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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
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Xpnoworowwvtag Tov Interpreter Tng Python

2.1 Kavovtag invoke tov Interpreter

The Python interpreter is usually installed as /usr/local/bin/python3.10 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:

python3.10

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. 10 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.
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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:

$ python3.10

Python 3.10 (default, June 4 2019, 09:25:04)

[GCC 4.8.2] 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.

6 Kegahawo 2. Xpnotponowwvtag tov Interpreter tng Python




Python Tutorial, Anpociguon 3.10.18

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:

# —*— coding: cpl252 —*-

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:

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

YTOONUELWOELG
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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

The interpreter acts as a simple calculator: you can type an expression at it and it will write the value. Expression
syntax is straightforward: the operators +, —, * and / work just like in most other languages (for example, Pascal or
C); parentheses ( () ) can be used for grouping. For example:

>>> 2 + 2

4

>>> 50 - 5%*¢

20

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

5.0

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

O axéporot aplBpot (t.y. 2, 4, 20) €&rouv Tov TOTO int, oL apbuol pe dexadukd ymeia (7t.y. 5.0, 1. 6) éxovv
Tov TUmo £loat. Oa dovue TEPLOGOTEPQ YLOL TOVS OPLOUTTLKOVS TUTTOVS 0PYOTEPT OF QUTOV TOV 0dNYO.

H dwaipeon (/) mavta emotpépet éva float. TNa va kévete floor division (axépaia SLopeo) Kot Vo TTAPETE EVaL
OKEPOLO ALTTOTELEOUO., LWTOPELTE VO YPNOLULOTTOLNOETE TOV TELeOTY] //° ~» yila va umnoloylocete TOo TO

[)

undodoino plac Siralpeong, ypnoipomolnote Tov TedeoTn %

>>> 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

v Python, eivol eQLKTO va P1OLLOTOCETE TOV TELEGTY * * YL0L VO, VITOAOYEOoETE dUVApELS':

>>> 5 ** 2 # 5 squared

25

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

To oVuforo ™G LoOTNTOG (=) XPNOULOTTOLELTAL Yiat TNV 0VAOEON (LG TLuTG 08 PLol UETAPINTY. 2T cuVvEYELd,
dev eppavitetor amotéheoua pLv ad To emOUEVO dLadPATTIKO prompt:

>>> width = 20

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

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

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

(ouvéyela 0TV TOUEVY 0EMDL)

! Aedopévou 6TL 1o ** éxel peyaliTepn mpoTepatdTNTa atd To —, To —3**2 Ba eppvevTel wg — (3**2) KoL £ToL Oa TpoKPeL —9.
o vou To amogUyeTe avTd Ko voL TAPETE 9, WITOPELTE VoL XPNOULOTOOETE (—3) **2.

10 Kegahawo 3. Mia Atunn Elocaywyn otnv Python
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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

Yndpyer mAnpnG vroopiEn yia deKadIKd Ympioe TEAEOTEG PE TENEGTEOVS IUKTOV TUITOV UETOTPETOVY TOV
aKEPOLO TELEOTED O OEKADIKO:

>> 4 * 3,75 - 1
14.0

211 SLadPaOTIKY) AELTOVPYIQL, 1 TELEUTALO EKTUTTMUEVY EKPPAOT EKYXWPELTAL OTY UETABINTY _. AVTO onuai-
ver 6t dtav ypnopomoleite v Python wg apBuopnyoavi] ypogeiov, eivar KAmmwg o e0K0A0 Vo GuveyioeTe
TPOTYOUUEVOUG VITOLOYLOWOVGS, YLOL TTOLPADELYLLOL:

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

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

Avti N petofAnT O TPETEL VO AVTLUETMITILETOL 0TTO TOV YPNOTH MG WOVO VLo ovayVmaon. Mnv tng avadétete
PNTA wo Tr) — o dNULoVPYOVoaTE Lol AVEEPTITY] TOTILKT) UETAPANTY UE TO (810 GVOUE OTTOKPUITTOVTOG
TNV EVOOUATOUEVY UETABANTY UE TN UAYLKT) TG CUUITTEPLPOPUL.

Extég amd int wou float, N Python vmootnpiler kar ddhovg timovg apBumy, 6mtwg Decimal ko
Fraction. H Python éygl eniong evoouatmuévi vrrootplEn yio complex numbers (uyadikotg aptbuovc),
KO YPNOLOTTOLel TNV KatdAngn j 1 J yia va SNADoEL To pavtaoTtikd uépog (s.y. 3+57).

3.1.2 Strings

Besides numbers, Python can also manipulate strings, which can be expressed in several ways. They can be enclosed

in single quotes (' . . . ") or double quotes (" . . . ") with the same result’. \ can be used to escape quotes:
>>> 'spam eggs' # single quotes

'spam eggs'

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

"doesn't"

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

"doesn't"

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

'"Yes, " they said.’

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

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

In the interactive interpreter, the output string is enclosed in quotes and special characters are escaped with
backslashes. While this might sometimes look different from the input (the enclosing quotes could change), the two
strings are equivalent. The string is enclosed in double quotes if the string contains a single quote and no double quotes,
otherwise it is enclosed in single quotes. The print () function produces a more readable output, by omitting the
enclosing quotes and by printing escaped and special characters:

2 Te avtifeon pe dAheg YADOOEG, oL eLdLKol XapaKTpeg Ommg To \n éxouv T idta. onuacio 1éoo e amhé (" . . . ') 600 Ko [ie SITAd
("...") aocayoykd. H povn dtagpopd peta&l tov dvo eival 6t péoo og amhd eloaywyukd dev ypeldletol va amopuyete to " (alhd
TpémeL va. amopUYeTE TO \ ') KOL TO AVTIOTPOQO.

3.1. Xpnowonowwvtag tnv Python wg AptBuopnxavn 11
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>>> '""Isn\'t," they said.'

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

>>> print (""Isn\'t," they said.')

"Isn't," they said.

>>> s = 'First line.\nSecond line.' # \n means newline
>>> s # without print(), \n is included in the output
'First line.\nSecond line.'

>>> print (s) # with print (), \n produces a new line
First line.

Second line.

Edv dev 0éhete oL (apakTNPES TOV TPONYOUVTOL OITO Mict \ var epunveVOVTOL MG ELOLKOL XOPUKTNPES, WTOPELTE
VO PN OUWOTTOLNOETE AKATEQYAGTES GUUPOAOGELOES TTPOTOETOVTOG Vel T TTPLV QT TO TPMTO ELTAYWYLKO:

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

ame

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

Yrdpyet o SuodLdkpitn mTuyt) 0TS AKATEPYAOTEG OULBOAOTELPES: L0 KOTEPYOOTY OUUBOLOTELPE BEV (ITO-
pEL v TELELWVEL € TTEPLTTO apLBud yopakthpwv \” deite To Muuo twv Zvyxvdv Epotoswv yio teploodtepeg
TMPOPOpLES Kot AOELS.

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 U)

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 wtopotv va ouvdehotv (KonBotv 1 wiot otnv GAAN) pe Tov TEAEOTH +, KOL VO ETTOVOAN-
@OOVV ue ToV TELETTN *:

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

'unununium’

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

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

Avt 1 Aettoupyia eivar daitepa yphoun otav Béhete va ondoete ueydheg ouUBOLOOELPES:

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

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

Qot600, 0VTO AELTOUPYEL WOVO LLE KUPLOAEKTIKEG GUUBOAOOELPES, OYL e UETOPANTES 1) EKPPAOELS:

12 Kegahawo 3. Mia Atunn Elocaywyn otnv Python
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>>> 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) 'ium'

AAAAA

SyntaxError: invalid syntax

Av Béhete va ovvdéoete NeTAPANTEG 1) wior LeTaBANTY Ko it KUpLoeKTLKY) OVUPBOLOCELPA, XPNOLULOTOLOTE
TO +:

>>> prefix + 'thon'
'Python'

O oupporooelpég umopovv va givat mooomeddoiues (LEGW EVPETHPLOV), UE TOV TTPDTO YOPAKTHPA VO EXEL TOV
deirtn 0. Aev vitapyel Eexwplotdg THITOG YLo. XOPAKTAPES £VaG XOPAKTHPAG Eival omAdOG pia ovufohooelpd.
ue uéyebog éva:

>>> word = 'Python'

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

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

n!'

O deikTeg Wtopouv va eivar Ko apvnTikol aptbuoi, yia va Egkivinoete v apibunon amxd to deEid:

>>> word[-1] # last character

lnl

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

>>> word[-6]

IPI

Enuewnote 6t oot to -0 givar to idto pe to 0, ou apvitikoi deikteg Eekivouv amod 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)
le'
>>> word[2:5] # characters from position 2 (included) to 5 (excluded)
'tho'

O deikTeg £VOG TELOYLOUOV EXOUV YPTOLUES TPOETUAOYEGe 1 TTOPAAEPY) TOV TTPMTOV SELKTN EXEL WG TPOETL-
royn to undév, N mapdherpn tov devtepou delktn €xeL wg mpoemAoyY To uEyebog TG oVUBOLOCELPAS TOV
TepoyiCeTat.

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

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

lon'

>>> word[-2:] # characters from the second-last (included) to the end
'Ol’l'

[Tpoo£Ete g 1 opyN) TEPLAUBAVETAL TTAVTA, EVH TO TEMOG TThvTa eEatpeitar. Avtd eEaopalilet dTito s [:1]
+ s[i:] elvou whvto 0o pe s:

3.1. Xpnowonowwvtag tnv Python wg AptBuopnxavn 13




Python Tutorial, Anpooiguon 3.10.18

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

"Evag 1p0mog vo. Oupdote g heLttoupyoUv oL TEROYLoUOL elval vo oke@teite OTL oL deikteg delyvouv uetaEd
YOPOKTNPWYV, UE TO ApLOTEPO GKPo TOV TPDTOL YapakThpa va aplbueitar pe 0. Tote To eELd dikpo Tou Te-
LevTalov YopaKTNPO (oG GCUUBOAOOELPAS V XAPOKTNP®Y EXEL KT V, YLO TTAPAIELYILOL:

ot ——————————+
P ly |l t |l h|oln|]|
At S
0 1 2 3 4 5 6
-6 -5 -4 -3 -2 -1

H spdhn oewpd apbumv diver ™) 0o twv dewktdv 0...6 oty ovuforooepds 1 devtepn oelpd divel Tovg
avtioToLyovg apvNTIKoUg deikteg. O TEPAXLONOG aTto [ £wg j AToTELETOL OTTd OLOVG TOVG Y APOKTHPES UETAED
TOV GKPOV UE ETKETEG I KAL J, AVTLOTOLYO.

T pun apvnokolg SEIKTES, TO UAKOG EVOG TEUALOUOU EivaL 1] dLOPoPd TV SELKTMV, €AV Kal oL dV0 Elvol
evtdg twv opimv. Ta wapdderyna, To unKog tov word [1: 3] eivor 2.

H amomepa ypfong evog okt ueydhov deiktn Oa odnynoel oe opdiua:

>>> 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 GPALULAL OTOV Y PNOLUOTOLOVVTAL VL0 TEUOYLOUOVG:

>>> word[4:42]
lon'

>>> word[42:]
T

Ou ovuforooelpég g Python dev pmopotv vo alhdEovv — eivaw immutable. Emopévwg, 1 avabeon og wio.
OoVYKEKPLUEVY B€om 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 ypeldCeote o diagpopetikr] oupforocelpd, 0o mpemel va dNuovpynoeTe (o véa:

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

>>> word[:2] + 'py'
'Pypy’

H evoopatmuévn ovvapton len () emoTpEQpeL TO KOG Wag Gupohooelpdc:

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

Agite emiong:
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textseq Ou cuufolooelpég eivor mapadeiypato Tomwv akolovliog Kol vtootpilovy Tig Kowvég pdEelg mov
VITOOTNPILOVTOL ATTO TETOLOVG THTTOVG.

string-methods Ou cuuforooelpéc vtooTpilovy évav pueydho apldud uebddwv yio faotkos LeETAOoYNULTL-
OUovg KoL avalnTnon.

f-strings Kvplohektikéc oupolooelpég o €Xouv EVOOUOTOUEVES EKPPAOELS.
formatstrings ITAnpogopieg oyeTIKA UE TH HOPPOTOiNoY cuuorooelpwy ue T uéBodo str. format ().

old-string-formatting Ou woliég hettovpyleg Lopomoinong mov KakoUvior dtav oL CUUPBOLOCELPES ELvaL O
OPLOTEPOS TEALEOTEOS TOU TENEDTN % TTEPLYPAPOVTOL AETTTOUEPEOTEPXL EDM.

3.1.3 Aioteq

H Python yvwpiCel évav aplOud cdvletmv TOmmv dEdOUEVAOV, TOV YPNOLUOTOLOVVTOL YL TNV OUOd0TTOLNTT
AoV TudV. O o gVEMKTOG gival 0 TUTTOG AloTa, 0 0TTOLOG WITOPEL VO YPOPTEL WG WLt AMOTA dLoymPLoué-
Vv ue Koupa Tuav (otouxelwv) avapeoo oe tetpdywves aykvhec. O Moteg Wmopel va mepLéyovv otolyeio
SLAPOPETLKMOV TUTOV, 0AAG GVUVIOWG Ol Ta oToLYELD £XOVV TOV 1010 TVTTO.

