Kat 1 aLoddynor otauatd wolg kaboplotel to amotéheopa. [o mapdderyua,
ev 1o A and C eivor ainbéc, alld To B givar Yevdég, to A and B and C dev aEwohoyei thv ékppaon C.
‘Otav YPNOLULOTTOLELTAL MG YEVLKT] TLT| KoL O)L G AOYLKY), 1] TULY) ETLOTPOQTG €VOG short-circuit teleoTr| elvor
10 TEAeVTaio aElohoyNuévo OpLoa.

Eival duvatd va ovTloToL ioete 10 amoTéLespoL (oG oUYKpLong 1 Gl duadik) EKpPoong oe (o LeTafAnT).
I wopdderyuo,

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

>>> non_null

'Trondheim’

Znuewwote 0tL oty Python, o avtifeon pe v C, 1 avabeon evidg Twv eKQpaoemy TPETEL VAL YIVETOL pNTa
ue tov teheotr) walrus operator : =. AUt ao@eVYEeL ULa KO KOTnyopio TpofANUdtmy Tou GUVAVIMVTOL 0T
npoypduuata C: mAnKTpohoyhVTog = o€ o EKQPaat] OTav TPoopLtioTay To ==.
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5.8 ZuUyKpLon akoAouBLwv Kat AAAwWV TUTNwV

Ta aviikeipevo axorovdiag wropovv cuvnbmg va cuykplBovv pe ddha ovilkeipevo e Tov tdLo Tmo aKo-
MovBiac. H ovykpion ypnowomotei lexicographical ogwpd: mpmta cuYKpLvovToL To SU0 TPMTO OTOLYELD KOLL OV
drapépovv autd KaBopiLel TO AmOTELESUO TG CVYKPLONG €AV ElVOL L00, Ta ETOUEVA dVO OTOLYELD GUYKPIVO-
vTou Ko ovtw KabeEng, £mg dtov eEaviinOel 1 pio ard Tig dvo axorovbies. Edv dvo otouyeio pog alrykpLon
elvan Taw idLa axohovBieg Tou idtov THmov, 1 AeElkoypagiky) ovykpLon payurotomoteitor avadpopkd. Edv
Oho. Ta oToLyEla Vo axoroubLdV cuykpivovtol ioa, ol akolovBieg Bewpovvtal toeg. Edv 1 wa akolovBio
elvar apytkn vroakolovBia g GAANG, 1 wkpdTepn axorovBia eivor 1 wkpodtepn (ehdyoty). H heEikoypa-
@ukn TaEvounon ovppolocelpdv ypnouortotel Tov apiud Kwdikol onueiov Unicode yia vo ta&ivouroet
LEUOVWUEVOUG YOPOKTNPES. Mepikd mapadeiynata cuykpioemv puetat akohovbimv Tov idtov Thmou:

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

[1, 2, 3] < [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)

J
Adfete vtoyYn OTL N GVYKPLON OVTLKELUEVOV SLAPOPETIKDV TUTTWV Ue < 1 > €lval vouur vod tov 0po ot
T ovTikeipeva drabétouy Katddinieg uebddovg ovykpione. I'a mopdderyua, ov wktég aptbuntikol Tomol

OoVYKpIvovTaL OVUPOVO UE TNV aplOpnTLky Toug T, omote to 0 toovtan pe 0.0, KA. Alogopetikd, avil vo.
mopéyer wa avbaipetn mapayyehio, o diepunvéag Ba Kdvel raise o eEaipeon TypeError.

YTOONUELWOELG
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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)
a, b = b, atb
return result

Twpa ewodyete Tov Python interpreter ko eLodyete avtd To module pe v okOAoVON EVIOAT):
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[>>> import fibo }

Avutd dev mpoobétel ta ovouaTo Twv ovvapTHoewy ov opilovtal 010 fibo amevbeiog otov TPEYXOVTQ
namespace (B\. Euféieia kauw ledio Ovoudtwv arnv Python yio. eploodtepeg AemtouépeLeg): tpoobétel uovo
To Ovouo tov module £ibo ekel. Xpnowomoimvtag to dvouo tov module Ltopeite va amoKTioeTe TPOsPao
0TLG AELTOVpPYiEG:

>>> fibo.fib (1000)

0112 358 13 21 34 55 89 144 233 377 610 987
>>> fibo.fib2(100)

o, 1, i1, 2, 3, 5, 8, 413, 2i, 34, 55, 89]

>>> fibo. name

'fibo'

Edv okomelete vo xpNOLULOTOLELTE CUY VA oL GUVAPTNOY), WITOPELTE VA TNV AVILOTOLYIOETE O€ €Val TOMKO
ovoua:

>>> fib = fibo.fib
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

6.1 Meploootepa yua ta Modules

‘Evo. module umopei va mepiéyel exteléoues dNwoelg kabmg Kol oplopoVs ovvaptioemy. AVTtég oL dmho-
O€LG TTPoopLLovTal yia TV mpogTolacic Tov module. Extelovvtot udvo v modtn opd Tov eupaviCeTat To
dvopa Tov module o¢ Lo SMMiwon eoayoyic. (Exktehovvtol emtiong edv o apyelo exteleital wg script.)

Kd&0e module €yel tov ditkd g OLwTLkd namespace, 0 0oiog ypnoLuomoLeitol wg global namespace amd Oheg
TLG CUVOPTHOELS TOV opifovTtal 0To module. ‘Etol, 0 GUVIAKTNG oG evOTTaG UWITopel va ypnoLpuomomoet global
uetoAntég oto module ywpig va avnovyel yia tuyaio conflicts pe tig global petafintég tov xpnoty. And v
dAAn hevpd, ediv Eépete T Kdivete, umopeite va ayyiEete tig global petafintég evog module pe To idLo notation
TTOU Y PNOLUOTTOLELTOL YLOL VO AVOPEPETAL OTIG GUVOPTNOELS, modname . itemname.

Ta modules propouv va elodyouv diha modules. Eivalr ouvnOeg, alld dev amarteitol vo tomobetovviol Oheg
oL MMADOELS import otV apyn Wag evotnta (1) aevapiov, yia autod to Béua). To ovopota twv modules Tou
eLodryovtat, €4V ToofeToVVTOL 0TO OVMTEPO EMimedo Tov £va module (€KTOG OTOLWVONTOTE CUVOPTIOEMV 1)
KAdoewv), tpootiBevtor otov global namespace tov module.

Yndpyer o taporhayn tg dMAwong import mov el0dyel ovopato oo £va module amevbeiag oTov XmMPO
oto importing module’s namespace. ' tapaderypo:

>>> from fibo import fib, fib2
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

Avuto dev elodyel o dvopa evog module ad To omoio Aapdvovtal oL eLoaywyEG 0To ToTLKO namespace (apd
oto mapdderyua, To £ibo dev opiletar).

Yrdpyer okOuy Ko pia Tapaihoyi] yio TV EL0oyyr OAMV TmV OVOUATOV JTOU OPILEL ULa EVOTNTOL:

>>> from fibo import *
>>> fib (500)
0112 358 13 21 34 55 89 144 233 377

Avto elodyel 6ha To. ovopata eKTtdg amd autd ov Eekivolv e kKatm mavha (). ZTG TEPLOCOTEPES TEPLITTM-
O€LG, oL TTpoypapuotiotés Python dev ypnotpomolotv avthv v duvatdmta , Kobog elodyel €vo dyvooTto
ovvolo ovopdtwv otov interpreter, KpUBOVTOG TLOOVMG KATOLA TPAYUATO TTOV €XETE 10N OploeL.

! Sty mpaypomkd T, oL opLopol cuvapT|oemv eival emtiong “statements” Tou “eKTEAOVVTOL s 1 EKTELEDT EVOG OPLOUOY GUVAPTNONG
oe enimedo module TPoobHETeL TO Gvopa TG OLVVAPTNONG 0TOV Kabolkd namespace Tov module.
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Adfete vrdyn 6T YeVIKA 1) TPOKTIKY TG eloarywyng * amd éva module 1) éva okéto armodokiudleTat, Kadmg
TPOKOAEL OLY VA KAKDG avoryvadoLuo Kmdika. Qotdoo, eival evidEeL va. TOV XPNOLULOTOLHOETE VL0, VO o001
KeVOETE TNV TANKTPOLOYNON 08 SLadPAOTIKEG TTEPLOdOVG GVVEDTG.

Edv 1o 6vopa tov module axorovBeitar 0mtd as, TOTE TO Ovoua Tov akolovbel as ovvdéeton amevbeiog pe To
eloaryouevo module.

>>> import fibo as fib
>>> fib.fib (500)
0112358 13 21 34 55 89 144 233 377

Avto ovolaoTikd elodryel To module pe tov idLo Tpdo ov B kavel To import fibo, pe ™ udvn dapopd
ot elvon drabéoipo wg fib.

Mitopei emiong va xpnowostotn0ei dtav ypnoLuomoLeite £rom pe TopOUoLo EQE:

>>> from fibo import fib as fibonacci
>>> fibonacci (500)
0112 358 13 21 34 55 89 144 233 377

Inueiwon: To MOyoug amotereopuatikoOTTag, kd0e module elodyeton pdvo pia popd avd epiodo hertoup-
vieg Tov interpreter. Eouévmg, edv oAAGEete to. modules 60, TPEMEL VO, ETAVEKKLVIOETE TOV SLepuUnvEa — 1), v
etvar povo éva module wov O€heTe va doKIUAOETE dLODPAOTIKA, XPNOLUOTOLOTE TO importlib. reload (),
Y. import importlib; importlib.reload(modulename).

6.1.1 EktéAeon modules wg scripts

‘Otov ekteleite éva Python module pe:

[python fibo.py <arguments>

1

o kwdikag oto module Oa exteleotel, AKPLBMOG GOV VO TOV ELOOYAYeETE, OAMA e TO name va €YEL OPLOTEL O€
" main__ ". Autd onpaivel 6tL TPocBETovTog VTV TOV KMdLKa 0To T€A0g Tou module cog:

if name == "__main_ ":

import sys
fib(int (sys.argv[1]))

WITOPELTE VO KAVETE TO 0PYELD XPNOLUOTOLNOLIO MG script Kabwg Kou wg module tov witopei va ewoayOei, emeldn
0 KOILKAG TOV avaAUEL TNV YPAUUT EVTOL®V eKTENELTOL LOVO €AV TO module eKTEAEITOL G TO «main» aPYELo:

$ python fibo.py 50
0112 358 13 21 34

|

Edv to module éyeL eloayBei, o KDdikag dev exteheitan:

>>> import fibo
>>>

|

Auto ypnolpomoteitanl ouyva eite Yo Ty Tapoyr| vog Bolikov user interface oe éva module, eite yia okomo0g
doxung (m ektéheon tov module wg script eKTEAEL PO SOKLUAOTIKY) GOVITAL).
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6.1.2 To Search Path Tou Module

‘Otav ewodryete éva module pe to Ovopa spam, o interpreter avalntd tpdTo £va evoopoatouévo module pe avtd
t0 dvopa. Avtd to ovopata Twv module topotifevtol 0To sys . builtin_module_names. Edv dev Bpebei,
toTE avalnTa €va apyelo pe To dGvopd spam.py O€ W AMota Katohdywv mov divovior amd tn petafAnt
sys.path. To sys.path apyikomoteitar amd ovtég TG O¢oeLg:

o O xat@hoyog mou mepLEYEL TO input script (1] TOV TPEXOVTO KATAAOYO OTOV dev €xeL KO.OOPLOTEL apyEio).
e PYTHONPATH (U MoTo ovoudtmv Katohdyou, ue v idta oUuvtaEn ue ) uetofint tov shell PATH).

o H mpoemmhoyi| wov eEaptdtar 0o v eyKatdotoon (Katd ovufoon, cuumeplapufovouévou evog Ka-
TohOYyov site-packages, mov xewpiletor To module site.

[MepLoodTepeg AemTouépeteg Ppiokoviol oto sys-path-init.

Tnueioon: Zta ovotuata apyelov mov vrootnpifovy symlinks, o koTdhoyo ov mepLEEL To input script
vrohoyiCetal oot axolovOnOei to symlink. Me ddha Adyia, o Katdhoyog mov mepLéyel to symlink dev spo-
otibeTon ot dradpour) avalntnong tov module.

Metd TV mtpogToLacia, ta poypdupota Python urwopoiv va tpomomotjoouy 10 sys . path. O Katdhoyog
TTOU TEPLEYEL TO Script Tov exTeleiTal TomobeTeltan oty apyn TG dLodpoung avatnTnong , LWIpooTd amd Ty
Turtkn dtadpout) g PLprLoONKNG. Autd onuaiver 6T Ta scripts og avtdOV Tov Katdhoyo Oa eival poptouéva
avti yio to. modules pe to id1o0 dvopa otov Katdhoyo wog PLprodnkng. Avtd eivan éva opdiua, eKTOg GV
npoopiletar ) avuikatdotaon. Bh. v evomta Standard Modules yio. teplocdTepeg TANPOPOpLEC.

6.1.3 «Compiled» Python apxeia

[N va emrtayvver ) pdptwon modules, 1) Python kdéiver cache tnv compiled ékdoom kaOe module otov Katdhoyo
__pycache__ kdtm 0m6 To Ovopa module. version.pyc, OOV 1 €K6001 KwOLKOTOLEL TN HopQT| TOv
compiled apyeiovs yevikd mepiéyer Tov aptBud ékdoong g Python. I mapaderypa, oty ékdoorn CPython
3.3 1 compiled ¢xd00m tov spam.py 0o amoOnKevtel wg _pycache_ /spam.cpython-33.pyc. Avt) 1
ovppaon ovopaoiog, emtpénel oe compiled modules amtd drapopeTikés eKOO0ELS KoL DLAPOPETIKES EKDOTELG
g Python vo. ovvumdpyovv.

H Python eAéyyeL thv nUEPOUN VI TPOTTOTOINONG TOV TN Yaiov EvavtL Tng compiled £€kdoang yio va det edtv eivon
Eemepaouévn Ka xperdtetol vo yivelr compile Eava. Avth eivon pa eviehdg avtopatn dwadikaoia. Emiong, ta
compiled modules givar aveEdptinteg amd Thotedpua, emopusévog 1 idia BLprodfKn uropel va kotvortowOei
OVAUEDO O OUOTHUATO [LE OLAPOPETIKES OLPYLTEKTOVLKEG.

H Python dev ehéyyeL Tv cache oe &0 meputtwoels. ITpdtov, mdvta Kdver compile Eavd kai dev amobnkevet
t0 amotéleopa Yo To module ov poptdveTal atevdeiog ad T ypauuy viohmv. AeUTePov, deV ELEYYEL T
wvnun cache edv dev vitapyeL To source module. T'a va virooTypiEete wa Siavour) ywpic myaio (compiled
uoévo), to compiled module mpémeL vo Ppioketal 0TOV source KOTAAOYO KL OEV TIPETEL VO VITAPYEL Source
module.

Mepikég oupuBovAEG YL ELOLKOVG:

o Mropeite va ypnoLuomooete 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 T6c0 TO
assert statements 600 Kot Tig __doc__ ovuforooelpés . Eqpooov oplopuéva mpoypduuota umopel vo fooi-
Covtat oty Ymapsn avtmv Tov Stabéoumy, Bo TPETEL VA YPNOLUOTOLHCETE VTNV TNV Aoy udvo
edv yvopilete T kavete. «Optimized» modules éxouv éva opt— tag Kau eivar ouvnOwg pukpotepeg. Ot
UEMOVTLKEG £K800ELG UTOPEL VO aMGEOLVY Ta ot EoUOTA TNG BEATLOTOTOINONG.

o 'Eva mpdypappa dev ekteleital o ypryopa otav dtofdleton amd €va apyeio .pyc amd 0,1 otav
dafdletar amo éva apyelo .py’ "o TO pdévo mpdypa mou elval mio ypryopo and Ta
apyxetla 7 .pyc elivar 1 TodTnTa ue TV 0moio (poPTMVOVTOL.

o To module compileall umopei va dnuovpynoet apyeio .pyc yio Oho to. modules oe éva Katdhoyo.
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o Ynbpyovv meplocdtepec hemTOUEPELEG OYETLKA e OUTH T dLadikaoia, cuwtephoufovouévou evog dia-
vpauuatog potg Twv amogdoewv, oto PEP 3147.

6.2 Standard Modules

H Python ouvvodeveton amd wa Bifriodnkm standard modules, M omoio meprypdgpetarl oe éva Eegxwplotd €y-
vpapo, v Avagopd Bipiobnkng Python («Library Reference» hereafter). Opiopéva modules givor evompa-
TOUEVA OTOV interpreters AUTEG TOPEYOVV TPOOS00T € AELTOUPYIES TTOV eV ATTOTELOVY EPOG TOV TTUPTVAL TG
YADOOOG, AAMG EVIOUTOLS ELVOL EVOWUATWUEVA, ELTE YI0. ATOTEAEOUATIKOTNTA ELTE VIO TNV TTOPOYN TPOOPa-
O1G 0€ TPWTOYOVO OTOLYELD TOV LELTOVPYLKOU GUOTHUOTOS OGS oL KANoeLg ovothuatos. To ouvolo tétolwv
modules gival o emhoyn dapdppwong mov eEaptdran emiong amd v vitokeipevn mhatpdpua. Ta wopd-
deryna, to module winreg mapéyeton wovo oe cvotnuata Windows. 'Eva cuykekpiuévo module mov a&iCet
KATOLOL TTPOCOYN ELVOL TO SY'S, TO 0TTOL0 ElvalL EVowUATWUEVO 0TOV interpreter Tng Python. O uetafintéc sys .
psl Kol sys.ps2 opilouv Tig OUUBOAOCELPES TTOU YXPNOLUOTOLOVVTOL MG KVPLOL KoL dEVTEPEVOVTA prompts:

>>> import sys
>>> sys.psl
Iee> 0

>>> sys.ps2
|l |l

>>> sys.psl = 'C> '
C> print ('Yuck!")
Yuck!

Cc>

Avtég oL 80 petafintéc opiLovtor udvo eGv o interpreter fpioketor oe dLOdPOAOTIKT| AELTOUPYiaL.

H petafnt) sys.path eivar pwa Aota cupforooelpmv mov Kabopilet ) dradpouy) avalntmong tov diep-
unvéa yio. modules. ApyLkormoleitor o€ (o TPoeTmAeYUEVN dadpoun) mov hapupdvetal amd ) petofAnty) me-
pLpéAlovtog PYTHONPATH, 1| amtd (o EVOOUATWUEVY TPOETAOYY €6V To PYTHONPATH dev €yeL opLoTel.
Mitopeite Vo, TO TPOTOTOOETE YPTOLUOTTOUMVTAS TUIILKEG AeLTovpyieg Motag:

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

6.3 H ouvaptnon dir ()

H evoopoatopévn ouvaptnon dir () xpnOLULOTTOLELTAL VLo VO AvaKaAMpeL tota ovopato opitel éva module.
Emotpéper wo taEvounuév Aloto ouuforocelpmv:

>>> import fibo, sys
>>> dir (fibo)

['__name__ ', 'fib', 'fib2']

>>> dir (sys)

['"__Dbreakpointhook__ ', '_ displayhook__', '__doc__', '__excepthook_ ',
' __interactivehook__ ', '__loader__ ', '__name__ ', '_ _package__', '_ _spec_ ',
' 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',
'breakpointhook', 'builtin_module_names', 'byteorder', 'call_tracing',
'callstats', 'copyright', 'displayhook', 'dont_write_bytecode', 'exc_info',
'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',

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
'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',
'set_asyncgen_hooks', 'set_coroutine_origin_tracking_depth', 'setdlopenflags',
'setprofile', 'setrecursionlimit', 'setswitchinterval', 'settrace', 'stderr',
'stdin', 'stdout', 'thread_info', 'unraisablehook', 'version', 'version_info',
'warnoptions']

Xwpig opiouata, N dir () mapabETel To OVOUATO TOV €YETE OPLOEL AUTNV TN OTLYUN:

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

>>> import fibo

>>> fib fibo.fib

>>> dir ()

['"_builtins__ ', '__name__', 'a', 'fib', 'fibo', 'sys']

Adfete vtoyn Ot TapaBETEL GAOVG TOUG THTTOVG OVOUATMV: UETAPANTES, modules, CLVAPTHTELS, KA.

H dir () dev mopabétel 1o OVOUOTO TMV EVOOUATOUEVWV OVVAPTHOEWY Ko UeTaPAnTdv. Edv 0éhete o
Mota amd avtéc, opitovrol oty Tumkn 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__ ', '__import__', '__name__ ', '_ package__', 'abs',
'all', 'any', 'ascii', 'bin', 'bool', 'bytearray', 'bytes', 'callable',
'chr', 'classmethod', 'compile', 'complex', 'copyright', 'credits',
'delattr', 'dict', 'dir', 'divmod', 'enumerate', 'eval', 'exec', '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']
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6.4 Maketa

Ta maxéta elvon évag Tpdmog d0unong Tov namespace tov module ypnoipomordvrog «dotted module names».
INo tapaderyna, to dOvopa tov module A . B vtodnhavel évo submodule pe dvoua B o€ €va ToKETO e Ovo
A. AkpLBig g 1 xpfon Twv modules 6dTEL TOUg dnuovpyovs drapopeTikmv modules va avnovyovv o évag
yio ToL KaBolKd ovopata petafAntmv tov ahhov, 1 xpron dotted module ovopdtwv omlel TOUg dULOVPYONG
tov multi-module Tokétmv dwg To NumbPY 1) to Pillow amtd 1o va ypetdletal va avnouyolv o évag ylo to
module ovopata tov GAhov.

Ac vmoBéoovpe 6L BEleTe va oyedLdoete wa cuALoyY 0td module (Vo «TTOKETO») YLOL TOV OUOLOUOPPO YELPL-
ouod apyeimv fyou Kat dedouévmv fyov. Ydpyouv morhéc dLopopeTLkég LOPPES apyeimv fxov (tov cuvinBmg
avoryvopIiLoviol amd TV ETEKTAON TOVGS, VLo TAPAdELYNa: .wav, .aiff, . au), EMOUEVOG WTOPEL VO YPELOL-
OTElL VO SMULOVPYHOETE KoL VO SLaTNPNOETE UL auEavOUEVT] GUALOYY AELTOVPYLMV YLOL TV LETOTPOTTH UETAEY
TOV SLapOPWV UOPPMV apyeimv. Yrdpyovv emtiong moAég dLapopeTikég Aettoupyieg mov wropel vo Oéhete
va ekteléoete o dedouéva Nyov (OTwg Wik, TpoadNKN NYovs, EPapUoYN WoG AetTovpyiog LoooTadwaoT),
dNULOVPYLA TEXVNTOV OTEPEOPMVLKOV EPE), ETOUEVWG emthéov Ba ypdpeTe o oteleiwtn pon amrd modules
YLOL VO EKTEAEDETE QUTEG TLG Aertoupyies. Akohoubsl uua bav) dopun Yo 1o TOKETO 600G (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

Katd myv ewoaywyn tov mokétov, 1 Python mpayuotomolel avalnmmon otovg Kotahdyovg 0to sys.path
OVOLNTOVIOG TOV UTOKATAAOYO TOV TTOKETOV.

To __init__ .py apyeio amartouvion yia va kévelr tv Python vo avtipetwmiler Tov Katohdyou mov me-
PLEXOVY TO CPYELD WG TAKETO (EKTOG EAV YPNOLUOTOLEL VOl namespace package, €va. OYETIKO TPONYUEVO YOL-
POKTNPLOTLKO). AUTO ATTOTPETEL TOUG KATAMOYOUG UE KOV OVOUQ, OTWG TT.). G string, omd THV 0KOVoLo
amoxpuym €ykupmv modules mov eugpavitoviar apydtepa oto path avalntnong tov module. Ztnv omhov-
OTEPN TEPLTTWON, TO __init__ .py Wwopel amhmg va eival Kevo apyeio, oG uopel exiong vo eKteléoeL
initialization xmMAuKa Yo T0 TAKETO 1) Vo opioeL TNV petafAnty) __all__, wov mepLypdpeTon apyoTepal.

OL %p10TES TOU TAKETOU UITOPOVY VO ELadyovv uepovmuévo module amd to makéto, yio mopdderyuo:

[import sound.effects.echo

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

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

'Evol evodLaKTIKOG TPOTOS YLoL TV €Lo0ymyN) Tov submodule eival:
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[from sound.effects import echo }

Avtd poptmvel emtiong to submodule echo, Kot TV KaOLoTd dLabéouun xwpig to Tpodlelo TAKETOU, MOTE VO
wropei va ypnotpomon el wg eENg:

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

Mo dhAn tapoarhoryn eivae 1 amevBelog eLoaymyn g embuuntig ovvaptnong 1 LETaPANTG:

[from sound.effects.echo import echofilter ]

Kau mwéiht, avtd goptdver to submodule echo, alld avtd Kavel T ouvaptnon g echofilter () dueoa
dLabéouun:

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

Adfete vtoyn Ot Ota ypropomoleite from package import item, to oTtouyelo wwopel vo eivol gite
submodule (1] vwomakéTo) TOV TAKETOV 1) KATOL0 GAAO dvoua TTOv OPILETOL 0TO TOKETO, OTTMG ULt OVVEP-
™o, KAGon M petofnm. H import dMlwon ehéyyel mpmTa GV TO GTOLYELD £)XEL OPLOTEL OTO TOKETO, EQV
Oy, vtoBéter Ot eivor éva module Kau emLyELpel Vo TO QOPTMOEL , oV dev TO Ppel dnuovpyel M eEaipeon
ImportError.

Avtifeta, dtav ypnowomoteitar ovvtaEn 6nwg import item.subitem.subsubitem, kKdOe oTouyeio
EKTOG atd AUTO TO TEAEVTALO TTPETEL VO ElvaL TTOKETO. TO TEAEVTALO OTOLYEID WTtopet va eivar éva module 1
éva okéto odAG dev pmopel va eivor e KMAon 1 ouvapTnon 1 LETaPANT oV 0pileTol amd TPOoNyoVUEVO
otouyeto.

6.4.1 Ewcayovtag * ano €va lNakéto

Tapa t ovpfaiver dtav o xpnotg ypdeer from sound.effects import *;Idavikd, Oa NAmile Kaveig
ot auto Ba Byel pe kaoro Tpdito aTo ovoTua apyeinv, Oa fpel Kamolo submodules tov vtdpyouv To TakETO,
Ko o o eLoGyeL Oha o€ avTd. Autd Ba wtopovoe va TépeL TOAY pdvo Kat 1 eloarywyy) submodules pmopet
vo. éyel ovemvunteg TapeveépyeLeg mov Oa €mperme va oupfotv dtov To submodule elodryetan pnTd.

H povn Aom eivau vo mopéyel 0 OuvTtaKT)G TOU TAKETOU £va. pNTo EVPETPLO Tov TakeéTov. H dhmwon import
YPNOLUOTTOLEL TNV akOAOVOT oVuPaon: €6y 0 KOdKAG __init__ .py TOu TaKETOU Opilel wo AMota ue 1o
ovopo __all__, Bewpeiton 6Tt givan 1) Aiota pe ta ovoparta twv modules wov Oa mpémer va etoayHovv dtov
ovvavinoete from package import *. Eivow otnv diokpith guyépela Tou ouvtdKTy Tou ToKETOU Vo,
dratnpel vt ™ AMota evnuepopévn, d6tav KukAogpopnoel wa véa €kdoon tov makétov. Ot cuVTaKTES TOU
TOKETOV EVOEYETAL ETLONG VO ATTOPAGIOOUV VO U1V TO VITOOTHPIEOLY, eV dev BAEmoUV OTL YPNOLUOTTOLELTAL
N eloaywy” Tov * 0o 1o makéto Tovg. o mopdderyuo 1o apyeio sound/effects/__init__ .py Oa
WTOPOVOE VL TTEPLEYEL TOV aKOLOVOO KDdLKAL:

[7alli = ["echo", "surround", "reverse"] }

Avt6 O ofpawve 6tL from sound.effects import * Oaewcaydyel ta tpio submodules pe To dvoua tov
nmokétov sound.effects.

Adpete vtoyn ot to submodules evdgyeTon vo oKLATovtal amd tomka kofopopéva ovopata. Lo mopd-
deryua, edv Tpoohéoate o reverse ouvVAPTNOT 0T0 apyeio sound/effects/__init__ .py,Tto from
sound.effects import * Ba eoaydys udvo tao dvo submodules echo kou surround, ahld dxt TO
submodule reverse, emeldn emoKLALETOL OO TNV TOTLKA KO.OOPLOUEVN oUVAPTNON reverse:

_all. = |
"echo", # refers to the 'echo.py' file
"surround", # refers to the 'surround.py' file
"reverse", # !l! refers to the 'reverse' function now !!!

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

def reverse (msg: str): # <—— this name shadows the 'reverse.py' submodule
return msg[::-1] # in the case of a 'from sound.effects import *'
Edv dev éyeL oplotel to __all , n dNhwon from sound.effects dimport * dev el0dyeL OhQ

ta submodules amd to mokéto sound.effects oto TPEYWV namespaces SLAOPOALEL LOVO OTL TO TOKETO
sound.effects éyel eloayOel (evdeyouévmg vo eKTeleiTal 0TTOLOGONTOTE KWOLKOG TPOETOLUATIOG GTO 0TO
__init__ .py) Kai 0T OUVEXELD ELOAYEL OTTOLAONTTOTE OVOUOTO OPILOVTOL OTO TOKETO. AUTO TTEpLhouaveL
TUYOV OVOOTO. TTOV opifovtol (kou submodules wou €xouv poptwOel pnTd) amd to __init___ . py. [epthou-
Baver emiong Tuyov submodules TOV TOKETOV TOV POPTWONKAV PNTA ATTO TPONYOUUEVES dNAMOELG import.
ZKEPTELTE QUTOV TOV KWMLK

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

e autd to Tapdderypa, Ta modules echo kot surround €L0GYOVTOL 0TO TPEXOV namespace £meLd opiLo-
VTaL 0To TaKETo sound.effects’ édtav n 8Adwon " from...import' exteleitor. (Avto hettoupyel
emiong otav opieTtanto __all_ ).

Av ko opropéva modules £xouv oxedLaoTel yia va eEGyouv uOvo ovOuaTo. Tov akolovBoUv optouéva. wotifo.
otav ypnopomoleite To import *, eEakohovBel va Oewpeital Kok TPAKTIKT 0TOV KOSIKA Tapoywyns.

BuunOeite, dev vTapyEL TITOTA KOKO [ T ¥p1on Tov from package import specific_submodule!
ZTNV TPAYUATIKOTNTA, CUTH ELVOL 1] TTPOTELVOUEVT ONUELWOT), EKTOG GV To module eloarywyNg YPELALETOL VL
ypnoposomoel submodules pe o id10 dGvopa ad dLapopeTikd okéta.

6.4.2 Intra-package avagopeqg

‘Otav ta mokéto eivor dounuéva o vomakéto (0mTwg e To TOKETO sound 0TO TAPAIELYUDL), WTOPELTE VO
YPT|OLULOTTOLY|OETE ATTOLUTES ELOUYWYES YLOL VoL avapepDeite oe submodules 0dep@mv mokétmv. [a mapaderyna,
edv 1o module sound. filters.vocoder mpémeL va xpnopomotioel to module echo oto makéto sound.
effects , umopel va ypnopomomoel to from sound.effects import echo.

Mrtopeite emiong vo ypdapete OyeTIKEG ELOAYOYES, Pe T pOpue from module import name thg OMIw-
oNG LooywYNS. AUTEG oL eLoaywyeg ypnoutortoovv leading dots yio va vmodeiEovv ta tpéyovra KoL YOVIKA.
TOKETA TTOV EUTAEKOVTOL OTY) OYETLKY ELo0ywyN. Ao To surround module yia wopdderyua, uwopetl va ypn-
OLULOTTOL|OETE:

from . import echo
from .. import formats
from ..filters import equalizer

Adfete vtoymn 6T oL oyeTikég eloaywyég faoifoviar oto dvoua Tou Tpéyovtog module. Emeldt) to dvoua tov
KVpLov module eivar wdvto "__main__ ", to. modules wov mpoopifovral yia xpron wg kvpo module wog
eopuoyng Python spémer mvta vo ypnoLomolovy amOAVTEG ELoAywYES.

6.4.3 Makeéta oe MoAAanAoug KataAdyoug

Packages support one more special attribute, __path__ . This is initialized to be a list containing the name of the
directory holding the package’s __init__ .py before the code in that file is executed. This variable can be modified;
doing so affects future searches for modules and subpackages contained in the package.

Evd avt) 1) duvotdtnta dev xpetdletanl ouyvd, WTOPEL vaL XP1NoLUoTTomOEL yio TNV ETEKTOOT TOU GUVOLOU TWV
modules ov Bpiokovral og £va TaKETO.
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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 Mopgormoinon EE6Sou

MéypL otryprig éxovue ouvovinoeL 600 TPOTOUG YPOPNG TLWWMV: expression Statements Kol T OLVAPTNOM
print (). (Evogtpitog tpdmog eivor 1 xp1fon te neboddov write () twv avilkellévov apyeiov: To standard
apyeio e56d60v pumopel va avapépetal mg sys . stdout. Agite v Avagopd BipAobnkng yia meploodtepeg
TMNPOPOpieG OYeTIKA pe avtd.)

Suyva Oa Oéhete TEPLOGOTEPO ENEYYO 0TI LOPPOTTOiNOT TNG EEOBOV 0aG TOPE ATTAMG VO EKTUTIMVETE TUUES
draywplopéveg ne dLaotnua. Yadpyouvv dLagopot Tpdrtol YL va, popgortotioete v €50d0.
o T va. ypmowomowoete formatied string literals, Eexivinote wo. ovpPolooelpd pe £ or F spv amd 1o

aPYLKO ELOOYMYLKO 1] TO TPLITAG eLloaywytkd. Méoa og vty TV ouuBoLooeLpdL, WTOPELTE VaL YPAPETE (oL
£xpaon Python peta&i yapoktpwv { Kot } Tov WTopel va. avopepetal o HETOPANTEG 1] KUPLOAEKTUKEG

TLHEG.
>>> year = 2016
>>> event = 'Referendum'

>>> f'Results of the {year event }'
'Results of the 2016 Referendum'

e The str.format () method of strings requires more manual effort. You'll still use { and } to mark where
a variable will be substituted and can provide detailed formatting directives, but you’ll also need to provide the
information to be formatted.

>>> yes_votes = 42_572_654

>>> no_votes = 43 132 495

>>> percentage = yes_votes / (yes_votes + no_votes)

>>> ! YES votes '.format (yes_votes, percentage)
' 42572654 YES votes 49.67%'

o Téhog, umopeite va kdvete udvor gog OA0 ToV XELPLOUO GUUBOAOTELPAG YPNOLULOTTOLMVTOS AELTOVPYiEG
slicing kat ovvévowong ouuforocelpmv Lo va dnuovpynoete omtoladfote didtaln wropeite vo ga-
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vraoteite. O TOmog ouUBOAOOELPAG €xel 0pLouéve HeBOdOVG OV EKTENOVV YPTOLUES AELTOVPYIES YLOL
™V TPooHNKN oVUBOLOCELPMV O €V dEDOUEVO TAMATOG GTNATG.

‘Otav dev ypeldleote pavraytepn) £€£080, dAha BELeTE ATAMG PLat Y YOPT) ELPAVLOT OPLOUEVOY UETOBINTDV
YL0. 0KOTTOVG EVIOTLOUOV OQPOALATOV, LWTOPELTE VO UETOTPEWPETE OTOLAONTOTE TIUY OF L0, CUUSBOAOOELPQ LLE
TLG CUVOPTHOELG repr () 1 str ().

H ovvéptnon str () mpoopileTol va emoTPEPEL AVATAPUOTAGELG TULMV TTOV ELVAL OPKETA OVOLYVIOOLUES OLTTO
TOV AvOPpWITO, EVM TO repr () TPOoopileTal Yia T dNUOVPYI AVOTOPAGTAGEWY TOV WITOPOVV VAL SLOPACTOVY
amnd tov diepunvéa (1) Oa empdrovv éva SyntaxError av dev vdpyel Loodvvaun ouvtakn). o avikei-
UEVOL TTOU OEV €YOUV OUYKEKPLUEVY] OVOTTAPAOTOON YO, avOp@ITLVY Kotavdhmon, 1 str () Oo emotpéyer
™V idla Tium pe 1o repr (). Modhég Tuég, 6mmeg aptbuoi M douéc 6w Aioteg Ko AeElkd, éxouv ™V ida
AVOTTOPAOTAON YPNOLUOTOLWVTOG oTtoladhmote ovvdptnot. Ta strings, ovykekpluéva, £xovv dV0 dLakpLTég
TOPAOTACELC.