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

‘Ontowg oL ovUPorooELPES (Kot OAOL OL GALOL EVOWUATWUEVOL TUTTOL seqience), oL MOTeEG WToPoUV Vo, HELKTOSO-
™OoUV Kal va TEPOYLOTOVV:

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

1

>>> squares[—1]

25

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

‘O)oL OL TEUOLOUOL ETTLOTPEPOVY WO VEQ MOTA TTOU TTEPLEYEL T CNTOVUEVA OTOLYELD. AVTO ONUAivEL OTL O
akOLovBog TepoyLonog emtotpépel éva shallow copy (pnyd aviypago) g Alotag:

>>> squares]|:]
(1, 4, 9, 16, 25]

O Moteg vmootnpilouv emiong hettovpyieg 6mmg ovvdeon:

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

Ze avtibeon pe tig ovpporooelpés, oL omoieg eivan immutable, o Moteg elval mutable THmOg, dNIOdN eivon
duvatdv vo alhdEete To TEPLEXOUEVO TOUG:

>>> 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]

You can also add new items at the end of the list, by using the append () method (we will see more about methods
later):

>>> 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]

3.1. Xpnowonowwvtag tnv Python wg AptBuopnxavn 15
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H ava0eom og tepoyiopoig eivan ertiong duvatt), Kot outd wropel axoun ko va odidEel To uéyebog thg Motog
1 vo ™ dlorypdpeL eviede:

>>> letters = ['a', 'b', 'c', '4d', 'e', 'f', 'g'l]
>>> letters

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

>>> # replace some values

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

>>> letters

[ta', 'b', 'c', 'D', 'E', 'f', 'g'l

>>> # now remove them

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

>>> letters

['a', 'b', '£', 'g']

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

>>> letters

L]

H evoopatmuévn cuvdptnon len () epoapudleton emiong otig MoTec:

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

Eivaw duvatd vo eugpoietoete Moteg (vo dnuovpynoete Moteg mov meptéyouv dhheg AMOTES), YL Tapaderypa:

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

>>> x = [a, ]

>>> x

[[('a', 'bB', 'c'l, [1, 2, 3]]
>>> x[0]

['a', 'b', 'c']

>>> x[0][1]

lbl

3.2 MNpwTta Brijpata Npog Tov Npoypappatiopd

Of course, we can use Python for more complicated tasks than adding two and two together. For instance, we can
write an initial sub-sequence of the Fibonacci series as follows:

>>> # 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

AvTo T0 TAPAdELYUa ELOAYEL DLAPOPO VEQ YOPAKTIPLOTLKG.

o Hrmpwtn ypouun wepLéyet o toAlamin avdOeon: oL ueTafAnTég a KoL b Taipvouv ToUTOY POV TLG VEEG
Tég 0 ko 1. Ztnv tehevtaia ypauu auto xpnouomoteiton Eavd, amodetkviovtag 0Tt oL EKQPPAOELS OTH|

16 Kegahawo 3. Mia Atunn Elocaywyn otnv Python
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deELG mhevpd aElohoyouvtal dheg TpdTO TTPLY YiveL omoladNmote avadeon. Ot ekppdoelg oty deELd
mhevpd aElohoyotvran amtd apLotepd Tpog To. SeELd.

o O Bpodyoc while ekteheitan 600 1) ouvOT KN (edw: a < 10) mapapéver aindig. Ztnv Python, dmwg xon
ot C, omoLadnmote un undevikr) axéporo T eivar alndng, to undév eivar Yevdéc. H ovvONkn umopel
emiong va eivor e ovpPorooelpd M o Motao, otV TpoylottkoTTa 0moLadtote akolovdias otdn-
TTOTE UE U undeVIKO ufKog eivan aindég, kevég axorovbieg eivor Pevdeig. To TEGT TOV XPNOLUOTTOLELITOL
010 TTapaderyua eivor o i ovykplon. O tumkol teheotég ovykplong ypdgovtor émwg ot C: <
(wpdTEPO ATd), > (UeyahhTepo 0md), == (i00 pe), <= (UKpdTEPO 1) (00 pe), >= (ueyoritepo 1 (0o ue)
Kaw !'= (un ioo ue).

o 210 gdua 1oV BPoOyov VITAPYEL 6oxn: M| €00y Elval 0 TpOTOG TG Python va opadomotel eviolég. Zto
dLadpaoTikd prompt, TPETEL VoL TANKTPOLOYNOETE €va tab 1) Kevd(a) yio KGO ypauur pe 0oyn. Ztnv
TPAEN O TPOETOLUAOETE TTLO TEPLTAOKEG ELOAYWYEG YLt TV Python pe évav eneEepyaoti Keywévous OLot
oL aElompeneic eneEepyaotég keywévou dLadETovy TNV duvatdtnto avtduatng eooyfc. Otav elodyeton
pa oUvOeTn evioht] dLadpaoTikd, TPEMEL Vo okohovOeiTOL atd (o KEVI] YPOUUT] YLOL VO VITOONAWDVEL
™V oLoKAMPWOT| (0o 0 CUVTOKTIKOG AVAAUTHG OV WITOPEL VO LOVTEWEL TOTE TANKTPOLOYNOATE TNV
televtaio ypouun). Enueiwon ot kdbe ypouun péoo oe €vo Baotkd WTAOK TPETEL VoL ExEL TV 1OLa
€00YN).

o The print () 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', i)
The value of i1 is 65536

To 6propo-kheldi end wtopet vo. ypMoLuostotn el yio TV atopuyn g vEag YPOoUUNG UeTd TV 5080, 1)
YO VO TELELUDOETE TNV £5080 UE pio SLopopeTLKY cupBohooelpd:

>>> 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,

YTIOONHELWOELG

3.2. NMpwta Bripata Mpog Tov MNpoypappatiopo 17
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KE®ANAIO 4

[Meploodtepa epyalela EAEYXoU Pong

Besides the while statement just introduced, Python uses the usual flow control statements known from other
languages, with some twists.

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 == 0:
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®OLKOG TTOV TPOTOTTOLEL 0L CUALOYT) EVD ETAVOAAUBAVETOL TTAVD 0TTod TV 1010 GUALOYY] WITopEL Vo elvan
dVoKohog YLo Va YivelL omoTodc. Avtifeta, gival ouvnOmg mto amho va kdvete loop mdvo amd éva avtiypogpo
OUALOYTNG 1] VO ONULOVPYNOETE WLt VEO GUALOYN:

# Create a sample collection
users = {'Hans': 'active', 'Eléonore': 'inactive', 'BEE@': '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 vo kavete emavddnyn oe o akorovdio aplbunv, n evoouatwuévr (built-in) ocuvaptnon
range () elvol xpnowun. Anuovpyel aplOuntikég Ttpoddovg:

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

S W N e O

To dedopévo telko onuelo dev amoterel TOTé H€POG TG ToPayOueEVNG akohovdiag to range (10) dnuovp-
vet 10 Tuég, Toug delkteg yia otouyela wog axohovbiog unkovg 10. Eivor duvatdv va agnoovue to g0pog va
Eexvd amd G0 aplbBud M yio vo KaBopioeTte o SLopOoPETLKTY TPOTONENON (KU KOL 0PVITTLKY), LEPLKES
Popéc autd ovoudtetal “prua’):

>>> list (range (5, 10))
[51 6/ 7/ 8! 9]

>>> list (range (0, 10, 3))

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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

T va yivouv iterate ol deikteg (o akolovBiag, umopeite va ouvdvaoeTe Tig range () koL len () wg eEng:

>>> a = ['Mary', 'had', 'a', 'little', 'lamb']
>>> for i1 in range(len(a)):
print (i, afli])
0 Mary
1 had
2 a

3 little
4 lamb

ZTG TEPLOOOTEPEG TETOLEG TEPLITTOOELS, MOTO0O, €ivor BOAMKO VO YXPNOLUOTOOETE TH OLVVAPTNOT
enumerate (), deite Teywkéc Looping.

'Eva. tepiepyo mpdryna oupufaivel ov amhdg EKTUITMOETE €VoL range:

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

Me 7ol0UG TPOTOUG TO OVTLKELUEVO TTOV EMLOTPEPETOL ATtd TO range () CUUTEPLPEPETAL OOV VO ELVAL (WAL
Mota, ahhd otV mpaypotikotTa dev eivar. Eivol éva avtikelpevo mov emotpépel To dLadoyLkd otouyeio
™G emBbuunTg akolovBiog OTav KAvVeTe emavalm Tavm Tov, oG dev wtaivel payuotikd ot Alota,
eEoLKovoumvTag £l YHPo.

Aépe 6t éva TéTolo avTikeluevo eiva iferable, SMAadY), KATAAMNAO MG GTOYOG VLA CUVAPTNOELS KOL KATOOKEVEG
TTOU FEPLUEVOVY KATL 0TTO TO 0IT0L0 UITopovv va Mafovy dtadoyLkd atoryeio uéypl vo eEovtinbei 1) tpoopopd.
Eidape 6tL ) dNhwon for elvor (o T€Tolo KOTaoKeVT], Ve £vo TOPAdELYIa GUVAPTONG TTOV TOLPVEL EVOL
iterable eivoum sum () :

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

Apyodtepa Ba dovpe TEPLOTOTEPES GUVOPTNOELS TTOV ETLOTPEPOUV iterables kau Aappdvovy Toug iterables wg
opiopato. 210 Ke@dhao Aoués Aedouévaov, Bo ouintmoovue Aemtouepéotepa oL to 1ist ().

4.4 break and continue Statements, and else Clauses on Loops

The break statement, like in C, breaks out of the innermost enclosing for or while loop.

Loop statements may have an e 1 se clause; it is executed when the loop terminates through exhaustion of the iterable
(with for) or when the condition becomes false (with while), but not when the loop is terminated by a break
statement. This is exemplified by the following loop, which searches for prime numbers:

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

print(n, 'is a prime number')

2 is a prime number

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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

O 00 ~J o U1 i W

(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 e 1 se 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 Awayeioion EEaipécewv.

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

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

if num % 2 == 0:
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 dhwomn pass dev kaGvel timota. Mmopel va xpnoLpuomomOel OTav amanTeitol ovvTaKTiKd o tpdtaom,
oAG To TPOYpouuo dev amartel Kapio evépyera. o mopdderypa:

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

Avuto ypnoipomoteiton ovvihOmg yio T dnuovpyio e LoTmwv KAATEWV:

>>> class MyEmptyClass:
pass

"‘Eva dAho népog pass mov witopel va ypnotpomorn0et eivar wg place-holder yio o ouvéptnon 1 to cwuo vod
6povg dtav epyaleoTe 0€ VEO KMOLKO, EMLTPETOVTAG OOG VO, OUVEYIOETE VO OKEPTEDTE O€ £V TTLO OLPNPNUEVO
entimedo. 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 aivetor Tapamdvm. AMG ta emdueva dvo potifa ouvdvagouvv 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:
X: int
y: int

def where_is(point):
match point:
case Point (x=0, y=0):
print ("Origin")

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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 YL TA YOPAKTNPLOTLKE TOUG (TT.). KAAOELS dedouévav). Mmopeite emiong va oploeTte po ouyKekpLuévn
0¢om Yo XAPAKTNPLOTIKG 0€ HoTifa, 0pitoviag To edLKO YopaKTHPLOTIKO _ match_args_  otg KAdoelg
oac. Edv éxeL opLotel oe («x», «y»), Ta akohovBa potifio eivar Oha LoodUvaua (Kot Oho deCUEVOVY TO Y0P
KTNPLOTLKO v 0T petofinti var):

Point
Point
Point
Point

1, wvar)

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

'Evag ouviotmuevog Tpomog yio va dLaaoete to. potifia eivar va o SEITE g ULal EKTETAUEVY] HOPPT] QUTOV
7tou B BALETE 0T OPLOTEPG PLOLG AVAOEONC, YL VO KOTAVONOETE TToLEG UETAPANTEG B opLoToUV o€ TI. Mdvo
T AveEGPTNTO ovOUaTO (OTTWG var TopPamdvm) eKympovvTal amd we dSNhwaon avitotoiywone. Ovouato pe
Koukkideg (Omwg £oo.bar), OvOUATO YOPAKTHPLOTIKMOV (T0 X= KoL y= TOPOTAV®) 1 0vouato KAAoEmVY
(avayvopifovtat oo to «(...)» mov Bpioketor dimha Omtwg 1o Point mapamdvm) dev avotifevran ToTé.

Patterns can be arbitrarily nested. For example, if we have a short list of points, we could match it like this:

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")

Mopovue va tpoobécouvue o tpotaon 1 f oe éva potifo, yvwotd wg «guard». Edv to guard eivou false, to
match ouveyilel yia va dokiudoet To emduevo UTAoK melmv-kepolaiwv. AAPete voYPn 6T 1 CVAANYN TG
Tung yiveron tpwy o guard aErohoynOei:

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

TMoAAG GdAa BAOLKA XAPOKTNPLOTIKA 0TS TNG dAwoNG:

 'Ontwg to unpacking avadéoewv, Ta potifa mhewddag (tuple) Kow Aiotag £xovv axpiwg Ty idia onuacio
KoL TopLalovy paypatikd pe avbaipeteg akohovdieg. Mia onuavtiky) eEaipeon eivan 6tL dev taupLd-
Covv ue iterators 1) cuufohooeLpéc.

o Ta potifa akolovdiog vrootnpilovy extetauévo unpacking: [x, y, *rest] Ko (x, y, *rest)
Lertovpyel mapdpoto pe to unpacking avabéoemv. To dvopa HeTd T * WITOPEL ETLONG VO Eival _, 0TTOTE TO
(X, Yy, *_) QVvTLOTOLYEL O€ (o akohovbio TOVAaYLaTOV dV0 OToLYKElMVY XWPIGg VO dEGUEVEL TO VTTOLOLITOL
OTOLYELA.
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o Mortifa avtiotoiyiong: { "bandwidth": b, "latency": 1} koataypageltigTuég "bandwidth"
Kaw "latency" and éva AeEikod. Ze avtifeon pe ta potifa akorovdioag, ALV KAELDL 0yvOoOoUVTaL.
Yrootmpietor exiong to unpacking 6mwg 10 **rest. (AMG to **_ Oa tarv epLTto, emouévmg dev
ETLTPETETAL.)

o Ta devtepevovta potifa wropovv va arotunmbovv ypnoporoimvtag to keyword as:

case (Point(x1l, yl1), Point (x2, y2) as p2):

Oa kotaypdpel To deTEPO GTOLXELD TNG ELOOBOV WG P2 (EPOCOV 1 €l00d0G elvar pia akorovBio dvo
onueimv)

o Ta meproodtepa literals ouykpivovtal pe L0OTTO, WOTOCO Ta singletons True, False ko None ouyKpi-
VOVTOL € TAVTOTNTAL.

o Ta potiffa propovv va yp1noLUoToLoVV OVOUOOUEVES OTAOEPES. AUTA TPETEL VOL ELVOL OVOULATO L€ KOVK-
KIOEG Y10 VO U1V EpUNVEVOVTOL WG capture PETABANTH:

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 o emttouept) emeENynon kKou tpoobeta mopadeiypota, pmopeite va deite to PEP 636 to omoio eivon
YPOAUUEVO OE Lop@n ekudOnong.

4.7 Kaboplopog Zuvaptrioswyv

Mropotue va dSULOVPYNOOVUE WO, CUVAPTNOT TTov YpdpeL T oewpd Fibonacci og éva avbaipeto dpuo:

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

>>> # Now call the function we just defined:
fib (2000)
0112358 13 21 34 55 89 144 233 377 610 987 1597

To keyword de f elodyer o ouvaptnon optouds. Ipémel va axohovBeitol amd To dvoua Tg ovvapTnong KoL
™ MOoTa TV TUITKOV Tapauétpmy og mopévieor). OL dNAMOELG TOV OYNUOATILOUY TO OO TG CUVAPTONG
EeKLvoUV astd TNV ETTOUEVY] YPOLUUT KOL TTPETTEL VAL ELVOL E00YEC.

H pd ) dMAwon tov omuatog e ouvaptnong Wtopel TpoatpeTikd va eivar éva literal ovppolooelpdc: avtd
7o literal oupporooelpds elvar ) ovpforooelpd Tekunpiwong T ouvapTnong 1) docstring. (Ileplocdtepa yLo To
docstring popeite va Bpeite oty evotnta 2vupforoceoéc Texunoiwang.) Ymdpyouv epyaieio mov xpnoLuo-
mtoLovv docstrings Yo TV QUTOUOTY Tapoymy dLAdIKTUOKAG 1 EVTUITNG TEKUNPIWONS 1 Y10 VA 0p)GOUV TOV
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YPHOTN Vo TTEPUYNOEL BLadPAOTIKG OTOV KMALKO: Elvan KoY TPakTIKY vo ovusmepthapupdvovtar docstrings
OTOV KOOLKA TTOV YPAPETE, VL0 AUTO KAVTE TO OUVHDELOL.

H extéleon pag ouvaptnong elodyel £vay véo TvoKa GUUBOLMYV TOU YPTOLULOTTOLELTOL YLOL TLG TOTILKEG LETOL-
BANTéG TG ouvapTnone. [To cuyKeKPLUEVO, OMES OL EKYMPTIOELG UETABANTOV OE ULo CUVAPTNON 0rrodnKevovv
TNV T OTOV TEVOKO TOTIKMV OUUPBOMMVe EVED OL AVOLPOPEG LETOPANTMV KOLTATOVTOL TTPWTA GTOV TTLVAKA TO-
UKDV CVUPBOLWYV, 0TI OUVEXELD OTOVG TTEVOKES TOTILKMY GUUBOAMY THV GUVOPTIOEMV TTOV TEPLKAEIOVV, UETA
otov sivaka KabolMKdv ovuBolwv Kat, TEA0G, 0TOV mivako evowuatwuévov ovoudtwyv. ‘Etotl, ov kabohkég
UETOPANTES Kal OL LETOPANTES TOV GUVOPTIOEWV TTOV TEPLKAELOVY dEV UTOPOUV VO EKYwPNO0VY G (oL T
uéoo o€ (o ouvaPTN oM (EKTOG €V, YLa KoBoMKES uetafintég, mov ovoudlovtal o wa dNhwon global 1,
YL0L LETOPANTEG CUVOPTNOEMY TOV TEPLKAELOVV, OVORATOoVTOL WG o dNhwon nonlocal), ov Kol Wropel vo
AVOLPEPOVTAL.

O Tpayuotikég mopdpeTpol (0plopata) o€ wo KANoN CUVAPTHONG ELOGYOVTIOL GTOV TOTLKO TTivaKo ouupo-
AV TNG KAMOVUEVNG CUVAPTNONG OTOV auTH Koheitar 1oL, To 0plopuato UETAPLBATOVTAL YPNOULOTOLMVTOS
call by value (6rov 1 value givor Tévto évo avikeipevo reference, oL v T Tov ovtikeévov).! ‘Otav wo
OUVAPTNOT KOAEL et A oUVAPTNOT 1] KOAEL TOV EQUVTO TG OVOOPOULKA, dSNULOVPYELTAL £VOG VEOS TTLVOKOG
TOTUKDV GUUBOADV YLOoL UTHV TNV KA 0.

"Evog 0pLopog ouvapTnong OUoYETICEL TO OVOUOL TG OUVAPTNONG UE TO AVILKELUEVO GUVAPTNONG GTOV TPEYXOVTOL
aivaxa ovufBormv. O diepunvéag avayvmpilel TO OVTLKELILEVO OTO OO0 ETLONUOIVETOL AUTO TO OvVoud MG
ovvapTnon TTov opiteTar amd Tov ¥PHoT). Alha ovopata Uopovv emxiong vo deiyvouv To i8Lo avILKELUEVO
OUVAPTNONG KL WTOPOVV ETLONG VO, XPNOLUHoTotnOouv yio Tpdofaon oty cuvapTnoy:

>>> fib

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

>>> £(100)
0112 358 13 21 34 55 89

[Mpoepyoduevol amd diheg yhdooeg, umopel va avtitoyOeite 0TL To £ib eV elvan wo oVVAPTNON AAAG o
dLadikaoio, Kabmg dev eMOTPEPEL ULt TUUT. ZTNV TPOYUATIKOTNTO, OKOUN KoL GUVOPTHOELS Xmpig dNAwon
return emotpépouv wa T, av Kol udhhov Bapety. Avti 1 i ovopdletan None. H eyypapn g ti-
ung None asmtd tov diepunvéa, edv Ba Ntov 1 wovy Ty ov ypdpetat. Mmopeite va 1o deite av to Oéhete
TPAYUOTLKE Y PNOLUOTTOLMVTAG T print () :

>>> fib (0)
>>> print (£ib(0))
None

Eival amhd vo ypdapete po ouvaptnon ov emtotpépel wo Aota ue tovg apbuovs g oelpdcs Fibonaccei, avtl
VOL TNV EKTUTTMOETE:

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

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

Avt t0 Tapdaderyua, wg ouvnbme, deiyvel puepLkd véa yopaktnpLotikd Python:

o H dMlwon return emotpépet pe pa 1t amd wo ouvapton. To return ywpig dpiopa £Kppoong,
emotpépel To None. H mtdorn Tou téhoug oG ouvaptnong emtoTpépel emtiong None.

! Sty mpaypaticdTta, N kAo ue avagpopd avakeuévov Ba Hrav (o Kohitepn meptypagt, Kadng edv uetapipaotel éva petapintd
avTiKeinevo, o kahmv Oa deL Tuydv alhayég Tov KaveL 0 KahdV o€ 0uTd (OTOLYELC TTOV ELOAYOVTAL OF Ut MoTaL).
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o The statement result.append (a) calls a method of the list object result. A method is a function
that “belongs” to an object and is named obj.methodname, where obj is some object (this may be an
expression), and methodname is the name of a method that is defined by the object’s type. Different types
define different methods. Methods of different types may have the same name without causing ambiguity. (It
is possible to define your own object types and methods, using classes, see KAdoeig) The method append ()
shown in the example is defined for list objects; it adds a new element at the end of the list. In this example it
is equivalent to result = result + [a], but more efficient.

4.8 MepLoodtepo yua tov KaBopLlopod ZuvaptRosewv

Eivar emtiong duvatdg o oplopds ouvoptioemy pe uetafintd optbud optopdtov. Ydpyouvv Tpelg Wopgpeg,
OV UITOPOVV VO CUVOVOGTOUV.

4.8.1 Mpoermheypeveg TIpeg Opiopatog

H mo xpriown podpua eivor vo kaboploete wo tpoemheyuév tiun yia €va 1) mteplocdtepa opiopata. Avtd om-
UWLOVPYEL tLal VVAPTNOT TTov ptopel va, KANOEL pe Ayotepo opioporta atd autd Tov £yl 0pioeL OTL EMITPETEL.
INo wopdderypo:

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 < 0:
raise ValueError ('invalid user response')
print (reminder)

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

« 1 divovtag Oha T opiouata: ask_ok ('OK to overwrite the file?', 2, 'Come on,
only yes or no!'")

Avtd 10 Tapdderypa eLodyel emtiong to keyword in. Avtd ehéyyel edv o akolovBio mepLéyet 1 Oyl ol ov-
YKEKPLUEVT] TLUT).

O Tpoemheyuéves TEG AELOMOYOUVTAL OTO GTUELD TOV 0PLOUOV TNG OVVAPTNOTNG 0TO TEdIO TTOV 0pileTaL, £TOL
wote

def f(arg=1i):
print (arg)

0o eKTUTTDOEL 5.

Innavrkn xpoedomoinon: H mposmiheyuévn tun aoloyeitar udvo pia gopd. Avtd kével tn duagopd dtav
1 ;poemhoy eivan éva petafintod aviikeipuevo, dmwg o Alota, AeEkd 1 oTLyudTuIo TV IEPLOcOTEPMV
Khdoewv. T mapdderypa, 1 akdLovON cuVAPTHOYN CVooWPEVEL T OplopraTo oV dLofAlovtal e auTod o
emoueveg KA oeLG:
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def f(a, L=[]):
L.append (a)
return L

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

Avtd 00 EKTUTTOOEL

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

E&v dev Oélete va yivetal Kowvi| xpron TG Tpoemhoync LETAED TV eTOUEVOV KATIOEWV, WTTOPELTE VO, YPUPETE
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 ouvaptioelg Wropolv emiong vo KAOoUV YPNoLUOTOLMVTOG TO keyword arguments NG WOPQYG
kwarg=value. [Na mopdderypa, v akdrovdn cuvdptnon:

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

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

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

déyeton éva amartovpuevo dpopa (voltage) Kou Tplo TPOOLPETIKA opiopata (state, action, kot type).
Avti 1 ovvdptnomn urropel va kKAnOel pe omolovdnmote amd tovg akdorovboug TpdTovs:

parrot (1000) # 1 positional argument
parrot (voltage=1000) # 1 keyword argument
parrot (voltage=1000000, action='VOOOOOM") # 2 keyword arguments
parrot (action="'VOOOOOM', wvoltage=1000000) # 2 keyword arguments
parrot ('a million', 'bereft of life', 'jump') # 3 positional arguments
parrot ('a thousand', state='pushing up the daisies') # 1 positional, 1 keyword
oAAG Oheg oL akOlovBeg KMOELS Oa Ty dKupeg:

parrot () # required argument missing

parrot (voltage=5.0, 'dead") # non-keyword argument after a keyword argument
parrot (110, voltage=220) # duplicate value for the same argument

parrot (actor="John Cleese') # unknown keyword argument

Ze o kKAHon ovvaptnong, ta keyword opioparta mpémer va akohovbouv opiouota Béong. Ola ta keyword opi-
opato. Tov dLoBACovVTOL TPETEL VO TOLPLALOVYV UE £VaL 0TTO TO OPLOUOLTA TTOV YiVOVTaL SEKTA 0ITd TH oVVApTHON
(7. To actor dev eival EyKupo OPLOUa YLOL TN OUVAPTNON parrot), Kot 1 dudtakn Tovg dev eival onuavTik.
Avtd mepthauaver emtiong ) TPooLpeTIKG opiopato (.Y parrot (voltage=1000) &ivaw emiong yKvpo).
Kavéva dpiopa dev uwopet va MaBeL o Tt eplocdtepeg amd pio popéc. Akohovbel Eva mapaderyua o
ATOTUYYAVEL LOY® OUTOU TOU TTEPLOPLOUOD:
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>>> 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, Aoufdver éva heEikd (deite
typesmapping) ov mepLéyet Oha o keyword opioporto eKTdg amd aUTd TOV AVILOTOLKOUV OE ULaL ETTLOMUT TTAPd-
UETPO. AUTO UTOPEL VO CUVOVAOTEL LE LLOL ETTLON Y TTOLPAUETPOG TG LOPPY|G *name (Tov TEPLYPAPETAL OTNV
eMOUEVT] VITOEVOTITAL) 1) OTToloL AAUPAVEL €val fuple OV TTEPLEXEL TOL Oplopata O€ong mépa amd TV exionun
Mota mapopétpwv. (To *name mpémel va gpupoviletat pLv atd to * *name.) Na wapdderyua, av opicovpe
o ovvapTnomn 6mtmwg 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])

Mrmopei vo. KaAEOTEL KATWG £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 Oa 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

Adete vITOYN OTL M CELPA UE TNV OTTolo. EKTVTTWVOVTOL T keyword oplopata eivor eyyunuév Ot TapLateL ue
TN OELPA e TNV oToia dOONKAV 0TV KANOo1 TG OUVAPTNONG.

4.8.3 EWOIKEG MapapeTpOL

And mpoemhoy, Ta oplopoto wropotv vo uetafipaotolv o 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 TPOYPAUUATIOTIG VO UMV XPELALETOL VO KOLTAEEL
TOV OPLOUO TG CUVAPTIONG YLO. VO TTPOCOLOPLOEL €AV T oToL el petafipalovion katd 0€on, Katd Béomn 1
keyword, 1 xatd keyword.