Mepikd mapadeiypora:

>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'
>>> repr(s)
"'Hello, world.'"
>>> str(1/7)
'0.14285714285714285"
>>> x = 10 * 3.25
>>> y = 200 * 200
>>> s = 'The value of x is
>>> 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'))"

v

+ repr(x) + ', and y is ' + repr(y) + '...'

To module st ring mepiéyetl o kKAGon Template mov TPoo@EPEL Evav aKOun TPOTO OVILKOTAOTOONG TULDVY
oe ovpporooelpéc, xpnotuorounvrag placeholders dmwg $x Kot aviikaOLOTOVTOG TG Ue TYEG amd £va AeELKo,
OAAG TPOOPEPEL TTOMD MYOTEPO ENEYYO THG LOPPOTTOLTONG.

7.1.1 Mopgomnotinueva String Literals

Ta Formatted string literals (ovoudCovtal emiong f-strings yio GUVTOUiLa) 00LG ETLTPETOVV VO CUUTTEPLAAPETE TNV
Ty Twv ekppacemv Python uéoa oe o ovpporooelpd, Bétovtag mpdbepa ot ovpporooelpd ue £ 9 F ko
vphpovtog eKppdoelg wg {expressiont.

'Evog mtpoarpetikodg avabétng (specifier) wopgrg wmopei va akohovbel tnv €Kppaon. Autd emitpémel ueyov-
TEPO EMEYYO OTOV TPOTO Loppomoinong g Ttung. To mapakdtw mapdderyno oTpoyyvhomolel To pi og Tpia
Yneio uetd to deKadLKo:

>>> 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 ' : ' Bo €xel wg amotéleopua autod To TEdio va €xeL TAdTog eM-
YLOTOV 0pLOoV YopaKTNPmV. AUTo Eival XPNOLLO Yo TV EVOUYPAUULOT] OTHAMYV.

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

(ouvéyea otV nopEVn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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

Mrtopouv va xpnoLuoTotn 0oy GALOL TPOTOTOLNTEG YL TV UETATPOTTT) TNG TLUNG TTPLV T WOPPOTTOLNOT| TNG.
To '"la' wyvetywascii(),to '!'s' woyveLyla str (), kowto ' r' woydeL yio repr () :

>>> animals = 'eels'

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

>>> print (£'My hovercraft is full of {animals 5 )
My hovercraft is full of 'eels'.

O avabémg (specifier) = wropei va xpNoLoTotn0ei Yo Vo ETEKTELVEL PLaL EKPPOLOT] OTO KELUEVO TNG EKPPAONG,
éva oVuPBoLo 100, KoL UETA TNV ovaTtapdoTaoy 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 10 self-documenting expressions yLo TepLOOOTEPES TANPOPOPLES OYETIKA (e ToV avadéTn (specifier) =. T
avVaQOPE 08 QUTES TLG TTPODLAYPAPES LOPPNG, AVATPEETE 0TOV 001YO avapopdc Yo To formatspec.

7.1.2 H p€6odog String format()

H Baoikm) xpfon e uebddov str. format () Hotdler ue avto:

>>> print ('We are the who say " t"r format ('knights', 'Ni'))
We are the knights who say "Ni!"

Ou ayKUAEG Kl OL XOPOAKTPES UECO. OF AUTEG (TTOV ovoudCovtal edio LopepNg) avTtKabioTavToL Ue To ovTL-
keipeva wov petafipdtovion ot uébodo str. format (). 'Evag apBuog otig aykileg Wtopet va xpnoLuo-
mownOel yia vo avapépeton ot 0€om Tou avtkeluévoy ov petafipateton ot uébodo str. format ().

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

eggs and spam

Edv ypnowomorotvron keyword opiopato otn wébodo str. format (), oL TWEG TOUG AVAPEPOVTOL YPTOLUO-
TOLDVTOG TO GVOUO TOV OPLOUATOG.

>>> print ('This is .. format (
.. food="'spam', adjective='absolutely horrible'))
This spam is absolutely horrible.

Ta opiopota BEong ko AMENG-KAEWdL0U umopotv vo, cuvduaotolv avbaipeta:

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

Edv éyete o ovuforooetpd modd pakpldc wopgrg mov dev Béhete va ympioete, Ba Htav wpaio va avape-
PETE TIG UETAPANTES TTOV B poppomotnBouv ue Béon To dvoua avti yuo T 001, Autd wtopet va yiver amhd
mepvdvTag To AeELkd KoL XpnoLoroLdvTag aykvleg ' [1 ' yio mtpdofoon oto KAeldLd
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>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ;!

.. 'Dcab: '.format (table))

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

Avtd B puropovioe entiong va yivel tepvivtog To AeElkd table wg opiopata AEEEmV-KAELSLOV pe TNV onuei-

'".format (**table))

won **.

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

Jack: 4098; Sjoerd: 4127; Dcab: 8637678

This is particularly useful in combination with the built-in function vars (), which returns a dictionary containing

all local variables.

[ Topdderypo, oL akOMOUOES YPOUUES TAPAYOUV VO TUKTOTTOLUEVO OVVOLO GTNAMV TTOV diVOUV 0KEPALOVG

0pLOUOVG KoL T TETPAYMVO KA TOUG KUBOVG TOVG:

>>> for x in range (1, 11):
print (' '.format (x, x*x, X*X*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

To o TAHPT EmoKOTNON TG LOPQOTTOiNoNG ocuporooelpdv ue str. format (), deite formatstrings.

7.1.3 Xepokivntn Mopgpomnoinon ZuppoAocelpwV

AxolovBel 0 1dL0g TVAKAG TETPAYDOVOV KoL KUBWV, LOPEMOTONUEVOG XELPOKIVITOL:

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

end="

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

")

J

(Enuewhote 6TL To éva Kevo peta&l kdbe oTNANG TPOOTEONKE Ue TOV TPOTO TOV AELTOVPYEL TO print ():

tpooditel TAVTO Keva HetaEl TV opLopdTmy Tov.)

H uébodog str.rjust () TOV aviKeluEvov cupBorooelpds tomobetel deEud wa ouufolooepd oe €va e-
dio dedopévoy TAUTOUG CUITTANPDOVOVTOG TNV e KEVA 0T apLoTtepd. Ydpyouv mapouotes uébodol str.
1just () koL str.center (). Autég oL uéBodot dev YpApouv TmoTa, ATADG ETOTPEPOVV (0. GUUBOAO-
oelpd. Edv 1 ovuporooetpd eLoddov givar ol peydhn, Sev TV TepLKOTTOUV, O TV ETLOTPEQPOVY OUETA-
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BANTN: autd Ba ptepdéper T dLdtaEn g oTNANG 00g, 0AAG avTd givar ouvnBwg Kalitepo amd TV evaila-
KTUKT), 7Tov O ftav Pépara yio wo T, (Av OEleTe TpayuoTikd TEPLKOTTY, WITOPELTE TAVTA VO TPOTOEcETE
wo Aertovpyia slice, 0mwg 010 x. Ljust (n) [:n].)

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

>>> '"12'.z£f1i11(5)

'00012"

>>> '-3.14"'.z£fill1(7)
'-003.14"

>>> '3.14159265359'.z£f1i11(5)
'3.14159265359"

7.1.4 MaAwa poppomnoinon cCupBoAOOELPAQ

The % operator (modulo) can also be used for string formatting. Given 'string' % wvalues, instances of
% in string are replaced with zero or more elements of values. This operation is commonly known as string
interpolation. For example:

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

[MepLoootepeg mnpoopieg umopeite vo fpeite otnv evotnta old-string-formatting.

7.2 Avayvwon kat Eyypaopn Apxeiwv

H open () emotpépel €va file object, kou pnouooLeital o ouyva ue dvo opiouata 0€ong Kat éva dpLopa
MEENG-KheWdLoV: open (filename, mode, encoding=None)

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

To mpdTO OpLoua Elvarl e GUUPBOLOCELPA TTOV TTEPLEYEL TO OVOUO. apyelov. To deutepo dpLopa eivar po G
OUUPOLOCELPA TTOU TTEPLEYEL UEPLKOVG YOPAKTIPES TOV TEPLYPAPOUV TOV TPOTO [LE TOV 0moio Oa ypnoiuo-
momnBeil to apyeio. H mode pmopei vo givar "' 6tov to apyeio Oa givor pudvo yia didfaoua, 'w' udvo yo
eyypagn (Eva vmdpyov apyelo pe to idLo dvoua Bo dlorypapet) KoL To "a' avolyel To apyeio Lo TPoodp-
TNOT)" 0TTOL0dITOTE dEdOUEVA YPAPOVTAL OTO apYEelo Ka tpooTifevTal autopota 0to Téhog. To 'r+' avoiyel
T0 0pyElo TO0O Yo avdyvoon 6o kau yia ypogr). To dpiopa mode givor tpoalpetikd: 1o 'r' Ba Bewpelton
eqv mapan@OEt.

Kavovikd, ta apygia avoiyouvv og text mode, mov onuaiver 0t dtofdlete Ko yphpete cuuforooelpés amod
KO TTPOG TO 0Py ELD, OL 0TTOlEG KMALKOTOLOUVTOL O UL CUYKEKPLUEVN Kwditkomoinon. Eav dev éxel kaboplotel
1 Kwdikomouhon, 1 TPoemhoyn givar eEaptmuevn omd v mhatedpua (deite open () ). Exeldf) to UTF-8
etvar To ovyypovo de-facto standard, encoding="ut£-8" cuviototoL eKTOG €AV YVPIleTe OTL TPETEL VO
YPNOLULOTTONOETE dLapopeTikt] kwdikomoinon. H mpooOnkm evog 'b' ot Aettovpyio avoiyel To apyeio oe
binary mode. Ta dedopéva dvadikng Aertovpyiag dafdtovron Kot ypdpovior wg oviikeipeva bytes. Aev
wtopeite va kabopioete kwdikomoinon dTav avoiyete apyelo o duadikn Aettovpyia.

2t hertoupyio Kewpuévou, 1 tpoemhoyn (default) Katd v avdyvmon givar vo LeTATpEPeTe TG KOTOMSELS
YPOUUDV Yo oUYKEKPLUEVN hatgoppa (\n oto Unix, \r\n ota Windows) oe uovo \n. ‘Otov ypdpete o€
Lertovpyia KEWEVOU, 1) TTPOETAOYY ELVOL VO UETATPETOVTOL OL EUPOVIOELS \n 08 KATAAMEELS YpaUUdV yLo
OUYKEKPLUEVT TAATQPOPUO. AVTY 1) TAPOOKNVIOKT TPOTOTOLNOY 0T SESOUEVA APYELWV Elvar Kol Yo op-
yeta keynévovu, odhd o kotaotpépel dvadikd dedouéva dmwg ovtd oe apyelo JPEG 1 EXE. Na eiote mol
TIPOCEKTLKOL VAL Y PNOLUOTTOLELTE TN dVAdLKT| AetToupyia dtav dLofaleTe Kan YpApeTe TEToL apyeia.

Eival kol paktiky va xpnowwomoleite to keyword with 6tov aoyoloVuoaote pe avitkeipevo apyetov. To
mheovEKTNUA eival OTL TO 0pyElo KAEIVEL CWOTA LETA TNV OMLOKAMPWOT] TNG EKTELEONG TOV, AKOUOL KL 0LV KAITTOLOL
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otyun pokvyel e€aipeot. Xpnotpwomouwviog to with eivar emiong mold o ovvrouo amd v ovvtagn
toodvvauov 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

Edv dev ypnowomoteite 1 keyword with, tdte Oa mpémer va koheite t) £.close () yua va kKhelogte to
OPYELO KoL VO ELeVBEPMOETE AUETWG TUYOV TOPOVS CUOTHOTOG TOU Y PNOLUOTOLOVVTAL OITTO QLUTO.

IMpozwdomoinon: Hxhjon tov £.write () ywpigtnxpnon mgkeyword with M nxhgontov £.close ()
WIOPEL VoL 081 yNoEL 0TO 0plopoto Tov £.write () va unv eyypogel mAipwg oto dloko, akduo Kat av to
npdypapuc eEENOeL pe emTuyion.

Metd o KAEIoWOo EVOG AVTLKELUEVOD apyeiov, eite o dAwon with eite Kahdvrog £.close (), oL Tpoomd-
OeLeg XPNONG TOV AVILKELUEVOL apyelov Ba amotiyovy autduaTa.

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

7.2.1 M€60odoL AVTIKELPEVWY ApXEiwV

Ta vrtoAoLTa TAPAdELYUATO 08 VTNV TNV EVOTNTA B0 VTTOOEGOUV OTL VO AVTIKELUEVO 0PYELOV TTOV OVOUALETOL
£ éxeL O dnuovpynOel.

TN va dLafdoete Ta mePLEXOUEVO EVOS apyeloy, Kahéote to . read (size), to omoio dafdlel Kdmola mo-
00TNTO HEDOUEVMV KL TNV ETLOTPEPEL WG OVUBOLOCELPA (0€ AELTOUPYia KELWEVOD) 1 G avTLKeipevo bytes (o€
dvadik Aertovpyia). To size elvan TPooupeTikod aptduntkd dpiopa. ‘Otav To size TOPAAELTETAL 1] EIVOIL CLPVY-
KO, OMOKANPO TO TTEPLEYOUEVO TOU apyeiov Oa draPaotel Kau Oa emioTpapeis eivar dLkod cog PO Gy
o apyelo elval SLTAGCLO aITd TN UVHUT) TOV VTTOAOYLOTY| 0aG. ALOPOPETLKA, dLOPATOVTOL KOl ETLOTPEPOVTOL TO
O size YOPOKTNPEG (08 Aettovpyia Kelwévou) 1 byte size (o€ duadikn hettovpyia). Eqv éxel ptdoet to téhog
TOV apyeio, To £.read () Oa emotpépel o Kevy cuuforooelpd (' ).

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

>>> f.read()
T

To £.readline () dLoPdaCel uia ypoupy oo To apyelo: Evog xopaktnpas véag ypouuns (\n) mopapével
070 Téh0G TNG OVUPOLOTELPAC, KOL TAPOUAELTETOL LOVO OTNV TELEVTALO YPaULLY TOV apelov eV TO apyeio dev
TELELDVEL OE ULt VEQ Ypapuy). Avtd KabLotd TV Tiut) emotpopns cag): eav to £.readline () emOTPEQPEL
o Kevi) oupBolooelpd, €xel PTAOEL 0TO TELOG TOU GPYELOV, EVM L0 KEVI] YPOUUY] OVTLITPOCMITEVETAL 0ITTO
"\n', wo cuuBorosELPG TTOV TEPLEYEL LWOVO WioL VEOL PO

>>> f.readline ()

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

'Second line of the file\n'

>>> f.readline ()
T

o v avéryvoon ypoupdv otd £vo apyelo, wropeite va kdvete loop mévw amd To avTIKEWEVO TOU apyELov.
Avtd eivar aodotikd ot pvnun, YpNyopo kot 0dnyel og omho Kmdika:
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>>> for line in f:
print (line, end='")

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

Edv 0éhete va dlapdoete Oheg Tig YPOUUES VG apyelov oe wa Aota, Wmopeite eniong vo. PN OLLOTOLYOETE
tolist (f) | f.readlines ().

To f.write (string) YpApeL To TEPLEYOUEVA TOV String OTO APYELD, ETLOTPEPOVTAS TOV 0PLOUS TV YO0~
KTNP®V 7OV YPAPTNKAV.

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

AALOL TOTTOL OVTLKELUEVMV TTPETEL VO UETATPATTOVV — E(TE 0€ PoL oUupBolocelpd (oe Aettovpyia Kelwévov) 1 oe
éva avtikeipevo bytes (o€ duadik Aettoupyia) — TPLV ToL YpAeTe:

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

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

18

To f.tell () emotpépel Evav aképalo Tou divel TNV TPEYOVOa BET TOU AVILKELUEVOU APy ELOV 0TO OpyEio
TTOV OVTLILPOOMITEVETOL WG apLtOWd byte amd v apyn Tov apyeiov dtav Bpioketal o dvadikn hettovpyio Kot
évav adropovy apdud dtav Bploketol oe hettovpyia KeWévou.

[ vo alhdEete tn 001 Tov aviikelévou, xpnotuomolote 1o £ . seek (offset, whence). H 6éom vimo-
LoyiCetan amd v mpoaOnkM offset oe éva onuelo avapopdc: To onuelo avagopdg emhéyetal amd To dpLopa
whence. Mo, 0 Ty whence petpd omd v apyr Tov apyeio to 1 ypnowpomotei v tpéyovoa BEomn apyeiov
KoL T0 2 XPNOLUOTTOLEL TO TELOG TOU apyElov G onueio avapopds. To whence wopei va wapolngOel Ko vo
opiotel amd mpoemhoyn 0, xPNOLUOTOLMVTAS TNV CPYY] TOU OPYELOV G ONUELD AVAPOPAS.

>>> f = open('workfile', 'rb+')

>>> f.write(b'012345678%abcdef')

16

>>> f.seek (D) # Go to the 6th byte in the file
5

>>> f.read(1l)

b'S5!

>>> f.seek (-3, 2) # Go to the 3rd byte before the end
13

>>> f.read (1)

b'd!’

Ze apyeia KeEVo (avtd ov avolyouv xwpig b otn Aettovpyia string), emtpémovral udvo avalnTnoelg oe
oyéon pe v apy1 Tou apyeiov () eEaipeon eivar n avalitnon uéxpL To idLo To apPYELo TOU TEAELWVEL UE
seek (0, 2)) ko oL wOVEG EYKUPESG TWEG offset elvan auTég mov emotpépoviol amd o £.tell (), N undév.
Omotadfrtote AT Tt offset TaPaYEL ATPOTILOPLOTY) GUUTEPLPOPAL.

Ta aviikeipevo apyelov €xouv oplouéveg mpododeteg ueBodove, OTmg isatty () Kawtruncate () mov xpn-
OLUOTTOLOVVTOL AYOTEPO OUY VA ovppouvlevteite Ty Avagopd e BifloOnkng yio évay mipn 0dnyo yia to
CLVTLKELUEVOL apyElwV.
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7.2.2 AmoOrikeuon SONNUEVWY SEDOUEVWY UE json

Ot ovuBoAOTELPES LITOPOVV EVKODL VOL YPAPOUV KaiL VAL dLoBAoToUV artd €va apyelo. Ot apibuol amartovv Aiyo
EPLOCOTEPT TPOOTADELD, KOOMDG 1 uEB0dOG read () emotpépel udvo GVUBOAOOELPES, OL oToleg Oa mpémel
VO TEPACOUV [LOL CUVAPTNON OTTwg int (), TOV TAiPVEL piat GUUBOLOOELPA OIS ' 123 ' Kall ETLOTPEPEL TV
opOunTikn g TN 123. ‘Otav Oéhete va amobnkevoete mo ovvOeTovg TUmOUG dedouévar, Omtmg £vOeTe
Moteg Kau AeEKE, 1) avaluom KoL 1) GELPLOTTOINO I TO YEPL YivETaL TEPLTAOKY.

Avtl va ypeldleTal oL xpNoTES VO YPAPOUY Kot Vo SLopBmVouV ouvexds KOdLKA Yo va artobnKevouv mo-
Mimhokoug timoug dedouévmv oe apyeia, 1 Python cag emitpéner va xpnolpomoteite ™ dNUOPILY HopeT|
avtolayng dedouévmv mov ovoudletar JSON (JavaScript Object Notation). To standard module wov ovoud-
Cetou json pmopei va AafeL tepapyieg dedouévawv Python, Kot va TLg HETATPEYPEL OF AVATOPOOTACELS GUUO-
hoogpwv: aut 1 dradikaoio ovoudetar serializing.. H avaoivheon twv dedouévmv amd v ovomapiotaoy)
ovuporooelpdc ovoudletal deserializing. Meto£0 0€LpLoToinomg KoL ATOCELPLOTTOINOG, 1] OVUBOAOCELPE TTOV
OVTLITPOOMITEVEL TO ALVILKELUEVO WITOPEL vaL el amobnKevTel og Eva opyeio 1 dedouéva 1 va €xel otodel ueow
Hog oVVOEDNG SLKTVOU O€ KATTOLO ALITOUAKPUOUEVO YAV QL.

Inueiwon: H popern JISON ypnoipomoteitor ouviidmg oo oUyypoveg eQopUoyEG YLO. VO ETLTPETEL TNV AVTOA-
Loy dedouévawv. TTodhoi Tpoypaupatlotég ivar 118m eEoLKeLwUEVOL Ue AUTIY, YEYOVOG TTOU TNV KOOLOTA Ko
emAOYN Y1a SLOELTOVPYLKOTHTO.

Edv éyete éva avtikeipevo x, uopeite va deite v avamapdotoot ouuforooepds JSON ue o amhi ypouus
KOOLKOL:

>>> import json

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

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

Mo G0N Topaihoyn TG ouvapTonG dumps () , Tov ovoudletal dump () , TAMG OELPLOTTOLEL TO AVTLKELUEVO
o€ éva. text file. 'Etol, edv to £ elvol évo avitkeluevo fext file Tov avolyeL Lo yypopr), LITOPOUUE VO KAVOUUE
ovTo:

[json.dump(x, f) ]

I va aokmdikomomoete Eavd To avtikeipevo, eGv To £ eivon éva avtikeiuevo binary file V) text file mov €xeL
avoigeL yLa avayvmon:

[x = Jjson.load(f) }

Inueiwon:  Ta apyelo JISON mpémer vo eivor kmdukomomuéve oe UTF-8. Xpnowomouote to
encoding="utf-8" 6tav avoiyete to apyeio ISON wg fext file TOGO yLoL AvVAyvVwor OGO KoL YLo. EYYPOLPY).

AvT) 1) ATt TEYVLKT) OELPLOTTOLNONG WITOPEL VO XELPLOTEL MoTeg kou heELkd, dhha 1) aelploTtoinom avbaipetwv
otrywotimtov kKAdoewv og JISON amoartel Miyn emmhéov mpoomdOeia. H avagpopd yio to module json mepiéyet
o eEfynon yuo auto.

Agite gmiong:
pickle - to pickle module

Ze avtifeon pe to JSON, to pickle eival €va TPMTOKOALO TTOU ETLTPETEL T OELPLOTTOLNON avOaipeTa TOAVTAO-
Kov avitkeluévov Python. Qg ek totov, ivan ovykekpuuévo yio v Python kou dev uopet va ypnowuosoun et
YLOL ETTLKOLVVIQL UE EPOPUOYES YPAUUEVES 0€ AMAeg Yhwooes. Eival emiong avaoparéc oo mpoemAoyy: 1 ato-
ogiproroinom pickle dedopévmv mov tpoépyovan o wa ) oELOTLOTY [T YY) Witopel va exteléost avbaipeTo
KodLKa, edv to dedouéva Exovv dnuovpyndel amd vav éumelpo eloforéa.
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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¢paiparta)

Ta syntax errors, Yvwotd Ko oG parsing errors, ivat iowg To mo ouvnOLouévo eidog mTapamdvov ov haufavete
ev eEakolovbeite va nabaivetre Python:

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

AAAAA

SyntaxError: invalid syntax

The parser repeats the offending line and displays little “arrow’s pointing at the token in the line where the error was
detected. The error may be caused by the absence of a token before the indicated token. In the example, the error is
detected at the function print (), since a colon (' : ") is missing before it. File name and line number are printed
so you know where to look in case the input came from a script.

8.2 Exceptions (E§aipgoeLg)

Axoun KoL av po TpdTaon 1 o EKEPaot eival OUVTOKTIKG 0moTh, WITopel va Tpokaléael opdiuo dtov
vivetal mpoomdBeia extéreong tg. Ta opdipata mov eviomiCoviol Katd v ektéleon ovoudlovran e&ai-
péoelg Kar dgv givar dvev dpwv potpaia (fatal): ovvropo Oa udbete mwg vo to xewpileote oe TPOYPAUIOTOL
Python. Qotdoo, oL teplocdtepeg eEaupéoelg dev avtiuetomifovrar omd Tpoypdupata Kaw 0dnyody og unvo-
UOTO. OPAMIOTOG OTTMG (POLVETOL EDM:

>>> 10 * (1/0)

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

ZeroDivisionError: division by zero

>>> 4 + spam*3

(ouvéyela otV nOpEVY 0eMd)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: name 'spam' is not defined
>>> '2'" + 2
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
TypeError: can only concatenate str (not "int") to str

H televtaio ypouur] Tov unviuatog o@dinatog virodetkviel v ouvePn. Ou eEalpéoelg vmdpyovv oe dia-
(POPETLKOVG TUTOUG KOL O TUTOG EKTUTMVETOL G UEPOS TOU WNVUUATOG: OL TUTOL 0TO TAPAdELyHa elvor
ZeroDivisionError, NameError kou TypeError. H cuupolooepd mov ektumdveton wg timog eEai-
peoNg eival dOvopa TG evomuatmuévng eEaipeong mov poékupe. Autd LoyVEL YLoL OMEG TIG EVOWUATWUEVES
(built-in) eEaupéoeic, oAG Sev ypetdletan va toyvet yia eEatptoelg ov opllovtal atd To XP1oTy (ov Ko iva
wa pnowun ovupoon). Ovstandard eEaupéoeig eivan evoopatmuévo (built-in) avayvwplotikd (oL deopevpéveg
MEEeLc-KAEdLA).

H vrtdroun ypauun opéyel hemrouépeteg pue féon tov THmo g eSaipeong Kat To TL TV TPOKAULECE.

To TPONYOUUEVO UEPOG TOV UNVOUOTOG OPAMIATOS EUpaviCeL To mteptBdilov dmov cuvéPn 1 eEaipeat), ue t
nop@n aviyvevong otoiffag. [evikd meptéyel o otoifa aviyvevong ypouudy mnyneg: wotdoo, dev Oa eupa-
vilel ypaupués mov drofdatovron amd standard eicodo.

To bltin-exceptions ToPAOETEL TIG EVOWUATOUEVES EEAUPETELS KO TLG EVVOLEG TOVG.

8.3 Awaxeipiwon EEaipeoswyv

Eivol duvotd va ypagtel khdikag mou yepileton emheyuéveg eEalpéoels. KottdEre to axdhovbo mopaderyua,
TO 0700 TNTA OTTO TOV YPNOTN VO ELOAYEL Evav £YKUPO aKEPALO apLlOud, oA ETLTPETEL GTOV YPTOTH VO
dLakoOPeL To TPOHYPOoUpa (XpnonoToldvtog Control—C 1 6,11 VTOOTNPILEL TO AELTOVPYLKO oVOTHU): ON-
UELDOTE OTL (oL SLOKOITY) TTOU SNULOVPYELTAL 0ITd TOV XPNOTH ONUOTOdOTELTAL KUvovTag raise tnv eEaipeon
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.
o Ilpdrov, exteheitan M iry clause (1 TpdTAo(lG) HeTaEL Twv MEewv-kheduwv t ry and except).

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

o E&v mtapovolaotel po eEaipeon katd v ektéheon g pdtaong t ry, 1 vtolowtn TPdTaoT) TAPUAEL-
JETAL. 2T OUVEYELD, GV 0 TOTTOG TG ToupLdler ue v eEaipeon mov ovoudletar amd t MEN-KAedi
except, N except clause eKTELEITOL, KL OTI CUVEYELQ 1] EKTELECT) GUVEYILETAL LETA TO WITAOK try/except.

o Ebv mpoxiyel uo eEaipeon mov dev touptdlet pe v eEaipean mov avapépetal otV except clause, peto-
Bupdteton ot eEwTepLég EVIOMEG try - Qv dev Ppebel Kavévag xelpLothg, eivon wo unhandled exception
KoL 1] EKTENEDT OTOUATA UE UNVUIO OPAALATOG.

Mo tpdTooT try wropet va €xel mepLoodTepeg amd wio except clause, o vo. KoOOPLoeL YELPLOTES YLoL dLai-
popetikég eEarpéaeic. To ok évag xelplotig Oa ekteleotel. Ou yelpLoTés yewpitovran povo eEatpéoelg mov
elpoviCovronr otV avtiotowy try clause, Oyl o€ AALOVG YELPLOTEG TG 1dLaG TPOTAOoNG try. Mo except clause
wtopet vo ovoudoer Tolhamiég eEatpéoelg wg mherdda (tuple) o mapévOeon, yio mapdderyuo:
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except (RuntimeError, TypeError, NameError) :
pass

A class in an except clause is compatible with an exception if it is the same class or a base class thereof (but not
the other way around — an except clause listing a derived class is not compatible with a base class). For example, the
following code will print B, C, D in that order:

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")

ZNUELWOTE OTL GV OL except clauses eiyav avTiotpagel (Ue To except B mpwta), Oa eixe extunwbel B, B, B
— EVEPYOTTOLELTAL 1] TTPMTH GVTLOTOLYLOY except clause.

‘Otav pokustet wo eEaipeon), Wopel vo. £xeL CUOYETIOUEVES TUES, YVWOTEG Kol WG oplouata TG eEaipeong.
H ntapovoio kou oL thmol twv opopudtov eEaptmvtor amd Tov Timo eEaipeonc.

To except clause pmopei vo. kaBopioel puo petafint) petd to dvoua g eEaipeonc. H petafint ovvdéetan ue
TO OTLYILOTVITO TNG EEQipeang M 0TToio ouVNOMG £xEL VO XOPAKTNPLOTIKO args TTov o KeVEL TO OPIoUOTAL.
T evkohia, ol evowpatwuévol (builtin) timol eEaipeong opiCovv __str_ () yia v eKTUTOOETE OMOL TO.
opiopato Ywpig pnT TpdoPaon 010 . args.

>>> try:
raise Exception('spam', 'eggs')
except Exception as inst:

print (type (inst)) # the exception type
print (inst.args) # arguments stored in .args
print (inst) # __str.__ allows args to be printed directly,
# but may be overridden in exception subclasses
X, y = inst.args # unpack args
print ('x =', x)
print('y =", y)

<class 'Exception'>

('spam', 'eggs')

('spam', 'eggs')

X = spam

Yy = €ggs

H ¢Eodog g eEaipeong ___str__ () eKTUMVETOL WG TO TEAEVTAIO UEPOG (“AETTOUEPELD”) TOU UNVUROATOG

Yo, U xeLPLLOUEVES eEaLPETELS.

H BaseException gival 1 kown faoiky kKhaon ohmv tov eEapéoemv. Mo amd Tig vIToKatnyopies g,
Exception, givol 1 faoikr| kKAdon Ohmv tov un porpainv eEapéocnv. EEapéaeig mov dev eivor vtokhdoelg
Tov Exception 8gv avuipetomifovrar ovvibmg, emetdt] xpnouomototvTaL Yo vo. vtodeiEovy 0TL To TPO-
ypaupo pénet vo tepuatiotel. [ephaufdvouy to SystemExit To 0moio avEdvetal amd To sys.exit ()
Ko to KeyboardInterrupt to omoio yivetan raise dtav o xpnotng embuuel va dtakopel Ty eKTELEON TO

TPOYPAUUATOG.
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H Exception wropei va ypnowpomomn el wg pmalavép mov mdvel (oyedov) ta mdva. Qotdoo, eivar Ko
TPOKTLIKY] VO ElUAOTE 000 TO SUVATOV TTLO CUYKEKPLUEVOL LE TOVG TUTTOUG eEALPECEWV TTOV OKOTEVOULE VO,
YELPLOTOVUE Ko VoL emtpémoupe Tuydv ampooddknteg eEapéoelg mov eEamhdvovTal.

To 7o kowvd potifo yia to xewpLond Exception gival vo EKTUTIMOETE 1) Vo Kotaypdapete tv eEaipeon Kau
OT1) GUVEYELD VOL TNV ETTOVOPEPETE (ETMLTPETOVTOG O€ £Vay KAAOUVTO VoL YELPLOTEL Ko TNV eEaipean):

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

H mtpdtaon try ... except €xeL éva mpooupetikd else clause, To 0moio, dtav vITdpyEL, TPETEL va. aKOAoVOEL
Oheg TG except clauses. Eivol xpnoLio yioo Kodiko o pémet va. ekteheotel edv 1o try clause dev KGvel raise
wo eEaipeon. T mapdderyua:

for arg in sys.argv([l:]:

try:
f = open(arg, 'r')

except OSError:
print ('cannot open', arg)

else:
print (arg, 'has', len(f.readlines()), 'lines')
f.close()

H yp1ion tg mtpdtaong else eivar Kaidtepn amd v apoodnkn mpdobetov KOdlko oty TpdTtaot try,
emELdN TopeUyeL TNV Katd MaBog GO Hag eEaipeons Tov SeV TPOEKVYPE OUTO TOV KMSLKO TTOV TTPOOTOL-
teveTon amd v mpdTaon try ... except.

O yewpLotég eEaupéoewv dev yewpilovrar ndvo Tig eEapéoelg mouv eugovitovion auéowg ot try clause, allé
Ko eKelveg o eupaviloviol Ec 08 GUVOPTNOELS TTOV KahoUvTtal (oKOuTn Ko éuueca) oty iry clause. T'wo
TAPAdELYLOL:

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

>>> try:
this_fails ()

except ZeroDivisionError as err:
print ('Handling run-time error:', err)

Handling run-time error: division by zero
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8.4 Raising EEaipgoeswv

H 6hwon raise enttpémel 0Tov TPOYPOUUOTLOTH VO OVOYKAOEL VO EQAVIOTEL (o Kabopltopévr eEaipeon.
To Tapaderyua:

>>> raise NameError ('HiThere')
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
NameError: HiThere

To povadikd dpLopa 010 raise vwodetkviel TV eEaipeon wov TPETEL Vo, Yivel raise. AvTti TPEmEL va lva
elte o apovoia eEaipeong N o eEaipeon kKAGom (e kKAGom mov tpoépyetan amd BaseExcept ion, dnwg
Exception 1 pia amd tg vokhdoelg ™). EGv mepdoel jua kKhGom eSaipeong, Oa dnuovpynOei oromnpd.
KaAdVTOg Tov constructor Thg xwplg opiouata:

[raise ValueError # shorthand for 'raise ValueError()' }

Ebv mpémer va mpoodiopioete edv €xel eyypapel po. eEaipeon, ald 8ev OKOTEVETE VAL T YELPLOTEITE, (WO
amhovoTtep wopPY| TG MAwong raise oag emTpémel va kKavete Eava raise v eEaipeon:

>>> 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>

NameError: HiThere

8.5 AAucldbwTteg EEalpgoelg

E&v mapovolaotel o un xewpttouevn (unhandled) eEaipeon puéoo oe wa evotnta except, 0a emovvaypet
v eEaipeon mov Oa yelpLotel Kaw Ba ovumepingOei oto ufvupa o@diuatog:

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

Traceback (most recent call last):
File "<stdin>", line 2, in <module>
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>
RuntimeError: unable to handle error

I va vtodeiEete 6L pa eEaipeon) eivor Gpeon ovvémelo oG GAANG, M TPOTAoN raise emTPETEL WAL TPO-
aLPETIKY TpdTOaon from:

# exc must be exception instance or None.
raise RuntimeError from exc

Avtd wropei va eivar xphowo otav petaoynuotiCetor eEapéoets. Mo mapdderypo:
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>>> 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>
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>
RuntimeError: Failed to open database

Envtpémel emtiong TV amevepyomoinon e autopotng civoidag eEatpéoewv ypnolpwomoidviag from None
idiom:

>>> try:
open ('database.sglite')
except OSError:
raise RuntimeError from None

Traceback (most recent call last):
File "<stdin>", line 4, in <module>
RuntimeError

[N teplocdtepes TANPOPOPIEg OYETLKA Ue TNV Unyoviky aluoidmv, deite bltin-exceptions.

8.6 EEaipeocelg tou KaBopilovtal anod to Xpriotn

Ta TPOYPAUUATO UITOPOVY VO OVOUAOOUV TIG dIKES TOVG EEQLPETELG SNULOVPYMOVTOG o VEo KAGOT eEaupé-
oewv (deite KAdoes yio meplocdtepo oxetika ue TG kKhaoewg Python). Ou eEaupéoeig Oa mpémer ouvnBwg va
npoépyovral amd Ty KAGon Except ion, €lte Gueoa eite EUUeCa.