"Evog 0pLopdg ouvAapTnong WITopel vo. LoLAleL (e auTo:

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

| Positional or keyword

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

\ - Keyword only
—— Positional only

6mov ta / Ko * glvan tpoarpetikd. EGv ypnowomorotvral, autd to opola vitodetkviiovy To eidog TG o
POUETPOUG LLE TOV TPOTTO TTOU TOL OPLOUALTA WITOPOVV VAL LETAPLBOOTOVY OTH GUVAPTNON: wOvo Béong (positional-
only), 6¢omg M keyword (positional-or-keyword), kou uovo keyword (keyword-only). O keyword mapdypetpor ava-
PEPOVTOL ETTLONG (G OVOUALOUEVEG TTAPAUETPOL.

Mapapetpor ©€ong | Keyword

Edv ta / Kau * d&v vmdpyouv 0Tov 0plopd ™G OLUVAPTNONG, TA 0ploUaTa LITopovV vo LETOPLBooTovV oE (o
ouvapTnon ava 0éon 1 katd keyword.

Mapapetpol Mévo-©€ong

EnaveEetalovtag avtd to Béua hiyo mo hemtopepg, eivar duvatd va emonudveTe 0pLOUEVES TAPOUETPOVG
g udvo Béang. Eav uévo Oéong, n oelpd Twv TopopETpoy EXEL ONUAOIO KOL OL TOPAUETPOL DEV UITOPOVV VO,
uetapipaototv pe keyword. Ou mopdpetpor wovo Béong tomobetovvion mpv amd éva / (Tpog to. eumtpog-
Kk&Betog). To /° " ypnoiponoteital yia va Brayxwploel Aoyixd Tig napapéTtpoug pdvo
Béong and Tlic undrormeg napapéTpouc. EAv Bev undepyetr To |/ OTOV 0pLoUd TG
oVvapPTNONG, dEV VITAPYOVY TOPAUETPOL LOVO BTG,

O mapdpetpol Tov akolovBovv to / uropet va ebvon Oéong 17 keyword ) uévo keyword.
Opiopata pévo Keyword
T va emonudvete TG TopauéTpoug og uévo keyword, vTtodELKVUOVTAG OTL OL TTOAPAUETPOL TIPETEL VAL TTE-

paoovv amd to keyword Opioua, TomoBetoete £va * ot MOTO 0OpLOUATOV OKPLBDS TPLV amtd TNV TPDTY
TAPAUETPO udvo keyword.

Mapadeiypata Zuvaptioswyv

ZrepTelte Ta akO AoV TAPUdELYIATO OPLOUDY CVVAPTHOEWV divovTag LOLOLTEPY TPOooOoY Y| 0TOVG deikTeg /
Kow *:

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

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

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

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

O tpdTog 0pLopdg ouUVAPTNONG, standard_arg, 1 O OLKELD LOPPY, dEV OETEL TEPLOPLOUOVG 0T TVUSOOT
KAONG KO TO OPLOUATO WITOPOUV Va TTEPGoovY artd 0€on 1) amtd keyword:

>>> standard_arg(2)
2

>>> standard_arg (arg=2)
2
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H dettepn ovvdptnon pos_only_arg meplopiletol ot xpnon uovo mopapétpuv B¢ong kKabwg vapyeL éva
/ oTov opLopdg TG oVVAPTNOTG:

>>> 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

Kot to televtaio ypnoipomolel Ko TG Tpelg ouuBacelg Khong otov idLo oplopd cuvaptnong:

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

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

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

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

Téhog, eEeTdoTe QUTOV TOV 0PLOUS CUVAPTNONG TTOU £XEL o TThavi| cUYKPovoT Leta&u tov opiopatog 0¢ong
name Ko **kwds mov €yeL wg KAELDL TO name:

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

Aev vtdpyer kapio mbavy kAo mov Ba v Kdvel va emotpéper True Kabwg to keyword 'name' Oa
OUVOEETOL TTAVTO UE TNV TPOTN TTapduetpo. I'a mopdderypo:

>>> foo(l, **{'name': 21})
Traceback (most recent call last):
File "<stdin>", line 1, in <module>
TypeError: foo() got multiple values for argument 'name'
>>>

A xpnowpomolmvtas / (opiouata povo Béong), elvan duvatd Kabmg emitpémel 1o name wg Oploua OEong
Ko to 'name ' wg kAedi ota keyword oploportos:

def foo(name, /, **kwds):

return 'name' in kwds
>>> foo (1, **{'name': 2})
True
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Me diha MoyLa, To ovouaTo Twv Tapauétpmy udvo BEong umopotv va ypnoluortotnfoly oe * *kwds ywpig
A0GpELaL.

Avakepalaiwon

H siepimtwon ypnong 0a kabopioel moleg mopauétpoug Oa xpnotuomotn0oiy oTov opLopud TG CUVAPTNONG:

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

Q¢ Kahodnynon:

o Xpnowuomorfjote tn 0o wodvo edv BEMeTE TO Ovoua TV TAPAUETPWY VaL NV givar dtabéouo oto ypn-
o). AVTO gival XpNoLo OTOV TA OVOUATO TTAPOUETPWV OEV £X0VV TPAYUATIKO vonua, edv dev Oéhete
vaL eTUPAAETE T GELPA TWV OPLOUATWVY OTAV KOAELTOL 1] CUVAPTION 1] €0V TTPETEL Vo ANpOovv opLopéveg
mapapetpol Béong kot avbaipeto keywords.

o Xpnowuomorfjote keyword Hovo 6tov Tor ovOUATO £X0UV VOO KOL O 0PLOUOG TNG GUVAPTNONG ELVOL TTLO
Katovontog Otav elval pntog pe ovopota 1 0éhete va amoTpéPeTe TOVG YPNOTES VO, focilovial ot
B¢om tov emyelpuatog ov petafLpateTol.

o T éva API, ypnowpomomote 1o povo B€ong yio va amotpéete T dakorm twv adlaywv tovg API,
€ To dvoua TG TAPOUETPOU TPOTTOTTOLNOEl 0TO HEANOV.

4.8.4 Aioteg AuBaipetwyv Oplopatwyv

Téhog, 1 MyOTEPO GUYVA XPNOLUOTOLOVUEVY] ETTLAOYT ELVOL VO OPILOETE OTL ULaL CUVAPTNON WITOPEL Vo KANOel
ue évav avbaipeto aplbuog opropdtmv. Avtd ta opiopato Oa TulyBovv o wa mhedda (tuple) (BA. [TAswd-
Oeg (Tuples) kaw AkolovBisg). TIpwy artd Tov petafAntd aptBud opLopdTmv eVOEXETOL VO TTPOKUPYOUV UNdEV 1
TEPLOGOTEPT KOVOVLKA OPLOUATO.

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

Kavovikd, avtd ta variadic opiopata 0o eivor tehevtaio ot Moto Twv enionuwy Topatétpmy, eneldy cul-
Aéyouv Oha ta vTOLoLTa OploUaTa ELTOAOV TOU HeTOPLBATOVTAL 6T CUVAPTNOY. OToLEcdNTOTE TUTTILKEG TTOL-
PAUETPOL TTOU EUPAVITOVTOL HETA TNV TapdueTpo *args elvar “udvo keyword” opiouata, wov onuaiver Ot
WITOPOUV va. xpnotpnorofoy wovo g AéEeic-kheldLd Kar oL wg opiopata OEong.

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

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

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

'earth.mars.venus'

4.8.5 Unpacking Aioteg Oplopatwy

H avtiotpogn katdotaon cupfaiver dtav to opiopato fpiokovtoe NoM oe wa Aoto 1 mhetdda (tuple), aAré
TIPETEL VA, ATTOOVUITLEGTOVY YO ot KAo1 ouvapTnong mov amaurtel Sexmplotd opiopata Béong. T wopd-
devyua, 1 evoopatouévn (built-in) ovvéptnon range () ovapéver Egxmplotd start Kau stop opiopota. Edv
dev eivan drabéoua Eexwplotd, ypdyte Ty KANO oLUVAPTNONG UE TOV *-TENEDTH] YLOL VO OUTOCUWITLECETE TO.
opiopato amd o Mota 1 wherddo (tuple):

>>> list (range (3, 6)) # normal call with separate arguments
[3, 4, 5]
>>> args = [3, 6]

(ouvéyela otV TOUEVY OEMDL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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

Me tov id1o TpdITo, To AeELKa wtopouv va apadidovy keyword opiopato (e Tov * *-teleot:

>>> 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

Mitopotv av dnuovpyndotv wkpéc avavuueg ouvapthoelg te to keyword 1ambda. Avti 1 GuvapTHON ETTL-
otpépeL To dBpotopa Twv dvo opopdtwv e lambda a, b: a+b. Ov ouvaptioelg Lambda pwropouv
VoL YPNOLUOTTOL 00UV OOV aTTaLToUVTaL avitkeipevo ouvaptnong. [eplopifoviol cuvtakTikd og pio povo k-
PPOOT. ZNUOoLOMOYLKA, elval amthmg syntactic sugar yLo €vay opLopd Kavovikng ouvaptnone. ‘Ommg oL oplopol
évOeTmv ovvapTHoEmV, oL ouvapTNoELs lambda popotv va mopaméumovy o petaANTég amd To medio Tou
TEPLEYEL:

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

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

42

>>> f (1)

43

To mapamdve Tapdaderyua ypnowormotel pa éKkppaon lambda yia va emiotpéyer por ouvaptnon. Mo G
¥PNHoM eivar 1 ueTddooN oG PKPHG oVVAPTNONG WG OPLOOL:

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

>>> pairs

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

4.8.7 ZupBolooelpeg Tekunpiwong

AxolouBoUV 0pLoUEVEG CUUPBAOELG OYETLKA IUE TO TEPLEYOUEVO KOL T1] LOPPOTTOLTOT TWV CUUPOLOCELPMY TEK-
unpioong.

H mtpotn ypouuy) Tpémel va eivan TdvTo (o GUVTOoWn, GUVOITTLKY TTEPIANYPY TOV 0K0TTo0 Tov avitkeluévou. I'a
ouVvTOULO, OEV TTPETTEL VOL AVOPEPEL PNTA TO OVOUX 1] TOV TUTO TOU UVTIKELWEVOU , KOOGS autd eival dtabéoio
ue diho péoa (exTdg edv To Gvop Elval P TToU TTEPLYPApEL T AetToupylo TG oUvApTNoNG). AVt 1) Ypouuy
TIPETEL VO EEKILVAL e KEPOAALO YPOUUOL KOL VO TEAELDVEL [LE TENELOL.

Edv vidpyovv meploodtepes ypaupués ot ouuorooelpd tekunpiwong, 1 devtepn ypouun 0a mpémel va eivor
Kev), dLaywpilovrag omTikd ™) ovvoyn amd v vitdioln septypagt). Ot oakdlovOeg ypauuég Ttpémel va eivor
uiol M TEPLOOOTEPEG TAPAYPOLPOL TTOV TEPLYPAPOVY TIG CUUPACELG KAMONG TOU OLVTLKELUEVOV, TLG TTAPEVEPYELEG
TOV K.AJT..

O parser tng Python dgv aparpel tv ecoyn amd ta literals Tng cupforooelpds moAdV ypauumv oty Python,
eMOUEVIG TOL pYahela TTOV emTeEepYALOVTOL TNV TEKUNPIWOT TPETTEL VO, paLpEcouV TV 00T AV ElvaL ETTL-
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BupnTo. AuTo YiveTow ypnopuomolmvTas Ty akdlovdn ovupaon. H mpmtn un kev ypouun uetd ty pot
ypauum g ovuporooelpdc kabopilel to uéyebog g ecoyng yia OAOKANPT T oVUPBOLOCELP TEKUNPLOONG.
(Aev pmopove vo. PNOLLOTTOLITOVUE THV TPMTY YPAUUY 0OV ELvaL YEVIKA dITThOL 0T ELOAYMYLKA TNG GV~
Bolooelpds, emouévmg 1 ecoyn Tg dev elvor eppavig oto literal Tng cuuforooelpdg.) To kKevd dudoTnuo «Loo-
SUVOUO0» GE QLUTHV TNV ECOYT| APALPELTOL OTY) CUVEXELA QITTO TNV 0PYT] OADV TV YPAUUMV TNG CUUBOLOOELPAG.
O ypapuég mov €youv WKpoOTePT ecoyn dev Ba pémel va epupovilovtat, Al ov eugaviototv Ba mpémel vo
agapedei o To apyLkd Kevo Tous. H tooduvauia tov kevov dtaotnudtov Oa pémel vo eléyyetal petd tv
EMEKTAON TV KOPTEADV (0€ 8 KEVAL, KAVOVIKE).

AxolovBel éva tapdaderyua evog morhamhmv ypauudv docstring:

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

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

pass

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

No, really, it doesn't do anything.

4.8.8 Annotations Zuvaptnoewyv

To Function annotations eivol evieldg TPOALPETIKES TANPOPOPLEG UETADEDOUEVWV OYETIKA (LE TOVG TUTTOVG
YPNOLULOTTOLOVVTOL OTTO GUVOPTNOELS Tov Kabopifovtar amd to ypfom (deite PEP 3107 xouw PEP 484 yia
TEPLOOOTEPEG TTANPOPOPLEG).