Mitopotv va oplotolv KAGoeLg eEaipeang mov Kévouv otdNmote umopel va Kéver omoladnmote G kAo,
oAAG ovviHBwg dratnpovvtan omThég, VY VA TPOTPEPOVY OVO Eva apLOId YOPAKTHPLOTIKMY TTOV ETTPETOUV
™V eEaywy TANPOPOPLOV OYETIKA UE TO GPAMLO ATTd TOVG YELPLOTES YLO. TNV EEaipED.

O mtepLoodtepeg eEapéoelg opifovral ue ovopota wov teewdvouy oe «Error», mopouoLa (e Ty ovouaoio:
TOV TUTILK®V eEarpéoemv.

IMoAAG standard modules opiCouv Tig dLKéG TOUg EEQPETELG YLOL TNV AVAPOPX GPOALATOV TTOV UITOPEL VO TTPO-
KUYOUV 0€ GUVOPTNOELG TTOU OpiLouv.

72 Kegpadlawo 8. Z¢paApata kat EEalpgeoelq



Python Tutorial, Anpocieuon 3.11.13

8.7 KabopLouog evepyelwv KabapLopou

H dhwon try €xer wa dAAn Tpoatpetikn TpdTao Tov TPOoopileTal Vo opioel evépyeles Kabaplopov mov
nPETEL VO, EKTELEOTOVY VTTd oToleodNote cuvOnKec. o mopdderyuo:

>>> try:
raise KeyboardInterrupt
finally:
print ('Goodbye, world!")

Goodbye, world!

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

KeyboardInterrupt

Edv vrtdpyer pa mpodtaon £inally, n apdtaon finally Ba exteleotel wg 1 TEAEVTALA EpYOTiQ TPLV ATTO
™V ohokMpwaon TG pdTaong try. H mpdtoon £inally ekteheiton eite OxL 1 TpOTOOT LTy TOPAYEL WO
eEaipeon. Ta axdrovBa onueio oulntovv o mepimhokeg TepuTTOOELg OTAV enpaviletol o eEaipeon:
« Edv mapovoiaotei pua eEaipeon Katd thv ektéleon g mpodtaong try, 1 eEaipeon wmopel va avripue-
TOTLOTEL 0TTO e TPOTOoN except, Eav 1 eEaipeon dev avuipuetwmniletol amd wa tpdtaon except,
1 eEaipeon yivetor Eavd raise petd v ektéheon g mpodtaong finally.

o Mua eEaipeon Bo wtopotoe vo Tpok et KoTd TNV EKTELEOT oG TpdTaong except 1 el se. Ko wdt,
1 eEaipeon tibetan Eava petd v extéheon g mpdtoong £inally.

o Ebv 1 mpdtaon £inally ekteléoel wa mpdtoon break, continue N return, ov eEoupéoelg dev
auvEdvovtal ek véov.

o E&v 1 mpétaon try grdoel oe wa dMiwon break, continue Y return, 1 tpodtaon £inally Oa
exTeELEOTEL OKPLBMOG TTPLY 0td Tl break, continue or return g eKTéleong g SNAwoNG.

o Ed&v o npdtaon £inally mepthaufavet o dSNMmon return, 1 wun ov emotpépetal Ba elvar ot
artd v podtaon £inally g dNAWONG TG return, kKo OyL M Tut) ortd T dMhwon t ry g mpdTaong
return.

Io Tapaderyua:

>>> def bool_return():
try:
return True
finally:
return False

>>> bool_return ()
False

‘Eva w0 sepimhoko mopdderyuo:

>>> def divide(x, y):
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)

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
division by zero!
executing finally clause
>>> divide("2", "1")
executing finally clause
Traceback (most recent call last):

File "<stdin>", line 1, in <module>
File "<stdin>", line 3, in divide
TypeError: unsupported operand type(s) for /: 'str' and 'str'

‘Onwg umopeite va deite, N mpdtoon £inally exteleital o omolodnTote mepimtmon. To TypeError mov
dnuovpyettar ue ) diaipeorn dVo ovuPorooelpdv dev xelpiletal amd TV TPOTOoN except KoL ETOUEVMG
vivetow Eovd raise petd v extéheon tov 6pov finally.

ZTIG EQAPUOYEG TOV TTPOYRATLKOD KOOUOU, 1) TpdToon £inally eivan yproun yo Ty amehevdépwon eEwte-
pLkadv Tdpwv (dmwg apyeio 1 ovvdEéaelg dLKTVOV), AveEAPTNTO ATTO TO €AV 1) XPNON TOU TOPOU TV ETLTUYNG.

8.8 NMpoKaBoPLOHEVEG EVEPYELEG KABAPLOHOU

Mepikd aviikeipeva opilouvy Tig TUTKEG eVEPYELEG KAOOPLOWOV TTOV TTPETEL VO AVOLOUBAVOVTAL OTAY TO AVTL-
Kelpevo dev ypeldletan mhéov, oveEGPTNTa 0TTO TO eV 1] AELTOVPYIC TTOV YPYOLLOTTOLEL TO AVTLKELUEVO TETUYE
1 amétuye. KortdEte to axdhovbo avtikeinevo, To 0mtoio mpoomadel va avoi&el éva apyeio KoL vo eKTumdoeL
T, TEPLEYOUEVA TOV OTNV 000V,

for line in open("myfile.txt"):
print (line, end="")

To mpdfinua He oVTOV TOV KMILKO ELVOL OTL P VEL TO CLPYELD AVOLYTO YLOL ALTTPOCOLOPLOTO YPOVLKO dLdoTho
UETA TNV OMOKANPWOT TG EKTENEONG AUTOV TOU TUNUOTOG TOV KMAKa. Autd dev eivar tpofinuo oe amhd
oevapLa, old umopel va eival pdPinua yia ueyolitepeg epapuoyéc. H dMhwon with emtpénel oe avri-
Kelpevo 0mwg apyelo va pNnoLoTolovvToL te TpOmo Tov dLaopaiilel 6Tt Kabapitoviol mévio dueco Kot
oWoTA.

with open("myfile.txt") as f:
for line in f:
print (line, end="")

Metd v ekTéheon TG TPOTAONG, TO apyeio f elval TdvTo KAELTTO, AKOUO KOl AV TOPOVOLAOTNKE TPOPAN UL
Katd v eneEepyaoio tov ypapudv. Ta avikeipeva mov, dmwg To opyeia Tapéyouvy TpoKaboplopéves evép-
veteg kabapLopot Ha To VITOdELKVIOUV 0TIV TEKUNPLWOT TOUG.

8.9 Raising kat Xelplopog NMoAAanAwyv Aoxetwyv EEalpeoewy

Yrapyouv meputtdoelg 6o gival amopaitnto va avagpepouv molhéc eEapéoelg ou éxouvv ouufel. Avutd
ovppaivel ovyvd og mhaiolo TovTdYPOVNG XPENONG, OTAV TOAAES EPYAOLES UTTOPEL VOL €YOUVE OTOTUYEL TOPHA-
Ao, 0AAG VITAPYOUV KoL AAAES TTEPLITTWOELG XPNONG OOV eivar emBLUNTO va ovveyLoTel 1) eKTELEON KaL 1)
OVALOYT TTOMOITIAMY OQOUALGTOV OVTL Vo KAvel raise Ty TpdTy eEaipeon.

H evoopatouévn (builtin) Except ionGroup avodutAdVeL o MoTo e Tapovoieg eEaLpEoemv MOTE VaL (ITo-
povv vo avEnBovv pnali. Eivou o eEaipeon amd povn g, emouévmg wropei va culAing0ei 6mtmg KaOe Gk
eSaipeom.

>>> def f():
excs = [OSError('error 1'), SystemError('error 2')]
raise ExceptionGroup ('there were problems', excs)

(ouvéyela oty emtopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> £()
+ Exception Group Traceback (most recent call last):
| File "<stdin>", line 1, in <module>
| File "<stdin>", line 3, in f
| ExceptionGroup: there were problems
PofFomemeeoeee e e 1 -—-————-
| OSError: error 1

| SystemError: error 2
£0)
except Exception as e:

print (f'caught {type(e) }: e')

caught <class 'ExceptionGroup'>: e
>>>

Xpnowomoldviag except * avti ylo except, WIOPOUUE ETMAEKTIKA VA yelpLotovpue udvo Tig eEaipéoelg
OTNY OUAdOL TTOV OVTLOTOLYOVV OF £VaV GUYKEKPLUEVO TUTTO. ZTO TTAPAKATM TOPAdELYUO, TO OTTOL0 SELYVEL LLOL
évOen oudda eEaupéoewv, kKGO TPdTOON except * eEdyel 0md Tig eEatpioelg g ouddag evog ouyKekpLuE-
VOU TUTTOV, EV( aprveL OAeg TLg Gheg eEatpéoelg va dtadoBolv oe Ghheg Tpotdoelg kKo TeMKd va Eavayivouv
raise.

>>> def f():
raise ExceptionGroup (
"groupl",
[
OSError (1),
SystemError (2),
ExceptionGroup (
"group2",
[
OSError (3),
RecursionError (4)

>>> try:
£ ()
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>
| File "<stdin>", line 2, in £
| ExceptionGroup: groupl
+— 1 ————
| ExceptionGroup: group?2
e i -
| RecursionError: 4

>>>

Adfete vroPn 0T o eEanpéaerg movu eivar EvOeTeg o€ o opdda eEaLpéoemv Tpémel va eivor oTryudtuma, oyt
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tOmoL. Avtd ovpuBaiver emeldn) oty mtpdEn o eEapéoelg Oa ftav ovvhbwg autég Tov £xouv 191 avapepOet
Ko Kortaypogel amd to mpdypaua, oVppwvo te tTo akorovbo 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 EpmAoutifovtag T EEalp€oelq ue ZnUeEwWOoELg

‘Otav dnuovpyeitor e eEaipeat) TPOKEWEVOL va. YiveL raise, CUVHOWG APYLKOTOLEITOL e TAPOQOpPies
OV TEPLYPAPOUV TO OPAMUO. TTOU €XEL TPOKVPYEL. YTTAPYOUV TEPLTTMOOELG OOV ELVOL YPTOLUO VO TPOOTE-
Bouv mmpogopieg petd v oMY ™G eEaipeans. Ta to okomd autod, oL eEalpéaelg Exouvve wo pébodo
add_note (note) mou d& eTOL Uio CUUPBOLOOELPG Kat TNV TTPooOETEL 0T MOTO ONUELDOoEWY TG EEipeoNG.
H standard am6d00m mopakoho0nong Tepthapufavel OMES TIG CNUEUDOELS, UE T OELPG TTOV TPOOTEDN KO, UETA
v eSaipeon.

>>> 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>

TypeError: bad type

Add some information

Add some more information

>>>

T mapaderyua, dtav cudhéyouue eEapéoels oe o ouddo eEarpéoewv, wropel vo BEhovue vo tpoobécouue
TIMNPOPOPIEG TEPLBAMLOVTOG YLO TO. LELOVWUEVO, OPAMLATO. 2TV OVVEXELD Kb eEaipeon oty oudda €xet
(Lo ONUELWOT) TTOV VITOELKVVEL TTOTE €YeL GuUPel ouTd TO AL

>>> def f():
raise OSError ('operation failed')

>>> excs = []
>>> for i in range(3):
try:
£()
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>
| ExceptionGroup: We have some problems (3 sub-exceptions)
Fmtmm 1 ——————
| 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
OSError: operation failed
Happened in Iteration 1

Traceback (most recent call last):
File "<stdin>", line 3, in <module>
File "<stdin>", line 2, in f

OSError: operation failed

Happened in Iteration 2

Traceback (most recent call last):
File "<stdin>", line 3, in <module>
File "<stdin>", line 2, in f

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.)
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9.1 Aiya AdyLa yia Ovépata kat AvTiKEipgeva

Ta avtiKeipeva €ouv LovodkoTnTa Kot odhd ovopota (o€ molamhd media) wropovv vo ovvdedovv oto
1010 avtiKelpuevo. Avto elval Yvootod wg Peudmvupro og alleg YANooec. Autd cuviOwg dev EKTIUATOL [LE (LaL
PO porttd oty Python kou ptopei vo ayvoeitan pe aopdrero dtav aoyoleitol ue apetdfintovs faotkoig
timovg (apbuoi, oupfohooelpés, Theddeg (tuples)). QoTO00, TO PEVOMVVLO EXEL ULt TLOUVMOG EKTANKTLKY] ETTL-
dpaon ot onpactohoyia Tov Kodika g Python mov mepihaufdver evpetdfinta avitkeipevo 6mwg AMotec,
LeELkd, Kol Toug TepLocotePous AALOUS TOTTOUG. AUTd Ypnoluosoleital ouvhBmg TPog dPeLOG TOU TPOYPAu-
UOLTOG, OEOOUEVOD OTL TO YPEVODVUUO CUULTTEPLPEPOVTOL OV OEIKTES Atd 0pLopéveg amopels. ['ia mopdderyua,
1 uetddoon evog avtikelévou eivol avéEodn agot pdvo évag deiktng mepva amd TV VAOITOiN o, KoL oV (o
OUVAPTIOT TPOTOTOLEL EVOL AVTIKELUEVO TTOV €XEL TTEPATEL WG OPLOUA, O KOA®V Ba deL TV ooy — ovtd
eEaheigel TNV avdykn yia 800 dragpopetikolg unyaviopos Hetddoang oproudtwy dmwg otnv Pascal.

9.2 EppeArcia Kat Media Ovopatwyv otnv Python

[pLv a7to THY ELOAYWYN TOV KAAGEMV, TIPETEL TPOTA VAL 0O TTW KATL Y10 TOUG KOvoveg eufiéretag g Python.
Ot opropol Twv KhAoewv mailovv pueptkd Eekabapa KOMTO Le T TESLA OVOUATOV KoL TPETEL VAL YVWPILETE
MG AELTOUPYOUV TIANPWG TOL TTEDLC OVOUATMV KoL 1] EUPELELD VIOl VAL KaTtavonoete TANpwg Tt ovppaivel. Ta-
PEUTTLITTOVTOGC, 1] YVOON Y10 aLTO TO Bépa elval xphoun yio Kabe tpoywpnuévo poypoutotioti tg Python.

Ag Eekiviiooupe e oplouévoug oplopove.

'Evag medio ovoudtwv (namespace) givon pua. ovtiotoiyon amd ovopata og avitkeipevo. Ta meploootepa me-
dio ovoudtwv vhomotovvtal emti Tov TaPOdVTOG WG AeELkd Python, aAlé avtd cuvhBmg dev yivetal avTAnmtto pe
Kavévay tpdro (ektdg armtd T amddoon) kot wropel va alhdEer oto péhhov. Mapadeiyuata tediwv ovoudtov
elvat: 1o 6UVOLO TWV EVOMUATOUEVOY OVOUATOV (TTOU TEPLEYEL CUVOPTHOELG OIS abs () Kol EVOWUATWUEVO.
ovopoarta eEapéoewv)s to Kabolkd ovopato oe ¢va module KoL TO TOTLKA OVOUOTO OE (oL ETTIKATION GUVAP-
one. Katd pia évvola to 6Uvoro TmV XopOaKTHPLOTIKMOV EVOG AVILKELUEVOU OYNUATICEL EmTiong €va medio
ovopdtwv. To onuavtikd Tpdyio Tou TPETEL VO, YVOPLLETE Y0 TOL TESLOL OVOUATWOV giva OTL dEV VITdpYEL Kol
wio amoATwg oyEoN UETAED OVOUATWOV 08 SLApOPETLKY TEDI0 OVOUATWV, VLol TTOPASELYIA, SVO SLOPOPETLKA
modules uwopei koL tar dVo vo 0ploovv o CUVAPTNOoN maximize ywpig oUyyvon — xpNotes Twv modules
mpémeL vo. TNV TpoohEcouy ue To dvoua tov module.

MopeumTtovIme, xpnouomoud T MEN attribute Y10, 0toL0dMTOTE dVOUO. TOV OKOAOVOEL pLaL Tedeior — yLo
TopadELyLa, 0TV EKppaon z . real, To real eivol éva attribute TOU AVTIKELUEVOL z. AVOTNPE WADYTAG, OL
avapopég oe ovouato twv modules eival avapopég o attributes: otV ékppoon modname . funcname, TO
modname gival éva module avtikeipevo KoL 1o funcname eivol €va attribute Tov AVILKELUEVOV. Ze AUTNHV TV
TEPLITTOON OVUPALVEL VO VTTAPYEL UL ATTAT) 0VTLOTOLYLOT ueTaE0 Tav attributes Twv modules Ko TV KAOOAK DOV
OVOUATWY TTOV 0pilovtal oto module: polpdovral Tov idto xwpo ovoudtmv!'

Ta attributes uwopel vor givat dvo yro avayvoon 1 eyypdpLiuo. Sty TeEAEVTOL0 TEPLTTWOT, eival duvaty 1
avaOeon attributes. Ta attributes twv modules eivon eyypdapiua: propeite va ypdapete modname . the_answer
= 42. Ta gyypdypa attributes umwopovv emtiong vo duaypagoiv te v dnhwon del. INa mopdderyua, del
modname.the_ answer 0a agoalpéoel to attribute the answer amd T0 AVILKEIEVO TOV OVOUAOTNKE OTTO
To modname.

OL x®POL OVOUATOV dNULOVPYOVVTAL OF SLOPOPETIKES OTLYUES Ka Exouv diapopetikt) didpketa Lwng.O yo-
pog ovopdtwv mov mepLEyeL To. built-in ovopato dnuovpyeitor Katd v ekkivnon tov diepunvéa g Python
Ko dev drarypdpetal woté. O Kabohkog ympog ovoudtov yia ¢évo module dnuovpyeiton dtav dtofdleton o
opLopdg Tov module. Kavovikd, ol ympot ovopdtwv tmv modules dtopkotv emtiong uéypt vo. tepuatiotel o diep-
unvéac. OL dMAmoeLs Tov EKTELOVVTOL ATTO TV ETLKANOT VAOTOTOV ETLITESOV TOV dLepunvéa, eite drafdovtan
amd éva script eite dLadpaotikd, Bempovvral pépog evog module Tov ovoudletal__main__, emOuévmg Exouv
TOV O1KO ToVG KoMK Y mpo ovoudtmv. (Ta evomuatmuévo ovopata oty Tpoyuattkdtnta vrdpyouvy emi-
ong oe éva module,avtd ovoudCetar builtins.)

! Except for one thing. Module objects have a secret read-only attribute called __dict__ which returns the dictionary used to implement
the module’s namespace; the name ___dict___is an attribute but not a global name. Obviously, using this violates the abstraction of namespace
implementation, and should be restricted to things like post-mortem debuggers.
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O tomKkdg X MPOG OVOUATMV YLO. Lo OVVAPTNOT dNuovpyeitor dtav Kaheitor 1 ouvaptnomn, kot dioypdpeton
otav 1 ovvapTNoT EMLOTPEQPEL 1) dnuovpyel wo eEaipeon mov dev avtipuetwmileTol oty ovvdptnon. (S
TPAYUATLKOTNTA, 1) A0 O fiTary KOAUTEPOS TPOTOG L0 VOL TTEPLYPAYPOUUE TL TPAYUOTIKG cupfaivet.) Duotkd,
oL ETAVOLOUPOVOUEVES ETILKANOELS £XOUV TO OLKO TOUG TOTILKO YMPO OVOUATMV.

H epférera eival pa mepoyr| Keywévou evog mpoypaupatog Python 6o évog xmpog ovoudtmv eivor Gueco
npoofaoipoc. To «Aueon Tpoofaon» edm oNUOLVEL OTL PLe AVETTLPUAUKTY Avapopd o€ €vo. Gvoua TpooTtadel
VoL BPEL TO OVOLOL OTOV YMPO OVOUATMV.

MMapdro mov Ta mediar TPOoadLOPILovTaL OTATIKA, XPNOLULOTOLOVVTOL SUVALKE. Z€ 0TTOL0dNTOTE YPOVO KATA
™V SLdpKeLD TG EKTEAEONG, VTTaPY oLy 3 1 4 évBeta medio TV omolwv oL xhpot ovoudtwv eivor dpeoa Tpo-
opaaotuol:

o 1 evdOTEPT EUPELEL, M) OTTOLOL AVALTTELTOL TTPMDTAL, TEPLEYEL TAL TOTLKA OVOUOITOL

o 1 eufiéhera omoLmVNITOTE ECWKAELOUEVWV GUVOPTHOEWY, TO 0TTola avalnTovvral EEKLVOVTOG amtd Thv
TANOLETTEPT) ECWKAELOUEVT] EUPELELDL, TTEPLEYEL U] TOTILKAL, OMAGL Ko i) Kook d ovoporta

o 1] ETOUEVY TTPOG TNV TELEVTALA EUPELELD TTEPLEYEL TAL TPEYOVTO KoMK ovopata Tov module

* 1 700 QITOROKPUOUEV eUBELELD (TTOV €yLve TEAEVTALA AvalTTIo) ELVOL O Y MHPOG OVOUATMV TTOV TEPLEYEL
built-in ovopota

Edv éva dvopa éxer dnhwBel wg kabohkod, T0Te Oleg OL AVapOPES Kal OL EKYMPNOELS TN yalvouy amevdeiog
0TO EMOUEVO TTPOG TO TELEVTALO TTEdLO oV TepPLEYeL Ta kKabolkd ovopata tov module. [N Ty emovaovv-
deom peTafANTOV oV PBplokovral EKTOG TG evOOTEPNG eUPELELOG ,uTopEl va. xpnotuomonBei  dMiwon Tou
nonlocal . Edv 8ev dnAwBouv og un Tomikéc, autég oL HeToPANTES eival Pdvo yia avayvmon (uo TpooTtd-
OeLa eyypagng oe wa tétoto petafAnti 0o dnuLovpynoeL amidg o véa Tomikn UETaPANT otV evddTtepn
eupélera, apivovtag aueTtaBANTY TV eEwTePLKT UETAPBANTY UE TO idLo dvopa ).

ZuvnOwg, 1 TOTLKT) EUPELELD TTAPATEUTTEL OTO. TOTLKA ovoporta TG (Keipevng) Tpéyxovoag ovvaptnong. Extog
OUVAPTHOEMY, 1] TOTTILKY EUBELELDL AVOLPEPETAL TTOV (L0 YMPO OVOUATMV UE THV KaOOMKT eufiéhela: ToV xmPo
ovopdrtwv tov module.Ot opLopoi KAGoemY Too0eTOVY vy aKOUT Y MPO OVOUUT®Y OTNV TOTLKT| EUEAELaL.

Eival onpovtiko va ovveldntomotioovue 0tL oL euféheteg Kabopifovol pe Keipevo: 1 kaboiiky) eufiéheta pog
ovvapong mov opiletar og évo module givar o YdPog ovoudtwv outov tov module aveEdpTnta 0td To TOY
1 UE TOLo PYEVAWVUUO KOAAELTAL 1] OVVAPTNOY. ATO TV QALY TAEVPA, 1 TPAYUATIKY OvaLTNON OVOUAT™Y
yivetol duvapukd, KoTd To Xpdvo ekTéLeong — woTO00, 0 0PLoUdG TG YAMDOOOG EEEMOOETOL TTPOG TN OTATIKY)
AVAAUOT OVOUATWV, TV WP TNG KUETAYADTTLONG, ETOUEVIS UV Baoileote o duvoulkn avdivon ovopotog!
(EmVv TpaypoTkoOTNTO, 0L TOTLKEG UeTAPANTEG €0V N1ON KabopLoTel OTATIKA.)

Mua diaitepr wroppuuio g Python eivan 0tL — av oL dnhwoelg global N nonlocal dev eivan o€ Loy
- 0L EKYWPNOELG OTO OVOUOTO TTNYaivouv Ttdvto oty evdotept euféhera. Ou exympnoelg dev avirypdpouv
dedouéva — amhig deouevouv ovouata oe avitkeipeva. To (dLo Loyver ko yio Tig diaypopés: 1 dNhwon del x
QPALPEL TNV GVVIEDT TOV X OTTO TOV Y MPO OVOUATMY TTOU OVOPEPETAL ATTO THV TOTILKT) EUPENELOL. ZTHV TPOLYLOL-
TIKOTNTA, OEG OL AELTOVPYLES TTOV ELTAYOVV VEX OVOUOLTA YPTCLUOTTOLOVV THV TOTILKY] EUPBELELOL: CUYKEKPLUEVQL
oL IMMAMOELG, import KoL oL 0pLoUol CUVOPTNOEMY deopuevouv To dvoua tov module 1 TG ouvApPTNONG OTNV
TOTLKY) EUPEAELQL.

H dMiwon global umopei va ypnowomomOei yia vo vrodei&er dtL ovykekpuéveg uetafintég Covv otnv
KaBohukn euféhera Kou o pémer va avakauypovy ekel. H 0hwon nonlocal vwodnhovel 0TL CUYKEKPLUEVEG
uetoANTé Covv o€ o ecKAELOTY euféera KoL Bo TPETEL VAL AVOKAUPOUY EKEL.
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9.2.1 MNapadeiypa Eppérelag kat Xwpwv Ovopdatwyv

AvTto givar £va mopddeLyro Tov delyVeL TOV TPOTO AVAPOPAS 0T SLAPOPETIKA TTEDIO KOl Y DPOVG OVOULTMY
Ko TG To global Kaw nonlocal exnpedlouvv to 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"

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 amoTéAeoHa TOV KMALKA 0TO TAPASELYUOL ELVOL:

After local assignment: test spam

After nonlocal assignment: nonlocal spam
After global assignment: nonlocal spam
In global scope: global spam

ZNUELDOTE TTWG 1] EKYMOPNON Tomekr) (1) omoia eivar wpogmheyuévy) dev dhhaEe v déouevon scope_test's Tov
spam. H exympnon nonlocal dAaEe tv dE0UEVON TOV scope_test's TOV spam KoL 1) EKYmPNoT Tov global
dAhaEe ™ déopevon oe enimedo module.

Mrtopeite emiong va deite dTL dev VNP e TPONYOVUEVT) DEGUEVOT YLOL Spam TPLV aItd TNV eKYmpnon global..
9.3 Mua nmpwtn patia otig KAaoeig
O K)hGoerg etodryouv Aiyn véa oUvTakr, Tpetg vEoug TUITOUG OVTLKELUEVMV Kol KAITOLX VEQ GUOOLOAOYiAL.

9.3.1 Xuvta&n OpLopou KAaong

H amhovotepr popen optopot KhAong WoLdLeL pe avto:

class ClassName:
<statement-1>

<statement-N>

Opopoi kKAdoewv, 6mtmwg opLopoi cuvapthoemy (def dMADOELS) TPETEL VO EKTELETTOVY TPOTOV £XOUV OTTOLO-
dMmote amotéreoua. (Ao pmopovoote vo tomodetioete Evav oplopnd kKhAong og évay kKhado puag dnhmong i £
1 Wéoa o€ PLaL GUVAPTNON.)

82 Kegpdlawo 9. KAdoelg




Python Tutorial, Anpocieuon 3.11.13

St TPAEN, ot dnAwoelg uéoa oe £vav optoud khdong ouviBwg Oa eival oplopol ovvapTnoewy, cALG emtL-
tpémovial dhlheg dMMADOELS Ko uepLkég popég ypnowueg — Ba emavélbouue oe ovtd apyodtepa. O opiopol
oUVaPTHOEMVY UECA O€ (o KAAON cuvnOmg €XOUV WO TTEPLEPYTN LOPPT MOTAS OPLOUATMOV, TTOV VITAYOPEVETUL
and g ovuphoelg KAong yia ueBodovg — ko i, avtod eEnyeitar apyotepa.

‘Otav elodyetal £€vog opLopog KhAoNGS, dNULOVPYELTAL £VOG VEOG XMPOG OVOUATMV KOL YPTOLUOTTOLELTOL ™G
TOTLKY) EUPELEL — ETOUEVING, OLEG OL EKYWPTOELG OE TOTLKEG UETOPANTES TINYALVOUY GE AUTOV TOV VEO YMPO
OVOULATOV. ZUYKEKPLUEVA, OL OPLOUOL CUVAPTHOEMY SETUEVOVY TO OVOUX THG VEOG GUVAPTNONG EOM.

‘Otav évag opopdsg KhAoNg agrvetolr Kavovikd (LEow Tou Téhovg),dnuovpyeital éva avakeiuevo kAdorg.
Avtd elvan Baotkd éva mepttirypa YUpw amd o TEPLEXOUEVA TOU YMPOV OVOUAT®Y TOU dNuovpynonke
o7t ToV 0pLopd KAdong. Ba paboupe meplocdTEPa Lo TO OVTLKELUEVO KAAONG OTNV €mouevn evotnta.H ap-
YUk Tormky| euféhea(auvtd Tou loyve Alyo TpLv amd TV EL0aYWYT TOV 0pLopuo g KAAomg) amokabiotatot
Ko To aviikeipevo khdong deouevetol edm 010 dvouo KAGoNG ov divetal oty Kepaiido oplopot KAGong
(ClassName ot0 TOPAdELYUWL).

9.3.2 Avtikeipeva KAaong

Ta avtikeipevo KAGong vitootnpifovv 80 eidn TpaEewv: avapopEg YapaKTNPLOTIK®V KoL OTLYIOTUITO.

OL Avagopés xaparTnotoTkdV YPNOLUOITOLOVY TV TUTTLKT) GUVTOEY TTOU YP1OLLOTTOLELTAL YLa. OMOL TLG CIVAL(PO-
péc yapakTNELoTIK®V 0TV Python: obj . name. Ta éykupa OVOUATO XOPOKTNPLOTIKOV glvar OO Ta OVOUATOL
70V BPIloKOVIaV 0TOV XHPO 0OVoRdTOV TG KAAoNG 0Tav dnutovpyndnke to avitkeipevo g kidone. ‘Etol, av
0 0pLopdg ™G KAGONG Euotale wg eENG:

class MyClass:
"""A simple example class"""
i = 12345

def f (self):
return 'hello world'

then MyClass.1i and MyClass. f are valid attribute references, returning an integer and a function object,
respectively. Class attributes can also be assigned to, so you can change the value of MyClass. i by assignment.
__doc___isalsoavalid attribute, returning the docstring belonging to the class: "A simple example class".

H k\Gon onyutdtumo (pnoLLomoLel ONUELOYPApio CUVAPTNONG. ATTAMG TPOOTOLNOELTE OTL TO AVTIKELUEVO TG
KAGoNG elvol (o ouvapTNon Xmpic TOPAUETPOVG TOV ETLOTPEPEL EVOL VEO OTLYUOTLTTO TNG KAdonc.Iia mapd-
devypa (vtoBETovtag ™V Topardvew KhAom):

[x = MyClass ()

dmuovpyel Eva véo omyudTumo TG KAAONG Kol EKYmpel auTd TO OVILKEILEVO GTNV TOTTLKY UETAPANTY] X.

H Lertoupyia tov otryptdtumov («calling» éva avikeipevo kKAAong) dnuovpyel Eva Kevo avtikeluevo. Ze mol-
Mg KMGOELG ApETEL VOL SNULOVPYOUV AVTLKELUEVOL LE OTLYIOTUITOL TTPOCOPUOOUEVOL OF 0L CUYKEKPLUEVT] CLPYLKT|
Katdotaon. Emopévog o khéon pumopel vo opioet pua eldikn uébodo pe to dvouo.__init_ (), OTwg auto:

def _ init_ (self):
self.data = []

|

‘Otav e khéon opitet o pébodo __init_ (), to onydtumo kKhGong kakel avtdpata __init_ () ya
T0 OTLYULOTUVITO KAGoNG oV dnuovpynOnke mpdopata. ‘Etol og avtd To TopadeLyia,Eva VEO, 0PYLKOTOLNUEVO
OTLYILOTUTTO WITopEet vo AngpBet amod:

[x = MyClass ()

)

Duokd, 1 uEB0dog __init__ () umopel va éxel optopata yioo peyolitepn eveMEia. Ze outhv v mepi-
TTTWOY), TO OPLOUOITOL TTOV dLVOVTOL OTOV TENEDTH OTLYIWOTUTTOV KAAong petafipdtovionoe __init_ ().Tw
TAPAdELYLOL,
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>>> class Complex:

def _ init__ (self, realpart, imagpart):
self.r = realpart
self.i = imagpart

>>> x = Complex (3.0, —-4.5)
>>> x.r, X.1i
(3.0, —-4.5)

9.3.3 AvTiKEipgEVA ZTLYHLOTUTIWV

Thpa T uTopPovUE Vo KAVOUUE e T AVTLKEIUEVO OTLYHoTUTT™V; Ot ndveg Aettovpyieg o yivovtol Kota-
VONTEG OTTO TOL AVTLKELUEVOL OTLYWOTUTTMY ELVOL OL AVOPOPES X OPOKTNPLOTIKDV. YTapyovv 800 €0 £yKupmy
ovoudtav attributes: attributes kow ué0odot dedouévarv.

Ta attributes deSougvmv avTLOTOLLOVV OTLG «UETAPANTES oTLyodTUTTOU» 0To Smalltalk Kou ota «uéhn dedoué-
vov» ot C++. Ta attributes dedopévarv dev ypetaletor vo. dNAwOovv, dtmg Kaw oL Tomkég uetafintéc, eugpa-
viCovtar 6tav exympovvral yio TpmT popd. I Tapdderypa, dv To X givol oTrymoTuTo Tov MyClass mov
dMuovpyHonke Tapastdvm, To akdAoU00 Koupdtt KOdLka Oa eKTUITMOEL TNV T 16, YwpPic va agfoeL ixvog:

x.counter = 1
while x.counter < 10:
x.counter = x.counter * 2

print (x.counter)
del x.counter

The other kind of instance attribute reference is a method. A method is a function that «belongs to» an object. (In
Python, the term method is not unique to class instances: other object types can have methods as well. For example,
list objects have methods called append, insert, remove, sort, and so on. However, in the following discussion, we'll
use the term method exclusively to mean methods of class instance objects, unless explicitly stated otherwise.)

Ta éykupa ovopata uefddmv evog avikelévou oTyudTuIon egaptmvtal amd v KAGon Tov. EE opiopov,
OOl TOL YOPOAKTNPLOTIKA Pag KAAOTG TTOV ELvaL avTILKELUEVO GUVAPTNONG 0pilouv TG avtiotolyeg uefddovg
TV otypotinov . ‘Etol 0to mapddeynd pac, to x.f eivar por €ykvpn avagpopd uebddov, agol to
MyClass.f givar ovvaptnon, odd to x.i dev eival agov to MyClass.i dev eivor. AMG To x.f dev givar To idLo
npdrypa pue to MyClass.f — givau éva avukeiuevo uediédov, Oy £V OVTIKEILEVO OUVAPTNONG.

9.3.4 Avtikeipeva Mebodou

ZuviBwg, o néBodog Kaelitar opuéoms HETA T dEoUEVOT) TNG:

[x.f() }

2to mapdderypa MyClass, ovtd Oa emotpéet T ovpporooelpd 'hello world'. Qotd00, deV eival ama-
paitnTo va kohéoete po 1E00d0 apéoms: To x . £ eival éva ovtikeipevo pebodou Kot umopet va amodnkevtel
Ko vo KAnOel apyodtepa. Tia mapdderypor:

xf = x.f
while True:
print (x£f())

Oa ovveyioel va ektumtdvel To hello world uéypl 1o TELOG TOv YPOVoUL.

T axpipwg ovppaiver 6tov Kaheitor o pébodog; Towg xete mapatnpnoel dtL x . £ () KMNONKe ywpic opLona
TOPATAV®, TAPOLO TTOV 0 OPLOUAG THG oVVAPTHONG Yo £ () KaB0pLLe éva dpiopa. Tu cuvéPn pe to dpLoua;
Ziyovpa 1 Python dnuovpyel wo eEaipeon dtav we ouvapTnon mov amaltel OpLopa Kaheiton ywpic — axouo.
KL 0V TO OPLOJLEL OEV Y PNOLULOTTOLELTOL OTNV TPAYUATIKOTYTO..
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2TV TPOYUOTIKOTITA, WTOPEL VO £XETE WOVTEWPEL TNV OTTAVTNON: TO WLaiTEPO ue TG nebddovg eivar 4TL To
OVTLKEIUEVO TOU OTLYIOTUITOU UETOPLPBALETOL WG TO TPMTO OPLOUA THG CUVAPTNONG. ZTO TAPAdELYUE UAC,
N KMo x. £ () elvar akpog 1oodvvaun ue to MyClass. £ (x). [evikd, n kKAfon wag uedddov ue wo
Mota oo n oplopota LodVVaEL ue TV KANON TG avIioTolyNng ouvAapTNOoNG Ue o Aot opltopndtwy mov
SMULOVPYELTAL LLE TV ELOAYWYT] TOU AVILKELUEVOU OTLYIOTVITOU THG eBOdOU TTPLy amtd To TPMTO OPLOUCL.

Tevikd, oL uédodot Aettovpyolv wg eEfg. ‘OTav Yivetar avopopd ot £va XapaKTHPLOTIKO un dedouévav evog
OTLYILOTUTTOV, YivVETOL 1] AvalNTNOoN TG KAAoNG Tou oTLywdTtumou. EGv o dvoua vimodnhmvel Eva £ykupo yo-
POKTNPLOTIKO KAAOTG TTOU ELVOL OVTLKELIEVO GUVAPTNONG, OL AVAPOPES TOCO 0TO AVILKELUEVO OTLYILOTUITOU
000 KaL 0TO AVTLKEUEVO CUVAPTNONG CUOKEVATOVTOL 08 éva avTikeievo nefodov. ‘Otav To oVILKEILEVO TG
uebddov kokeitow pe po MoTta opLopPdTOV,dNUOVPYELTOL ILa VEQ AMOTO OPLOUAT®VY 0ITd TO AVILKELUEVO OTLY-
WOTVITOV KOl T AMOTO OPLOUATOV, KOL TO AVIIKELILEVO GUVAPTNONG KOAELTAL (LE AUTNV TN VEOX MOTA 0pLoUdT™Y.

9.3.5 MetaBAntég KAdong Kat ZTLyMLOTUTIOU

e YEVIKEG YPAUUES, OL UETABANTEG OTLYLOTUTTOV TTPOOPILOVTOL YO dEdOUEVO LOVODLKE Yo KGOE oTLydTumo
Ko oL LeTafANTég KAAOTG ELvaL YLoL YOPAKTNPLOTLKA Kot ueBddoug mtou HoLpdloveal OAM Ta OTLYULOTUTTO TG
KAdomg:

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

‘Ontg ovintOnKe 0to Alya Adyia pra Oviouata ko Aviikeiueva, To KoL dedouéva LTopeL va £xouv mbovag
EKTTANKTLKG ATTOTENEGLOTAL [LE TY) CUUUETOYY AvTtKeEWwEVWV mutable dmwg Moteg Kou AeEikd. T mapdderyua,
N Mota tricks 6Tov TopaKdTo KOdKa dev Oa TPETEL VO ¥P1OLUOTTOLELTOL OG LeTAfANTY KAAoNG emeldr) udovo
uia Mota Oa prropovoe va givol Kowvy og Oha o otrypotusta 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 0woTtdGg 0YedLOOUOG TG KAAONG OaL TTPETEL VOL PN OLUOTTOLEL (oL UETOPANTI| OTLYIOTUITOU AV
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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']

>>> e.tricks

['play dead']

9.4 Tuyxaieg MapatnpnoeLq

Av 10 1610 OVoUaL YOPOKTNPLOTLKOU EUPAVICETOL KA O€ £Val OTLYIOTUITO Kol O€ ULoL KAAOT), TOTE 1 avolTnon
YOPAKTPLOTLKMV SLVEL TPOTEPALITITA GTO OTLYULOTUTTO:

>>> 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

Ta xapaKTNELOTIKA dESOUEVOV UTOPOVV VAL OVOPEPOVTOL e HEBODOVS KaBMmG Ko 0rtd amhovg X pNoTeS («ite-
MTES») EVOG avTILKeELUEVOU. Me ahha MOyLa, oL KAAOELG dEV UTTOPOUV VO, XpNoLUoTtotnfov Lo TV VAOToiNnot
KoOapdV apnENUEVOV TUTOV dEdOUEVOV. ZTNV TPOYUOTIKOTNTA, Timota otV Python dev xaOiotd duvorty|
TV €TPOAT TNG ATOKPUYNG dedopévarv — Oha Baoilovtar o ovuPaon. (amd v GAAn TAeVpd, 1 EQapuUoy
Python, ypauuévn og C, umopei vo, artokpmpeL EVIEAMG TIG AETTTOUEPELEG VAOTTOINONG Ko va. eEMEYEEL TV TTPO-
opoaon og éva aviikeipevo v eival amapaitnto avtd wmopel va ypnotpomown el amd enektdoelg oty Python
vpauuéveg oe C.)

O ypnoTeg Oa TPETTEL VOL PN OLUOTOLOVV TO X ULPOKTIPLOTIKA OEDOUEVV LE TPOCOYY — OL YPTOTEG EVOEYETOL
vo urepdEPouv ta auetdfAnto ou dratnpovvral amd TG ueBddOVG GEPAYILOVTAG TA YAPAKTPLOTIKA TMV
dedouévav Toug. Adfete vTdYM OTL OL XPNOTES UTOPOVV VO, TTPOGHEGOVY SLKA TOUG YOPAKTHPLOTLKA dEdOUE-
VWV 08 EVOL OVTIKELUEVO OTLYILOTUTTOU Y WPLG VO ETNPEATOUV TNV EYKUPITNTA TV LeBOdmV, YOOV amopevyo-
VTOL OL OUYKPOVOELS OVOUATWV — KO TTAAL, (Lo VU001 OVOUaOLog Utopel vo. 6oEL ToMoUG TOVOKEQPALOVG
edm.

Aev vtdpyeL GUVTOROYPOPLOL YLOL TNV AVAPOPA YOPUKTNPLOTIKMV dedouévarv (1] dAhmv uedddwv!) néoo amd
TG ueBOdOVG. ALATLOTOV® OTL AUTO OTNY TPAYUATIKOTNTA AUEAVEL TV aAvoyvwoludTnTo Tmv uebodwv: dev
VITAPYEL Kapia havoTnTa oUYY VoG TOTKMV HETABANTMV Kt TwV UETABANTMV opadeiyuatog dtav eEetd-
Couvue wa uéhodo.

Zuyvd, To TpdTo dproua rag uedddov ovopdteton self. Autd dev eival TimoTa TePLosOTEPO QITO P oVUBOO:
T0 Ovopa self dev £xel Kapuio armoliTmg tdiaitepn onuooia yio v Python. Znueiwaote, mot600, OTL OV OEV AKO-
LovBnoete T oVUPAoN 0 KOALKAG 00G WTOPEL VoL eival MyOTEPO EVOVAYVOTOG 08 GANOUS TTPOYPAUUATIOTES
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Python, kaw givau emiong Katavontd 0TL wwopei va. ypaptel v podypauuo. class browser wov vo. faciletol oe
o TéTolo ouuBoon.

Kd0e avtikeipevo ouvaptnong ov eivol xopakTnpLotikod kKhiong opilet (o uéfodo yia oTLyiodTuIo oUThg
™G KAdong. Aev eivor amapaitnto o 0plopdg TG oVVAPTNONG Vo TTEpLKAeieTal ue Keluevo oTov opLopd g
KAAONG: 1] AVTLOTOLYNON EVOG AVTILKELUEVOU CUVAPTIONG OE oL TOTTLKT) UETABANTY TG KAAONG elval emiong
evtaEel. o apaderypa:

# Function defined outside the class
def fl1(self, x, vy):
return min(x, xt+y)

class C:
f = f1

def g(self):
return 'hello world'

h=g

Topoa ta £, g ko h eivor OMa YopaKTnPLOTKA TG KAAONG C TTOU 0VOPEPOVTOL OE AVILKELUEVO CUVAPTIONG, KoL
KaTd ovveTELd eival Oheg néBodot oTrypotimwv tov C — To h elvor akpimg LoodVVaOo UE TO g. ZNUELDHOTE
OTL aUTY] ] TPOKTLKT CUVNOMGS YPNOoLUeVEL LOVO YL VO UTTEPOEYPEL TOV AVALYVIOTY EVOG TPOYPAUIOTOGS,

Ot uéBodoL pmopovv va kKohotv ddeg uebddoUG XPNOLUOTOLDVTOG YOPAKTNPELOTIKG 1eBOdoV 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)

O uéBodoL pmopel v ovopépovtol o€ KaBoAKE OVOUOTA UE TOV (D10 TPOTO OTTMG OL GVVNOLOUEVES OUVAPTN-
oelc.H xaBolkn eupérero mov oyetiCetar pe wo pébodo eivar To module wov mepiéyel tov opopud tg. (Mo
KAGom deV ypnolpomoteital Toté mwg kabohkn euféleia.) Av Kou oTTdvio CUVOVTA KOVELG Evav KaAd AOYo Yo
™ ¥PpHoM KaOOMKDOV dedouévarv oe pia néBodo, vtdpyouv Toréc Nowueg xpNnoels e KabolKkg eupélelog:
Yol VO TTPAYUAL, OL AELTOUPYIES KO OL AELTOVPYLKEG LOVADES TTOV ELOGYOVTOL OTNY KOOOMKT| eUPBELELO UTTOPOVY
va. xpnotpomomBouv amd nebddovg, Kabmg Kol cuvaptnoelg Kot KhAoeLg Tov opilovtal o€ autod. Zuvihbwg,
1 KAGon Tov mepLéyel T wéBodo opiletar amd udvn g oe avth TV KabBolkn euféhera, KoL 0NV eTOUEVT
evomnta Oa fpovue peptkovs kKohols MOYoUg Yo Toug 0moiovg pa uéBodog Bo Behe vo avapépel T LK) Tng
KAGO.

Kda0e i) eival éva ovtikeipevo Kat emopévog €yl uua kAdon (ovoudteton emiong tdmog ). AmobnkeveTon
wg object.__class__.
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9.5 KAnpovouikotnta

Duoikd, Eva xopaKTNPLOTIKO YAMooog dev Ba ftav avtaELo Tov 0vopatog «class» ympig v vtooT)pLEn g
Kinpovourkdtnroag. H ouvta&n yia évav mapayoduevo opioud kKhaong potdtet pe avtd:

class DerivedClassName (BaseClassName) :
<statement-1>

<statement-N>

The name BaseClassName must be defined in a scope containing the derived class definition. In place of a base
class name, other arbitrary expressions are also allowed. This can be useful, for example, when the base class is
defined in another module:

[class DerivedClassName (modname.BaseClassName) :

H extédeon evog mapayduevou opiopot kKAAong tpoywpd to idto 6mtmg yia o foorkn khdon. ‘Otav to avri-
Kelpevo g KAGong KaTtaoKevatetal, 1 Paotk kKAGon amopvnuovevetol. Autd P1OLULOTTOLELTAL VIO TV ETTL-
AVON AVOPOPOV YOPOKTNPLOTIK®V: €AV £va TNTOVUEVO YXOPOKTNPELOTIKO dev Bpebel otV KAAOM, 1) avolNTnoT
TPOY WP 0TV ovalNTon ot Bactkr KAAON. AuTdg 0 KOvOVaS EQPUOTETOL AVadPOULKE edv 1) {dLa 1 POtk
KAGom mpoépyetan amd Kdmora dhhn KAdon.

Aev VmApYEL TITOTA TO LOLOUTEPO OYETIKA HE THV dNUWOUPYIC OTLYWOTUTTOU TTAPAYOUEVOV KAAOEWV:
DerivedClassName () dnuouvpyel évo véo otrypdtumo g kAdons. Ou avagopég nedddwv emivovion
g €ENG: yivetonw avalnmon Tov aviioToLov XopaKTNPLoTIKOU KAAOTG, KATERAIVOVTAG TPOS Ta KAT® GTNV
oluotda Tov Bactkdv KMAoemV edv glval amapaitnto, Kot 1 avapopd tg uebddou eivar éykupn edv ovtd
0TT0dLOEL £VOL AVTILKELUEVO GUVAPTIONG.

O mopdrywyeg KAMAOELG EVOEXETOL VO TAPOKAUTTOVV TIG ueBddoUg Twv Bootkmy tovg kKhdoewv. Emetdr| ol
uéBodol dev €youv eldLka TpovouLo dtav kohotv dileg nebddovg Tov idLov avkelévov, o pEBodog wog
Baoikhg kKhaong mov Kahel wa G pébodo mov opiletan otnv idra faoikn kKhdon umopel vo KatanEel
vo Kodel wa puébodo woag mapayouevng khaong ov v avitkoiotd.(lNa mpoypaupatiotég C++: Oheg ol
uéBodor otnv Python givol ovolaotikd «etkovikécy.)

Mo vmepioyvovoa uébodog oe o maporyouevn KAAon wmopel oty mpayuattkoTTo va 0éleL vo emekTel-
VEL OVTL VO AVTLKATOOTNOEL amthmg T wéBodo Paotkng khdong e to ido dvopa. Ymdpyer évag amhog
TPOTOg Yo vo. kKahéoete ) uébodo Pooikng khdong amevbeiog: amhdg Kaléote 10 BaseClassName.
methodname (self, arguments) . Autd eilval meploTACLAKA YXPNOLlPWO OTOUG YXPNOTEG
(MdBete undyn o6tTL autd Aeirtoupyel povo edv n Pacikrn kAdon eilvatr npooBdaoiun
w¢ ' BaseClassName otnv kKool eufiérera.)

H Python éyer 0o (evomuotmuéves) built-in cuvoptioelg wov Aettovpyov ue KAnpovoukottoL:

o Xpnowomomote to isinstance() yw vo eléyEete Tov TOmO €vdg oTyWOTUTOU:  TO
isinstance (obj, int) Oa eivaw True povo €dv to obj._ class__ elvar int 1| mpoép-
yetan amd kamowa kKhdon amd int.

o Xpnowomomote to issubclass () Y va ehéyEete v  KhnpovowkoTnTta KhAong: To
issubclass (bool, int) eivawr ~ True™ agov to bool elvar vmokidon tov int. Qotdoo,
To issubclass (float, int) eivarFalse agov to float dev eival vtokhGon Tov int.
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9.5.1 MoAAanAn KAnpovouwkétnta

H Python vtootnpiCel emiong o popen worhamitg kKAnpovouukdtnrag. ‘Evog opiopdg khdong ue morhamhég
Booikéc kKhGoelg poldlet pe outod:

class DerivedClassName (Basel, Base2, Base3):
<statement-1>

<statement-N>

[0 ToVg TEPLOTOTEPOVG OKOTOVG, OTLS TTLO OTTAES TTEPUTTMOELS, WTOPELTE VO OKEPTELTE TNV OVl TNON YO0~
KTNPLOTLKOV 710V KANpovoundnkav omd wo. yovikr kKhéon wg depth-first, ard aplotepd mpog ta deEud, ywpic
avalntnon 8o @opég otV dLa KAAOT Omov vrtdpyel emtkdivym otnv tepapyia. ‘Etol, edv dev Ppedel éva
YOopoKTNPLOTIKO 0T0 DerivedClassName, avalnteitar 010 Basel Kot petd (avadpoukd) otig footkég
KAdoelg Tou Basel, Kau av dev Bpédnke exel,avalntOnke oto Base2, Kou oUTm KabeEnc.

2Ty TpoyuaTikOTN T, Elvor Aiyo o mepimhoko amd autod. H oepd avaivong tg uedddov alhilel duvourkd
Y10, VL VTTO0 T PiEEL ouvepyaTIKEG KAMOELS O super () . AUTH 1) TTPOOEYYLOT ELVOL YVWOTY O€ OPLOUEVEG GAAEG
YA®ooES oAt G KANpovoukdtnTag wg call-next-method ko elvol mwo woyupt 0mtd T covmep KAHON TOU
BplokeTon o€ YAMOOEG LELOVMUEVTIG KANPOVOULKOTNTAC.

Dynamic ordering is necessary because all cases of multiple inheritance exhibit one or more diamond relationships
(where at least one of the parent classes can be accessed through multiple paths from the bottommost class). For
example, all classes inherit from object, so any case of multiple inheritance provides more than one path to reach
object. To keep the base classes from being accessed more than once, the dynamic algorithm linearizes the search
order in a way that preserves the left-to-right ordering specified in each class, that calls each parent only once, and
that is monotonic (meaning that a class can be subclassed without affecting the precedence order of its parents).
Taken together, these properties make it possible to design reliable and extensible classes with multiple inheritance.
For more detail, see https://www.python.org/download/releases/2.3/mro/.

9.6 IdwwTIkEG MeTaBANTEQ

O petafintég otrypotimov «Private» 0T 0moieg dev eival duvati) 1) TPOOROoY EKTOG 0TTO TO EGWTEPLKO EVOG
AVTLKELUEVOU,dEV utdpyovv oty Python. Qotdoo, vidpyer wo ovufoon wov akolovdeital amd Tov mTepLoco-
tepo Python kddika: éva dvoua pe tpdbepa kdtw movha (;T.). _spam) 0o TPETEL VO AVTLUETOITICETOL G YT
dnuooro uépog tov API (eite mpodxertan yio ovvaptnon,uéfodo 1 uéhog dedopévmv). Oa mtpémel va Bewpeiton
WG METTOUEPELDL VAOTTOINONG Kol VTTOKELTOL 08 AANLYES Y WPLG TPOoELdOTOino).

AedopEVOU OTL VTTAPYEL ULOL EYKVPT) TTEPLTTTWON X P0G YLOL LOLMTLKA LAY TNG KAGomNg (dNhaidT| yia vo. atopev-
%000V GUYKPOUGELG OVOUATWOV UE OVOUOTOL TTOV 0pilovTal amd VITOKAAOELS), VITAPYEL TEPLOPLOUEVY VITOOTN-
PLEN YL évav TETOLo UMY oVIOoUd, Tov ovoudletol name mangling. OTOLONTOTE AVAYVWPLOTIKO TNG QOPUOG
___spam (TOVAAYLoTOV U0 TPOTOPEVOUEVEG KATM TOVAES, TO TTOAV (LLOL 0T OUVEYELDL KATW TOVAL) avTkadi-
otatoL (e Kelpevo pe to _classname_spam, OOV T0 classname €val To OVOUO. TNG TPEXOV0AS TAENG Ue
TV TPOTN VIToypauuLon stripped. Avtd to mangling yivetow ywpig va Aappdvetor vedpn 1 ovvrokTiky 0¢om
TOV TOU QLVAYVOPLOTIKOV, APKEL VO EpOvICeTal eviOg TOV 0pLopon wag KAAonG.

H mopafioon ovoudtov eivo xpiouun yio Vo ETLTPETETAL OTIG VTTOKAGOELS VOL TTOPAKAUTTOUV 1eBOdovg ym-
pig va dLaxdmTouy TG KA oelg uefddwv evdokhdoewv. o mopdderyua:

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)

(ouvéyela oty enopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
__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 mopamdveo Topdderyno Oa Aettovpyovoe akouo kot av to MappingSubclass elonyaye €va avayvo-
plotikd ___update ool avitkotaotddnke ue 1o _Mapping__update otnv kKAdon Mapping Kot Ue TO
_MappingSubclass__update otn KAdon MappingSubclass avtioTtouyd.

Adfete vdyn Ot oL Kavoveg mopafioong €Xouv OYESLOOTEL KUPIWG YO TNV OITOQPUYN OTUYNud-
twv.EEakolovOel va eivar duvati) 1 mpdofaon 1 1 Tpomomoino wag uetofAnThg mov Oewpeiton LTI,
Auto umopel va glvan pfoLpo akdut Kol o€ ELOLKES TEPLTTWOELS, OTTMG OTO TPOYPOLLUA EVTOTLOUOV CQAAUL-
Twv(debugger).

Znuernote Ot 0 KOdLKOG Tov HETABLBAOTNKE 0To exec () 1 oto eval () dev Oewpel OTL TO TO Ovoua KAAOTG
™G KAAoNG emikinong va eivar 1) Tpéyovoa KAGOY. Autd eivol TOPOUOLO UE TO ATTOTELECOL TNG KABOA LKIG
MAWONG , TO ATOTELETUE TNG OTTOLOLG ETTLONG TEPLOPILETOL OTOV KWMLK OV £XEL peTayhwttiotel pali(byte-
compiled). O idL0g mEPLOPLOUOS LOYVEL YIar To getattr (), setattr () kou delattr (), Kabwng Kot dtav
vivetal avapopd anevbeiag oto _ dict .

9.7 Mkpompayuata

Mepikég qopég eivar ypnowo vo éxete évav tomo dedouévov mapoduoto pe tov Pascal «record» 1 C
«struct», ouadoToOLMVTAG HEPLKA emmdvupa ototyeio dedouévmv. H 1dumpotiky) mpooéyywon eivar 1 xpnon
dataclasses yua QUTOV TOV 0KOTO:

from dataclasses import dataclass

@dataclass

class Employee:
name: str
dept: str
salary: int

>>> john = Employee('john', 'computer lab', 1000)
>>> john.dept

'computer lab'

>>> john.salary

1000

"Eva kopupdt kddiko Python wov avauével Evay ouykekpLluévo opnpnuévo timo dedouévav Wmopel ouyvd va
mepdoeL o e KAAo ov peiton tig peboddouvg autov tov Tomou dedopévarv. o mapdderyuo, edv €xete
ULOL GUVAPTNOT TTOV LOPPOTTOLEL OPLOUEVOL DEDOUEVOL OTTO EVOL OVTLKELUEVO QLPYELOV, WTOPELTE VAL OPLOETE ULaL
KAGon e nebddovg read () koL readline () mov Aaupdvovy ta dedouéva amd évo buffer cuuforooelpmv
avt” oVTov, Ko TEPAoTE TO WG OPLOUAL.

Instance method objects €yovv emiong YoPaKTNELOTIKA: m._ self  eivol TO OVIIKEILEVO TUPOVCIAG UE TH
uébodom (), koum.__ func___ €ival TO OVTLKELUEVO OUVAPTNONG TTOV avtioToLy el 0T HEHodo.
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9.8 EmnavaAnmnrteqg

Méypt trpa TOOVOTOTO £XETE TOPATNPTOEL OTL TOL TEPLOOOTEPO OVTLKELUEVOL container PIropoVV VoL ETTOVORY-
OoVV ypnoluomolmvtog wa 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='")

Avtd 10 0TVA TPOOPaONG Eivar copég, ouvomTikd Kan foikd. H yphon twv Iterators dioutepva KoL evomotel Ty
Python. Zto mapaoknvio, 1 dMiwon for kahel iter () oto avikeipevo container. H ouvdptnon emotpépet
€vo aVTUKELEVO iterator Tov opilel ™) uébodo _ next_ () momoia €xeL mpdofac o€ ototyeio 0To container
éva KGOe popd. Otav dev vtdpyouv Ao ototyeio, To___next__ () dnuovpyei o StopIteration eEai-
peon mov Aéel Tov Bpdyo for va teppatiotel. Mmopeite va karéoete T wéBodo _ next () YPNOLUOTOLD-
VTOG TV EVOOUATOUEVT CUVAPTNON next (). AUto To mopaderypo delyveL g hettovpyov Ola:

>>> s = 'abc'
>>> 1t = iter (s)
>>> it

<str_iterator object at 0x10c90e650>

>>> next (it)

'al

>>> next (it)

lbl

>>> next (it)

lCI

>>> next (it)

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

next (it)
Stoplteration

'Exovtag 9eL Toug iy oviopos tiow amd To TpmTokollo iterator, elvol eVkoho Vo TPooBEeTE GUUTEPLPOPA.
iterator otig KAGoeLg oac. Opiote o né0odo __iter_ () 7OV EMOTPEPEL EVOL AVILKELUEVO UE pLa nEB0dO
__next__ ().E&vnxhdonopiler__next__ (),T0TETO __iter_ () umopel oamlwg vo emotpéPel self:

class Reverse:
"""Tterator for looping over a sequence backwards."""
def _ init_ (self, data):
self.data = data
self.index = len (data)

def _ iter (self):
return self

def _ next_ (self):
if self.index ==
raise StopIteration
self.index = self.index - 1
return self.data[self.index]

>>> rev = Reverse ('spam')
>>> iter (rev)

(ouvéyela oty emtdpevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
<__main__ .Reverse object at 0xO00A1DB50>
>>> for char in rev:
print (char)

n T o8 .

9.9 Nevvntopeq (Generators)

Generators glvan éva omthO Kan Lloyvpo epyakeio yio ) dnuovpyia iterators. Eivan ypapuéveg oov Kovovikeg
ouvvapTthoelg 0ALG ypnowomoloVy ) yield 6mote 0Ehovy va emotpépouv dedopuéva. Kabe popd mov kahei-
Tow next () 0€ autd, o generator ouveyilel amd ekel mov otaudtnoe (Oupdtar Oheg Tig TLEG dedopuévav Kou
mtolo. dMAwor ekteléotnke tehevtaia). ‘Eva mapaderypo deiyver dtL oL generators WTopel va gival aonuavo
gvKoLo va dnuovpyndouv:

def reverse (data):
for index in range(len(data)-1, -1, -1):
yield datal[index]

>>> for char in reverse('golf'):
print (char)

Q O H Hh o

OTIdNTOTE WITOPEL VO YIVEL e generators WITopel va. Yiver Kau ue iterators wov facilovtal o KAAOELS, Omwg Te-
PLYPAPETOL 0TIV TTPOTYOUUEVY EVOTNTO. AUTO TTOV KAVEL TOVG generators TO00 GUUTayeig eiva 0Tt oL pébodot
__iter__ () xargenerator__next__ () duovpyoldvrol cutOHoTa.

"‘Eva GALO BOOLKO XOpOKTPLOTIKO ELVOL OTL OL TOTILKEG LETAPANTEG KOl 1] KATAOTOON eKTELEONG atoOnKevo-
VTOL QUTOUOTO LETOED TV KAoewV. Autd €Kave TN OVvAPTNOT L0 EVKOAT OTNY YPapY Ko JToAD Lo Eekdi-
Bopn aTod P TPOGEYYLOT TTOU XPNOLUOTTOLEL peTafANTég Tapaderyua 6mwg self. index ko self.data.

Extog amd v avtopotn dnuovpyia nebddov kot v amodfkevon g KatdoToong TOU TPoYPAUUOTOGS,
dtav oL generators Teppatifovral, eyeipovv avtouata Ty eEaipeon StopIteration. e ouvdvaoud, outd
TO (OPAKTNPLOTIKA KOOLOTOVV EVKOAT TN dSNULOVPYLL ETOVOMYEWY Y WPLG TEPLOGOTEPT TPOOTAOEL OTTO T
oVVTOEY (OG KOVOVIKNG GUVAPTNONG.

9.10 Exk¢ppaocelg Nevvitopwyv

Optlopévol amhot generators UITopovV va KodLkomotnfovv ouvosTikd Mg EKPPATELS Y PNOLUOTOLMOVTOG ULt OV~
vta&n mapdpoia e Tig list comprehensions, oAAG e mapevOEéoelg avti yua oyKUhes. Avtég oL ekppdoelg £xouv
OYEOLOOTEL YLl KOTAOTAOELG OTTOV O generator P OLUOTOLELTOL AUECWG ATTO Lo TTepLKAelovoa ovvapTnon. Ot
EKPPAOELG generator €(voL Lo CUMITTAYELG AMG AyOTEPO EVEMKTES OO TOVG OPLOUOVS TTAPOUG generator Kot
TElVOLV VL glvol TTEPLOGOTEPO PLMKO TPOG T uviun artd avtiotoryo list comprehensions.

Mapadeiypata:

>>> sum(i*i for i in range (10)) # sum of squares
285

(ouvéyea otV nopEV) oehid)
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>>> xvec = [10, 20, 30]

>>> yvec = [7, 5, 3]

>>> sum(x*y for x,y in zip(xvec, yvec))

260

>>> unique_words = set (word for line in page

(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

# dot product

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', lgl]

YTOONHELWOELG

9.10. Ekgppaocelg Nevvitopwyv
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2 Uvtoun &evdynon otnv Standard BipALoBrikn

10.1 Aientagn AELTOUPYLKOU ZUOTHHATOG

To module os mapéyeL dekddeg hetTovpyieg YLo. OAANAETIOPOLON UE TO AELTOVPYLKO GVOTNOL:

>>> import os

>>> os.getcwd () # Return the current working directory
'C:\\Python311'

>>> 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)

<returns a list of all module functions>

>>> help (0s)

<returns an extensive manual page created from the module's docstrings>

TLo KaBNUEPLVES BLOYELPLOTIKEG EpYAOies 08 apyEia Kau Kataldyous, To module shut il mapéyel ua Siemap
VYNAOTEPOV EMUTEDOV TTOV ELVOL TTLO EVKOAT 0TV YPNON:

>>> 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 Aettoupyia yia T dMuLovpylo MoTmV apyelmv omd avalnTioelg Ue XopoKTNPES
WITAAAVTEP KATAAOYOU:

>>> import glob
>>> glob.glob('*.py'")
["primes.py', 'random.py', 'quote.py']

10.3 Opiopata YypaupnRGg EVTOAWYV

Common utility scripts often need to process command line arguments. These arguments are stored in the sys
module’s argv attribute as a list. For instance the following output results from running python demo.py one
two three at the command line:

>>> import sys
>>> print (sys.argv)
['demo.py', 'one', 'two', 'three']

To module argparse mopéyeL £vav o eEEALYUEVO UNyavIoUO YO TV ETESEPYOOILO OPLOUATOV YPOUUNG
evtohmv. To akdloubo script eEdyeL £va 1) TePLOTOTEPO OVOILATA OPYELWV KL EVOV TTPOALPETLKO apLtOUd YPOL-
WV 1oV B0 EPPAVIETOVV:

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)

‘Otav ekTeAELTOL 0T YpOouU EVIOL®V To python top.py —-lines=5 alpha.txt beta.txt, to script
opiletto args.lines oe 5 Kawto args.filenames og ['alpha.txt', 'beta.txt'].

10.4 Avakateubuvon €£060u OPAANATOG KAl TEPHATLOMOG TIpO-
Ypapuatog
To module sys €xeL emiong XapoKINELOTIKA YL stdin, stdout, kou stderr. To tehevtaio elval xpNoLwo yLo Ty

EKITOWUTTY) TTPOELOOTTOLCEMY KL UIVURATOV GPOAMATOV MOTE VO EIVOL 0PATA 0KOpa Kot Otav To stdout €xeL
avakotevbuvOel:

>>> sys.stderr.write('Warning, log file not found starting a new one\n')
Warning, log file not found starting a new one

O 1o Guesog TPATOG YLOL VoL TEPUATIOETE €val script elvol va XP1NOLUOTOOETE TO Sy S .exit ().
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10.5 Taiplacpa HOTiIBWV CUNBOAOCELPWV

To module re mapéyeL epyaheio Kavovik éKppaong yLo. ponyuévn eneEepyoocia ovpporooelpwyv. o woiv-
TTLOKY] OLVTLOTOL(LOT] KO YELPLOUO, OL TUTTLKEG EK(PPATELS TPOOPEPOVY GUVOTTTIKES, BedTioTomOtUéveg AMIOELS:

>>> 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'\1', 'cat in the the hat')

'cat in the hat'

‘Otav ypetdfovratl udvo amhég duvatdTNTES, TPOTLUMVTAL OL téB0dOL cuuBorooeELP®YV, ETELdN Elvan evKoldTe-
PES OTNY OVOAYVIOT KCL TOV EVIOTLOUO OPOAUATWV:

>>> 'tea for too'.replace('too', 'two')
'tea for two'

10.6 Maénuatika

The math module gives access to the underlying C library functions for floating point math:

>>> import math

>>> math.cos (math.pi / 4)
0.70710678118654757

>>> math.log (1024, 2)
10.0

To module random mapéyetL epyoleio o va KAvovpe Tuyaieg emhoyEg:

>>> import random

>>> random.choice (['apple', 'pear', 'banana'])

'apple'

>>> random.sample (range (100), 10) # sampling without replacement
[30, 83, 16, 4, 8, 81, 41, 50, 18, 33]

>>> random.random () # random float

0.17970987693706186

>>> random.randrange (6) # random integer chosen from range (6)

4

To module statistics vmoloyiler faoikés otatotikés WOLdTNTES (LEGOG OPOG, dLAUETOS, dLaKVuavo,
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 molhég Ghheg eVOTNTEG YLOL 0PLOUNTLKOVS VITOAOYLOUOVG.
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10.7 Npéopaon oto Aladiktuo

Yndpyet évog aptBpog modules yio tpdofaon oto dLadiktuo Ko eneEepyaoio TpwTokOA®Y dLadikTiov. Avo
a7td ToL 7o oA eivan to urllib. request yio va Ty avakmon dedopévav amd devbivvoeig URL ko to
smtplib yio TV amooTol 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', 'jcaesar@example.org',
"""To: jcaesar@example.org
From: soothsayer@example.org

Beware the Ides of March.

n n)

>>> server.quit ()

(Enueunote 0TL To deVTEPO TaPAdELYIOL Y PELALETOL dLakomaTy) alnhoypagiag mov ektekeitan oe localhost.)

10.8 Hpepopunvieg Kat wpeq

To module datet ime mapéyel KAAOELG VIO XELPLOUO MUEPOUNVLADV KOL WPADV e ATAOVG Kol GUVOETOVG TPO-
mtovg. Evo vtootnpileton 1 aptBuntikn nuepounvio Ko mpa, 1 vhomoinon e0TdleTol 0TV OTOTENEOUATLKT
eSaywyn LEMDV YLOL LOPPOTTOiNoT KoL xelpLopd eE6dov. To module entiong vwootnpilel aviikeipevo mov éxouv
enmiyvmon Cwvng wpac.

>>> # 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 %Sb %Y is a %A on the 2d 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
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10.9 Xuprnieon AedopEvwv

Ou ouvnBels noppég apyeLofETNong Kol ouurieong dedouévav vootnpitoviar dueca amd modules Omwg:
zlib,gzip,bz2, 1zma, zipfile koawtarfile.

>>> import zlib

>>> s = b'witch which has which witches wrist watch'
>>> 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 xpnoteg Python avasttiooouv fadl evdlagépov va yvwpilouv T OYETIKT atdd001 SLOPOPETLKMVY
npooeyyloewv oto idLo mpoPAnua. H Python mopéyel éva epyakeio pétpnong mov amavtd oe autég Tig epmT-
OELG AUECMG,

To TapadeLy oL, WITOPEL va gival dEAENOTIKO VaL PN oLLoTooeTe T duvatdtyta tuple packing kou unpacking
avTi ™G TOPAdOTLOKTG TPOTEYYLONG Y THV evodhayT) opiopdtwy. To module t imeit deiyvel ypfyopa éva
TATELVO TTAEOVEKTNLOL OTTODOONG:

>>> from timeit import Timer

>>> Timer ('t=a; a=b; b=t', 'a=1; b=2"') .timeit ()
0.57535828626024577
>>> Timer('a,b = b,a', 'a=1l; b=2").timeit ()

0.54962537085770791

Ze ovtifeon ue to emtod emimedo evkpivelog Tov timeit, Ta modules profile kou pstats mapéyouvv ep-
YOLELOL YLOL TOV EVTOTILOUO KPLOLUMVY YPOVIKDV TUNUATWV 08 UEYOAUITEPO UTTAOK KMOOLKO.

10.11 'EAeyxoq notdtntag

Mo Ko} TPoog€yyLlon Yo TV ovAamTuEn hoyloiwkoy vpmAig olotnTag givar va ypdpovtal tests yio ka0g
Aertovpyia KaOMG avarTTiooeTaL KoL Vo, eKTELOVVTOL OVYVE 0T Ta tests Katd T dLadikaoio ovAamTtuEnc.

To module doctest mapéyel éva epyodeio yia T odpwon evog module KoL TV emLKVPWON tests Tov eivor
EVOWUATWUEVES OTIG OUUPBOLOTELPEG eYYPApmV eVOg poypduuatos. H kataokeu Tou test eivat 1000 o
000 1) AITOKOITY) KO ETKOAANOT WOG TUTTLKN G KA oNG Lali pe ta ammoteléopato tg ot ovuBorooelpd eyypd-
POV. AUTO BEATLAVEL TNV TEKUNPLOON TAPEXOVTOG OTOV ¥PTOTN £Val TTOPAIELYIOL KOl ETLTPETEL 0TIV EVOTNTO.
doctest va BefawOel OTL 0 KMOLKOG TAPOAUEVEL TLOTOG OTNV TEKUNPLMON:

def average (values) :
"""Computes the arithmetic mean of a list of numbers.