Annotations are stored in the __annotations__ attribute of the function as a dictionary and have no effect on
any other part of the function. Parameter annotations are defined by a colon after the parameter name, followed by
an expression evaluating to the value of the annotation. Return annotations are defined by a literal —>, followed by an
expression, between the parameter list and the colon denoting the end of the de f statement. The following example
has a required argument, an optional argument, and the return value annotated:

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

>>> f('spam')

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

'spam and eggs'

4.9 Intermezzo: Ztul Kwdlka

Topo wov TpoKeLTan va ypdpete Peyolutepa, Ko stto ouvOeta koppdtia tg Python, eivan ) Kotddinin otuyus
Vo (UM OETE Yo 0TUA Kdduka. Ou TEPLOCOTEPES YADOOES WITOPOVYV VO YPOPTOUV (1] TTLO OUVOTTTIKES, (LOQOPO-
TOLNUEVES) OF DLOPOPETLKA OTUA UEPLKEG elvau TTLO EVavayvmoTeg amd Ghleg. To va dLevkohiveTe Toug GALOUG
va SLaf ooy ToV KOdLKA 0aG elval TavTa o Kol déa Kat 1 vioBEtnon evog wpaiov oTuh kKmdika Fonddet
mtépa TOA) o€ auTo.

[ v Python, to PEP 8 éyeL avadewy el wg 0dnydg 0TuA 0TOV 0700 TNPovV Ta TEPLoGOTEPX £pYo TPowBel
€va o) EVaVAYVMOTO Ko VY ApLoTto oTuh kmdika. Kabe mpoypappatiotg Python Oa mpémel va to dtafdoet
K&oLo oLy €M Eivol TOL TTL0 ONUAVTIKG onueia tov eEGyovTol Yo 06G:

o Xpnowuomotjote egoyn 4 dLaoTnUATOVY Ko Oy tabs.
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Ta 4 keva eivon évag Kahog oupfipaonds petag g wKpng ecoyng (emtpémer peyaiitepo Babog eu-
PareVONG) KoL TNG HeYding eooyng (evkohdtepn oty avdyvoon). Ta tabs dnuovpyotv ovyyvon, Kot
gival KaAitepo vo mapaueivouv ameEwm.

TuAiEte TG Ypouuég £ToL hote va unv vitepPaivouy Toug 79 xapakthpec.

Avuto Bondd tov xpnoteg pe wKpég 006ves KoL Kablotd duvati v VopEnN TOADY apyeimv KmOdiKo
dimha-dimha oe peyohitepeg 00oveg.

XpnowooLelote KevEg YPOUUES YLOL VO LawPLOETE TUVOPTNOELS Kol KAAOELG Kol (LEYOADTEPO UITAOK
KOOLKO LETO CUVAPTYOELS.

‘Otav gival duvatdv, alte oyolLa 0€ PLo SLKT) TOUG YPOUUT).
Xpnouomorote docstrings.

XpNOoWomoLnoTte KeVA YyUpw amd TELEOTES KOl UETA atd KOpuorta, oddd Oyl amevbeiag néoo de dopég
aykvhwv:a = £(1, 2) + g(3, 4).

Ovoudote T KMAOELS KOL TLG CUVOPTNOELG OAG UE OUVETELD: 1] OVUPOON ElVOL VO YPNOLUOTTOLELTE
UpperCamelCase yia TG KMAOELG Ko lowercase_with_underscores yio TG OUVOPTNOELG KOL
TG ueBddovg. Xpnoworoteite tévto 1o sel £ mwg dvopa yo o Tpwto dproua nebddov (deite Mia oy
uatd ot KAdoeig yuo meploodtepa oxeTika Ue tg kKAGoeLs Ko g ue@odove).

MV % P1|CLUOTTOLELTE (POVTAYTEPES KWOLKOTTOLOELS EALV O KMOLKAG 0O TTPOOPILTETAL VO PN OLUOTOLNOEL
oe debvi| mepipddrovta. H mpoemhoyn tg Python, UTF-8, 1 axdéua kou 1o amid ASCII Aertovpyoiv
KaAUtepa o kbe mepimTwon.

Ouotwg, un ypnowwomoteite yopoktnpeg mov dev eivar ASCII oe avaryvwplotikd edv vtdpyel uovo 1
o poptkpt havoTTa oL vBpwmrtol Tov WAovv dLopopeTiky YAMooa va dLafdoouv 1 va dlatnproovy
TOV KMOLKAL.

YTOONHELWOELG

4.9.
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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 €xel ueptkés akour uebddovg. AxkohovBovv dheg oL uEHOSOL AVTIKELUEV@Y THTTOV
Morog:

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 [1len (a) : ] = iterable.

list.insert (i, x)
Ewodryel éva otouyeio og po dedouévy 0€omn. To mpmto dpLopa givor To index Tou 0ToLygiov TTPLV amd TO
omoio Ba ewoayel, emopévog a.insert (0, x) €0AYETOL OTO UITPOOTLVO UEPOG TNG AMOTOG, KOl TO
a.insert (len(a), x) wooduvoueipe a.append (x).

list.remove (x)
Katopyel to mpwto otoryeio amd ™) Moto tov omoiov 1) tur eivar ton pe x. Kdvelraise éva valueError
eQv dev VITAPYEL TETOLO OTOLYELO.

list .pop([i])
Remove the item at the given position in the list, and return it. If no index is specified, a . pop () removes
and returns the last item in the list. (The square brackets around the i in the method signature denote that
the parameter is optional, not that you should type square brackets at that position. You will see this notation
frequently in the Python Library Reference.)

list.clear()
Remove all items from the list. Equivalent to del a[:].

list.index (x[, start[, end] ] )
Emotpépet to undeviko index ot Alota Tov TPOTOU 0TOLYXELOV TOV 0TTOlOV 1) TLuY| elvan tom ue x. Kavel
raise éva ValueError eav 8gv vtdpyeL TETOLO OTOLYELO.

Ta tpoaLpeTIKd oplopato start Kol end epunvevovtol OTmg 0T onueloypapia slice Kot pnoLuomotov-
VTOL VL0 TOV TTEPLOPLOUS TNG OvOLNTNONG O€ o ouYKeKpLuévn vitoakorovBio tg Aiotac. O emotpe-
pduevog deiktng vtoroyiletal og oxéon ue Ty apyn g Thpovg akolovBiog avti Yo To OpLoud start.
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list.count (x)
Emotpégel Tov aptBud Tmv popiv o eugpaviletal To x ot AMotd.

list.sort (* key=None, reverse=False)
Ta&wouei Ta otouyeia thg Motag otn B€om Toug (ta opiopata Hropouv va xpnotuomotfolv yia mpo-
oapuoyn taEwvounone, PA. sorted () yia v €Efynon tovg).

list.reverse ()
Avtiotpépel ta otouyelo TG Alotag ot 0éom Tove.

list.copy ()
Return a shallow copy of the list. Equivalentto a [ : ].

'Eva wopdderyuo. Tov yp1oLuomoLel TG mepLocOTePES oo Tig uebddovg tng AMotag:

>>> 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 a position 4

6

>>> fruilts.reverse ()

>>> fruits

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

>>> fruits.append('grape')

>>> fruits

['"banana', 'apple', 'kiwi', 'banana', 'pear', 'apple', 'orange',6 'grape']
>>> fruits.sort ()

>>> fruits

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

'pear’

Mropei vo. €xete mapatnpnoeL 0Tl uéBodoL OTwg insert, remove or sort IOV TPOTOTOLOVY LOVO T Aot
dev €xouv eKTUTWUEVY T ETLOTPOYYG — EMOTPEQPOVY TO Tpoemiheyuévo (default) None.! Avty) etvou o
opyn oxedLOoUOD Yo OAEG TIg LETOPANTEG douég dedouévav otnv Python.

Another thing you might notice is that not all data can be sorted or compared. For instance, [None, 'hello',
107 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 Xpniotn Aotwyv wg Xtoipeqg (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]

>>> stack.pop ()

5

>>> stack

[3, 4, 5, 6]

(ouvéyela otV emtdpevn oehida)

I AMeg yAhoOEG EVOEXETOL VA EMOTPEYOUV TO HETOMAOYIEVO CLVTIKELUEVO, TO OTTOLO ENTPETEL THY CAVOO®TH exTéLean HeBddwY,
omwg d->insert ("a") ->remove ("b") ->sort () ;.
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> stack.pop()
6

>>> stack.pop ()
5

>>> stack

[3, 4]

5.1.2 Xpnon Alotwv wg Oup€g (Queues)

Eivau extiong duvatd va ypnotpomon0el wua Aota wg ovpd (queue), GIrov To TPMTO OTOLYELO TOV TPOOTIOETUL
€LvaLL TO TPWTO OTOLYELO TOV OvakTdTon («first-in, first-out») « ®OTOC0, OL MOTEG OEV ELVOL ATOTELETUATIKES YLOL
avtdv Tov okortd. Evd To va mpoobéoeig kau va agaipéoets (ototyeio) oto Téhog TG Motoag eivar yp1iyopo,
KdvovTag auTég Tig TPoabEaelg Kal TG agpatpéoels (otouyeiwv) oty apyf e Mota eivar apyd (emeldi) oha
TOL OTOLYELD TUPETEL VO UETATOTLOTOVV KATA £VaL).

[o va eoprodoeTe o ovpd (queue), xPNoLLoToLoTe TY collect ions . deque 1 0moio OYESLAOTNKE YL
Vo, £)EL YPIYOPEG TPOOOEoELS KOl apalpLoelg Kol artd 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 AMoTog apEyouv £va ouvorTTiKo TpoTo dnuovpyiog Motdv. Ot ouvinOeLg epapuoyEés eivar
1 dmwovpyia véwv Motdv 6rtov KaOe oToLygio eivarl To amotéleoua KATolwy TIpaEemv Tov eQaprotovial og
K&Be uéhog wag dhing axorovdiog 1 iterable, 1 1 dnutovpyia pog vroakolovdiog AVTMV TV GTOLEIWV TOV
LKOVOTTOLOUV L0 GUYKEKPLUEVT] CUVOTIKY).

To mapaderyua, ag vrodéoovue ot OELovUE Vo dNUOVPYHCOVUE Pt MOTA TETPOYMV®Y OTMGC:

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

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

AdBete vroOPn 6TL QLTS dNovpYel (1) avTkaBLoTd) o LeTafANT) ue To Gvoua x Tov eEokolovdel va vitdp-
YEL UETA TV 0LoKANpwOoN TG loop. Mmopovue Vo vtoloYioOUE T MOTO TWV TETPAYOVOV Y WPLG TOPEVEPYELES
Y P1OLUOTTOLDVTAG:

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

1, L00dVVapOL:

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

TTOV E(VOL TTLO GUVOITTIKO KOl EVOVAYVWOTO.
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‘Eva comprehension AMOToG otoTeAeiTOL Td OYKULEG TOV TEPLEXOVY (WO EKPPAOT akohouBovuevy oo (o
npdtaon for, ot ovvéxeln undév 1 meploooTepeg mpotdoelg for N 1 £. To amotéheopa Oa givar wua véa
Mota ov TPoKVITTEL atd TNV aELOAOYN 0T TNG £KPPAONG 0TO TTAAioL0 TwV TTpoTtdoewv for Kat if mov v
akorovBovv. Ia apdderypa, avti 1 Alota cuvoudtel To otoryeio V0 MoT®V edv dev elval ioeg:

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

Ko LoodUVaUEL ue:

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

ZNUELDOTE TTMG 1) OELPG TV dNhdoewv for Kau 1 f elval (dta ko ato dvo amoondonata.

Edv 1 éxppaon eivor hetdda (). To (x, y) OTO TPONYOVUEVO TAPADELYUDL), TTPETEL VOL LWTEL OE TAPEVOEDT).

>>> vec = [-4, -2, 0, 2, 4]
>>> # create a new list with the values doubled
>>> [x*2 for x in vec]
[-8, -4, 0, 4, 8]
>>> # filter the list to exclude negative numbers
>>> [x for x in vec if x >= 0]
[0, 2, 4]
>>> # apply a function to all the elements
>>> [abs (x) for x in vec]
[4, 2, 0, 2, 4]
>>> # call a method on each element
>>> freshfruit = [' 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)]
[(o, 0), (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]1, [4,5,61, [7,8,9]]
>>> [num for elem in vec for num in elem]
[1, 2, 3, 4, 5, 6, 7, 8, 9]

Ta comprehensions Liotag umopel va mepléyovv oVvOeTeg EKPPACELS Ko £VOETEG OLVAPTNOELS:

>>> from math import pi
>>> [str(round(pi, 1)) 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, 1231,

To axdlovBo comprehension Aiotag O petapépel ypouueg KoL oThles:

>>> [[row[i] for row in matrix] for i in range(4)]
rry, 5, 91, 2, 6, 101, (3, 7, 111, [4, 8, 12]]

As we saw in the previous section, the nested listcomp is evaluated in the context of the for that follows it, so this
example is equivalent to:

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

>>> transposed
te, s, 91, (2, 6, 101, (3, 7, 111, [4, 8, 12]]

TO 0TT0L0, UE TN OELPA TOV, EivaL TO {BLO 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
rts, s, 91, [z, e, 101, (3, 7, 111, [4, 8, 12]]

Ztov parypatiko Koopo, Oa pémel va mpotindte tig evompoatmuéveg (built-in) ouvaptioelg oo Tig ovvOeTeg
evtohég poric. H ouvdptnon zip () Oa éxave eEaipetik) Sovheld yio authv v mtepittmon xpMong:

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

Agite Unpacking Alotes Ootoudtmv Y10, \eTTOUEPELES OYETIKA UE TOV CLOTEPIOKO O€ QUTHV TN YPOUWY.

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 de 1 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 a[0]
>>> a

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

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

>>> a

[1, 66.25, 1234.5]
>>> del al:]

>>> a

(]

To del wropei emiong va xpnouostotn0ei yia T dioypopr) OMOKANPWV UETOPANTMOV:

>>> del a

H avagopd 610 dvopa a oto eEng sivar £va opdhua (TovAdylotov uéypt vo, Tov ekywpnOel GAin tur). Oa.
Bpovue dhheg ypfoelg yio to del apyotepa.