>>> print (average ([20, 30, 70]))
40.0

mn

return sum(values) / len(values)

import doctest
doctest.testmod () # automatically validate the embedded tests
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To module unittest dev eivar t6oo gvkolo 600 to module doctest, ald emiTpémer T dLothpnon evOg
7110 OMOKANPpwUEVOL OCUVOLOU tests ot EgxmpLotd apyeio:

import unittest

class TestStatisticalFunctions (unittest.TestCase) :

def test_average (self):

self.assertEqual (average ([20, 30, 70]), 40.0)
self.assertEqual (round (average([1, 5, 7]1), 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 puo grhocopio «ovumepthaupdvoviol pratopieg». Avtd gaivetal Kahitepo Héoa amo TG e5e-
MYUEVEG KO LOYVPEG HUVOTOTNTEG TV UEYUAUTEPWV TAKETOV TNG. [l Topdderypa:

o Ta modules xmlrpc.client koL xmlrpc.server Kafiotodv TV vAOTOINGT KA OEMY QTOUOKPU-
ouEVOV dLadtkaolmy o wa oxeddv aonuavtn epyaocio. [Mapd o ovopato twv modules, dev amorteiton
aueon yvaon 1 xepLonog e XML.

o To maxéto email eivar wua BLBALOOTNKY YL TN SLOYELPLOT UNVUUATOV NAEKTPOVIKOU Tayvdpoueiov,
ouumepthapfavopévav MIME kot GAhomv unvupdioy eyypdewy mov Bacitovtar og RFC 2822. Ze avti-
Beon pe To smtplib koL poplib mov TNV TPAYUATKOTHTA OTEAVOUY Ko AauBdvouy unvouota, To
mokéto email €xel éva mApeg 0VVOLO EpyaleimV yLoL TN dNLovpYia 1 TNV ATOKWILKOTTOLN 0N TOAVTTAO-
KWV S0UmV UNVUUATOV (CUUITEPLMAUBAVOUEVDV TOV CUVIUUEVDV) KOL YL TV EQOPUOYT] KOOLKOTTOLN oM
KoL TPWTOKOMO KePAMdwV 0T0 dLadikTvo.

o To maxéto json mapéyel LoyVPT VITOOTHPLEN Lo TNV AvAlVOY AUTNG THG dNUOPLAOVG LOPPHS AVTO-
haryng dedopévav. To module csv vTooTnpilel TV AUESN AvAyVOON KaL EYYPUPY) APYELWV OE LOPPY TL-
UNG dLaymPLOUEVOU He KOUUOTA, TOV oVVIHOMS VITOoTNPICETAL 0TTO FATELG HEDOUEVMV KO VTTOMOYLOTIK
@UAha. H XML eneEepyacio vmoompileton amd to mokéto xml .etree.Element Tree, xml.dom
Ko xml . sax. Mali, autég oL LOVAOES KoL TO TTAKETO AITAOTTOLOVY ONUAVTILKA TV ovTahhoyy) dedoué-
vov HetaE epapuoymv Python kot dAhmv epyodeimv.

o To module sglite3 amotelei évav wrapper yio ™) Buprodnkn g Pdong dedouévawv SQLite, apéyo-
vTag ua ouveyng péon dedouévmv ou umopei vo evnuepwOEL KoL va TpooTENATTEL Y PTOLULOTOLMVTAG
ehappidc un turtkn ovvtaEn SQL.

o H diebvomoinon vmootpiletar amd évav opbud modules, ovumepihopufavouévov tTov gettext,
locale, Kou 10 mOKETO codecs.

100 KegpdAaio 10. Xuvrtopn Eevaynon otnv Standard BiBAL061KN



https://datatracker.ietf.org/doc/html/rfc2822.html

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 Moporoinon €§6dou

To module reprlib mopéyel wa €Kd00N TOV repr () TPOCAUPUOCUEVT] VLU CUVTOUEVIEVES EWPOVIOELG UEYA-
hov 1 Badid évBetmv containers:

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))
ll{lal, lcl, ldl, 'e|, 'fl, 'g" ".}ll

To module pprint wpoogépet o eEghyuévo heyyo Tng eXTUTWONG TO00 TV evowuatwuévmy (built-in) ko
TV KaOopLouévmv amd Tov pHoT OVTLKEWEVMY UE TPOITO TOV Elval evaviyvwoTto amd tov diepunvéa. Oty
TO amoTéLeopna eivor ueyolutepo amd pio ypapuum, o «pretty printer» mpoobéter alhayég ypouuns KoL e00yég
Yo VoL EUOVIOTEL TTlo EgkdBapa 1) doun) dedouévmv:

>>> import pprint
>>> t = [[[['black', 'cyan'], 'white', ['green', 'red']], [['magenta',
'vellow'], 'blue'lll

>>> pprint.pprint (t, width=30)

[[[['black', 'cyan'],
'white',
['green', 'red'l],
[['magenta', 'yellow'],
'blue']]]

J

To module textwrap WOPEPOTOLEL TIG TOPAYPAPOVS TOV KEWEVOU MOTE VAL TOLPLALEL 0€ €va dedouévo mAdtog
006vng:

>>> 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."""

(ouvéyela oty eV oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
>>> print (textwrap.fill (doc, width=40))
The wrap () method is just like f£ill()
except that it returns a list of strings
instead of one big string with newlines
to separate the wrapped lines.

To module 1ocale £xeL TpodoPaon oe (o FAon dedoUEVOV LOPPMOY JESOUEVOV CUYKEKPLUEVIG KOUATOVPOG.
To YopaKTNPELOTLKO OUOSOTOLNONG TG CUVAPTNOTG LOPQOTTOLNONG TG TOTLKTG pUOULONG TTapEYEL EVALV AUETO
TPOTO LOPPOTTOLNOTG APLOUMV UE LA WPLOTLKA OUAdWV:

>>> 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 ("2d", 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 mephappdvel wo eveKT KAGon Template pe omhomotuévn ouvtagn KatdAnin yio
enmeEepyaoia amd telkols xpnoTeg. Avtd emTPEmEL 0TOVG YPHOTEG VO TTPOCAPUOTOVY TIG EPAPUOYES TOUG
Ywpic va xpeLdLetor va oldEouv v epapuroy.

H popgi ypnowwomotel ovopata Kpdtnong 0¢ong wov oynuatiZovrat amd $ pe Eykupa avaryvoplotikd Python
(ahpaplOunTikots yopakthpeg kKou Katw mavleg). Tleparlovtag to placeholder ue aykideg emtpémer vo
akolovOeitan 0td TeEPLoaHTEPQ aAPoPLOUNTIKA YpduuoTa xwpig evoldueoa kevd. Tpdgpovtag $$ dnuiovpyel
éva eviaio $:

>>> from string import Template

>>> t = Template ('S folk send $$10 to Scause.')

>>> t.substitute(village='Nottingham', cause='the ditch fund')
'Nottinghamfolk send $10 to the ditch fund.'

H uébodog substitute () kdavel raise évo KeyError otav éva placeholder dev mapéyetan oe éva heEuko 1)
éva Opropa AEENG-KAedL0V. Ta eqapuoyég otul cuyywvevong mail, Ta dedopéva mov mapéyovror amd Tov
YPHOTN eVOE ETOL VO givon EMMITY) Ko 1) uEB0dOG safe_substitute () umwopel va givar mo KoatdAnin —
0o agnoer apetapinta ta placeholders v Aeimovv dedouévar:

>>> t = Template ('Return the $item 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.'

Ou vtokaTyopieg TpoTHmwV wropovv va Kabopioouv évav mpooapuoouévo optofétn. o mapdderyua, éva
batch Tpdypoppo LETOVORAGTOG Yol £vaL TTPOYPAUUE, TTEPLYTONG POTOYPAPLOVY WTOPEL Vo, ETAEEEL VL XpNOL-
nogtotel ovpPola Tooootov ya placeholders dTwg M TPEYOVOA NUEPOUNVIKL, O APLOUOG aKoAOVBIAG ELKOVMV 1)
1 wope1| apyeiov:
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>>> import time, os.path

>>> photofiles = ['img 1074.jpg', 'img 1076.jpg', 'img_1077.jpg']
>>> class BatchRename (Template) :

delimiter = 'S$'
>>> fmt = input ('Enter rename style (%d-date %n-segnum —format) : ")
Enter rename style (%d-date %n—-segnum $f-format): Ashley_3%n%f
>>> t = BatchRename (fmt)
>>> date = time.strftime (' oy ")
>>> 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_1076.3jpg ——> Ashley_1.]jpg
img_1077.jpg ——> Ashley_2.7jpg

Mo dAAn epapuoyn yio templating eivor o duaywplopndg TG AOYLKNG TOV TPOYPAUUOTOS 0T TLG AETTTOUE-
PELES TOAMATADY Hop@dv eEGSOV. AUTO KOOLOTA dUVaTH TNV AVTIKOTAOTUON TPOTOPUOCUEVMV TPOTHTMV
v apyeio XML, avagopég amhol Keluévou ko avapopés otov HTML.

11.3 Epyaocia pe duadlkeg dLata&elg eyypagrg dedopevmv

To module struct mopéyeL TG ovvapToelg pack () KoL unpack () yuo gpyocion ue Hopeés duadlkmv
(binary) eyypogpav petafintov pfkovs. To akdhovbo moapdderyna deiyvel mmg va Kavete o hovmo péow
TOV TANPOPOPLOYV KeParidag oto éva apyeio ZIP ympig ™ xpnon tov module zipfile. Ov kwdLKOL TOKE-
Tov "H" Kou "I" avipoonmevouy aptduolg xwpig voypagy dvo kol 1eocdpwy byte avtiototya. To "<"
VITodNAmVeEL OTL glval TumLKoy peyébovug Kat og 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 ('<IIIHH', 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:startt+extra_size]

print (filename, hex(crc32), comp_size, uncomp_size)

start += extra_size + comp_size # skip to the next header
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11.4 Multi-threading

To threading ivar po TEYVIKT Y10 TNV AITOCUVOEDT EPYAOLMV TTOV eival dradoyikd eEaptmueves. To vipoTo
WITOPOVV VA XPNOLUOTOLN 00UV yioL TV BEATioN TG avTamdKpLonG TV EQAPUOYDV TOV dEYOVTAL EI00S0
amd Tov XPNOTN VM GANEG EpYOTiEg EKTEAOUVTAL OTO TOPAOKNVLO. Mia OYETIKT| TEpimTmon ypfong extelel
I/O mapdnho pue vrohoylopnovg oto dAko viua.

O akdrovBog kKmdLKag deiyvel wg To module VoV emmédov threading umopel va extehel epyoocieg 6To
TOPOOKNVLO EVD TO KUPLO TPOYPOoUpa ouveyilel vo eKTeeiTaL:

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 tpdkinon twv epopuoydy TOAATAOV vUATwV €ivol 0 GUVTOVIOUOS VNUATOV TOU UoLpAtoviol
dedopéva 1 alhovg tdpovg. ol o okomd avtod, To thread module wapéyel Evav aplOpd TPWTOYOVWV OLYYPO-
viopov, ovumepthoufavouévav locks, events, uetafAntov ouvOnKmy, Kot semaphores.

Evd outd ta epyadeio eivan loxupd, wKpd opaluoto oxedLoopol wropet va 0dnyHoovy oe TpoAfuaTo o
eivar duokoro va avastapayfouv. Emouévmg, 1 TpoTtiduevn IpoceyyLot 0Tov GUVTOVIOUO EPYACLOY ELVOL VO,
OUYKEVTPWOEL OAN M TPOOPaom O Evav TOPO O€ £va LOVO VUL KAl 0T GUVEYEL VAL X pnotpostoln el o module
queue, YL0. TPOPODOTNOEL AUTO TO VIUA e auTuoTa amd ddha vijuoto. O EQapUOYEG TOU (PNOLLOTTOLOVV
CVTLKELUEVO Queue 1O ETKOLVMVIO KOl OUVTOVIOUO HETAED VNUATMV Eival TTLo EUKOLO VO OXEDLAOTOVV, ElvaL
TTLO EVOVALYVIOTEG KOt TTL0 0ELOTTLOTEG,

11.5 Logging

To module 1ogging mpoo@épel £va MANPWS EE0TAMOUEVO KoL EVEMKTO CVOTNUO KATAYPAPNG. 2TV AThov-
OTEPT] LOPEPT] TOV, TCL WNVUUATO KOTAYPOPNG ATTo0TEAMNOVTOL G€ €Va 0pYELO 1) 0TO sys . 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')

Avtd apdyer Ty ax6iovdn €£080:

WARNING:root:Warning:config file server.conf not found
ERROR:root:Error occurred
CRITICAL:root:Critical error —-- shutting down
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Amtd default (mpoemihoyn), To EVNUEPWTLKA UNVOUOTO KOL TO UNVUUOLTO EVIOTILOUOU GQOAUATMY 0ITOKPUITTO-
vTow KoL 1) £€E080¢ amootédheTol og TUTTKO opalua. AMeg emhoyég eE0dov mepthaufdvouv dpouordynon
unvopdtov péom email, datagrams, vtodoywv (sockets), 1| oe HTTP diakouoty (server). To véa giltpa wiro-
povv va emhéEouv dLapopeTik) dpouordynor ue BAon Ty TpotepaLdTITe Tov unvipotog: DEBUG, INFO,
WARNING, ERROR, xou CRITICAL.

To ovotnua logging umopei va dropoppwbei amevdeiog amd tv Python 1 pmopel va poptwbei amd éva eme-
Eepyaouo apyeio SLoudpE®ong YLo TPOCUPUOCUEVT] KATOYPOET| XWPIG TNV TPOTTOTOINoT TG EPAPLOYIC.

11.6 AdUvapeg avagpopeg

H Python kdivel avtopatn duayeliplon uviung (KOTapéTpnon avamopmy YLo. T0. TTEPLOCOTEPA AVILKELUEVA KoL
garbage collection yio. Tnv eEGheryn tov KUK V). H uvihun ehevBepdvetar Aiyo petd tnv kotdpynon e te-
Levtaiog avopopds oe AUTiV.

Avti M TPooEYYLoN AELTOUPYEL KOG Yo TG TTEPLOCOTEPES EQPAPUOYES, AAMG TTEPLOTACLUKA VITAPYEL OVAYKT
TOPAKOALOVONONG OVILKEWWEVDV UOVO EQROTOV YPNOLOTOLOVVTOL ATtd KATL GALO. AVOTUYDGS, 1) TAPAKOIOV-
Bnom Tovg dnuovpyel wo avagopd mov ta Kéver poviuo. To module weakref mapéyel epyohelo yio v
TOPAKOAOVONON AVTIKELUEVV Y WPIG TN dMuovpyia avapopds. ‘Otov To aviikeipevo dev ypetdetal miéov,
agatpeitan autopata amd Evav Tivaka aofevols avapopig Kol EVEPYOITOLELTOL UL ETTLOTPOQPT] KAHONG YLO
avikeipevo aofevoig avapopdg:

>>> import weakref, gc
>>> class A:
def _ init_ (self, wvalue):
self.value = value
def _ repr_ (self):
return str(self.value)

>>> g = 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:/python311/lib/weakref.py", line 46, in _ getitem_
o = self.datalkey] ()
KeyError: 'primary'

11.7 EpyaAeia ywa epyaocia pe Aioteg

[ToAAég avaykeg doumv dedouévov umopov va KahvgpHov ue Tov evomuatmiévo timo AMotog. otd00, ue-
PLKES (POPES VTTAPYEL ALVAYKT] YLl EVOAMLOKTIKES VAOTTOLTOELS UE SLALPOPETLKOVG oUUPBLBAoUOVG Atddoong.

The array module provides an array () object that is like a list that stores only homogeneous data and stores
it more compactly. The following example shows an array of numbers stored as two byte unsigned binary numbers
(typecode "H") rather than the usual 16 bytes per entry for regular lists of Python int objects:

>>> from array import array
>>> a = array('H', [4000, 10, 700, 22222])
>>> sum(a)

(ouvéyela otV nOpEVY 0eMd)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
26932
>>> a[1:3]
array ('H', [10, 7001])

The collections module provides a deque () object that is like a list with faster appends and pops from the
left side but slower lookups in the middle. These objects are well suited for implementing queues and breadth first
tree searches:

>>> 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 and tig evarhakTikég VAOTOOELS MOT™V, N BLBALOONKN mtpoopépel emtiong Ko dhha epyareia dmtmg
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 xataympion pe v xopniotepn tur diatnpeiton mavta ot 0€om undév. Autd eival xpNoLuo yia EQapUo-
VEG TTOV £YOVV ETAVELNUUEVO. TTPOOPAON O0TO WKPOTEPO OTOLYELD GAAG deV BEMOUV Va eKTENETOVV WOl TP
ta&wvounon hotag:

>>> from heapq import heapify, heappop, heappush

>>> data = [1, 3, 5, 7, 9, 2, 4, 6, 8, 0]

>>> heapify(data) # rearrange the list into heap order
>>> heappush (data, -5) # add a new entry

>>> [heappop (data) for i in range(3)] # fetch the three smallest entries
[-5, 0, 1]

11.8 Decimal Floating Point Arithmetic

The decimal module offers a Decimal datatype for decimal floating point arithmetic. Compared to the built-in
float implementation of binary floating point, the class is especially helpful for

e OLKOVOULKEG EPAPUOYEG KO AMLES YPT|OELS TTOV OTTOLTOVV aKPLPT) SEKODLKT AVOTTALPAOTAON,
o éheyy0g Yo TNV axpifeLa,

o £AEYY0G TG OTPOYYVAOTTOLNONG YLOL TV EKTAHPWON VOULK®V 1] KAVOVIOTIKDV OITALTOEWDY,
o TTAPOKOAOVONOT ONUOVTIKOV SEKASIKMOV YN@iwv, 1)

o EQAPUOYEG OTTOV O YPNOTNG AVAUEVEL OTL TOL ATTOTEAECUATO TOLPLALOUV [LE VITOMOYLOUOUG TTOU EYLVOV UE
TO YXEPL.
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To Tapaderyua, o VIToAoYLIoUOG eVOg pdpov 5% ot ypéwon Thhepmvou 70 AemTtdVv divel dLOPOPETLKY ATOTE-
Mopata og dekadiky) Kivnti vrodiaotoly) kou og dvadikt) (binary) Kivnti vitodiootol. H dtogpopd yiveton
ONUOVTLKT] EGV TAL ATTOTENEOUOTA OTPOYYVAOTTOLNO0UV 0TO TIANOLEGTEPO AETTTO:

>>> from decimal import *

>>> round (Decimal ('0.70"'") * Decimal('1.05"), 2)
Decimal ('0.74")

>>> round (.70 * 1.05, 2)

0.73

To amotéheopa Decimal datnpel Eva undEv 0Tto TELOG, CUVAYOVTAS CUTOUATO T ONUAOL0 TECOAPWV OEcEWV
amd molamhdoio pe onuacio dvo Béoewv. To dekadikd avamapdyer To LoONUOTIKG OTTWG YIVOVTaL UE TO
YEPL KOL QTOPEVYEL TNTHUOTOL TTOV UITOPEL VO TTPOoKPouY dTav 1) Suadiky Kvnti| vrodiaotoly dev umopel v
AVILTPOOWITEVEL AKPLBMG TG deKAOLKEG TOTOTNTEG.

H oxpipiig avarapdotoon emtpénel oty KhGon Decimal vo ektehel vroloylopoug modulo Kou doKiég
LOOTNTAG TTOV €lval AKATOAMNAEG YLa dUAdLKY KLVNTH VITOSLAOTOM):

>>> Decimal ('1.00"'") % Decimal('.10")
Decimal ('0.00")

>>> 1.00 % 0.10

0.09999999999999995

>>> sum([Decimal ('0.1")]1*10) == Decimal('1.0")
True

>>> sum([0.1]*10) == 1.0

False

To module decimal mapéyel aplOUNTLKT ue 0omn 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 ypnoyorooty makéto kot modules wov dev awotehoUv UEPOG TG TUTTLKNG PL-
BroOfKnc. OL eaproYEg LePLKES POPES Y PELATOVTOL ULt oUYKEKPLUEVT EK0ON oG PLBAOONKNG, Emeldf N
eopuoyn wropet vo amartel v emdLOpOmon evdg cUYKEKPLUEVOU OQALLATOG 1) ETTELDN 1) EQaPUOYY €XEL
ypagel ypnolpomoldvras o Semepacuévn ékdoan g dtemapig thg PLpiodnkmc.

Avtd onpaiver dtL pwopei va unv givan duvatd yo pia eykatdotaon Python va minpoi tig amartioelg KaOe
epapuoyns. Edv n epapuoyn A ypeideton v ékdoon 1.0 evdg ovykekpiuévov module, adhd 1 epapuoyn B
yperdletat v £xdoo 2.0, TOTE oL ATOLTNOELS BPlokovTal 08 GUYKPOUOT KoL 1) eyKatdotaon thg £kdoong 1.0
1N 2.0 6o apr|oeL poL EQoPUOYT CViKOvT Vo EKTELEOTEL.

H Mon yia autd to mpdPAnua eivae va dnuovpyfoete éva virtual environment, €vo. vTOVOUO SEVIPO KATAAO-
YOU TTOV TTEPLEYEL (oL EYKOTAoTaoN Python yio o ouykekpuévn ékdoon g Python, kabwmg kot évav aptbud
pdoHETWV TAKETWV.

ALOPOPETIKEG EPUPUOYEG UTTOPOUV GTI] CUVEYELL VO YPT|CLUOTTOLOVV JLAPOPETIKA etkoviKd tepLBailovta. T'a
VoL EMAVOETE TO TTPONYOVUEVO TTOPASELYUO OVTIKPOUOUEVIV OTTOLTNOEWY, 1] EQPAPUOYT] A WITOPEL va €XEL TO
dLK0 ™G eLkoviKo mepLPalhov ue eykateotnuévn v ékdoon 1.0 eva ) epappoyr B €xer ahho etkoviko mepL-
Badhov pe v ékdoon 2.0. Edv ) epapuoyn B amartel avafaduon Biprodnkng oty éxdoon 3.0, autd dev
Oa emnpedoel To ePLBAMOY TNG EPaPUOYNG A.

12.2 Anuioupyia LKOVIKWYV NEPLBAAAOVTWYV

The module used to create and manage virtual environments is called venv. venv will usually install the most recent
version of Python that you have available. If you have multiple versions of Python on your system, you can select a
specific Python version by running python3 or whichever version you want.

T va dNuovpynoete €vo eLkoviKO sTepLBAILoV, amoQaoioTte Evov pakelo 0ov BéheTe VO TO TOTOOETNOETE
Ko ekteléote To module venv wg €va script pe ) dtadpout| Katahdyou:

[python -m venv tutorial-env }

Avuto Oo dmpovpyfoel Tov katdhoyo tutorial—-env edv dev vdpyel, Ko exiong o dnuovpyhoel Kata-
LOYOUg LETOL OF AUTOV TTOV TTEPLEYOUV EVaL OVTLYpOpO TOV interpreter thg Python ko dudpopa vtooTnpLKTLKa
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.bat

Ze Unix 1] MacOS, ektehéore:

[source tutorial-env/bin/activate

(Avto o script giva ypoupuévo yua to bash shell. EGv ypnowwomoieite ta shells esh 1) £ish, vdpyovv evorio-
KTUKA Scripts o 0o TPETTEL VAL XPNOLULOTOLOUVTOL OVTL AUTMY, OTTwg act ivate.cshkatactivate. fish.)

H evepyomoinaomn tov gikovikov meptparrovtog Oa alldEel o prompt tov shell oag yo vo deiEel oo elkovikd
mepLBallov ypnotpomoteite Kot Oa TpoTomooeL To TEPLBAILOV £T0L WOTE 1) eKTéLEON TG python va oog
dmoel T ovykekpLuév €kdoon kol eykataotaon g Python. INa 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/lib/python3.5/site-packages']
>>>

I vo 0stevepyoTomoeTe va eLKoVIKO TepLBOrlov, TANKTPOLOYNOTE:

[deactivate

uéoa oto terminal.

12.3 Awaxeipion NMNaketwyv 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:

(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

Mitopeite £mi0NG VO EYKATOOTNOETE WO CUYKEKPLUEVN £K800T EVOG TAKETOV dIVOVTOG TO OVOUOL TOV TTOKETOV
akorovBovpevo 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 autiv Ty eviol), To pip Oa mapatnpfoet 6t Cnroduevn ékdoon eivor o eyKateot-
uévn kou dev Oa Kdvel timota. Mmopeite va dmaoete Evay dapopetikod apliudg €kdoong yia va hapete avtnv
v €kd00m 1 Wropeite vo ekTeLEOoETE TO python -m pip install —-upgrade yuo vo ovopaduioete
TO TAKETO OTNV 710 TTPHTPOTH EKSOON:

(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 ouvodeuduevo amd €va 1) TePLocOTEP OVOUATO TaKETOU O drorypdapet
T TOKETO ATt TO ELKOVLKO TTEPLBAALOV.

Topython -m pip show 0a gupavioel TANPOPOPIES OYETIKA [LE £VOL CUYKEKPLUEVO 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:

J

Topython —m pip list Qo eppovioer OMO TO TOKETO TOV ELVAL EYKOTEOTHUEVO OTO ELKOVLKO TEPLBAANOV:

(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)

Topython -m pip freeze Ha dNUOUPYNOEL WO TOPOUOLA MOTO UE TAL EYKATETTNUEVE TTAKETA, OMA 1)
£E080G YPNOLUOTTOLEL TN LOPEPY) TTOV avapével To python —m pip install. Mua Kowr ovupaon eivoar vo
tomofeTnoete auThv ™) MoTo 0¢ éva requirements. txt apyeio:

(tutorial-env
(tutorial-env

python -m pip freeze > requirements.txt
cat requirements.txt

$
$

novas

To requirements . txt umopel ot ouvéyela va dnuootevdei otov Edeyyo £kdoomng Ko va diateBel wg uépog
wog epapuoyns. Ou xpNoTeg UTOPOVY 0T GUVEXELD VO EYKOTAOTHOOUY OMOL TO. ATTOPOLTITA TTOKETA 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

J

To pip éxeL moMEg mepLoodTEPEG EmAOYES. ZuuPovheuteite Tov 0dNYo installing-index yia AN PN TEKUNPLWOT
v to pip. Otav éxete ypdpel éva makéto ko 0éhete va to kévete dlabéoipo oto Evpetipo Iakétwv Python,
ouvppovkeuteite Tov 006170 ypnorg 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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kKeoAnalo 14

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 oloxdnpwon twv ovopudtov tov HeTtafintoy Kot twv modules £vepyomoLeital auToOpaTo KATh TNV EKKI-
vnon tov interpreter, £T0L MOTE TO KAWL Tab vo KOAEL TN GUVAPTNON OAOKANPWONGs KOLTALEL TO. OVOUOITOL
dMiwoewv g Python, Tig Tpéyovoeg Tomikég netafintéc, kot ta dabéoo ovopata twv modules. Tua dotted
ekppdoels, Omwg string. a, Oo aElohoynoer Ty Ekppaot uéypt To TeEMKS ' . ' KoL ot ouvexewo Oa tpo-
telvel oUUTANPDOELG ATTd TA XAPUKTNPLOTIKA TOU OVTLKEWEVOU TTOU TPOKVITTEL. ZNUELMOTE OTL AVTO WITOPEL
V0. EKTEMEOEL KMOLKO TTOV OPITETOL OTTO TNV EQPAPUOYY GV Eva ovTiKeipevo e o uébodo _ getattr ()
elvau uépog g mpotaonc. H mpoemheyuévn dapdppmon amodnkevel emiong To LOTOPLKO 0aG OE Eva apyelo
e 1o dvopa .python_history otov katdhoyo Tov ypnotng oag. To otopikd Oa eivar Eavd dabéoo
Katd TV emduevn ouvedpia dLadpaotiko interpreter.

14.2 EvaAAakTIKEG AUOELG Yia Tov AladpacTiko Interpreter

This facility is an enormous step forward compared to earlier versions of the interpreter; however, some wishes are
left: It would be nice if the proper indentation were suggested on continuation lines (the parser knows if an indent
token is required next). The completion mechanism might use the interpreter’s symbol table. A command to check
(or even suggest) matching parentheses, quotes, etc., would also be useful.

'Evog evalhokTikdg, PeAtiopévog, dLadpaotikdg interpreter mov vdpyel €dd KoL 0PKETO Kapd eivor o
IPython, To omoio dtabétel cuumAHPwWo tab, EEePeVVIOT AVIIKELUEVWV KO TPONYUEVT] SLouyeipLon LoTopLKoD.
Mrtopel emiong va TPOCOPUOOTEL TAMPMGS Kat Vo evomuotmdel oe ddleg epapuoyés. ‘Eva o mapduolo
Bertimpévo dLadpaotikd mepdrlov gival To bpython.
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keoanalo 15

Floating Point Arithmetic: Issues and Limitations

Floating-point numbers are represented in computer hardware as base 2 (binary) fractions. For example, the decimal
fraction 0. 125 has value 1/10 + 2/100 + 5/1000, and in the same way the binary fraction 0. 001 has value 0/2 +
0/4 + 1/8. These two fractions have identical values, the only real difference being that the first is written in base 10
fractional notation, and the second in base 2.

AvoTLY DG, T TEPLOOOTEPO dEKADIKA KAAOUATO OEV UWITOPOUV VO OVOTTAPAOTAO0UV aKPLBDG G KAACUOTAL.
H ovvémeia elvon 0TL, yevikd, ol dekadikol apLtBuol Kivntig vtodLaoToMg Tov eLlodyete tpooeyyilovral uovo
07t0 ToUg duadLKoVg apLOUOVG KLV THG VITOBLAGTOANG TTOV ELVOL TPAYUATL ATTOOTKEVIEVOL OTO UNYAVIUO.

To pdPIua eivar mo Katovontd othy apyh we pdon to 10. Oswprfote to kAdoua 1/3. Mmopei va to mpo-
ogyyloete wg kKhaopa faong 10:

(o ]
1, KaAvtepa,

[0.33 }

1, KaAvtepa,

[0.333 }

Kat oVt kabeEng. ‘Ooa Yymepia ko av giote duatedepévor va ypdapete, to amotéheopo dev Bo givar moté
aKpLBOS To 1/3, odhd Ba eivar wa ohoéva Kot kadltepn mtpooéyyion tov 1/3.

Me tov idto tpdmo, aveEdptnta amd to oo Yngio Pdong 2 eiote dlateBeLéVoL VO, YPNOLUOTOOETE, 1
dexadik tiun 0,1 dev umopel va avamopaotadei akplpwg wg kKhdouo faon 2. Zm Bdon 2, to 1/10 eivon to
KAdopa o emavalapufaveTon

{0.000llOO11001100llOO11001l001100110011001100110011... }

ZTapothoTe o€ 0mtoLovONToTe memepaouévo aptdud bit kaw Aoaufavete uuo TPOoEYYLOT. ZTIG TEPLOCOTEPES
unyavég ofuepa, ol floats mpooeyyiLovial ypnoomoumvtag Ta pdta 53 bit Eekivdvrag amd To o onua-
VTLKO bit KoL e TOV TAPOVOUOoT g dUuvaur tov dvo. Ztny nepimttwon tov 1/10, to dvadikd khdoua eivor
3602879701896397 / 2 ** 55 mov elvor KOvTd addd Oyl okpLpmg Loo pe Ty mparypatiky) T tov 1/10.

Many users are not aware of the approximation because of the way values are displayed. Python only prints a decimal
approximation to the true decimal value of the binary approximation stored by the machine. On most machines, if
Python were to print the true decimal value of the binary approximation stored for 0.1, it would have to display
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>>> 0.1
0.1000000000000000055511151231257827021181583404541015625 }

That is more digits than most people find useful, so Python keeps the number of digits manageable by displaying a
rounded value instead

0.1

>> 1 / 10 }

Amhidg OuunOeite, TopdLo TOU TO EKTUTWUEVO TOTEAEOUO LOLATEL LE THV akpLBT) Ty Tov 1/10, ) mporypatiks
OO0 KEVUEVT TLUT) ELVAL TO TTAOLEGTEPO AVOTTOPOOTACLUO dUdLKO KAAOoUO.

Eival evdiagépov OtL umGpyovv mohlol dapopetikol  dekodikol aplbpol mov  popdlovtar  To
id0 mnoléotepo Katd mpooéyyion dvadikd KhGopo. o mapdderyua, ov apbuoi 0.1 Ko 0.
1000000000000000055511151231257827021181583404541015625 givar OAa Katd TPOCEYYLON
ue 3602879701896397 / 2 ** 55. Aedouévov 0Tt Oheg aUTES OL OEKADIKEG TIHES HOLPATOVTOL TNV (L
TTPOCEYYLOT], OTTOLAONTOTE ATd OVTEG Bl Witopovoe va eupoviotel datnpwvtag Tapdinia to apetdfinto
eval (repr(x)) == x.

Iotopukd, To prompt thg Python kai 1 evowpatwuévy ouvapmon repr () Ba eméleye ovtd pe 17 onuoavtkd
Yynoia, 0.10000000000000001. Eekivarvtag ue tnv Python 3.1, ) Python (ota meploodtepa ouotnuoTa)
ebvan mhéov o B¢om va emhéEel To cuvToudTEPO aAmd aVTA Ko arhé eupavier o 0. 1.

Note that this is in the very nature of binary floating-point: this is not a bug in Python, and it is not a bug in your
code either. You'll see the same kind of thing in all languages that support your hardware’s floating-point arithmetic
(although some languages may not display the difference by default, or in all output modes).

For more pleasant output, you may wish to use string formatting to produce a limited number of significant digits:

>>> 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"

Eival onuaviiko va Guveldntomotjoovpe 0Tt autd eiva, UE TNV TIPAYUOTIKT £VVoLa, (o PeudaioOnon: amha
OTPOYYULEVETE TV TAPOVGLAON TG TPOYUOTIKNG AEiog TOU UNyoviuaTog.

One illusion may beget another. For example, since 0.1 is not exactly 1/10, summing three values of 0.1 may not
yield exactly 0.3, either:

>> 1 4+ .1 + .1 == .3
False

Also, since the 0.1 cannot get any closer to the exact value of 1/10 and 0.3 cannot get any closer to the exact value
of 3/10, then pre-rounding with round () function cannot help:

>>> round (.1, 1) + round(.1, 1) + round(.1l, 1) == round(.3, 1)
False

Though the numbers cannot be made closer to their intended exact values, the round () function can be useful for
post-rounding so that results with inexact values become comparable to one another:

>>> round(.1 + .1 + .1, 10) == round(.3, 10)
True

Binary floating-point arithmetic holds many surprises like this. The problem with «0.1» is explained in precise detail
below, in the «Representation Error» section. See Examples of Floating Point Problems for a pleasant summary of
how binary floating-point works and the kinds of problems commonly encountered in practice. Also see The Perils
of Floating Point for a more complete account of other common surprises.
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As that says near the end, «there are no easy answers.» Still, don’t be unduly wary of floating-point! The errors in
Python float operations are inherited from the floating-point hardware, and on most machines are on the order of no
more than 1 part in 2**53 per operation. That’s more than adequate for most tasks, but you do need to keep in mind
that it’s not decimal arithmetic and that every float operation can suffer a new rounding error.

Eva vdpyovv mafohoyLkEég TEPLITTMOELS, YLOL TV TILO TTEPLOTAOLOKT) Y PT|01 TNG aPLOUNTLKNG KLV TG VITodia-
otolM|c, B deite 0To TENOG TO UTOTEAETUAL TTOV TTEPLUEVETE EAV ALTTAMDG OTPOYYULOTTOLHOETE TNV EUPAVLON TWV
TEMKOV QTOTEAEOUATMV 0OG 0TOV apLOUd Tmv deKadIkmV Ynpimv mov mepiuévete. To str () ouvnbmg apket,
Ko yio Kahitepo éheyyo deite Toug TPoodLloploTég Loperg ™G uebddou str. format () oe formatstrings.

[0l TEPLITTWOELG YPTIONG TTOV ATOLTOVV aKPLBT) dEKADLKY) AVOTAPAOTOOT, SOKLUATTE VO P OULOTTOL|GETE TO
module decimal mov epapudlet dekadLkn aptOunTLK KoTdAANAN Yia LOYLOTIKEG EQPAPUOYES KOL EQAUPLOYVES

VYNNG aKpLBELaG.