5.3 MAeLadeq (Tuples) kat AKoAouBieqg

Eidaue 6t ot Aloteg ko oL oupfohooelpég (strings) £xouve TOMESG KOLVES LOLOTITES, OTTwG Aettovpyieg indexing
kou slicing. Eivau 600 mopadeiypato tomwv dedouévarv sequence (deite typesseq). Aedouévou otu 1) Python eivon
o eEeMooduevn yawooa, Aol Tomot dedouévmv akorovbiog umopotv va tpootedotv. Ydpyel emtiong évag
dAAog TumKOG TUTToG dedouévmv akorovbiag type: the mAeidda (tuple).

Mua hetdda (tuple) ammotereitan amd Evav aplbud TU®VY TOU YWPILOVTOL UE KOUUOTA, YLOL TTOLPAIELYLOL:

>>> 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, [3, 2, 11)
>>> v
(rx, 2, 31, [3, 2, 11)

‘Onwg Brénete, ov whelddeg (tuples) otnv €080 mepikheiovtan mavta og mapevOioels, £tol hote oL £vOete
mhelddeg (tuples) va epunvevoviol omaotds UTopovV va ey Bovv ue 1M xwpig mepipddlovoeg mapevoEoels,
av KoL ouyva ol tapevhioels elvol amapaitnteg oUTwg 1) dAhmg (av 1 TAELGdA elval uéPog ag LeyahiTepng
EK@PAoNG). Agv glval dHUVOTY 1 AVTLOTOLYLOT] O€ UELOVMUEVE OTOLYELD (OGS TAELADAG, WOTOOO Eival dUVOTO
va dnuovpynBovv mhelddeg (tuples) wov TEPLEXOVY UETAPANTAE OvTLKEiHEVQ, OTTwG MOTEC.

Av ko ou mhetddeg (tuples) umopel va paivovral TapouoLeg e MoTeg, Yp1oLUOTOLOUVTOL GUY VA OF dLOPOPE-
TUKéG KATOOTAOELG KalL YL SLapopeTLkovg okomovs. O mherddeg (tuples) etvow immutable, ko cuvihBmg mepLé-
YOUV oL ETEPOYEVY aKolovBia aToLyeimv oTa omoia 1 TPdoPaor yivetar péow unpacking (deite mapakdTm
0€ QUTNV TNV €vOTNTA) 1) TO indexing (1] aKOUO KoL KOTA YOPAKTNPLOTLKO OTNV TEPimTwon namedtuples).
O MoTeg elvan mutable, KoL Ta 0TOLYELO TOVG Eival oVVHOWG OUOLOYEVH KO TPOCTTENALOVTOL UE ETTOVOAN YT
ot Mota.

'Eva e1d1kd pofinua eivar 1 Kataokeuy miewddwv (tuples) wov mepiéxouv 0 1 1 otouyeio: 1 ovvrokn éxel
Kdmoleg emumAéov WdLoppubuies yia va tig tpooapudoel. Ou Kevég mhelddeg Kataokevatoviol amd €vo. Kevo
Cevyapl mopeviéoemv, wa mietada (tuple) ue éva ototyeio dnuovpyeitor akKoAoVOMVTOG (Lat TLUT UE KOUULOL
(dev apkei va mepukheietol o povo Tt og mapeviEéoelg). Aoynuo, old asotedeopotiko. Tua 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, y, z =t

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',K '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', ‘r', lbl, lc|, ldl}

>>> a - b # letters in a but not in b
{lr" ldl’ lbl}

>>> a | b # letters in a or b or both
{Va', Vc', ’rV, ldV, lb’, lml’ 'Z', lll}

>>> a & b # letters in both a and b
_{la', ‘C'}

>>> a ~ b # letters in a or b but not both
{lr" ldl’ lbl’ lm|, lzl, lll}

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

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

>>> 'jJack' 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

When looping through dictionaries, the key and corresponding value can be retrieved at the same time using the
items () method.

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

gallahad the pure
robin the brave

Katd 1o looping péow axorovbiac, o deiking 0£omg kow 1 aviioTolyn Ty wropotv vo avaktnovv Tauto-
YPOVOL XPNOLUOTOLWVTOG TN OUVAPTHOT enumerate ().

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

0 tic

1 tac

2 toe

T va kévete loop o V0 1) epLocdTEPEG AKOMOUBIES TAVTOYPOVA, OL KATAYMPIOELS UTTOPOVV VAL OLVTLOTOLYL-
OTOUV UE T ovvdptnon 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.

[ va xavete loop og o axohovBia aviioTpogpa, KaHopiote TPDT THY aKoAovdia TPOG To EUTPOG Kol UETA
KaAéote T ouvdptnon reversed ().

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

= w 03w -

T va kdvete loop oe uio akorovBico pe ToEvounuévn oelpd, Xp1NoLOTOLOTE T OUVAPTHOT sorted (), 1)
0TTOl ETLOTPEPEL YLt VEQ TAELVOUNUEVT] ALOTO 0LQNVOVTOG TNV TNy ovoAAoiwT.

>>> basket = ['apple', 'orange', 'apple', 'pear', 'orange', 'banana']
>>> for i in sorted (basket):
print (1)
apple
apple
banana
orange
orange
pear

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

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('NanN'), 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', Ta'), 4)

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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KE®GAAAIO O

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 =D>b, atb
print ()

def fib2 (n): # return Fibonacci series up to n
result = []
a, b=20, 1
while a < n:
result.append(a)
a, b =Db, atb
return result

Twpa ewodyete Tov Python interpreter ko eLodyete avtd To module pe v okOAoVON EVIOAT):

49




Python Tutorial, Anpooiguon 3.10.18

>>> 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, 12, 1, 2, 3, 5, 8, 13, 21, 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)
Khdoewv), Ttpootibevtar otov global namespace Touv 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)
0112358 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

‘Otav ekteleite €vo Python module pe:

python fibo.py <arguments>

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 0PYELO XPNOLUOTOLNOLUO MG script Kabwg Kou wg module mov witopei va ewoayOei, emeldn
0 KOILKAG TOV avaAVEL TNV YPAUUT EVTOL®V eKTENELTOL LWOVO €AV TO module eKTEAEITOL G TO «main» aPYELo:

$ python fibo.py 50
0112 35813 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

When a module named spam is imported, the interpreter first searches for a built-in module with that name. These
module names are listedin sys .builtin_module_names. If not found, it then searches for a file named spam.
py in a list of directories given by the variable sys.path. sys.path is initialized from these locations:

o O katGhoyog mov mepLéyeL To input script (1) TOV TPEXOVTO KATAAoYo OTOV dev £xeL KOOOPLOTEL apyEio).
o PYTHONPATH (o, MoTa 0vopdtmy Kotahdyov, pe Ty idto ovvta&n ue ) petofinti tov shell PATH).

o H nipoemuhoyi| wov eEaptdtar oo v eyKatdotoon (Katd ovufoon, cupmepapufavouévou evog Ka-
TaAdyov site—packages, mov xewpiletor To module site.

Inueiwon: Zto ovoTHUATO apyElwV Tov vitooTpilovy symlinks, 0 Katdhoyo ov TEPLEYEL TO input script
vroloyiletar apot akolovOnOei to symlink. Me aha Aoy, 0 Katdhoyog mov mepLéyel to symlink dev mpo-
otiBeton ot dradpouy) avalntmong tov module.

Metd v TtpogTopacia, ta mpoypduuoto Python uropoiv vo tpomomotjoouy 10 sys . path. O Katdhoyog
TTOU TEPLEYEL TO Script Tov ekTeEleiTaL TomobeTelTOL 0TV apyN THG dLadpPouUNG avaliTnomng , WIpooTd amd Thy
UKy dradpoun g PLPAoONKNGg. Autd onuaiver OTL Ta scripts o€ AUTOV TOV Katdhoyo Oa givar poptmuéva
avti yio to. modules pe to idLo0 dvoua otov Kotdhoyo wog PLpAobNKng. Avtd eivan éva opdiua, eKTog edv
mtpoopiletal 1 avikatdotaoy. Bh. v evotnta Standard Modules yio. teplocOTeEPES TANPOPOPIES.

6.1.3 «Compiled» Python apxeia

T va emrtayvvel T poptworn modules,  Python kével cache tnv compiled éxdoom kdOe module otov Katdhoyo
__pycache__ k&tw amd 10 Ovoua module.version.pyc, OOV 1] €K600T KWOLKOIOLEL TN LOPEY] TOU
compiled apyelovs yevikd mepLéyxel Tov apbuod ékdoong g Python. o mapdderypa, oty ékdoon CPython
3.3 m compiled éxdoam tov spam.py Oa amoOnkevtel wg __pycache_ /spam.cpython-33.pyc. Avt)n
ovppaon ovopaoiog, emtpéner oe compiled modules atd dropopeTikés eKOOTELG KOl SLAPOPETIKEG EKDOTELG
¢ Python va ouvurtdpyovv.

H Python eAéyyeL tnv nuepounvia Tpomomoinong tov yaiov évavit g compiled £kdoomng yio va deL edtv elvon
Eemepaouévn Kau ypetdfeton v yiver compile Eava. Avti| eivon pa eviehog avtopatn dwadikaoia. Emiong, ta
compiled modules sivar aveEdptiteg amd mhotpopua, emouévag 1 idta BLprobhKn wropei va Kowvortoun el
OVAUEDO 0 GUOTHUATO LE OLAPOPETIKES OLPYLTEKTOVIKEG.

H Python dev ehéyyeL Tv cache og Vo mepurtdroets. [pdrov, mavta Kavel compile Eavd kKau dgv amoOnKevel
To amotéleopa yio To module wov popTwvetan amevdeiog amd T Ypouun eviordv. Aevtepov, dev eAEYYEL T
wvnun cache edv dev vitapyet to source module. T'ia va viwootypiEete wa diavour| xwpic mnyaio (compiled
uovo), to compiled module mpémer vo Ppioketal 0TOV source KOTAAOYO KoL OEV TPETEL VO VTAPYEL source
module.

Mepikég ouufBoulég yia e1dLtkovg:

o Mrmopeite va ypnoLomoLoete Toug switches —O 1| —00 otnv eviohn Python yia vo pewwoete to péye-
0og evdg compiled module. To -0 switch agalpel Tig assert statements, To —00 switch agaipel oo Ta
assert statements 600 Ko Tig __doc__ ovuforooelpés . Eqpdoov oplopéva mpoypdupota uwopel vo fooi-
Covtar oty OapEn avtdv Twv SLadEouwy, Oa TPETEL VO YPNOLUOTTOOETE OUTHYV TNV ETAOYTH udvo
eqv yvopilete T Kavete. «Optimized» modules éxovv éva opt— tag kou eivar ovvihBwg wkpoTepeg. O
nehovTLKEG exd00ELG Uopel vo alhdEouy Ta amotehéopata TG BEATLOTOTOINONG.

o '‘Eva mpdypapuo dev exteheiton mo ypiyopa otav drofdleton amd éva apyelo .pyc amd 0, Otav
drafdtetar amd éva apyeio .py "« To pdvo mpdypa nou eivalr mio ypryopo amnd Ta
apyxeta 7 .pyc givaln TodTTa PE TV 0Toio (POPTMVOVTAL.

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

o Ydpyovv mepLooOTePEG AETTTOUEPELEG OYETLKA [LE ALUTH) T dLadLKaoia, oVUITEPLAAUPBOVOUEVOU EVOG dLa-
vpduuatog porfg Twv amogdoewy, oto PEP 3147.

52 Kegpalawo 6. Modules


https://www.python.org/dev/peps/pep-3147

Python Tutorial, Anpociguon 3.10.18

6.2 Standard Modules

H Python ouvvodeveton amd wa Biriodnkn standard modules, M omoio meprypagpetarl oe éva Eeywplotd €y-
vpapo, v Avogopd Bipiobnkng Python («Library Reference» hereafter). Opiopéva modules givor evompa-
TOUEVA OTOV interpreters QUTEG TOPEYOVV TPOOS00T) € AELTOUPYIES TOV eV ATTOTELOVY EPOG TOV TTUPTVAL TG
YADOOOG, AAMG EVIOUTOLS ELVAL EVOWUATWUEVA, [TE YI0. ATOTELEOUATIKOTITA ELTE VIO TNV TOPOYN TPOOPa-
O1G 0€ TPWTOYOVO OTOLYELX TOU AELTOVPYLKOU GUOTHUOTOS OGS oL KANoeLg ovothuotos. To cuvolo tétolwv
modules eivor pa emhoyn dropndppmong ov eEaptartar emiong amd v viwokeipevn matpdppa. T wapd-
deryna, to module winreg mapéyetor wovo oe cvotnuata Windows. 'Eva cuykekpiuévo module mov a&iCe
KATOLOL TTPOCOYN ELVOL TO SY'S, TO 0TTOL0 Elval EvowuaTwuéVo otov interpreter tng Python. O uetafintéc sys .
psl Kol sys.ps2 opilouv Tig OUUBOAOCELPES TTOU YXPNOLUOTOLOUVTOL MG KVPLOL KoL dEVTEPEVOVTA prompts:

>>> import sys
>>> sys.psl
>>> !

>>> sys.ps2

' v

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

C>

Avtég oL 800 petafintéc opitovtor ndvo eGv o interpreter fpioketor oe dLOdPOAOTIKY| AeLTOUPYiaL.

H petafnt) sys.path eivor pa Aiota cupuforooelpmv mov Kabopilel T dradpouy) avalntmong tov diep-
unvéa yro. modules. Apylkoroleitor o€ (o TPoemAeyuevn dradpoun} tov haufdvetal amd T petofAnti) me-
pLpéAlovTog PYTHONPATH, 1] atd (0L EVOOUATWUEVY TPOETLAOYT €AV To PYTHONPATH dev €yel opLoTel.
Mropeite Vo TO TPOTOTOLOETE Y PTOLUOTOLMVTOG TUTLKEG AELTOVPYiEG AloTOg:

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

6.3 H ouvaptnon dir ()

H gvoopotouévn ouvaptnon dir () xpnOLUOTTOLELTAL VL0 VO AvaKaAMpEL stoLa ovopato opiCel éva module.
Emotpéeper o taivounuévn Aiotoa oupforooelpmy:

>>> 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', 'displayvhook', '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',
'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',

(ouvéyela 0TV eV 0ehidaL)
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(ovveyiCeton amd Ty ponyovuevn oehida)

'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 () mopoabEtel To OVOUATO TOV €YETE OPLOEL AUTNV T OTLYUN:

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

>>> import fibo

>>> fib = fibo.fib

>>> dir ()

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

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

H dir () dev mopabétel 1o OVOUOTO TMV EVOMUATWUEVWV OVVAPTHOEWY Kou UeTafAntdv. Edv 0éhete wa
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

Packages are a way of structuring Python’s module namespace by using «dotted module names». For example, the
module name A . B designates a submodule named B in a package named A. Just like the use of modules saves the
authors of different modules from having to worry about each other’s global variable names, the use of dotted module
names saves the authors of multi-module packages like NumPy or Pillow from having to worry about each other’s
module names.

Ac vmoBéooupe 6L B€leTe va oyedLdoeTe pa cuALoYY 0td module (Vo «TTOKETO») VL0 TOV OUOLOUOPPO YELPL-
ouo apyetmv you Kat dedouévav 1yov. Ydpyouv morhéc dLopopeTikég LOPPES apyelmy Nyov (tov cuvnBmg
OVOYVOPLLOVTOL aTtd TNV ETEKTAON TOVG, Yia TOPAdeyua: .wav, .aiff, . au), ETOUEVWG UITOPEL VOL YPELOL-
OTEL VO ONULOVPYHOETE KOl VO SLATNPYOETE UL AUEQVOUEVT] GUALOYY] AELTOUPYLMV YLOL T LETOTPOTTH UETAEY
TOV dLoPOPWV HopPpov apyetmv. Yrdpyovv emiong molég dLapopeTikég Aettoupyieg mov wwopel vo Oéhete
vo, ekteléoete oe dedouéva Nyov (Orwg WiEr, TPoobfKn NYoUs, EPapUOYT) WO AELTOUpYioG Lo0oTaOWLOoTY,
dMuULovpYia TEXVNTOU OTEPEOPMVLKOV ePE), ETOUEVWG emLThéoV Ba yplipeTe wo otelelwtn pon amd modules
yLoL Vo eKTELETETE OUTEG TIG AeLTovpyies. AkohovBOeil pa thovi| dopr| yLo 1o TakKETO 060G (TOV EKPPATETOL ™G
lEepapykd ovotnua apyeimv):

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
avVOCNTOVTOG TOV VTOKATAAOYO TOU TTOKETOU.

The __init__ .py files are required to make Python treat directories containing the file as packages. This prevents
directories with a common name, such as st ring, from unintentionally hiding valid modules that occur later on
the module search path. In the simplest case, __init__ .py can just be an empty file, but it can also execute
initialization code for the package or setthe __all__ variable, described later.

OL xpNOTEG TOV TOKETOV UITopoVV va eLodyouv pepovopéva module atd 1o TAKETO, YL TOPASELYOL:

’import sound.effects.echo

This loads the submodule sound.effects.echo. It must be referenced with its full name.

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

"Eva evadAaKTikog TpOmTog yia TV eloaywyn Tov submodule givou:

’from sound.effects import echo
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This also loads the submodule echo, and makes it available without its package prefix, so it can be used as follows:

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

Mo dAAn Taporharyn eivon 1) atevBeiog eLoaymyr g embuuntig ovvaptnong 1 UETaPANTG:

’from sound.effects.echo import echofilter ‘

Again, this loads the submodule echo, but this makes its function echofilter () directly available:

’echofilter(input, output, delay=0.7, atten=4) ‘

Adfete vtoym otL dtav xpnowpomoteite from package import item,To OTOLKELO WITOPEL VO Elval giTe
submodule (1] vwomaKETO) TOV TAKETOV 1) KATOLO0 GAAO dvoua TOv OPILETOL 0TO TOKETO, OTTMG ULe OVVAP-
™o, kKAdon 1M petofnt). H import dMlwon eréyyel TpdTa GV TO OTOLYELO €)EL OPLOTEL OTO TAKETO, EQV
Oy, voBéter Ot eivor éva module KoL ETLYELPEL VO TO POPTHOEL , oV deV TO PpeL dnuovpyel 1 eSaipeon
ImportError.

Avtifeta, 6tov xpnowomoteitol ouvtaEn 6nwg import item.subitem.subsubitem, kG0g oTolyeio
eKTOG amd aUTO TO TEAEVTALO TTPETEL VoL ElVaL TTOKETO. TO TEAEVTALO OTOLYXELO WiTtopel va eivar éva module 1
éva ToKETO OMAG OEV WITOPEL VO elval e KAGoN 1) ovvAapTnon 1] UeTAfANT Tov opileTal amd TPonyouuevo
otouyeto.

6.4.1 Ewcayovtag * ano €va lNaketo

Topa © cuufaiver dtav o xpNnotng ypdgel from sound.effects import *;Idavikd, Oo Nhmile koveig
OtL ot B ByeL pe KAToLo TPOTo ato cvaTnuo opyeimv, 0o Ppet kKoo submodules Tov VITAPYOVV TO TOKETO,
Ko Oa T eLodryer Oha g avtd. Autd Ba urtopovoe va TApeL TOAD ¥ pOVo Kat 1) ewoaywyn) submodules propet
va €xeL avembvunteg mopevépyeleg mov Ha Empeme va cuufovv 6tav to submodule elodyetal pnTd.

H podvn Mom gival vo opéyel 0 GUVIAKTNG TOU TAKETOU £va pNTo VPETHPLO ToL Takétov. H dNhwon import
YPNOLUOTTOLEL TNV akOAOVOT oVUPaon: edv 0 KOdKAG _ init_ .py TOU TaKETou opilel wo AMota ue 1o
ovopa __all__, Bewpeiton ot eivor M Mota pe to ovopata twv modules ov Oa pémel vo. eloayBovv dtav
ovvavinoete from package import *. Eivow otnv dlokplth guyépelo Tou ouvtdKTy Tou ToKETOU VO
dlatnpel vt ™) AMoto evnuepouévy), dtav kKukhogpoproet pa véa €kdoon tov makétou. Ou ouvtdKTeg Tou
TTOKETOV EVOEYETOL ETLONG VA ATTOQPACLOOVY VA IV TO VITOOTNPIEOLY, GV dev BAémouv dTL XPNOLUOTTOLEITOL
1 eLlooymyn Tov * amd to makéto tovg. o mapaderypa to apyeio sound/effects/__init_ .py Oa
WTopovoE va. TEPLEYEL TOV 0kOLOVO0 KWK

all__ = ["echo", "surround", "reverse"]

This would mean that from sound.effects import * would import the three named submodules of the
sound.effects package.

If __all__ isnotdefined, the statement from sound.effects import * doesnotimport all submodules
from the package sound.effects into the current namespace; it only ensures that the package sound.
effects has been imported (possibly running any initialization code in __init__.py) and then imports
whatever names are defined in the package. This includes any names defined (and submodules explicitly loaded)
by ___init__ .py.Italsoincludes any submodules of the package that were explicitly loaded by previous import
statements. Consider this code:

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

In this example, the echo and surround modules are imported in the current namespace because they are defined
in the sound.effects package when the from. . .import statement is executed. (This also works when
__all__ isdefined.)

Av ko opropéva modules £xouv oxedLaoTel Yia var eEQYOUV LOVO 0vVOUATO. TTOV akoAovBoUV optouéva. wotifo.
otav ypnolpomoleite To import *, eEakohovBel va Oewpeital Kok TPAKTIKT 0TOV KOSIKA TapoywynS.
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BuunBeite, dev VITAPYEL TITTOTA KOKO e TN ¥pfon Tov from package import specific_submodule!
2TV TPAYUOTIKOTNTA, CUTH ELVOL 1) TTPOTELVOUEV ONUELWOT, EKTOG €Gv To module eloarywyng ypeLdleTaL v
ypnoworomoet submodules pe to (610 dvopa amd SLaoPETIKA TAKETAL.

6.4.2 Intra-package avagopeqg

When packages are structured into subpackages (as with the sound package in the example), you can use absolute
imports to refer to submodules of siblings packages. For example, if the module sound.filters.vocoder
needs to use the echo module in the sound.ef fects package, it can use from sound.effects import
echo.

You can also write relative imports, with the from module import name form of import statement. These
imports use leading dots to indicate the current and parent packages involved in the relative import. From the
surround module for example, you might use:

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

AdeTe vIIoOYM OTL OL OYETIKEG ELOOYWYEG Baoilovtol 0to dvouo Tou Tpéyovtog module. Emeldn 1o dvoua tov
KUptov module givan évta "__main___", ta modules mov mpoopiloviar yia xpNon wg Kipto module pog
epopuoyng Python mpémer mdvta vo. ypNoLoToLovV atOAVTEG ELOAYWYES.

6.4.3 Maketa 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.

Eva auth 1 dSuvatdtTa dev Y peLALETOL U VA, UTTOPEL VO XPNOLULOTTOLNOEL YLoL THV ETTEKTO0N TOV GUVOLOU TWV
modules mov Bpiokovial o€ Eva TaKETO.

YTIOONHELWOELG
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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

So far we've encountered two ways of writing values: expression statements and the print () function. (A third way
is using the write () method of file objects; the standard output file can be referenced as sy s . stdout. See the
Library Reference for more information on this.)

Suyvd Ba Béhete TePLOGOTEPO ENEYYO OTY HOPPOTOINOY NG EGdOV TOG TOPE ATANDG VA EKTUTTMVETE TUUEG
SLoymPLOUEVES Ue dLAoTNUO. YTTAPYOUV dLAQOPOL TPOITOL YLO. VO, LOPPOTTOOETE TNV £E060.

o T vo ypnowwosoloete formatted string literals, Eexiviote o ovpBorooelpd ue £ or F wpwv amd to
aPYLKO ELOAYWYLKO 1] TO TPUTAO ELooymyLKd. Mésa o€ outhv TV OVUPBOAOCELPAL, UTTOPELTE VAL YPOPETE (LaL
éxppaot Python peta&u yapakthpomv { Kot } Tov WTopel va avopepetal o8 HETOBANTEG 1] KUPLOLEKTUKEG
TLUEG,

>>> 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 vo kdvete udvoL 0og 6L TOV XELPLOUO TUUBOAOOELPAG YPNOLLOTTOLMVTAS AELTOVPYLEG
slicing Ko ouvévimong ovuBorosELPdV YL va. dnuovpynoete omoladnTote didtaEn wropeite va go-
vraoteite. O TOmog oVUBOAOOELPAG €xel 0pLouEVESG HeBOdOVG TTOU EKTENOVV YPTOLUES AELTOVPYIES YLOL
™V TPooHNKN oVUBOLOCELPMVY O €V, dEDOUEVO TAMATOG GTNATG.
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‘Otav dev ypeldleote paviaytepn €080, dhha BELeTE ATAMG (oL YPTYOPN ELPAVLOT OPLOUEVWV UETOLANTMV
YL 0KOTTOVG EVIOTILOUOV OPOALATOV, WTOPELTE VO UETATPEWPETE OTTOLALONTOTE TIUY O WO CUUBOAOCELPG |IE
TLG OVVAPTAHOELG repr () N str ().

H ovvéptnomn str () mpooplletol va emOTPEPEL AVATAPUCTACELG TULMV TTOV ELVAL OPKETA OLVOLYVIOOLUES OLTTO
TOV AVOPWITO, VM TO repr () TPOOPLLETL YLOL TN SNULOVPYLC OVOTTAPAOTACEWY TTOV WITOPOVY VA dLoAoTOUV
amd Tov diepunvéa (1 Oa emPdrovv éva SyntaxError av dev vidpyel wodvvaun ouviagn). o aviikei-
UEVOL TTOU OEV €YOUV OUYKEKPLUEVY] OVOITOPAOTOON YO, avOp®ITLvY Katavdhmon, 1 str () Oa emotpéper
™V idLa T pe to repr (). Iodég Tipég, dmmg aplbuoi 1 douég Ommwg Moteg kou heEukd, éxovv v idia
avVOTOPAOTAON YPNOLLOTOLWVTAS 0TToLadnTote ovvdptnot. Ta strings, ovykekpuéva, €xovv 800 dLaKpLTég
TAPOAOTAOELS.

Mepikd mapadeiyparor:

>>> s = 'Hello, world.'
>>> str(s)
'Hello, world.'
>>> repr(s)
"'Hello, world.'"
>>> str(1/7)
'0.14285714285714285"
>>> x = 10 * 3.25
>>> vy 200 * 200
>>> s = 'The value of x is ' + repr(x) + ', and y is ' + repr(y) + '...'
>>> print (s)
The value of x is 32.5, and y is 40000...
>>> # The repr() of a string adds string quotes and backslashes:
.. hello = 'hello, world\n'
>>> hellos = repr (hello)
>>> print (hellos)
'hello, world\n'
>>> # The argument to repr() may be any Python object:
repr((x, y, ('spam', 'eggs')))
"(32.5, 40000, ('spam', 'eggs'))"

To module st ring mepLéyel wo kAdon Template mov TPOoo@épeL Evav aKoun TPOTO OVILKOTAGTAONG TLLMVY
oe ovuporooelpéc, ypnowomounvrag placeholders 0mwg $x Kt avukaOLoT®VTag TG ue Tég amd £va AeEiko,
OALG TTPOOPEPEL TTOMD AMYOTEPO ELEYYO TNG LOPPOTTOLN TG,

7.1.1 Mop@omnownpuéva String Literals

Ta Formatted string literals (ovoudCovtou emiong f-strings yio cuvtopio) oag emttpémovy vo oupumephdfete tnv
Ty Twv ekppaoemv Python uéoa oe wo ovpporooelpd, Bétovtag mpdbepa ot ovpporooelpd pe £ 1 F xon
vpbpovtog ekppdoelc wg {expressiont.