Mo GAMN popen akppoig aptduntikig vrootpiletar omd to module fractions, 1 omoic viomoLel Ty
aplounTiky pe faon tovg opHoroyikots aptbuots (€tol oL aplbpot 6tmg to 1/3 uropotv vo avasapaotadouv
oKPLBOG).

Edv giote éva eviatikog yphote TpdEemy Kivn g viodiaotolc, Oa pémel va pi&ete pa potid 0to mTakéto

NumPy kow tolé Ao Ttakéta yio podnuatikés KoL oToTloTikeg TPAEelg mov mopeyoviaL omd To project
SciPy. Aeite <https://scipy.org>.

Python provides tools that may help on those rare occasions when you really do want to know the exact value of a
float. The float .as_integer_ratio () method expresses the value of a float as a fraction:

>>> x = 3.14159
>>> x.as_integer_ratio()
(3537115888337719, 1125899906842624)

Since the ratio is exact, it can be used to losslessly recreate the original value:

>>> x == 3537115888337719 / 1125899906842624
True

The float .hex () method expresses a float in hexadecimal (base 16), again giving the exact value stored by your
computer:

>>> x.hex ()
'0x1.921f9f01b866ep+1"'

This precise hexadecimal representation can be used to reconstruct the float value exactly:

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

Aedopévou dtL M avastopdotaot eivol akpLpng, eivol xpNnouun yio v aELOmLoT) LETAPOPE TUMV 08 dLapo-
petikég ekddoelg g Python (aveEaptnoio mhatpdpuag) Kot v avrarlhayr dedouévmv ue dileg yAdooeg
IOV VITOOTNPILOUV TNV 1L poppn (6mtwg Java kaw C99).

Another helpful tool is the math. fsum () function which helps mitigate loss-of-precision during summation. It
tracks «lost digits» as values are added onto a running total. That can make a difference in overall accuracy so that
the errors do not accumulate to the point where they affect the final total:

>>> sum([0.1] * 10) == 1.0

False

>>> math.fsum([0.1] * 10) == 1.0
True
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15.1 Z¢paApa Avarnapaotaong

Avti 1 evotira eEnyei o mapdderyua «0.1» hemrouepds Ko SelyVeL THG WTOPELTE VO EKTELETETE Lo OKPLPT
AvVAAUOT TTEPUTTDOOEWV OTTWS AT Lovol oag. Yrotifetar ot éxete Paotki) eEolkeimon pe tv avamopdotaon
dVAdIKNG KIVNTNG VTTOSLALOTOTG.

To Spdiua avarapdotacns (Representation error) avogépetal 0To YeYOvOg OTL opLouéva (To TePLocoTEPa,
OTNV TPOYUATIKOTNTA) deKAILKE KAAOUOTA eV Wopov va avamapaotadotv akping wg dvadikd (Bdon
2) khdopata. Avtdg eival o KUpLog Aoyog yia Tov omoio 1 Python (1) Perl, C, C++, Java, Fortran, kot mwollég
dAhec) ovyvd dev enpavilovv tov akpLpn dexadikod aptud mov mepLUEVeETE.

Tt ovppaiver avtd; To 1/10 dev umopel va avasapaotadel akpipng og dvadikd kKhaoua. Ao to 2000
TOVAAYLOTOV, OYeOOV OAEG OL UNYAVES YPNOLOTOLOVY dVadLKT apLduntikn Kivntig vrodiootohng IEEE 754
Ko 0yedov Oheg oL mhatpodpues avriotolyiLovv ta Python floats oe IEEE binary64 «dumhig akpifeiac» Tiuéc.
Ou tiuég tov IEEE 754 binary64 mepiéyouv 53 bits akpifelac, emopévog kotd v 6080 0 VITOAOYLOTNG TTPO-
omafei va petatpéypel to 0,1 0to TANoLEoTtepo KhAoUa Tov uwopet va Exel ™ nopen J/2**N dmov J eivan évag
OKEPOLOG TTOU TTEPLEXEL AKPLBMG 53 bits. Eavarypdpeta

[1 / 10 ~= J / (2**N) ]
e
[J ~= 2**N / 10 }

and recalling that J has exactly 53 bits (is >= 2**52 but < 2**53), the best value for N is 56:

>>> 2**52 <= 2%*5¢ // 10 < 2**53
True

That is, 56 is the only value for N that leaves J with exactly 53 bits. The best possible value for J is then that quotient
rounded:

>>> g, r = divmod(2**56, 10)
>>> r
6

Since the remainder is more than half of 10, the best approximation is obtained by rounding up:

>>> g+l
7205759403792794

Q¢ ek TtovTov, M KeAUTepn duvarty| Tpoaéyyion oto 1/10 oto IEEE 754 duthng akpifeiag eivol:

[7205759403792794 /2 *% 5E }

H duaipeon tov aptBunti| Ko Tov TapovopaoTy| ue d00 HELVEL TO KAAOUO OF:

[3602879701896397 /2 %% §Y }

Adfete vrdOPn OTL ATTd TN OTLYUT| TTOV KAVOUE GTPOYYVAOTTOIN O, AUTO ELVOL 0TV TTPOYUATIKOTNTO ALYO peya-
Mtepo amd to 1/10- av dev elyaue 0TPOoYYULOTOLTEL TTPOG TAL TAVM, TO TINALKO Oa Ytav Alyo wKpdTtepo amd
to 1/10. AAMAG o€ xapla Tepimtwon dev pmopel va givan axoySaog 1/10!

"Eto1 0 vtohoyLotig dev «PBAémer» moté 1/10: autd mov Prémel eival To aKpLPég KOOI Tov divetal Tapamdvm,
N kahvtepn duthn tpoaéyywon IEEE 754 mov pmopel va wépet:

>>> 0.1 * 2 ** 55
3602879701896397.0

If we multiply that fraction by 10**55, we can see the value out to 55 decimal digits:
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>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625

meaning that the exact number stored in the computer is equal to the decimal value
0.1000000000000000055511151231257827021181583404541015625. Instead of displaying the full decimal
value, many languages (including older versions of Python), round the result to 17 significant digits:

>>> format (0.1, '.17f")
'0.10000000000000001"

The fractions and decimal modules make these calculations easy:

>>> 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

16.1.1 Awaxeipion ZPaApatwyv

‘Otav moapovolaotel Eva opdiua, o interpreter eugaviCel éva pivopa opdipatog Kot éva stack trace. Ztn dia-
dPAOTIKT AELTOVPYLQ, 0TI GUVEXELD ETLOTPEPEL GTNV KUPLAL YPOLUUT) EVTOLDVS dTav 1) €60080G TPOoEpyETOL QUTd
éva apyeio, eE€pyetan pe Katdotaon eE6d0v un undeviki) Hetd Ty eKTUTwon Tov stack trace. (Ot eEaipéoeig
TTOU AVTLUETOITULOVTOL ATt (oL EVTIOMT) except 0€ éva try Umhok, OeV eivan GQAALOTO 08 AUTO TO TAALCLO.)
Oplopéva opdhpata givar dvev dpmv potpaic ko tpokahotv €5060 e Katdotoon eE6dov un undeviki.
AuTO LoYVEL VL0 ECMTEPIKEG OLOVVETTELEG KOL OPLOUEVEG TEPLITTWOELG EEAVTANONG TNG wvNung. Oha To unvo-
LOTO OPAMLOTOG EYYPAQPOVTAL 0TIV TUTTLKT) pOT) OPOALATWV. 1] KOvoviKT €5080¢ aTd Tig EKTENEOUEVES EVTOLEG
ypGgetaL otV Turtky £€€0do0.

ITNKTPOLOYDVTAG TOV X APOKTN PO dLaKomn G (cuv)Bwg Control-C f) Delete) oty KipLa ) deutEPEVOVOQ
YPOUUY] EVIOLDV 0KUPMVEL TV £60000 KoL EMLOTPEQPEL 6TV KOpLaL Yoot eviordv.! TIAnKTpohoydvTag o
drakore| evad exteleitar o evoly) dnuovpyeiton 1 eEaipeon KeyboardInterrupt, 1 0oio Wropet vo.
OVTIUETOILOTEL ATtd (oL TpdToon try.

16.1.2 EkteA€opa Python Scripts

Zta ovothuato BSD’ish Unix systems, to. Python scripts pmwopotv va yivouv dueoa ekteléoua, 6mmg ta shell
scripts, BACovtog T ypouun:

[# !/usr/bin/env python3.5

(vmoBétovtag 0T o interpreter PplokeTol 0To PATH TOU YPp1OTH) OTHV 0p)1 TOU OEVOPLov Kot divovtag 0Tto
opyelo pa ekteléotun Aettovpyio. To # ! mpémel va elvan oL dV0 TPWTOL Y OPAKTIPES TOV OPYEloV. Ze OPLOUEVEG
TNOTPOPUES, QUTH 1 TPADTN YPOUWUY TPETEL VO TEAELWVEL UE o ypouut] Tomov Unix ov TELELVEL UE (o
ypauuh tomov Unix ou tehewdvel (' \n'"), oxu pue ypouun Windows (' \r\n'). Znueimote 0TL 0 UPoKTNPOS
KATOKEPUATIONOU, , ' # ', XPTOLUOTTOLELTOL Y0 TNV évopEn evdg ayoAiiov otnv Python.

To script propet va d00et wior ektehéotun Aettoupyia 1) AdeLa, XPNOLUOTOLDVTOG TV eVTOLT) chmod.

1 "Eva mpopAnua pe to mokéto GNU Readline piwopei vo 1o amotpéapet.
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[$ chmod +x myscript.py

Zta ovotuota Windows, dev vitdpyel 1) évvola TG «ektehéotun Aettovpyiogy. To mpdypapua eyKaTaoToong
g Python ovoyetilel avtdpota ta apyeia . py pe to python. exe €10l dote vo ektereitol éva dumho KK oe
éva apyeto Python wg script. H enéktoomn umopel emiong va elval . pyw, 0€ QUTNYV TV TEPLTTWOT), TO Tapadupo
NG KOVOOLOG TTOU eupaviletal ouvnOme atoKpUTTETAL.

16.1.3 To dLadpacTIKO apXeLo EKKivnong

‘Otav ypnowpomoteite tv Python dtodpaotikd, eivan ouyvé Boiko v eKTELOVVTAL OPLOUEVES TUTILKEG EVTOMEG
K&Oe @opd mov Egkivd o interpreter. Mmopeite va to Kévete autd opilovrag wa petafinti mepidihovrog
ue 1o 6vopo PYTHONSTARTUP 070 dvopd £vOg 0pYELOV TTOV TEPLEYEL TLG EVIOAEG EKKIVIIONG 00G. AuTd glvar
ToPOUOLO UE TO YOPaKTNPLOTIKO . profile ota Unix shells.

Avto to apyeto drapdletar povo oe dradpaotikés ovvedpieg, Oyt 0tav 1 Python duafdler eviorég amod éva
script, kow OxL 0tov 1o /dev/tty divetal og 1 pnT TNy EVTOA®V (1] omoia KoTtd To. AAAC GUUTEPLPEPETOL
oav ua dtadpaotiky ouvedpia). Exteleitor otov idlo xmpo ovoudtmv 6mov ektehovuvTol OAMNAETLOPAOTIKEG
EVTOMEG, £TOL (MOTE TO OVTLKELUEVOL TTOV OPILEL 1] ELOGYEL VA (WTOPOUV VO YPNOLUOTTONO0UV Y mpig empulagn
ot dLodPaOTIKY| TTEPiL0dO AetToupyiag. Mmopeite emiong va aAAEEETE TIG TPOTPOTEG Sys . ps1 KoL Sys . ps2
0€ QUTO TO aPYELo.

Edv 0éhete vo dLapdoete éva emumthéov apyeio eKKivong amd Tov TPEYOVTO KATAAOYO, UWTOPELTE VO TO TTPO-
vpapuuatioete 0to KoOolKO apyeio ekkivnong ypnoomolmvtas Kodko Omtwg 1f os.path.isfile ('.
pythonrc.py') : exec (open ('.pythonrc.py') .read()).Ed&v 0élete va xpnoLLOTOLOETE TO Q-
yeto ekxiviong oe éva oevdplo, TpémeL va To Kavete ptd oTo 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 Npocapupoyng

H Python mapéyer 800 GyKLoTpOL YL0 VO 0OG ETLTPEPEL VOL TNV TPOOoapUOOETE: sitecustomize Ko usercustomize.
T va deite g ettovpyel, mpémel mpwta va. Bpeite T €01 TOV KATAAIYOU TAKETMVY LOTOTOTWV Y PNOTH).
Eexivnote v Python kot exteréoete ovtdg 0 KMALKAG:

>>> import site
>>> site.getusersitepackages ()
' /home/user/.local/lib/python3.5/site-packages'

Thpo pmopeite vo dNULOVPYNOETE EVOL 0Py ELD [1E TO OVopa usercustomize . py G€ QUTOV TOV KOTAAOYO KO
vo, Béhete 0,TL Oéhete o8 avTdV. O emnpedioel KGOe emikinon tng Python, extog edv Egkivioel ue tnv emhoy
—S OUTEVEPYOTTOLOTE TNV CLUTOUATY] ELOALYWYT].

To sitecustomize Aeltoupyel pe Tov idLo TPoTo, alhd cuvNBWg dnuLovpyeltol amd Evav SLayELPLOTY TOV VITO-
AOYLOTY] OTOV TTOYKOOULO KATAAOYO TAKETMV TOTOOECLMV KOL ELOALYETOL TTPLV ALTTO TO usercustomize. Agite Tnv
TeKuNpimon tov module site yio ePLO0OTEPEG METTOUEPELEC.
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Mwoodpt

>>>
To wtpoemheyuévo Python prompt tov dradpaotiko shell. Zuyva epupaviteTon yia mopadeliypato kndiko
IOV WITOPOVYV VoL EKTEAEOTOVV dLAdPAOTIKA OTOV interpreter.

Mmopel vo. avapEPETaL OE:

e To mpoemkeyuévo Python prompt tov dtadpootikov shell katd v eloaymyr Tov KOdLKO Yo Eva
WIThok KmALKa e 0oy, Otav Bpioketal péoa oe £va Levyog ToLPLOoUEVMDY OPLOTEPMV Ko dEELMV
delimiters (;wapevOéoels, ayKiieg, AyKLOTPO 1 TPLITAG EL0OYOYLKA), 1| UeTd Tov KabopLopd evog
decorator.

o H evoouatouévn otabepd E11ipsis.

2to3
'Eva epyodeio mov poomadet va uetatpéper tov kmdika Python 2.x og kwduka Python 3.x duaepito-
VTAG TIG TTEPLOGOTEPES ALOVUPBATOTNTEG TTOV (WTOPOVV VAL EVTOTILETOVV OVOADOVTOG TNV TTNYT) Ko dLooyi-
Covtag 1o 9éVTpo avaluong.

2to3 elvan droBéoo oty otdvtap PPAodNKNn wg 1ib2to3, mapéyetor éva onueio elcddov mg
Tools/scripts/2to3. BA. 2to3-reference.

agnpnuévn faotkr) KAaom

O agnpnuéveg Pootkéc KANAOELG CUUTANPMOVOUY TO duck-typing mopéXOVTAS EVOV TPOTO OPLOUOY
interfaces 6tav Gheg texvikég Omwg M hasattr () Oa Nrov 0dégieg M avenaiodnto hovOaouéveg
(ywo mopdderyuo pe magic methods). Tao ABC (abstract base class) elodyovv elkovikég vmokAAoELS, oL
omoieg eivat KAMAOELG TTOU deV KANpovouovvToL astd po kAo, odd eEakorovBoiv va avoyvwpifovion
amd to isinstance () koL amd 10 issubclass ()7 A v TeEKUNpiwon tov module abe. H Python
duabéter modhd evowpatmuéva ABC yia douég dedopuévmv (0to module collections.abc), apld-
povg (oto module numbers), poég (oto module povada io), etoaywyn finders ko loaders (oto module
importlib.abc). Mmopeite va dnuovpynoete ta dukd oag ABC ue to module abe.

annotation
Mo eTKETO TTOU OYETILETOL UE JLoL LETABANTY, EVOL YOPAKTNPLOTIKO KAAONG 1) Mol TTOUPAUETPOG GUVEP-
TNONG 1) TULY TOU ETOTPEPETAL, TTOV YPNOLUOTOLELTAL KATA oCVUPBaon WG fype hint.

Aev givor duvati M TpodoPaoy oto annotations TwV TOTLKDV UETAPANTOV KATA TO POVO EKTELETNG, AAAG
To annotations twv global LETAPANTOV, TWV XOPAKTNPLOTIKMV KAAOTG KOl TOV GUVAPTHOEMV AoOnKey-
OVTOL 0TO EOLKO XOPOKTNPLOTIKO _annotations_ twv modules, twv KAAOEMY KOL TWV CUVAPTY-
CEMV, OVTIOTOLY .
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BA\. variable annotation, function annotation, PEP 484 kaw PEP 526, ta omoio meplypdpouv v Aettovp-
yikdtnto. Exiong BA. annotations-howto yia tig BéAToTEG TPOKTIKEG dovAeVOVTAG e annotations.

opopa
Mo T petofialetan oe wlo function () method) xotd v KAHon g ovvdptnong. Yrdpyovv dvo
€LdMN opLopdTv:

o keyword argument: £va. OpLOUOL TTPLV ATTO €VOL OVOLYVIPLOTLKO (FT.%. name=) O€ (o, KAon ouvap-
oNG 1 TEPVADVTAG TO WG TIUT| 08 £va heELko mtpLv amd * *. Tia wapdderypua, To 3 KoL To 5 amotehovv
opiopata MEEemv-kheldunv otig akodhovdeg KA OELG TTpog complex () :

complex (real=3, imag=5)
complex (**{'real': 3, 'imag': 5})

o positional argument: €vo. dpLopo. Tov dgv gival oplopa keyword. Ta oplopato O€ong pmopovv va eu-
paviCovrol otV apyns wag Motag oplopdtmv H/Kot va uetapLatovral wg otovyeio evog iterable
mpwv oo *. T wopdderyna, To 3 xou 1o 5 amotehoVv opiopata 0Eong 0TLg TOPAKATO KANOELS:

complex (3, 5)
complex (* (3, 5))

Ta opiouato eKymPoVVTOL 0TS OVOLLOOUEVES TOTILKES UETAPANTEG 0TO GmUL Wa ovvapTnong. Bi. Ty
evotnTa calls yio Toug KavOoveg Tou SLETOVV AUTHVY TNV EKYMPNOT]. ZUVTOKTIKA, OTOLAONITOTE £K(PPOON
WITOPEL VAL (PN OLUOTONOEL YLOL VOL AVATTAPOOTNOEL EVaL OpLona” 1) AELOAOYOUEVT] TLUN EKYWPELTOL OE LLOL
TOTILKT) UETOPANTA.

BA. emtiong v eyypoagt| tov yhwooapiov yia to parameter, Tyv FAQ gpdnon oto 1 dagpopd petaEo
oplopdTmv kou Topouétpmv, kol PEP 362.

aoUYYPOVOS dtoyelpLoTi)g context
'Evo avtikeipevo mov eréyyel to opatod meptBdihov o wa dSNAwon async with opilovrag tig uedo-
dovg __aenter_ () Kau__aexit__ ().ITov ewonydn and PEP 492.

aovyypovog generator
M oUVAPTNOT| TTOV ETLOTPEPEL £V asynchronous generator iterator. MolGLeL ue o ouvaptnon coroutine
mov opiletan ue async def ektdg amd Ot mepLéyel eEKPPATELS vield yia TNV Tapoywyn WaG OELpag
TLWOV TTOV UITopovy va. ypnowosoinbotv oe évav async for Bpdyo.

ZUvHOOG aVOQEPETAL OE WLOL GUVAPTNOT CLOVYYPOVOU generator, GAAG WITOPEL VO AVAPEPETOL O EVOY
aclyypovo generator iterator 0€ OpLOUEVA contexts. 2 TEPLTTOOELS OTOV TO EMLILWKOUEVO VOTUOL SEV
€LVaL OOUPES, UE TNV XPNOT) TOV APV OPWV OITOQEVYETOL 1) LTAPELAL.

Mo ouvapTnoN 0oUYYPOVOU generator (WTOopPel Vo TePLEyeL EKPPAoelg await , Kabdg K dNAmoelg
async for,KaLasync with.

aoVyypovogs generator iterator
‘Eva aviikeipevo mov dnuovpyndnke amd wa ovvaptnon asynchronous generator.

Avtog elval évag asynchronous iterator wov 6Tav KOAELTOL Y p1oLLOTOLOVTAS TV 1éEO0d0 ___anext__ ()
ETLOTPEPEL EVOL AVOUEVOULEVO OVTIKELLEVO TTOU B0 EKTELECEL OTO GMUA TNG CUVAPTHONG TOV ALoVYYPOVOU
generator UEypL THV enouevy yield ékgppoon.

Each yield temporarily suspends processing, remembering the location execution state (including local
variables and pending try-statements). When the asynchronous generator iterator effectively resumes with
another awaitable returned by __anext__ (), it picks up where it left off. See PEP 492 and PEP 525.

aovyypovog iterable
'Evo avTiKeiplevo, mov wtopet va ypnoworondei oe o dMhwon async for. [pémel vo emotpépel
éva asynchronous iterator om6d v pé€bodo __aiter__ (). Ilov ewonyOn amd PEP 492.

aoUyypovog iterator
‘Evo. ovtikeigevo mov vhomotel TG pebddovg _ aiter () xou __anext_ (). H uébodog
__anext__ () mpémel vo emoTpépeL Eva awaitable avuikeipevo. To async for emlleL To ovoue-
vopeva o emLoTpEPovToL otd ) wébodo _ anext () evog aovyypovov iterator £mg OTOU eYEipeL
wo eEaipeon StopAsyncIteration. Ewoflydn amd PEP 492.
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XOPOKTIPLOTIKO
Mo TLut) oV OETICETOL e £VaL AVTIKELUEVO TTOV CUVNOWG AVAPEPETAL LLE OVOUD YPTOLUOTTOLMVTAG EK-
ppaoelg pue Koukkideg. o mapdderypa, edv éva avitkeipevo o €xel éva xapokpLotkd a Ha avopé-
pETOL WG 0.4.

Elvow duvato vo dmoovue o€ Eva OVTLKELLEVO VAl YOPOKTNPLOTLKO TTOU TO OVOUO. TOU OEV ELVOL VALY Vm-
pLoTikd 6mtmg opiteton amd identifiers, yio TopddeLyUo XPNOUOTOLMVTOG setattr (), oV emTPETETOL
arto To avtikeipevo. ‘Eva tétolo yopaktnplotiko dev Oa eival tpooaoiio xpnNoLuoToLdVTog TG TEMELES,
Ko vt avtov Oa mpémel va avokTnOel ypnopomolmvtag getattr ().

awaitable
'Eva 0VTLKELLEVO TTOU UTTOPEL VL X pnoLpomotn el 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 diktdropag g Cone, dradn Guido van
Rossum, o dnpouvpydg tng Python.

dvadiko apyeio
'Eva. file object tkovd va. dLaalel ko va ypagpeL Svadikot timov aviikelueva. Tapadelyuato 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 VaL SLABAOEL Kot VL YPAYEL ST T OVTLKELUEVAL.

daverkn avagopd
Zto C API g Python, o davelkt| ovopopd elval (o avopopd og €vo. OVILKEIUEVO, OTTOV 0 KMALKOG
TTOV YPTOLUOTTOLEL TO avTLKELUEVO deV KaTéxel TNV avapopd. [ivetan évag aypnoipuomointog deiktng edv
TO avtikeipevo Kataotpopei. o mapdderypa, o dadikaoio garbage collection pwwopei vo apaipéoet
TO TELEVTOUO Strong reference amd TO AVILKELUEVO KOL ETOL VO TO KOTOOTPEPEL.

Zuviotatol 1 KMo tov Py__INCREF () 070 daveiki] avagood e 0KOmd VoL LETATPATEL 08 £VaL LGy V0T
avagopd EMITOMOV, EKTOG OTAV TO AVILKELUEVO OEV UITOPEL VO KOTAOTPOPEL TTPLY OO TNV TEAEVTALN
xphHon g davelkng avagopds. H cuvaptnon Py_NewRef () umopet va xpnotpomown0el dote vo. om-
wovpyn el Eva Loy vo1 avapood.

bytes-like avrikeipeva,
'Evo. avTiKeipevo mov vitootnpilel To bufferobjects kou pmopel va eEqyer éva C-contiguous buffer. Avtd
mepthappdver Oha ta aviikeipevo bytes, bytearray, Kaw array . array, Kafmg Kot ToAAd Kowva
memoryview avikeipeva. Ta dvadikov tomov (bytes-like) avitkeipevo propotv va xpnotuootnovy
ya dudipopeg hettovpyieg wou droyepitovion dvadikd dedouéva” avtd TePAauBAvVoUV CUNITTIEST OITO-
OMkevon og duadikd apyeio ko amooTol uéow socket.

Oplouéveg hertovpyieg yperdtovrol tor duadikd dedouéva va eivor uetofintd. H texunpioon ovyva
AVOPEPETOL 08 AUTA MG «dVAdIKA avTiKelpeva avayvoonc-eyypogc» (read-write bytes-like objects).
Mapadelynato PeTABANTOV OVILKEWEVMY TPOCWPLVTG 000N KEVOoT G TTEPLEXOUV bytearray Kol éva
memoryview evog bytearray. AMeg hettovpyleg amantovv Ty amofnKevong tmv dvadikmv de-
dopéva oe auetdfinta avitkeipeva («duadtkd ovTikeipeva wovo avayvwang»” (read-only bytes-like
objects) wopadeiyuaTo oVTOV TEPLEXOVY bytes Kot éva memoryview evog bytes avitkeluévou.

bytecode

O mnyaiog kwdika g Python uetaylottiCetol og byfecode, M €0MTEPLKT) OVOTOPAOTAON EVOG TTPO-
vpdupatog Python otov diepunvéa CPython. To bytecode amobnkevetol emiong Tpoowpvd og . pyc
apyelor MmoTe M eKTELEON TOV idLOV apYELOV Va. givan YpNyopdTEPN TNV devTEPT POPA eKTENEONG (WITO-
pel vo amopevy el 1) €K VEOU HETOYADTTLON aItd TOV TTNyoio KOdika oe bytcode). Avti 1 «evaldpeon
YADOoO» Aéyetal OTL TpExel 08 WwoL virtual machine oV €KTENEL TOV KMOLKO N AVAG TTOV OVTLOTOLYEL
oe kGOe bytecode. AGfete vty OtL To. bytecode dev avOUEVETOL VO AELTOUPYOUV HETAED SLOPOPETLKMV
ELKOVIKMV piyovarv Python, ovte va eival otabepd petalt twv ekddoemv g Python.

Mua Mota amd 0dnyieg oyetikd ue ta bytecode umopel va Bpebei otnv tekunpimon yio to module dis.

callable
‘Eva callable eival évo aviikeipevo mov umopel vo kKaheotel, mbava pe éva ovvolo opopdtmv (BA.
argument), A€ TNV TOPAKATO OVVTAEY:
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[callable(argumentl, argument2, argumentN) }

Mua function, Kau kot” eméktaon wo method givon callable. 'Eva otryudtumo pa KAGonMG o vhorotel

™ puébodo __call () eivau emiong callable.

callback
Mua subroutine cuvaptnon 1 omoia petafLpateTor wg OpLona Tov Bo EKTENEOTEL KATOLA OTLYUH OTO
UEALOV.

KAdon

‘Eva pdTumo yia T dnuovpyia avitkeluévav mov opifovtat amd to ypnot. Ot opiouol Khdoewv ov-
vii0wg TepLExovv opLopovc uefoddmVY Tov Aettovpyolv oe OTLYULOTUTTA TS KAGOTG.

uetafinTy kAdong
Mo petapinti wov opiletat oe o KAGoN Ko Tpoopiletol va tpomomotn0el wovo oe emimedo KAAong
(. Oy o€ éva OTLYIOTUTTO (aG KAAONG).

uryodikog apdpdg
Mo eTTEKTO.0T TOV YVMOTOU GUOTHUOTOS TTPOYIATIKDV aptOimy 6To 05toio dhot ot aptboi ekgppdLovon
wg dBpolopa evOg TPAYLOTLKOV HEPOUG Kot evOG pavtaotikol uépovg. OL pavtootikol aptbuot eivor
TPAYUOTLKG TOAMATAAOLO TG PAVTOOTIKTG Hovada (1 TeTpaymvikn pila Tov —1), mov ovyva yplgo-
vtou i ota padnpotikd 1 3 oty unyovikr. H Python €yel evoopotmpuévn voothplEn yio wyadikoig
apLBuovg, oL omoioL YPApovToL (e autdV TOV TELEVTOL0 CUUPBOLLOWO” TO PAVTOOTIKO WEPOG YPApETOL
ue to eminua j, m.y., 3+13. [Na vo arokthoete mpdofaoy oe ovvOeTa LodUvaua to module math,
ypnopomomote to cmath. H xpnon uyadikmv aptBumy eivor £va apkeTd Tponyuévo nodmuotiko xo-
POKTNPLOTLKO. €AV OEV YVWPILLETE TNV OVAYKT) TOVUG, ELVAL OYEDOV GLYOUPO OTL UTOPELTE VOL TOL OLYVOT|OETE
UE ALOPANELXL.

duayeploTiic context
‘Eva avtikeipuevo mou ehéyyel 1o meptPdilov mov epgavitetar og pio dnhwon with opifovrog Tig pe-
00dovg __enter_ () xou__exit__ ().B\ PEP 343.

context petafinTi
Mo petoAnti mov uropet vo €xel ToAEG SLAPOPETIKES TUEG OVAAOYX UE TO context. AUTO elval KOLvo
oto Thread-Local Storage 0mmov k@0e eKTELEOT TOV VIUOTOG WTOPEL VAL €XEL OLAPOPETLKT] TLUT YLOL [LLCL
uetapint. Mapodho ovtd, pe Tig context ueTaANTES, WTOPEL VoL VITaPYouV TOMA TEPBAILoVTa o8 Eval
Vo EKTELEONG KO 1) KOPLAL Y P1 01 YLaL TIG context UETAPANTES eival 1) TOPAKOAOVONON TV HETOLANTMV
oge Tovtdypoveg depyooies. Bh. contextvars.

contiguous
‘Eva buffer Oewpeital contiguous axplpag edv eivar elte C-contiguous eite Fortran contriguous. To buffer
undevikdv draotdoemv givor C kou Fortran contiguous. Ze ovodSLAOTATOVG TEVOKES, TO OTOLYELL TPE-
7EL Vo Toro0eTovvVTaL 0T Ui To éva Sistha 0To GAAO, Ue OELPG aOENONG TWV SEKTHOV EEKLVAVTaG
o to undév. Ze mohvdidotatovg C-contiguous Tivakes, 0 TehevTaiog deikThg neTafdiletan TayvTePa
OTaV EMLOKETTOVTOL TOL OTOLYELO O OELPA dlevBuvong uvhung. Qotdoo, oe Fortran contiguous mtivakeg, o
TPADTOG OELKTNG LETAUBAMLETAL TTLO YPT)YOPOL.

coroutine
O coroutines eivou puo. Lo yevikevpéve nope subroutines. Ot subroutines el0dyovtol og £va onuelo Ko
eEdyovtan oe dAho onueio. Ou coroutines umopei va. elooyBovv, va eEoybolv Ko vo ouveLoTovV o

TOAGL SLapopeTikd onueio. Mmopovv va vhosofjcovy pe v dMMiwon async def. B eniong PEP
492.

coroutine ocuvaptnon
Mo GUVAPTNON TTOV ETLOTPEPEL EVOL coroutine OVTIKELIEVO. Mia ouvaptnor coroutine Wtopei va opieTon
omd ™ dMhwon async def, Kou uwopei vo epLéyel await, async for, kot async with AéEeig
KAEWOLA. AvTtég eLonyOnoav amd to PEP 492.

CPython
H xavovikn vihomoinon g yhwooog mpoypoppatiopot Python, 6mwg duavéuetan ato python.org. O 6pog
«CPython» ypnowpomoteiton 6Tav eivol omopaiT)To Yio TV dLAKPLoN GuThG THG VAOTTOIN NG atd dAleg
omwg M Jython ) m IronPython.
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decorator
Mo oUVAPTNOT TOU ETOTPEPEL ULt GARY GUVAPTNON, CUVNOWG EQPAPUOTETAL WG UETOTYUATIOUOS OU-
VAPTNONG YPNOWOTOUDVTAG THY Rwrapper oUvtagl. Zuvnoiouéva mapadeiyuoto yio Toug decorators
gival classmethod () Kaw staticmethod ().

H ovvtaEn tou decorator eivar amhmg KAA®ITLOTIKY, 0oL akOhovBoL &0 0pLopol ouvapTHoemv eival
ONUaoLOA0YLKG LoodUvauoL:

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arqg):

H idua évvola vtdipyer yio g kKAGoerg, ol ypnolpomoteitol Myotepo ovyvd exei. BL. v tekunpimon
yio. function definitions kou class definitions yia epLoodtepa oyeTikd pe Toug decorators.

descriptor

Kd&0e avrikeipevo mov opitel tig peboddovg __get_ (), __set_ (), N __delete__ (). Otav éva
YOPOKTNPLOTIKO KAAOoNG givan descriptor, 1) €10LKY) SEOUEVTIKT) TOV CUUTEPLPOPE EVEPYOTTOLELTOL KOTO
TV avalNTnon XopoKTNPLoTiKdv. Kovovikd, ypnouomoimvtag a.b yuo va AMfete, va opioete 1) va dia-
YPGPETE VA XOPAKTIPLOTIKO avalnTd TO AVTIIKELUEVO UE TO Ovopa b 0To AeELKO NG KAGONG Yo @, AN,
e to b elvon descriptor, kaettor ) aviiotolyn nébodog descriptor. H katavonon twv descriptors eivor
70 KA&WSL Yo TNV KahiTepn kotavonon g Python yioti avtd amotehel Ty fdon yio ok yapoktn-
PLOTLKA 0T CUVOPTNHOELS, ueBOdoVg, LLOTNTES, HEB0dOL KhAOoNG oTaTikég uéBodoL, KoL avagpopd oe
ooUTEP KAAOELS.

[0 TepLocdTEPEG TANPOPOPLEG AVaPOPLKA U TIG ueBOdOVG TV descriptors, BA. see descriptors 1) to [Tpa-
KTLKOg 000G Yo T xpron tov Descriptor.

AeEiko
"Evol TpOooeTOLpLOTIKOG TTivaka, 0mov avbaipeta khewdid avriotoryilovtat og Tuésg. Ta kheldid wopei
VoL glvan 0TtoL0d1IToTE avTLKElpevo ue uefddovg _hash_ () xou__eq (). OvoudZetar wg hash oto
Perl.

KaTavonoen Aeukov
'Eva ovprtoyng tpomog yio va emeEepyaoteite dha 1 uépog Twv oToL elwV 0 £va EmOVOAITTIKO KoL
vo emoTpopel Evo pe heEkod ue ta amoteléoparta. results = {n: n ** 2 for n in
range (10) } dnuovpyel éva AeELKO mou mepLéyeL To KAWL n Tov avTLoTOLYILETOL Ue TV T n * *
2. BA. comprehensions.

oym AeEkov
Ta avikeipeva Tov emoTpépovior oo dict .keys (), dict .values (), kouwdict.items () xo-
hovvtar 0elg AeEkov. AuTég Tapéouy wa dSuvoutky dym Twv TV eyypap®v tou AeELkov, Tov o)-
naiver ot dtov To heEukd puetafadietol, 1 6Py ovitkatomtpilel avtég Tig odayés. Na va avoykdoete
v 0y AeEkov va yivel pa hpng Mota ypnowwomowmote to 1ist (dictview) . BL. dict-views.

docstring
A string literal which appears as the first expression in a class, function or module. While ignored when the
suite is executed, it is recognized by the compiler and put into the __doc___ attribute of the enclosing class,
function or module. Since it is available via introspection, it is the canonical place for documentation of the
object.

duck-typing
"Eva. 6Tl Tpoypoptotiopot ov dev eEeTdleL ToV THo eVOG VTLKELUEVOD YLOL VO TTPOGOLOPLOEL OV EYEL
T 0ot dLemagn” avtibeTa, 1 nEB0SOG N TO XOPAKTNPLOTIKO KaAEiTOL ammhidg 1) xpnowworoteitan («If
it looks like a duck and quacks like a duck, it must be a duck.») Aivovtog éugpaon otig diemapés Kan oyt
0€ OUYKEKPLUEVOUG TUITOVG, 0 KOAG OxedLaouévog KHdKag BeAtiddvel Tv eveMEia Tov emitpémovtag
™V TohvpopLkn vrokatdotaot. O timog duck-typing amogpelyel doKLIES Y PN OLLOTOLMVTAS type ()
N isinstance (). (Enueiwon, wotdoo, 6Tl 0 THTOG TATLAG duck-typing umwopet vo cuumAnpwOeL pe
abstract base classes.) Avti awtol, cuvnOmg ypnowomolel dokuég hasattr () fapoypaupatiopnd FAFP.
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EAFP
ITwo e0K0AO VO TNTNOELG OLVYYDPEDT TTaPd AdELD. AVTd TO KOLvd 0TV Tpoypauuatiopnoy og Python tpois-
o0&TEL TNV VTTapEN £YKUPmV KAELSLMV 1] (OPOKTHPLOTIKOV Kot cuhhaufdver eEanpéoelg edv 1) vitdeon
arodey el eopaluév. Avtd to Kabapo Kot ypNyopo OTVA XopoKTNPILETAL Amd THY TAPOVGLO TTOMMV
dMhwoewv try Ko except. H teyvik épyetol og avtibeon we to atuk mov eivaw LBYL kowvd o€ moAhég
deg yhnooeg, dmtmg 1 C.

£€K@ppaon
"Eva. Koppdtt oUuvtaEng mov propel vo agtohoynOel oe kdmoro tur). Me dhho AoyLa, o €K@paat eiva
HWoL CVOOMPEVOT aToLyelmV EKppaong dmwg kKuploreEia, ovopata, TpOaBaon YAPAKTPLOTIKGOVY, TeEhe-
0T£G 1] KMOELG OUVAPTHOEMV TOV OLEG EMOTPEPOVY (uaL TUY). Ze avtifeon pe mohhég dhheg yYhwooeg,
dev eivar Oheg oL YAwooukég douég exppdioets. YAy ovve emiong statements Tov deV Itopovv vo. xpnot-
pozomBouv mg ekpPATELS, Omtwg To while. O avabéoelg Tudv eivar emiong dniboelg oyl ekppdoeLc.

module exékTO0NG
'Eva module ypoupévo oe C 1) C++, wov ypnoipomoteitol amd to C API tng Python yia vor ahdniemidpd-
GOUV L€ TOV TTUPNVOL KOl L€ TOV KMOLKA TOV YPNOTH).

f-string
Ou xvplokektikég oupporooelpés ypnowwomoloty pe mpdhepa "£' M "F' ovoudtovior ouvnOwg «f-
strings» ov eival ouvtopoypapia tov formatted string literals. BA. eiong PEP 498.

OVTIKEIUEVO apyEiov
‘Eva avtikeipevo mov exBétel évo API mpooavatolouévo oe apyeio (e nebddovg dmwg read () M
write ()) og évav vmoKeipuevo mopo. Avdhoya pe tov TpdITo Tov dNUoVPYNONKE, £va AVIIKEIUEVO
apyelov wwopei vo pecorafinoel oty Tpdofacn o€ Evo TPAYUOTIKO apyelo 1o dloko 1 o€ GAlo TUmo
ovoKeUNG amodnkevong 1 emtkowvoviag (Yo mopdderypa tumiky) eicodog/ €50d0g, in-memory buffers,
sockets, pipes, kKA .). Avtikeipevo apyeiov ovoudtovron emiong file-like objects N streams.

2TV TPOYUOTLKOTITA VITAPYOUV TPELS KATNYOPLES AVTLKEWWEVWV apyelov raw dvadikd apyela, buffered
dvadikd apyelo xon apyelo keyévov. OLdLemapég Tovg opilovtal oty evotnta i o. O Kavovikdg Tpdmog
YLOL VO ONULOVPYNOETE VOl OVTLKELUEVO QY ELOV EVAL XPNOLUOTOLDVTOG TV CUVAPTNON open () .

OVTIKEINEVO TOV noLALEL pe apyeio
‘Eva ouvavupo pe to file object.

KWOLKOTOI1)01] CUGTIUATOS UPYELMY KO XELPLOTHS CPUAUATOV
H xwdikomoinon Kot 0 XEPLoTNg 0QaAndTov ypnotpomoteitor amd v Python yio tv ammokmdiko-
moinon twv bytes amd To Aettovpylkod cuoTnUa KoL TV Kodikoroinon og Unicode yio 1o Aettovpylko
avoTNU.

H xwdikomoinon cvothuatog apyeiov Wwropel vo eyyunbel v emTuynuévn amokmdLkomoinon Ohmy
TV bytes kKatw oo 128. EAv 1 KwdLKOTOiN01 CUOTHUATOS APYELDV SEV TOPEYEL ALUTIHV TNV EYYUNOT), OL
ouvoptnoelg API umopovv va gyeipovy éva UnicodeError.

Ovouvoptioelg sys.getfilesystemencoding () Katsys.getfilesystemencodeerrors ()
uopovV va xpNoLtuootnBovy Yo var MAPETE TV KmALKOTOINoN TOU CUOTHUOTOS OPYELWV KOl TOU
YELPLOTH OPOALATWY.

O filesystem encoding and error handler duopop@mvoviol Katd thv ekkivnon tg Python amd ™ ov-
vaptnon PyConfig_Read () Ph. filesystem_encoding kou filesystem_errors uéln tou
PyConfig.

BM. emiong to locale encoding.

finder
‘Eva aviikeipevo mov poomadel va Bpet to loader yio éva module wou e1omy 0.

Since Python 3.3, there are two types of finder: meta path finders for use with sys.meta_path, and path
entry finders for use with sys.path_hooks.

See PEP 302, PEP 420 and PEP 451 for much more detail.

aKEPOLO draipeo)
H padnuotixn diaipeon mov oTpoyyvhomoLel Tpog ta KATw 0Tov Kovitvotepo aképato. O teheotng oke-
porag daipeong eivon / /. Twa mopdderyna, ) éxgpaon 11 // 4 aSlohoyeitol og 2 o ovtifeon ue v
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T 2. 75 TOV EMLOTPEPETAL OTTO TNV LALPEON Pe VITOdLOOTOM). EZnueiwon 6tL (-11) // 4 xGver -3
emELN AT ELVOL 1] OTPOYYULOTTOINGT /P0G Tar Kdtw tov —2 . 75. BL. PEP 238.

ouvapToN
Mo oelpdt 06 dNAMDOELG TOU EMLOTPEPOVY KATOLA TLUT] O QUTOV TTOU TNV KAAEDE. e aUTéG UTOPOVY
V0L TEPOAOTOVV KAVEVA 1] TTEPLOOOTEPA OOLGLUATA TTOV UITOPEL VO XPNoLootn el Yo TV ektéleot). Bh.
emiong TG evotteg parameter, method, kou the function.

ouvapTNo annotation
'Evag annotation Wog TopapéTpon GuVAPTNOoNG 1 WLAG TWUNG ETLOTPOGPTS.

Ou ovvOPTNOELG annotations GUY VA YPNOLOTTOLOUVTOL YO vodelEels Thmov: yio, ToPdderyua, auty M
OUVAPTNON OVOUEVETAL VO TTAPEL HVO OPLOUATO 1Nt Ko ETLONG AVAUEVETOL VO £XEL L0 ETLOTPEPOUEVT|
T int:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

H oVvtoEn ouvdptnong annotation avolvetar oty evotnto function.

B\ variable annotation xou PEP 484, tov mepLypapet ovt) v Aertovpytkotnta. Emxiong BA. annotations-
howto yi0. Tig KOAUTEPES TPAKTIKEG HOULEVOVTOG e annotations.

future
‘Eva future statement, from _ future_ import <feature>, KaHodNYEL TOV UETAYAMTILOTY VO
uetayhmtrioet to Tpéyxov module yPNOLUOTOLHOVTOG GUVTOEY 1) ONpactoloyia tov B Yiver 1) TumtLKY og
pelhovtiky) ékdoom tng Python. To module _ future_  tekunplwvel tig mbove TWES Tov feature. Me
TV ELOOYWYY OUTAG TNG AELTOVPYIKNG LOVASOG Kat TNV AELOAOYNOT TWV UETAPANTMOV TG, umopeite va
deite moTE oL vEa duvatdOTNTO TPOOTEONKE YL TPWTN POPd TNV YADooo Ko ote Oa yiver (1) €yive)
1) TTPOETULAOYY):

>>> import _ future
>>> _ future__ .division
7Feature((2, 2, O, 'alpha', 2)/ (31 OI OI 'alpha'/ O)l 8192)

OUALOYT] CLTTOPPLUATOV
H drodikaoia amehevbépmong g uvnung otav dev ypnotpomoteitar ahho. H Python ektehei ovihoyi
ATOPPLULATOV UECH KATOUETPNONG AVAPOPMY KoL EVOG KUKMKOU OUALEKTH OKOUTILOLMV TTOV elvoLl o€
Béom va aviyvevel Kol vo omtdel Toug KUKhovg avapopds. O ovihéktng amoppludtwv uropel va eheyyOel
xpnoomotwvtag to module ge.

generator
Mo ouvApTNON TTOV ETLOTPEPEL EVaL generator iterator. MOLATEL UE O KAVOVLKY) GUVAPTNON EKTOG 0ITO TO
OTL TTEPLEYEL EKPPAOELS Yy 1 e 1d yia TNV TOPAYmYT) WOG OELPAG TILMV TTOV UITOPOUV VO XPNOLUOTTOLN 000V
og évav pdyo for M| Tov uTopoVv va ovokTNOoUV o T Qopd pe TV ovvaptnon next () function.

ZVVHBWG AVapEPETOL OE L0 GUVAPTNOT) generator, GAAG LWITOPEL VO VOPEPETOL OE EVALV generator iterator
0€ PEPLKA contexts. Ze TEPLITTMOELG OTTOV TO ETMLOLWKOUEVO VOO OEV ELVaL OAPES, 1] XPNOT) TWV TAPWV
OpWV ATOPEVYEL TNV ACAUPELQL.

generator iterator
'‘Eva avTLKELIEVO TOU dNULOVPYELTOL OTtd (i oVVApTNOY generator.

Each yield temporarily suspends processing, remembering the location execution state (including local
variables and pending try-statements). When the generator iterator resumes, it picks up where it left off (in
contrast to functions which start fresh on every invocation).

generator £K@pao)
Mua ékppaon Tou emLOTPEPEL Evav iterator. Moldlet pe Kavoviky £kgpaon mov akolovBeitan amd wo

npdtaon for mov opilel o petafint) fpodyov, Eva evpog Ko o Tpoapetikt) tpdtaon if. H ouvv-
duaouévn EKpPaoT dNUOVPYEL TLUES YLO. 0L CUVAPTNOT EYKAELOUOV:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285
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YEVIKT] GUVAPTNOT)

Mo ouvdptnon mov asoteheitan amd ToMMATAEG CUVAPTHOELS TTOV VAOTTOLOUV TNV idLol Aertoupyia yio
drapopetikovg Tomovg. TTowa vAomoinom mpémet va ypnotpomotn el Katd ) dLapKeLo wo KAHong Ka-
Bopiletan amd tov adydpLOuo amooToMC.

B emiong v Katoympnon tov single dispatch, tov decorator functools.singledispatch () Ko
PEP 443.

YEVIKOG TUTOG

GIL

'Evag type Tov WTopEL Vo Topaetpomot0el” ouvnbmg po container class, 0twg 1ist 1) dict. Xpnot-
HOTTOLELTOL Y10 Type hints KoL annotations.

TN epLoooTepeg Aemtouépeies, PA. generic alias types PEP 483, PEP 484, PEP 585, xou to module
typing.

BA. global interpreter lock.

global interpreter lock

O unyoviopds mou ypnotuosoteiton amd tov diepunvéa CPython Yo va dLaopaiioer 6t povo va viuo
extelel Python byrecode k&0 @opd. Autd amlomotel v vhomoinon CPython dnuovpydvrog to po-
VTELO OVTLKELUEVOD (CUIITTEPLNOUBOVOLEVOY KPLOLW®WY EVOOUATOUEV®Y TUTTMVY OTTwg Y. dict) éupeoa
aoparéc évavt toutdypovng Tpdopaong. To kheldwua ohdkAnpov tov diepunvéa dlevkoruvel Tov diep-
UNVEQ VaL ELVOL TTOAMATTADV VIUATOV, LG BAPOG TOU UEYAAOU UEPOVG TOV TTAPUANALOUOV TTOV TTOPEYOUV
oL UMy aveg TOAMATAWV eneEepyaoTdy.

Qo0t600, 0pLOUEVES AELTOUPYIKEG LOVADES ETEKTOONG, €iTe TUTILKEG eite Tpitwv, ELouvV oYedLAOTEL £TOL
wote va omehevdfepdvouy to GIL dtav ektehoUv £pyaoieg EVIOTIKMV VITOLOYLOU®DV OTTMWG CUUTTiETN 1)
katokeppotionds. Eniong, to GIL anelevbepwvetal wdvto otav extereite 1/0O.

[ponyoupeveg tpoomdbereg va dnuovpynel évag drepunvéag «eAevBepwv-vnudtwvy» (AUTdg ToU KAEL-
ddveL ta Kowvoypnota dedopéva pe ol Lo AemTouepy evancOnoio) dev NTov emTVYElG ETELON 1) OITO-
8001 VITOYMPNOE 0TV KOLVT| TTEPimTmaon evig eneEepyaoth. [liotevetal dTL 1) vTépBoon outov Tou Tpo-
BAuatog amddoong Ba KAvouv oA TTLo TEPLTAOKT KoL ETOUEVIS TTILO OATTAVIPT) OTNV GUVTIHPNOT).

hash-based pyc

'Evo apyeio Kpugng wnung bytecode mtov ypnOLUOTOLEL TOV KATOKEPLATIONO Kot L Tov (pdvo Tpo-
TTOTTOLNONG TOV OVTLOTOLYOV OPYELOV TPOEAEVONG VLG VAL TTPOGOLOPLOEL TV EYKUPOTNTO TOV. BA. pyc-
invalidation.

hashable

IDLE

‘Eva ovtikeipevo eivan hashable v €yel pua Ty KaTtokepuotlopoV ov dev aAldlel moté kotd ) dudp-
KELL TG Cwmg tov (xperdeton o uéBodo __hash__ () ), ko uwopet va ouykplOei pe dhho ovtikeipevo
(xperaCetan o uébodo __eq  ()) . Ta hashable ovTIKEIUEVO TTOV GUYKPIVOVTOL OOG TTPOG TV LOOTNTO.
TOVG TTPETEL VAL £XOVV TNV idL0L TLUT| KATUKEPUOTIOUOV.

H YmapEn hashable kéiver évo aviikeipevo va pumopel vo ypnotpomon el mg kheldi AeEikov Kau mg uéhog
€vOg OUVOLOU, ETTELDN AUTEG OL HOUEG DEDOUEVV YPTOLUOTTOLOVV TUUEG KATOKEPUOTLOUOU.

Ta mepLocdTEPQ ATd TO QUETAPANTA EVOOUATOUEVO OvTLKELIEVA TN Python witopotv va kortakepuatt-
0ToUV” TaL UETAPANTA KOVTELVEP (OTTWG OL MoTeg 1) Tt AeELK @) dev elvar” ta apetdfinto Koviévep (OTTmg
mhelddeg ko ta frozesets) LITOPOUV VoL KOTOKEPUATLOTOVY UOVO €AV TO. OTOLYXELD TOVG ElvOL KATAKEPUOL-
twouéva. Ta aviikeipeva mov eivar oTyumoTumo KAMLoewy ov opifovtal amd 1o xpNot UTopouv vo
KoTaKePUOTLOTOUV atd mpoemihoyn. ‘Oha CUyKpivovTaL GVioo EKTOG OITO TOV EQUTO TOVUGS) KOL 1) TLUY
KATOUKEPUOATLOUOU TOVG TIPOEPYETOL atd TO id () .

"Eva. ohokAnpouévo meptBdilov avamtuEng Ko udbnong yia thv Python. idle givon éva Booukd mept-
Barov eneEepyaoiag Kat diepunvéon ov guvodeteton ord TV Ttk diavour| g Python.

immutable

‘Eva avtikeipevo pe otabepn) tuy. Ta ouetdfinta avitkeipeva tepthaufavouv apbuots , ouuBoro-
oelpég Kau mhelddec. ‘Eva tétoto avtikeipevo dev popei vor odAGEeL. 'Eva véo avtikeipevo mpémel vo.
dnuovpynOei v mpémer va amodnkevtel o dropopetik) tiur). [aifovv onuovtikd pdoro og pépn 6o
wo. 0tafepd asmarteital, yio mopdderyno wg KAedi oe évo AeEko.
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e1oayouevo path
Mo Mota amd tomobeoieg (] kataywoloeis diadoounc) mov uTopovy va avalntOoOv path based finder
yio va gloayBotv modules. Katd tv duadikacio eloaymyng, ovth 1 Aiota ue torobeoieg ouvnbwg ép-
yetal amd sys.path, alhd yia ta vromoakéta umopel emiong va €pBel amd To YOPAKTNPLOTIKO TOV
TOKETOV YOVEQ __path__ .

EL6UYOYY)
H dradikaoia Katd tv omoia 0 Khdikag e Python o éva module eivon dto0€ouun otov kwduko Python
evog dlhov module.

1o0ymyEng
‘Eva avTLKELIEVO UTTOPEL KoL var avoCNTEL Kot va poptwvel éva module” kou éva finder xou loader ovti-
Kelpevo.

dadpaotikog
H Python éygt évov dLadpaotikd dieppunvéa 0ov onuaivel Ot (WTOPELS VoL ELOGYELS ONAMOELG Kal EKPPU-
OELG OTV ELOAYWYT) EVIOMMV TOU SLEPUNVEX, EKTEADVTOG TEG AUECO KOl EUPOVICOVTAG TO OVTLKELUEVAL.
Amlwg ekKLvijoTe TV python ywpig opiouata (bavamg emléyovtag To amd To KUPLO LEVOD TOV VIT0-
Loyloth oac). Amotehel Evov 0rrodoTIKd TPOTTO YLaL va SoKLAOTE VEeg 1OEEG 1) va eEeTdoTe AetTovpyLkég
povadeg Ko mokéta (Buunbeite help (x)).

interpreted
H Python eivouw pa interpreted yYAwooa, og avtifeon pe po LETOYAMTTLOUEVT], AV KoL 1) SLAKPLOY UITOPEL
va givar kow BoA Moym g Tapouoia tov bytecode petayhmtTioTy). Autd onpaiver OTL To apyEio TPO-
£\evomg Wtopouv vo. ekteleoToVV artevdeiog ywpig vo dnuovpyndei pntd éva exteréolo apyeio mov
oty ouvéyelo extereitol. Ol interpreted yAdooeg ovvnBwg éxovv WKpOTEPO KUKAO ovamTuENG/ evto-
TLOROV CPAMLATOV ATtd TLG UETAYADTTLOUEVES, OV KL TO TTPOYPAUUOTA TOUG YEVIK( EKTELOVVTAL TTLO
apYd. B, eniong inferactive.

TEPUOTIOUOS AELTOUPYING drepunvin

‘Otov Tnelton tepuatiopds Aettovpyiag, o diepunvéag g Python eloépyetar oe o eldik @pdaon dmov
amehevfepdvel 0TadLAKAE OLOVS TOUG dLaTLOEUEVOUG TTOPOUGS, OTTWG AELTOVPYIKEG UOVADES Ko oML
ég kploeg eomtepikég dopéc. Emiong mpayuatomolel apketéc KAMOELS 0TO GUAAEK TG GKOVTLOLDV.
AvTO UITOpEL VO EVEPYOTTOLT|OEL TNV EKTELEDT] KDOLKA 08 KATOOTPOPELS TOV 0pilovTal amd To Yot 1
oe callbacks ao0evoig avramokpioels. O kmdiKag Tov eKTELEITAL KATA T1) (PAOT TEPUOTLONOV AELTOVP-
viag umopet va ouvavtnoel dudpopeg eEatpéoels, kKabmg oL TOPoL 0Tovg 0moiovg PacileTar evogyeTon
vo. unv hertovpyotv mhéov (ouvnOm mopadeiyuato eivar oL Aettovpytkég novadeg PLpiodfkng M o un-
YOVLOUOG ELOOTTOLTEMV).

O Baoikdg hoyog Tepuatlopot Aettovpyiog Tov diepunvéa eivor 6tL to __main__ module 1) ohokAnpw-
OnKe 1 EKTELEON TOV KMOOLKO TTOV £TPEYE.

iterable
An object capable of returning its members one at a time. Examples of iterables include all sequence types (such
as list, str, and tuple) and some non-sequence types like dict, file objects, and objects of any classes
you define with an __iter__ () method or witha __getitem__ () method that implements sequence
semantics.

Ta iterables umwopovv va xpnotnoson0ovv og éva for pdyo Kot og Todd Ghha onueia dTov ypeLdite-
T W akohoudia (zip (), map (), ...). Otov éva iterable ovtikeipevo petafLpatetor wg OpLonc oTny
EVOOUATOUEVY OVVAPTNON 1ter (), emOTPEPEL Evay iterator yia AVTLKEIEVO. AUTOg o iterator eivol
KOAOG Y10l €va TEpaoua ad Eva GUVoro TmV. OTtav XpNOLUOTTOLELTL ETOVOANTTTLKA, CUVNO®GS eV €l-
VoL OTTaPaiTTO VO KOAESETE TO iter () 1 va aoyolndeite wdvol oag ue oviikeipeva iterator. H d8nhmon
for To KAVEL AUTOUATO. VL0 EGAG, ONULOVPYMVTAGS O TTPOCWPLVY] LETAPANTH YWPLG GVoud Yia VoL KPOTa
ToV iterator yio TNV dudipkela Tov Bpdyov. Bh. emiong iterator, sequence, Ko generator.

iterator
'‘Eval 0VTLKELUEVO TTOU OVTLITPOCMITEVEL Ui, por] dedouévmv. Exavahaupovoueveg kANoeLg Tpog T wé-
00d0 __next__ () Tou iterator (1] petaifoon Tov OTHY EVOOUATOUEVY CUVAPTNON next () ) emoTpé-

oV dLadoy Lk otolyeia aTnVv pot). Otav Oy teplocdtepo dedouéva eivar dStadéoua eyeipetal pua eEai-
peon StopIteration. Ze autd To onueio, To avtikeipevo iterator eEaviieital Kot TuyOV mEPOLTEPW
KMoewg ot uébodo __next_ () amhog amhd eyeipovv Eavd to StopIlteration. O iterators mwpé-
TEL VAL EXOUV WoL uéB0do __iter_ () mov emloTPEPEL TO D10 TO avTLKELUEVO iterator, £TOL WoTE KAOE
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iterator va. eivow emiong iterable Kau umopel va ypnopwomombel ota mEPLOGOHTEPQ UEPT OOV YivovTon
omodeKktol Kot dAhol iterators. Mio. aEtoonueimty eEaipeon eival o kddLKOg Tov emLyeLpel TOMATAG
mepdopata iteration. 'Eva aviikeipevo koviéivep (Ommg éva 1ist) mapdyel évav kobapd véo iterator
K&Oe popd mov kAOe popd Tov peTaPLBAleTaL 0TV CUVAPTNON 1ter () N TOV XPNOLULOTOLELTAL OF VO
for Bpoyo. Edv emyeipnioete avtd ue évav iterator amhdg Oo emotpéypete To id1o eEavtinuévo avri-
KELWEVO iterator sTov YPNOLOTOLONKE 0TO TPONYOUUEVO TEPOOpQ iteration , KAvOvTag TO va QaiveTol
oav €va GOEL0 KOVTELVEP.

[MepLoodtepeg mAnpoopieg wmopotv va fpedolv oo typeiter.

Agmropépera viomoinons CPython: To CPython dev epappolel pe ovvémelo v amaitnon va opitst
évag iterator __iter_ ().

ouvaptnon key
Muia ouvapTnon KAEWSi 1] o cuvapTon TaELVOUNOoNG Eivor UL SuvaTOTHTO KAHONG TTOV ENLOTPEPEL (L0,
Ty Tou yprotporoteiton yio toEvounon 1 dudtokn. Mo mapddeyua, locale.strxfrm() ypnot-
LLOTCOLELTOL YLOL TV TTOPpay WYY VoG KAELDLOU TaEivounong mov yvmpilet Tig ovuBaoelg ToEvounong yio
OUYKEKPLUEVES TOTILKES pLOULOELS.

‘Eva oplBudg epyodleimv omnv Python &éyetar Paotkég ouvaptnoels yio Tov €AEYX0 TOU TPOTOU
ue Tov omoio Tt otouyeiar taivouovviar 1 opadormolovvtol. Avtd mepéyovv min (), max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest(),
Kow itertools.groupby ().

Yndpyouv didgopotr tpdrot yio vo dnuovpynoete uia ovvapton khewdov. INa mapdderypo. 1 ué-
00d0¢ str.lower () WTOPEL VO (PNOLUEVOEL WG OLVAPTNOT KAELDL YLOL TV TEPLTTWOT WY dLAKPLONG
seCov-kegalaiwv. Evollaktikd, ua cuvaptnon kiewdot pmopet vo dnuovpynbel amd wo lambda
éxppaon 0nwg lambda r: (r[0], r[2]).Emiong operator.attrgetter (), operator.
itemgetter () Kaw operator.methodcaller () &lvol TPELG KATOOKEVOOTEG FOOLKMV GUVAPTI-
oewv. B\, 1o Ta&woéunon HOW TO yia mapadeiyuoto dnuovpyiog Kot xpfong Pactk®v GuvopToemy.

opropa keyword
B\. argument.

lambda
Mo avavUpIY EVOOUOTWUEVY GUVEPTION TTOV OITOTEAEITOL OTTO LOL LOVADLKT) expression M 0toio aELo-
hoyeitar Otav kaheiton n ovvdptnon. H ovvtaEn yuo t dnuovpyia wag ovvdptnong lambda eivon
lambda [parameters]: expression

LBYL
Look before you leap. Avtd to oTvh Kmdikomoinong eréyyel prtd TG TPoiToOETELS TPLV TPAYUATOTTOL-
NoeL KMoeg N avalnmoels. Avtd To oTul EpyeTaL 08 avtifeon ue v Tpooéyylon EAFP Ko yapoKT)-
piCetan amd v mopovoio ToADV dNhmoewy 1 f.

e éva meplailov molhamhmv vnudtov, 1 tpoogyyion LBYL pmopel va diakivéuveloel vo. ELoAyEL
o ovvOfKn aydva uetaEl «the Looking» kau «the leaping». ['o tapdderyna o khdikag, 1f key in
mapping: return mappingl[key] wropel vo omotiyel v Eva GALo VU apaLpEceL To key oo
TO mapping petd ™) dokiun, olG TP oTd THY ovalNTNon. Auto to TPOPANUO umopel va Avbel pe
KA OUOTOL 1 XpnoLpomolmvtas Ty wpocéyyion EAFP.

Aiota
'‘Eva evoouotouévo Python sequence. Iapd to Ovopa tov, LoLaLeL TEPLOCOTEPO LE EVOLV TIVOKA 08 GAAES
YAwooeS Topd ue po ovvoedeuévn hMota, kabag 1 tpocPaon oto otolyel eivar O(1).

list comprehension
'Eva. oupstayng Tpomog yo va eneSepyooteite Oho 1 LEPOG TV OTOLYEIWY 08 pLa 0KoAovbia KoL vo.
EMOTPEYETE WO MoTa ue T ommotedéopata. result = ['{:#04x}'.format (x) for x in
range (256) if x % 2 == 0] dNWOUPYEL wiat AloTa CURPBOLOCELPDV TTOU TTEPLEXOUV LUYOVG dekaie-
Eadkovg apBuove (0x..) oto evpog artd 0 émg 255. H mpdtaom i f eivon tpoarpetiky). Edv maparerpbei,
O\oL TOL oTOLYELDL 0TO range (256) vmofahllovtal oe emeSepyaoiaL.

loader

An object that loads a module. It must define a method named load_module (). A loader is typically
returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.
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TOTKY] KWOKOTOiNoM
Zto Unix, givae 1 kmdikomoinom 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™").

Zto Android xow to VxWorks, 1 Python ypnowosmotei to "ut £-8" wg Tomk KmdtKomoino.
locale.getencoding () WIopEL va xpNOLUoTotn el yio TV avaKTnon TG TOmKNG KmOLKOToinong.
BA. emtiong o filesystem encoding and error handler.

noykt) uédodog
"Eva &tumo ovvdvuuo yia special method.

mapping
‘Eva aviikelpevo Koviéwvep mov vmootnpiler avbaipeteg avalntioelg KAeWOLDOV 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 Kauw collections.Counter.

meta path finder
'Evag finder mov emiotpdpnKe (e avalntnon oto sys.meta_path. O finders peta-diadpourig oyeti-
Covtat, aAld dropépouv amo ta finders entry dtadooung.

B\ importlib.abc.MetaPathFinder yia tig uebddovg mov vhomolovv oL meta path finders.

neta-KAdon

H khéon wag khaong. O opropoi kKhong dnuovpyotv éva dvopa Ko, éva AeELkd KAAomG Kol (o,
Mota faotkav kKhaoewv. H peto-khdon eivor veufuvn yio v amdKTnon outmy TV TPLmV 0pLopid-
TV Ko TNV dNuovpyio TG KhGomg. OL TeEPLO0OTEPES AVTLKELUEVOOTPEPELG YMDOOES TPOYPAUUOTLOUOV
TOPEYLOVV UL TTPOETUAEYUEVT VIOTTOIN 0. Autd Tov Kdver v Python Eeywpioti| eivor tL givor duvari
1 dnuovpyio TPOGUPUOoUEVWVY HeToKAGoEWY. 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 ypnowwomondei yio tnv Katoypapn Tpoofoong yopakTpLoTik®y, TV Tpo-
oONKN AoPALELOG VNULATOV, TNV TOPAKOAOVONON INOVPYLOG OVILKEWEVMY, TV VAoTToiN o singletons,
Ko ToMES AMLEG epYOLOLES.

[MepLoodtepeg mANPoOpopieg umopovv vo. fpedovv oto metaclasses.

uébodog
Mo cuvaptnon mov opiletat uéoa 0to omuo pwag Khaong. Edv kakeitar og yopaKTnpLoTko Wog me-
picTmong avtig g KAdong, N uéBodog O MafeL avItKeileVo TEPLTTMONG WG TPWTO TG argument (To
omoio ouvBwg ovoudLeton self). BL. function Kau nested scope.

e avahvong nedodwv
Method Resolution Order is the order in which base classes are searched for a member during lookup. See The
Python 2.3 Method Resolution Order for details of the algorithm used by the Python interpreter since the 2.3
release.

module
"EvoL OVTLKELLEVO TTOV Y PT|OLUEVEL G OPYAVOTLKY LoVAada Tov kKmduka tng Python. Ta modules éyxouv évay
YOPO ovoudTtwv Tov TepLEyEL avbaipeta avitkeipeva Python. Ta modules qpoptdvovtor otnv Python pe
™V dwodiKaoia importing.

BA. emiong package.

TEYVIKES TTPOdLaypapés module
"Evo. namespace tov JepLEYEL TLG TTAPOPOPLES TOV TYETICOVTOL [LE TV ELOAYMYT] TTOV (P OLULOTOLOVVTOL
Yo TV @OpTmon evog module. Mia stepintwon tov importlib.machinery.ModuleSpec.

MRO
B\. method resolution order.

mutable
Ta gvuetdfinto avrkeipeva uropotv va oldEouv Tig Tuég oG va Kpathoovy ta id () . Bh. exiong
immutable.
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named tuple
O 6pog «named tuple» epapudletar yio 0molovonmote THmo 1 KAAGT OV KANpOvoueital amd Ty
TAELAS A KOL TV OTTOLWV TO. OTOLYELD WITOPOVV VAL EVPETNPLOTTOLNO0VV ElVOL TPOGRAGLUO. YP1OLULOTOL®-
VTAG ETMOVUUA YOoPAKTNPLOTLKA. O TOTOG 1) 1) KAAOT WTOPEL Vo €YEL KoL GANOL Y APOKTNPLOTIKA.

ITo\hoi evompatwuévol Tomot eivor named tuples, GUUTEPLOUBAVOUEVOV TOV TLUODV TTOV ETLOTPEPOVTAL
and time.localtime () kow os.stat (). Eva d\o moapdderypo eivor 1o sys. float_info:

>>> sys.float_info[1l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

OpLOUEVES AVOLYVIPLOUEVES TIAELADEG EIVOL EVOOUATMUEVOL TUTTOL (OTTMG TOL TAPATAV® TOPAELYUATA).
EvalhokTikd, pa avayvoplopévn mheldda uropet vo dnuovpynoei amod évav opopd Kovovikng kAd-
01g OV KANpovouel amd tuple kot wov opilel ykupa medio. Mo tétoto kAo umopel va ivan ypou-
uévn e to yépL N uopel va dmuovpyn el Kinpovoumviog to typing . NamedTuple, ) ue v factory
ouvdpton collections.namedtuple (). Ol televtoieg TeyVikég TPOTHETOVV ETIONG UEPLKEG ETTL-
éov uefddovg ov umopel va unv Bpefolv og XeLPOYPOPES 1) EVOMUATWUEVEG TAELADES Ue OVOLLO.

namespace

To uépog dmov amodnkevetar wo petafinty. To namespaces VAOTOLOUVTOL WG AEELKA. YTTAPYOUV OL
ToTTLKol, oL KaBOALKOL KoL oL EVOmOTOUEVOL namespaces KoOMG KoL oL £vOeToL namespaces 0€ AVTIKEL-
ueva (oe peboddovg). I'a Tapdderyua oL ouvaptoeigbuiltins . open KoL os . open () dlokpivoviol
AITO TOVG Y WPOVG OVOUATWV TOVS. OL XpoL ovopdtwv fonfolv exiong v avayvwoudTTa KoL T ov-
vInpNowoTTa KabLotmvtag oapég toro module vhomotel o Aettovpyio. I'ia mapdderyua, ypdpovtog
random.seed () Nitertools.islice () kaBLotd capég OTL AUVTEG OL GCUVOPTOELG VAOTOLOVVTOL
artd to module random kow itertools, aviioTtouya.

TUK£TO namespace
A PEP 420 package which serves only as a container for subpackages. Namespace packages may have no

physical representation, and specifically are not like a regular package because they haveno ___init__ .py
file.

B\ emiong module.

nested scope
H dvvatéomta avagpopds oe pa petafint) oe évav meptkhelopevo opopnd. o mapdderyo e ov-
VAPTNOT TTOV opileTal néoa og Wo GAA CUVAPTNON WITtopel Vo ovagépetal o PeTaPANTég oty eEw-
TEPLKY CUVAPTNON. Znuerwote Ot to évOeta medio amd mpoemhoyn Aettovpyov HOVo Yo avapopd
Ka OyL o ekympnon. O tomkés petaAntég duafBaovral KoL YpagovTal 0To E0MTEPLKO TEDIO EPap-
poyns. Onolwg, ov kaBolkés uetafintég dtafdlovv Kot ypdpouv otov Kabohko ywpo ovoudtwv. To
nonlocal emTpémel TNV eyypopy oe eEntepkd media.

KAGon vEou OTUA
To o Gvopa 1oL To 100G TV KAAGEWY PN OLUOTTOLELTOL TTAEOV YLa OMaL TOL AvTLKELUEVO. Z€ TOMOTEPES
exd00¢eLg TG Python, wovo oL KhAoELg VEOU OTUA LITOPOVOOY VO Y PTOLULOTTOLT|OOUV TIG VEOTEPES, EVEMKTEG
duvatdtnteg g Python émtwwg _ slots_ , descriptors, 1Ol0thteg _ getattribute (), uébodol
KAAOMG, Ko 0ToTiKEG HEB0dOL.

OVTIKEIUEVO
OmoLad1rtote dedouéva [1e KaTaoToot (XoPaKTNPLOTIKA 1 Tiun) Ko Kaboplopévn cuumepipopd (uébo-
dov). Emtiong, N telkn fooikn khéon omolaodote new-style class.

TOKETO
"Eva Python module mov ptopei va epiéyer submodules 1) avadpoukd, vtomokéta. Texvikd, éva makéto
elvar wa hettovpyikt) povada Python pe éva__path_ yopoktnplotiko.

BA. emtiong regular package xou namespace package.

TAPAUETPOS
Mua €yKupn ovtotnta o€ Evav oploud function () ué00dog) mov kabopilel Eva argument (1) 6 OPLOPEVEG
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TEPLITTOOELS, Opiopata) Tov uopel va dexOel 1 ouvdptnomn. Yadpyovv mévte eidn mapouétpmv:

o AéEn-kAeldi 1) Oéon: kabopilel éva dpLopa Tov witopet vo petafipaotel gite Oéoewe N wg dotoua
AéEng-kAetdiov. Avtd eival To TPOETUAEYUEVO ELO0G TAPAUETPOV, VIOl TAPADdELYUA foo KoL bar oTa.
akorovba:

[def func (foo, bar=None): ... }

o Oéoewg uévo: xaBopilel Eva OpLopa TOV PITOPEL Va TOPEYETOL LOVO artd TN B€om. OL mapduetpot
uovo B€omg WTopovV vaL 0pLOTOVV GUUTEPLLAUBAVOVTOG EVOY XUPAKTHPO / 0T AMOTO TAPOUETPOV
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 évo OpLopa ov propel vo mopéyetor udvo ue MEN khewdi. Ou ma-
paueTpol wovo yio MEN-KAeWdi wrtopodv va 0pLoTtovv ouUTEPLAOUPBAVOVTOG ULt TTOPGUETPO BE-
ong 1 ok€To * 0T MOTA TAPAUETPWV TOU OPLOUOY GUVAPTNONG TIPLY OO AUTEG, YLOL TTOPAELYLL
kw_onlyl xou kw_only2 oto. oxdiovba:

[def func (arg, *, kw_onlyl, kw_only2): ... }

o uetafAnti Oéong: koBopilel 0TL umopel va mapaoyedel wa avbaipetn axohovbio oplopdtwv BEong
(emumhéov TV opopdtmv B€omng mov elvor 101 amodekTd amd GAeg TOPAUETPOUS). Mia TéTolo
TOPAUETPOS WTOPEL VO OPLOTEL TPOCAPTDVTOG TO OVOUQL TG TTAPAUETPOV UE *, YLO. TTOPAELY UL
args oto. axohovbo:

[def func (*args, **kwargs): ... }

o uetafinth AéEn-kAeidi: kabopilel OTL umopovv vo mapéyovtar cvdaipeto TOAG opiopoata AEENG-
KAewdLov (emuthéov Twv opropdtwv MENG KAEWdL0U oV givan 0rrodektd 0td dleg mapauétpoug).
Mo tétola TOPAUETPOS UTOPEL VO OPLOTEL TPOCUPTMVTAS TO OVOUD TNG TOPAUETPOV UE * *, YLl
TOPAdELYHO kwargs Omme ToPpaTAV®.

O mopdpeTpol wropotv va Kabopicouvy TO00 Ta TPOALPETLKG OGO KL T OITOLTOVUEVO OPIOUOTO. , KO-
0mG KoL TPOETAEYUEVES TUILEG YLOL OPLOUEVA TTPOOLPETLKG OPLOUATAL.

BA. exiong v argument Kotaymplon gupetnpiov, Ty epdtnon FAQ oyetkd pe 1 dogopd petalo
0pPLOUATMV KoL TOPOUETPWY, TV KAAON inspect .Parameter, tnv evotnra function xouw PEP 362.

path entry
Mo pepovmuévn tomobeaion oto import path v omoio. ouuBovieveton o path based finder yio va. Bpet
modules yio eLoorymyr.

path entry finder
'‘Evag finder mov emotpépetat amd évav Kahovuevo oto sys.path_hooks (dnhadn éva path entry
hook) mtov Eépel wg vo. evromntiler modules pe path entry.

B\ importlib.abc.PathEntryFinder yia tig uebddovg mov o entry finder diadpoung viomotel.

path entry hook
"Eva kahovpevo ot Mota sys . path_hooks, To omoio emotpépel éva path entry finder eGv Eépel Twg
va Bploker module og o oLYKEKPLUEYY path entry.

path based finder
‘Eva amd ta tpoemheyuéva meta path finders mov avolnta éva. import path yio. modules.

path-like avrikeipevo
'Evo avTLKELIEVO TTOV avTLItpoowmmeveL éva path ovothuatog apyeiwv. ‘Eva aviikeipevo path eivou eite
éva avTIKEipevo str 1 bytes mov aviurpoowstevel £va path 1 £va AVTLKEIUEVO TTOV VAOTTOLEL TO TTPM-
tOKkoMo os . PathLike. Eva avtikeipevo mov vtootnpilel o tpwtdkolro os . PathLike umopel va
petotpostel og path cvotpatog apyeimv str 1 bytes Kahdvrog Ty ouvdptnon os . £spath () ” 1o
os.fsdecode () koL os.fsencode () UTOPOVV VO XPNOLWOTOLNOOVY YO TV EYYUNOT) EVOS OTTOTE-
Mouatog str M bytes, aviiotorya. ElonyOn and tov PEP 519.
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PEP

[Mpétaon Bedtiwong Python. ‘Eva PEP sivan éva €yypago oyedlaopot o mapéyel IANpoQopieg otny
Kowvotnta Python 1) mepuypdgper wa véa duvatdtnrta yioo Ty Python 1 tig dradikaocieg 1 to mepifih-
Lov . To PEP B mpémel va mop€youv (o GUVOTTTLKT) TEYVLKT TPOdLOrypaLpy] Kot (o AOYLKY) YLt T
TPOTELVOUEVOQL Y OPOKTNPLOTLKAL.

Ta PEP mtpoopiCovror va givar oL KUpLot unyaviopuol yior v pdtaot uovILK®V VEmV XopaKTPL-
OTIKAV, L0 TN OVALOYT] TANPOQOPLAV TNG KOVOTITAG Yo Vo TNTNUOL KO YLoL TNV TEKUNPLDOT TWV
ATOPAoEMV OYEDLOTUOV TTOV €Youv eloayOel otnv Python. O ouyypagéag tov PEP gival vteubuvog yio
TV 0LK0dOUN 0N CUVaLVETNG eVTOG THG KOLVOTNTAG KOL TNV TEKUNPLDON AVTIOET™V OTOPewV.

BL. PEP 1.

o

‘Eva 6volo amtd apyeto og évav wovo Kotdhoyo (evoexouévmg amoONKeVUEVO 0E APYELO Zip) TTOV GUW-
Barovv og évo namespace TOKETO, OTWG opiletar oto PEP 420.

opiopa 0¢ong

BA. argument.

provisional API

"Eva. provisional API givar autd mmov éxer eokeupéva eEonpebdei oo tig backwards eyyunoeig cuppatoTn-
TAG TNG TUTILKNG BLBAOOTIKNG. AV KoL OEV OVOUEVOVTOL ONUOVTLKES OMAYEG OF TETOLEG DLETAPES, EPOTOV
ETLONUOLVOVTOL WG TTPOCWPLVES, alhayég un backwards cuufatotntog (UEypL Kol Katdpynon g oie-
TOPNG) WITOPEL VAL TPOKMPoUV eGv KpLbel amapaitnto amd Toug Faotkovg Tpoypounatiotés. Tétoleg
oadhayég dev Ba yivouv Gokoma - Oa cupfotv udvo edv amokoluBouv copapd Bepelmon eraTTmpoTo
TTOV FTOPOLELPONKAY TTPLV aTTo T cuuTtepilinyn tov APL

Axoun xou ywo provisional API, ou un backwards ouvppotéc odhayég Bempovvror «hvorn Eoyxatng
avaykne»- Ba eEaxolovbei va yivetar ke mpoomdBera yio va Bpebel wa Ao backwards cupfoti
0€ TUYOV EVTOTLOUEVO. TTPOBANUOITOL.

Avti ) dradikooio emrtpémer oty Tustkt BlobnKn va ovveyioel va eEgliooeTal (e TV TAPodo Tou
YPOVOU, YwPIG Vo KAELOMVEL TPOPANUATIKG OAALOTA OYESLAOUOV VL0 EKTETAUEVES YPOVIKES TTEPLODOUG.
Bi. PEP 411 yia teploodtepeg AETTOUEPELEG.

provisional Tokéro

BA\. provisional API.

Python 3000

Wevdmvupo yia to ovvolo ekdooewv Python 3.x (emvonOnke spuv amd okt koupd dtav 1 kKvkhogopio
™G €kdoong 3 tav KATL 0T0 PakpLvo wéMov.) Autd ovoudleton emtiong wg cuviopoypogio «Py3k».

Pythonic

Mo 1déa 1) £va Koupdtt KOdLKa Tov akohoVOEL TTLOTA T 710 KoLV tdudpota e yAwooog Python, avi
Vo VLOTTOLEL KMALKOL YPNOLUOTOLMVTOG £VVOLES KOLVEG oe dAheg YAmooeg. Ta mapdderypa, £va Kowvo
wimuo otnv Python eivar va kéver wo emavédinym ctave amd oha to otouyeio evog iterable ypnoiuo-
mowwvtag wo dMiwon for. TTodég dhheg YADOOES TOV HEV £YOUV OVTOV TOV TUTO KOTAOKEVNG, £TOL OL
avBpwmol ov dev eivan eEotkelmwuévol ue v Python ypnowwomolotv ueptkég @opég évav aptduntikd
peTpNT:

{

for i in range(len(food)):
print (food[i])

Avtifeta, o o Kabopr nébodog Pythonic:

|

for piece in food:
print (piece)

AVOYVOPLOUEVO OVoud.

'Eva dvoua pue Koukkideg mwov deiyvel ) «dradpour)» amd to kabolko evpog evdg module oe puo kKAdon,
ouvaptnon 1 uéBodo mov opiletal o autnV TV EVOTNTA, dmtwg opiletar oto PEP 3155. o cuvoptioelg
Kol KAAOELS OVATATOV ETLTEDOV, TO OVOLYVWPLOUEVO GVOUCL ELVaL 1OLO LLE TO OVOUX TOV OVTLKEWEVOU:

140

Mapaptnua A'. NMwooapt


https://peps.python.org/pep-0001/
https://peps.python.org/pep-0420/
https://peps.python.org/pep-0411/
https://peps.python.org/pep-3155/

Python Tutorial, Anpocieuon 3.11.13

p
>>> class C:

class D:
def meth (self):
pass

>>> C._ _qualname_

IC’

>>> C.D.__gualname
IC.DI

>>> C.D.meth.__ _qualname
'C.D.meth'

‘Otav ypnopomoleiton yio ovapopa oe modules , To TAOWS aVayvVwELGUEVO dvoua ONUOLVEL OLOKANPO
To drakekoupévo path mpog to module, cuvumephauBavouévav ToyxOv YOVIK®OV TOKETWVY T.Y. email.
mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email .mime.text'

N 00g avagopig
The number of references to an object. When the reference count of an object drops to zero, it is
deallocated. Reference counting is generally not visible to Python code, but it is a key element of the CPython
implementation. Programmers can call the sys.getrefcount () function to return the reference count
for a particular object.

KOVOVIKO TOKETO
"Eva mopadooiokd package, dmwg £vag KATALOYOS OV TTEPLEXEL Eva __init__ . py opyelo.

B\. exiong namespace package.

slots
Mo dNhwon péoa oe pe KAGom mtov eEotkovouel uvijun Snhmvovtog €K TmV TPOTEPWV XDPO LA, T
paderyua xopoKmpLotikd Ko eEaleipovrog MeEikd oTrypotimwy. Av Ko SNUOQLANG, 1 TEXVIKT| elvor
KAmwg dUOKOAO vaL Yivel 0WOTI| Ko TPoopiletol KaAITEPO YLo GIAVIEG TEPLTTMOELG OTTOV VITAPYEL UE-
YOLOG aPLOUOG OTLYILOTOTTMV GE 0L EQOPUOYT KPLOWNG-UVIUNG.

axolovBia
An iterable which supports efficient element access using integer indices via the __getitem__ () special
method and definesa __len__ () method that returns the length of the sequence. Some built-in sequence
types are list, str, tuple, and bytes. Note that dict also supports __getitem__ () and
__len__ (),butis considered a mapping rather than a sequence because the lookups use arbitrary immutable
keys rather than integers.

H agnpnuévn Paokn khdon collections.abc.Sequence opilel o mohd mo mhovoto die-
oy mov Eemepvd to oA __getitem_ () xow __len__ (), adding count (), index(),
__contains__ (),kxo__reversed__ ().OttdmoL wov vhomolotv authy TV dtevpupévn diemap
WITOPOUV Va KoTampnOouv pntd xpnowomoimviag register () . [o mepiocdtepn tekunpiwon oye-
Tk e Tig uebodovg axorovdiag yevikd, avatpéEte oto Common Sequence Operations.

set comprehension
'Evog ovpmaymg Tpdmog yio vo eneEepyaoteite OAa 1) uEPOg Twv aToLyElwv 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 ovvoro ovuBorooelpdv { 'r', 'd'}. Bl comprehensions.

novaduko dispatch
Mua popepn) dispatch generic function 6mov 1 vAoTOINGT ETAEYETOL UE BAON TOV TUTO EVOG LEUOVDUEVOU

oplouortoc.

slice
‘Eva ovtikeipevo mov ouvnOmg mepléyel £va tufua og axorovbiag sequence. Anpuovpyeiton éva slice
YPNOLOTTOLMVTAG T onueimon subscript, [] pe dvo ko Katw teleieg uetaEl aplbudv étav divovio
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oAhoi, Otwg 0to variable_name[1:3:5]. H onueiwon aykiing (subscript) xpnOLUOTOLEL E0WTE-
pLKd oviikelpeva slice.

e1dk1] uédodog
Mo uéBodog mov Kaheitol olwmnpd amd v Python yia vo ekTeAEoEL (oL OLYKEKPLUEVT) hetToupyia oe
évav TOmo, drtmg 1 tpoodNKn. Tétoleg péBodol £xovve ovouaTo Tov EeKLVoY Ko TELELDVOUV (e dUTAEG
Kdtw movkeg. OL eldikég uéBodol TekunpLwvovtal 0to specialnames.

dMlwon
Mo tpdtaom eivor uépog wag covitag (vo «Umhok» Khdika). Mia tpdtaon givau eite évag expression
elte wa oo wodhég douég e o AEEN-Khewdi 6mwg i £, while 1) for.

EAEYKTIG CTATIKOV TUTOV
"Eva eEmtepukd epyaieto dmmov duafdlel Tov Python kddika KoL Tov avalvel, avalntmviog Tpopfiiuoto.
omwg havbaouévol Tomol. Bi. extiong rype hints ko to module typing.

strong reference
2to C API g Python, pua 1oyupn ovopopd eivat pia ovapopd 0g Vo AVIIKELIEVO TTOU AVIKEL OTOV
KddLko Tov meptéxel v avagopd. H woyvpn avagopd houfdvetal kohovtag to Py INCREF () dtav
1 avopopd duouvpyeitol Kou aehevbepmvetal e Py DECREF () OTOV SLOYPAPEL 1] AVA(pOpdL.

H ouvaptnon Py_NewRef () wmopei vo xpnoluosotn0el yia tn dnuiovpyia Loyupmg avapopaig oe éva
ovrikeipevo. Zuvnbwe, 1 cuvaptnon Py DECREF () mpémel vo KOAELTOL 0TV Loyvpn ovopopd oLy
ByeL amd o VPOg TG LOYVPNG AVAPOPACS, VLo VO, ATtopevy el 1) dLopPoT) LLOG AVOPOPAS.

BA. emtiong borrowed reference.

KWOKOTOIN01 KENEVOY
Mo ovpporooelpd otnv Python eivor por axorouBia onueimv kodika Unicode (oto eVpog U+0000-
U+10FFFF). ['a va armoOnkeVoeTe 1 Vo UETAPEPETE WO CUUBOLOCELPA, TPETEL VO OELPLOTTOLNOEL WG
duadikn axolovdia.

H oeipromoinom pog oupforooelpds oe o dSuadiki| akohovbio elval yvwoTy g «KmILKOToinon» , Kot
N avodnuovpyia g oupporooelpds amd v dvadiki| akohovdia elvol Yoot mg «aToKmOLKoTol-
non».

Ymdpyel pia otkihio SLopopeTLKNG GELPLOTOLNOMG KELWEVOU codecs, oL 0Tolol CUALOYLKA avapépovTal
WG «KMOUKOTOLNOELG KEWWEVOU».

OPYELO KEWUEVOY
'Eva file object tkavd va SLaf3ael Ko vo YpAgpeL avitkeipeva str. Zuyvd, EVo apyelo KELWEVOL UTOKTA
TPOYUOTLKA TTPOOPaoT 0€ wo. por) duadiky) por) dedopuévarv Kat xelpiletar avtduota TV text encoding.
Mapadeiypato apyeimwv KEWEVOD eivat apyeio Tov avoiyouv o Aettovpyio kKewévou ("r' 1 "w'), sys.
stdin, sys.stdout, kot oTLyudTUITO TOV i0. StringIO.

BA\. emiong binary file yio éva avitkeipevo apyeiov pe duvatdtnta aviryvoong Kat eyypapng dvadikd
(ZV‘L’LKSL’HEV(X.

ouuPOAOCELPE TPUTAMY ELCAYWMYIKOV
Mo ouporooelpd Tov dECUEVETAL OO TPELS TEPUTTMOELS ELTE EVOG ELOAYWYLKOV (») 1] OG ATOTTPO-
@ov (). Av Ko deV TaPEXOUV KOULa AELTOVPYLKOTNTO TTov deV givar diadéoun pe ovuporooelpés e
ROV ELOAYWYLKA, €ivol YPTIOLUES YO LapOPOVg AOYOUGS. Z0G ETLTPETOUV VO, CUMITTEPIAAPETE LOVA KoL
ALTAG ELOAYYLKA Y wpig dLopuyn) 0 (o CUUBOAOCELPG KoL UWITOPOUV VO. EKTEIVOVTAL OF TOMES VPO~
UEG YWPLG TN XPNON TOV YOPAKTHPA GUVEXELD, KOOLOTOVTOG Ta LOLaiTEPa XpNoLUa Kotd T ovvtagn
eyYPAPoV ue ouporooelpéc.

TOMOG
The type of a Python object determines what kind of object it is; every object has a type. An object’s type is
accessible as its __class___ attribute or can be retrieved with t ype (ob7j).

type alias
"Evo. GUvV@VUUO Y10 VAV TUTTO, TTOV dMuovpyeitan pe v avafeon Timov oe Vo ovoryvwpLoTiKo.

Ta type aliases eival ypnowua yio v amhomoinon rype alias. Two tapaderypa:
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def remove_gray_shades (
colors: list[tuple[int, int, int]]) -> list[tuple[int, int, int]]:
pass

WITOPEL VoL YIVEL TTL0 EVAVAYVOTO dTTWG:

Color = tuple[int, int, int]

def remove_gray_shades (colors: list[Color]) -> list[Color]:
pass

B\ typing kouw PEP 484, mov mepuypdepel authv tnv hettovpytkdtnta.

type hint
"Evag annotation wov KaBopilel TovV avapevouevo THIo yLo. (ol LETABANT, £va XopaKTpLoTko KAdong

1] WL TTOLPAUETPO CUVAPTNONG 1) TLUT) ETLOTPOPNG.

O vtodeikelg Timmy (type hints) eivar wpoonpetikéc Kal dev emBaiovran amd v Python, alld eivon
YPHOWES YL static type checkers. Mmopolv emiong va fondnoouvv tovg IDEs pe t ovumhpwon Kot thy
AVOSLAUOPPOOT KMOLKAL.

YmodeiEeig tomov (type hints) yia Kabolkég petafintésg, xapoakKTnplotkd KAAoNG Kou cuvopti-
oelg , aAAG OxL TOTLKEG UETAPANTES, UTOPOUV VO TTPOOTELOCTOUV YPNOLWOTOLDVING TO typing.
get_type_hints ().

B\. typing xouw PEP 484, mou mepLypdgper autiv Ty AeLToupyLtkotnTa.

Ka0oMKEg VEES Ypaupés
"Eva TpOTTog epUNVELNG pOMV KEWWEVOU GTOV 0TT0l0 OAa To akOAOUO avaryvwpilovtol mg MEELG wag
ypouung: 1 ovppaon téhovg ypapurhg tov Unix '"\n', 1 oVupaon tov Windows '\r\n', Kou v na-
Mé ovuPaon Macintosh "\ r'. Br. PEP 278 xou PEP 3116, xa0d¢ Kaw bytes.splitlines () ywo
pdodeTn yphHom.

annotation petafinrig
'Evag annotation o, PeToPANTIG 1] VOGS YOPOKTNPLOTLKOU KAAOTG.

‘Otov annotating puo PeTo AT 1 £va xopakTnpLotikod KAdong, 1 avdbeon eivol TpoapeTikn:

class C:
field: 'annotation'

Ta annotations HETAPANTOV XPNOLUOTOLOVVTAL CUVIOWGS YLOL 1ype hints: Y10 TOPAdeLyuo auth N LeTaPAnTy
ovouévetal vo Al Tiég int:

[count: int = 0 }

H ovvtoEn annotation petafAntig mepLypdgpetal oty evOTITO annassign.

BA\. function annotation, PEP 484 xouw PEP 526, mov meprypdpouv auty| T Aertovpyia. Aegite emiong
annotations-howto yia. BENTLOTES TPOAKTIKEG OYETIKA UE TNV EPYOTIO e OXOMAOUOVC.

virtual environment
'Eva. ovvepyatikd ommoiovouévo mepLBAALov ¥pOvVoU EKTELEDTG TTOV ETLTPETEL OTOVGS YPNOTEG KOL TLG
epapuoyég g Python va eykatootmoovv Kot va avofabuicovv mokéta diavoung Python ywpig va
mopeufaivouv ot ovuTEPLPOoPE AWV epapuoymv Python tou ektehovvtol 0to idto cuoThua.

B. emiong venv.

virtual machine
"Evog vitohoylotig opileton €€ ohokApou amd to Aoyioukd. H eucovikr| unyavn tg Python extelei to
bytecode mov eXTTEUTETOL ATTO TOV peTayAwTTioT)) bytecode.

Zen g Python
Katdhoyog oyedlaotikdv apydv KoL QLLOCOQLOV TTOV EIVOL XPTNOLUES YLO TNV KATOVONOoT KoL T 10T
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™g Yhwooog. O Katdhoyog umopet vo Bpedel minktporoydviog «import this» oty dLodpaoTiky
KOvGOLa.
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About these documents

These documents are generated from reStructuredText sources by Sphinx, a document processor specifically written
for the Python documentation.

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:
« Fred L. Drake, Jr., the creator of the original Python documentation toolset and writer of much of the content;
« 7o Docutils tpdtlekt yio v dnuovpyio tmv epapuoydv reStructured Text ko Docutils:

o Fredrik Lundh yia to 61k6 Ttou Alternative Python Reference mpdtlext amd 1o omoio to Sphinx mpe ol
KoAég LOgec.

B'.1 Contributors to the Python Documentation

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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lotopla kat Adela

.1 Hotopia Tou AoyLoHLKOU

Python was created in the early 1990s by Guido van Rossum at Stichting Mathematisch Centrum (CWI, see https:
/Iwww.cwi.nl/) in the Netherlands as a successor of a language called ABC. Guido remains Python’s principal author,
although it includes many contributions from others.

In 1995, Guido continued his work on Python at the Corporation for National Research Initiatives (CNRI, see https:
/Iwww.cnri.reston.va.us/) in Reston, Virginia where he released several versions of the software.

In May 2000, Guido and the Python core development team moved to BeOpen.com to form the BeOpen PythonLabs
team. In October of the same year, the PythonLabs team moved to Digital Creations (now Zope Corporation;
see https://www.zope.org/). In 2001, the Python Software Foundation (PSF, see https://www.python.org/psf/) was
formed, a non-profit organization created specifically to own Python-related Intellectual Property. Zope Corporation
is a sponsoring member of the PSF.

All Python releases are Open Source (see https://opensource.org/ for the Open Source Definition). Historically, most,
but not all, Python releases have also been GPL-compatible; the table below summarizes the various releases.

‘Ekdocn Mpoepxduevn and ‘Etoq Idloktnoia  GPL compatible?
09.0éwg 1.2  d/v 1991-1995 CWI VoL
13émg1.52 1.2 1995-1999 CNRI Vol
1.6 1.5.2 2000 CNRI OyL
2.0 1.6 2000 BeOpen.com &y
1.6.1 1.6 2001 CNRI oYL
2.1 2.0+1.6.1 2001 PSF oL
2.0.1 2.0+1.6.1 2001 PSF vou
2.1.1 2.1+2.0.1 2001 PSF valL
2.1.2 2.1.1 2002 PSF VoL
2.1.3 2.1.2 2002 PSF VoL
2.2 xou whvey  2.1.1 2001-onuepo.  PSF Vo

Enueiwon: GPL-compatible doesn’t mean that we're distributing Python under the GPL. All Python licenses, unlike
the GPL, let you distribute a modified version without making your changes open source. The GPL-compatible
licenses make it possible to combine Python with other software that is released under the GPL; the others don’t.
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Xapm, otovg morhoVg eEmTepLkolg e0ehovteg Tov epydotnKav Katm amd Tig 0dnyieg Tov Guido, avtég ot
eKOO0ELS EYLVALY EPLKTEC.

.2 Opol kaL nipoumoBbEoeLg yLa TNV npéopacn n} TNV XPrion tTng
Python pe aAAoug tpomnoug

Python software and documentation are licensed under the PSF License Agreement.

Starting with Python 3.8.6, examples, recipes, and other code in the documentation are dual licensed under the PSF
License Agreement and the Zero-Clause BSD license.

Kdémolo Aoyioukd mou givan evowuatmuévo otny Python eivoar vd dragpopetikég adeteg ypnons. OL adeteg
ToPOTOEVTAL (LE KMOLKO TOV EUTTLTTTEL 08 AUTHV TNV Gdeia. Agite Adeies ko Evyapioties yio Evewuatwuévo
Aoyioukd yuow puoL EAMTTN MOTa AUTOV TV 0dELmV.

M.2.1 PSF LICENSE AGREEMENT FOR PYTHON 3.11.13

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.11.13 software 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 3.11.13 alone or in any derivative

version, provided, however, that PSF's License Agreement and PSF's.
—notice of

copyright, i.e., "Copyright © 2001-2023 Python Software Foundation; All_
—Rights

Reserved" are retained in Python 3.11.13 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 3.11.13 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
3.11.13.

4. PSF is making Python 3.11.13 available to Licensee on an "AS IS" basis.

PSF MAKES NO REPRESENTATIONS OR WARRANTIES, EXPRESS OR IMPLIED. BY WAY..
—OF

EXAMPLE, BUT NOT LIMITATION, PSEF MAKES NO AND DISCLAIMS ANY..
—REPRESENTATION OR

WARRANTY OF MERCHANTABILITY OR FITNESS FOR ANY PARTICULAR PURPOSE OR.
—THAT THE

USE OF PYTHON 3.11.13 WILL NOT INFRINGE ANY THIRD PARTY RIGHTS.
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5. PSF SHALL NOT BE LIABLE TO LICENSEE OR ANY OTHER USERS OF PYTHON 3.11.13

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—~RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.11.13, 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 3.11.13, Licensee.

—agrees
to be bound by the terms and conditions of this License Agreement.

r2.2 ZYMoQNIA AAEIAZ BEOPEN.COM I'lA PYTHON 2.0

ZYM®ONIA 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
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 THEREOF.

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
(ouvéyela oty emtopevn oehida)
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Agreement does not grant permission to use BeOpen trademarks or trade names in a
trademark sense to endorse or promote products or services of Licensee, or 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
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 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
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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 XYMoOQNIA 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 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.2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.11.13
DOCUMENTATION

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.
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.3 Adeleq katL Euxaplotieg yia Evoopatwpévo AOYLOULKO

Avti M evotita givor o nutelic, odd avEavouevn Moto adewmv KoL EVapLoTImV Yo, AOYLOWKO Tpitmv,
IOV EVOOUOTOVETOL 0TV dtavour| g Python.

M.3.1 Mersenne Twister

The _random module includes code based on a download from http://www.math.sci.hiroshima-u.ac.jp/~m-mat/
MT/MT2002/emt19937ar.html. The following are the verbatim comments from the original code:

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.

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)
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M.3.2 Sockets

H evdtnta socket ypnopomotel 1ig ovvaptoels, getaddrinfo (), koL getnameinfo (), Ta 0moio €OV

viomon0ei 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.

M.3.3 Aouyxpoveg socket unnpeoieq

The asynchat and asyncore modules contain the following notice:

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.
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M.3.4 Awaxeipion Cookie

H evomto http.cookies mepléyel TV mopaKdT® E100TOINON:

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 t race mepiéyel v TapokdTm eL00TOiN0:

portions copyright 2001, Autonomous Zones Industries, Inc., all rights...
err... reserved and offered to the public under the terms of the

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.
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M.3.6 Zuvaptnioelg UUencode kat UUdecode

H evomto uu mepLéyet v mopakdtm domoinon:

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

M.3.7 KAjoelg Anopakpuopevng Awadikaciag XML

H evomto xmlrpc. client mepiéyel v mopakdtw e1d0moinon:

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. 1IN 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.
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".3.8 test_epoll

H evomto test.test_epoll mepLéyet TV TAPaKATm ELOOTOIMON:

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.

M.3.9 EmAoyn kqueue

H evomta select mepiéyel tv mapokdtm ewdomoinon yio v kqueue diemagpi):

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. 1IN 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.
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r".3.10 SipHash24

To apyelo Python/pyhash.c mepiéyxer v vhomoinon tov Marek Majkowski tov olyopiBuov tov Dan
Bernstein, SipHash24. Autd mepléyel v mapakdatm onueinon:

<MIT License>
Copyright (c) 2013 Marek Majkowski <marek@popcount.org>

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.
</MIT License>

Original location:
https://github.com/majek/csiphash/

Solution inspired by code from:
Samuel Neves (supercop/crypto_auth/siphash24/1little)
djb (supercop/crypto_auth/siphash24/little2)
Jean-Philippe Aumasson (https://131002.net/siphash/siphash24.c)

M.3.11 strtod kau dtoa

To apyelo Python/dtoa. ¢, mov mopéyel TG ovvaptnoelg dtoa ko strtod tng C yio petatpormt) twv C doubles
7TPOG Ko atd strings, Tpoépyetat amd to oudvupo apyeto tov David M. Gay, mtpog to mopdv diabéoiuo amod
https://web.archive.org/web/20220517033456/http://www.netlib.org/fp/dtoa.c. To apykod apyeio, OTWG AvaKTY)-
Onke otig 16 Maptiov, 2009, mepiéyet ta akOAOVOa TVEVUATIKG SUKOLDUOTA KOL TNV ELOOTOIN0N 0dEL0dOTN-

ongc:

/****************************************************************

*

* The author of this software is David M. Gay.
*

Copyright (c) 1991, 2000, 2001 by Lucent Technologies.

* % of

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.

* % o

* % o

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.

*

***************************************************************/
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r.3.12 OpenSSL

Ou povédechashlib, posix, ssl, crypt xpnotpnomorovv thv Bifiiodnkn OpenSSL yia emuthéov amddoon,
eqv dratifevton amd to hettovpykd ovotnua. Emumhiéov, ta mpoypduuota eykatdotaong yio v Python yio
Windows ko macOS, evdéyetar va mepthapfiavouy éva avtiypago twv Bipiodnkdv OpenSSL, erouévog ov-
usepthapupavouue eva aviiypago g aderag OpenSSL €d®. Tia tnv €ékdoon OpenSSL 3.0 ko yua vedTtepeg
€KOO0ELS TTOV TPOEPYOVTOL aTtd 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
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
(ouvéyela oty enopevn oehida)
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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
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

(ouvéyela otV entopevn oehida)
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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
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

160 Mapaptnua I'. lotopia kat Adsla




Python Tutorial, Anpocieuon 3.11.13

.3.13 expat

H enéxtaon pyexpat MUWOUPYELTOL XPNOLUOTOLMVTAG £VO CUWTEPINOUBOVOUEVO OVTLYPAPO TV TTIYMV
expat, ektOg edv 1) €kdoom €xeL TNy 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
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

The _ctypes extension is built using an included copy of the libfli sources unless the build is configured
——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.
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r.3.15 zlib

H eméxtaon z1ib dnuovpyeital ¥p1oLUoTOLmMVTAS VO, CUUTEPIAAUBAVOUEVOL avTiypapo Tov Tnydv zlib,
eqv 1 £xdoom Tov zlib wov BpiokeTol 0To CVOTNUO ELVOL TTOA) TTOME YLOL VAL X PN OLULOTTOLNOEL YL TNV KATOOKEVT):

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:

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 mivaKa KoTaKepUATIONOU OV xpnotiomoteital amd 10 tracemalloc faociletol 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

(ouvéyela oty enopevn oehida)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)
(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.3.17 libmpdec

The _decimal module is built using an included copy of the libmpdec library unless the build is configured
——with-system—-libmpdec:

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.

.3.18 W3C C14N ocouita SoKLUNiG

H covita doxiurig C14N 2.0 oto mokéto test (Lib/test/xmltestdata/c14n-20/) avaxtibnke amxd
tov totdtomo tov W3C https://www.w3.0org/TR/xml-c14n2-testcases/ kot drovéuetor pe thv adewa 3 pNTpwv
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

(OUVEyELD TNV ETTOUEVY] GEMDO)
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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.

r".3.19 Audioop

To module audioop ypnowwomotel wg Baon kKmdika tov apyeiov g771.c Tov épyou Sox. https://sourceforge.net/
projects/sox/files/sox/12.17.7/s0x-12.17.7 .tar.gz

Avuto o nyaiog kmdikag eival Tpoidv tng Sun Microsystems, Inc. Ko wopéyetal yLo omepLopLoTh
xphHon. Ou %pfoTeEG UTOPOVV VO OVTLYPAPOUV 1] VO TPOTOTOLOOUV OUTOV TOV TTNYoio KmALKa

YWPLS YPEWOT.

O [MTHT'AIOZ KQAIKAZ TOY SUN ITAPEXETAI OIIQX EXEI XQPIY KANENOZ EIAOYZ ET-
I'YHZEIX XYMIIEPIAAMBANOMENQN EITYHXEQN ZXEAIA>MOY, EMIIOPEYZIMOTH-
TAZ KAI KATAAAHAOTHTAZ I'TA 2YTKEKPIMENO ZKOIIO ‘H ITIOY ITPOKYTITEI AITO
KATIOIA ITOPEIA XYNAAAATHZ, XPH>XHX 'H EMITOPIKHZ ITPAKTIKHZ.

O myaiog KmdLkog Tov Sun TapEYETOL YWPIg TV VITOOTHPLEN Ko wpig Kauio voypEwon) ek ué-
povg g Sun Microsystems, Inc. va fon01oeL otnv xpnomn, oty S1dpOwon, Tpomomoinon 1 fertimon
TOV.

SUN MICROSYSTEMS, INC. SHALL HAVE NO LIABILITY WITH RESPECT TO THE
INFRINGEMENT OF COPYRIGHTS, TRADE SECRETS OR ANY PATENTS BY THIS
SOFTWARE OR ANY PART THEREOF.

Ze Kapia sepizmtworn 1 Sun Microsystems, Inc. dev @épel evOUVH yLoL TUXOV OTTOAELD EGODWV 1)
KepdWV 1N dAheg e1dIKES, Euueoeg Kat emakOlovbeg Tnuieg, akoun kol av 1 Sun €yl eviuepwoei
Yol TV TTOavOTHTA TETOLWV TNILOY.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, Koligpdpvio 94043

".3.20 asyncio

Mépn g evotitag asyncio evomuatmvoviol amd to uvloop 0.16, 1 omoia dwavéuetar ue ddewa 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.

(ouvéyela oty enopevn oehida)
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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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Copyright

H Python ko vt 1) Tekunpiwon eivod:

Copyright © 2001-2023 Python Software Foundation. ‘Ol To. StkodUoTo SLOTPOUVTAL.

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-
THOELS.
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MRO, 137
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