"Evag mpooaupetikdg avadetng (specifier) popgpng uopei vo akohovdel v €kgppaot. Autd emttpémet ueyoiv-
TEPO ENEYYO OTOV TPOTTO UOPPOTTOINONG TS TYNG. To TapaKdTtw TapddeLyuo oTPoyyYVAOTOLEL TO pi O€ Tpia
Ynoio 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 evog aképorov aptduov petd to ' : ' Oa €xeL wg amotéheopa ovTo To mTEdIO va £YEL TAATOG EMAL-
YLOTOU 0pLOUOV XoPaKTHPWV. AUTO Elvan XPNOLUO Yo TV EVOUYPAUULON OTNAMY.

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 7678}
>>> for name, phone in table.items():
print (f'{name:10} ==> {phone:10d}")

Sjoerd ==> 4127

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

Jack ==> 4098
Dcab ==> 7678

Mitopotv va xpnoLuostot 0oy GALOL TPOTOTONTEG VLG TNV UETATPOITY TG TLUNG TTPLV T WOPPOTTOLNOT] TNG.
To '!la' woyveLyia ascii (), to "!'s' woyveLywa str (), Kowto ' r' woyvel yio repr () :

>>> animals = 'eels'

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

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

O avabéng (specifier) = propet va xpNoLomoLn0ei yLo vo ETEKTELIVEL UL EKPPOLOT] OTO KELUEVO TNG EKPPAONG,
éva oVpPolo 100, Kan petd TV avatopdoTtao g aELohoYOUUEVNG EKpPPOONG:

>>> bugs = 'roaches'

>>> count = 13

>>> area = 'living room'

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

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

Acgite o self-documenting expressions yia epLocdTEPEG TANPOPOPIES TYETLKG LE ToV avabéTy (specifier) =. T'a
avapopd og VTG TIG TPOSLAYPAPEG LOPYPNIC, avaTpéETe 0ToV 081Y0 avapopdc yia to formatspec.

7.1.2 H p€6odog String format()

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

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

O aryKileg Ko OL Y OPOKTNPES UESA 0€ AUTEG (TTOV OVOUATOVTOL TTEdLAL LOPPNG) AVTIKADIOTOVTOL UE TOL ALVTL-
kelpeva wov petafipdtovion ot wébodo str. format (). 'Evog apbuog otig aykileg WTopet va xpnoLuo-
stowmnBel yia va ovopépetal ot 0€om Tov avukelévoy tov petafipdtetor 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-
TOLWOVTAG TO OVOUL TOV OPLOUOTOG.

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

Ta opiopata BEong ko AENG-KAEWdL0U uopov vo cuvduaotovv avbaipeta:

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

Edv éyete wa ovuBorooelpd mold pakplds wopgrg mov dev 0éhete va ymwpiloete, Oa Htav wpaio va avope-
PETE TLG UETAPANTES TTOV O poppomotnBouv pe Béon To dvoua avti yio T 0€om. Autd wropet va yiver amhd
mepvdvrag 1o AeElkd koL xpnouomoldvtag aykvleg ' [1 ' yio tpdofaon oto Khetdid
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>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ;!

L '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-
won **.

>>> table = {'Sjoerd': 4127, 'Jack': 4098, 'Dcab': 8637678}
>>> print ('Jack: ; Sjoerd: ; Dcab: '.format (**table))
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 Xelpokivntn Mopgorioinon ZuppBoAooeLpwV

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), end="' ")
# Note use of 'end' on previous line
print (repr (x*x*x) .rjust (4))

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

(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-
olo dedouévou TAATOVG CUUITANPDOVOVTOG TV e KEVA 0T apLoTepd. Ydpyovv mapopoleg 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£f111(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 mpTo OpLoua Eivarl e CUUPBOLOCELPA TTOV TEPLEYEL TO OVOUO apyelov. To deltepo dpLopa eivar po G
OUUPOLOCELPA TTOU TTEPLEYEL UEPLKOVG YOPAKTIPES TOV TEPLYPAPOUV TOV TPOTO [LE TOV 0moio Ha ypnoio-
momnBeil to apyeio. H mode pmopei vo eivar "' 6tov to apyeio Oa givor pdvo yia didfaoua, 'w' udvo yo
eyypapn (Eva vmdpyov apyelo pe to idLo dvoua Bo dlarypapet) KoL To "a' avolyel To apyeio Lo TPoodp-
TNOT)" 0TTOL0dITOTE HEDOUEVA YPAPOVTAL OTO apYEelo Ka TpooTifevTal avtopota oto téhog. To 'r+' avoiyel
T0 0pyElo TO0O Yo avdyvoon 6o kau yia ypogt). To dpiopa mode givor tpoatpetikd: 1o 'r' Ba Bewpelton
eqv mapan@OEl.

Kavovikd, ta apygia avoiyouvv og text mode, mov onuaiver 0tL dtofdlete Ko ypdpete 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 KAEIoWWOo EVOG AVTLKELUEVOD apyeiov, eite o dhwon with eite Kahdvtog £.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 (1)

b'S!

>>> 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.

File objects have some additional methods, such as isatty () and truncate () which are less frequently used;
consult the Library Reference for a complete guide to file objects.
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7.2.2 AmoOrikeuon SONNUEVWY SEDOUEVWY UE json

Strings can easily be written to and read from a file. Numbers take a bit more effort, since the read () method only
returns strings, which will have to be passed to a function like int (), which takes a string like ' 123" and returns
its numeric value 123. When you want to save more complex data types like nested lists and dictionaries, parsing and
serializing by hand becomes complicated.

Avti va ypeldleTal oL xpNoTES VO YPAPOUVY Kot Vo SLopBmVoUV ouvexmds KOOLKA Yo Vo artobnKevouv mo-
Momhokoug timoug dedouévmv oe apyeia, 1 Python cag emitpémel va xpnoluomoLeite ™ dNUOPILY Lopet|
avtolayng dedouévmv mov ovoudletar JSON (JavaScript Object Notation). To standard module ov ovoud-
Cetan json pmopet vo Mafel tepapyies dedouévmv Python, Kot vo Tig LETOTPEYEL 08 AVATOPAOTACELS OUILBO-
Looelpdv: ot 1) dtodikaoia ovoudteton serializing.. H avaoivieon Tmv dedouévmv amd T avamapioToot
ovuporooelpdg ovoudleton deserializing. MetoED Ge1pLOTOINGTG KO QITOGELPLOTTOINGNG, 1] CLUBOLOTELPE TTOU
AVIUTPOOMITEVEL TO AVTIIKELUEVO WITOPEL VO £xeL amobnkevtel o éva apyeio 1 dedouéva N va Eyel otadel péow
Hog oVVOEONG SIKTVOU OF KAITOLO ALITOUAKPUOUEVO (Y AVNLLQL.

Inueimon: H popgn JISON ypnoipomoteitol ovviidmg oo oUyypoveg eQopUoyEG VIO VO ETLTPETEL TNV AVTOA-
Loy dedouévawv. TTodhot Tpoypaunatiotég eival 18m eEolkelwuévol ue auTiv, YEYovog Tou TY KoOLoTd Kol
emMOYT] Y10 SLOAELTOVPYLKOTNTO.

Edwv éyete éva aviikelpevo x, Wmopeite va deite v avarapdotaot ovpforooepdc JSON ue po o) ypouu
Kook

>>> import json

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

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

Mo G Tapaihoyn TG ouvapTong dumps () , Tov ovoudletal dump () , TAMG OELPLOTTOLEL TO AVTLKELUEVO
o€ éva text file. 'Btol, edv to £ elvol évo avitkeluevo fext file Tov avolyeL Lo yypop), LITOPOUUE VO KAVOUUE
avTo:

’json.dump(x, f)

[ vo. artokwdLkostooete Eavd To aviikeinevo, edv to £ eival évo avtikeinevo binary file fy text file mwov €xel
avoigeL yLa avayvmon):

’x = Json.load(f)

Inueiwon:  Ta apyelo JSON mpémer vo eivor kmdukomomuéve oe UTF-8. Xpnowomowote to
encoding="utf-8" 6tav avoiyete to apyeio ISON wg fext file TOGO Lo AvVAyVWOT OGO KoL YO EYYPOLPY).

AvTi) 1) ATt TEYXVLKT) OELPLOTTOINONG WITOPEL VO XELPLOTEL MoTeg kou heELkd, dhha 1) aeploTtoinom avbaipetwv
onypotimtov Khdoewv oe JSON amartel Aiyn emuthéov tpoomdBeia. H avagpopd yio to module json mepiéyet
o eEfynon yuo auto.

Agite griong:
pickle - to pickle module

Ze avtibeon pe to JSON, to pickle eival €va TPMTOKOALO TTOU ETLTPETEL T OELPLOTTOINON cvOaipeTa TOAVTAO-
Kwv aviikelévav Python. Q¢ ek toutov, eivan ouykekpLuévo yia v Python kou dev umopel vo ypnopomonOet
YLOL ETTLKOLVVEQL LE EQOPUOYES YPAUUEVES 0€ AMAeg Yhwooeg. Eival emiong avaoparéc armo mpoemoyy: 1 oto-
ogiprorroinom pickle dedopévmv mov tpoépyovan ol e w oELOTLOTY TTNYY Witopel va exteléost avbaipeTo
KOOLKa, edv ta dedopéva Exovv dnuovpynei amd Evav ¢umtelpo 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'")

A

SyntaxError: invalid syntax

The parser repeats the offending line and displays a little “arrow” pointing at the earliest point in the line where the
error was detected. The error is caused by (or at least detected at) the token preceding the arrow: 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 emtdpevn oehida)
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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 T ouvefn. O eEapéoelg vmdpyovv oe da-
(POPETLKOVG TUITOVG KoL O TUTOG EKTUTMVETUL MG UEPOG TOU UNVUUOTOG: OL TUTOL 0TO TOPAdELYIa ELvVOL
ZeroDivisionError, NameError kol TypeError. H cuufolooelpd ov eKTUMVETOL WG TUTTOG eEai-
peEONG EivaL OVOU TNG EVOWUOTOUEVNG EEALPEING TTOV TTPOEKPE. AUTO LOYVEL VL0 OLEG TIG EVOMUATWUEVES
(built-in) eEaupéoeic, oAG dev ypeldletan va 1oyvel yia eEatpéoelg mov opilovtal atd To XpHoTy (o Ko iva
wa xpnown ovufoon). Ovstandard eEaupéoeig eivar evoopatmuévo (built-in) avayvwplotikd (L deopevuéveg
MEeig-Khetdud).

H vrdhoutn ypauun mapéyel Aemtopuépeleg ue BE.on Tov THmo g eEAipETNg KaL TO TL TNV TPOKALECTE.
To mponyoluevo uépog Tou uNvouaTog oEAluaTog enpavitel To mepBariov 6mou ouvvépn v eEaipea), Le )

nopet aviyvevong otoiffag. ['evikd meptéyel wo otoifa aviyxvevong ypouuov tnyne: wotdco, dev Oa euga-
viCel ypapuég mov dropdovror amod standard eicodo.

To bltin-exceptions wopadétel TIg EVOMUATOUEVESG EEAPETELS KL TLG £VVOLEG TOVC.

8.3 Awaxeipion EEaipeoswv

Eivol duvatd va ypagtel khdikag mov xepileton emheyuéveg eEaipéoels. KortdEre to axdhovbo mopaderyua,
TO 0700 TNTA OTTO TOV XPNOT VO ELOAYEL Evav EYKUPO aKEPALO apLlOud, ahhG ETLTPETEL OTOV YPTOTH VO
dLakoOPeL To TPOHYpaupa (xpnopomordviag Control—C 1 6,11 VTOOTNPILEL TO AELTOVPYLKO cVOTHU): ON-
LELDOTE OTL Lo SLOKOTTY) TTOU SNULOVPYEITOL 0TTd TOV XPHOTY oNuotodoteitol Kdvovtag 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 og eENc.
« Ilpdrov, exteheitan M iry clause (1 TpodTaon(ewg) uetasy twv MEewv-khediov try and except).

o Ebv dev mpoxiyer eEaipeon, M except clause mopaleimeton Ko 1 EKTELEON NG TPOTAONG try OAOKAN-
POVETAL.

« Edv mopovolaotel wo eEaipeon katd v ektéheon g mpdtaong t ry, 1 vtorowtn TpdTacT) TapaAEi-
meTaL. 2T ouvéyela, eav o THmog g taupLdler ue v eEaipgon mov ovoudletar amd t MEN-Khedi
except, 1 except clause eKTELELTOL, KL TN CUVEYELQ 1] EKTELECT) GUVEYILETAL LETA TO WITAOK try/except.

« If an exception occurs which does not match the exception named in the except clause, it is passed on to outer
try statements; if no handler is found, it is an unhandled exception and execution stops with a message as
shown above.

Mua tpdTOon try WITOPEL Vo €XEL TEPLOOOTEPES ATO Lo except clause, yio vo KaBOPLOEL YXELPLOTEG Yot diat-
popeTikég eSarpéoers. To molv évag yeptotg Ba exteleotel. Ou yelpLotég yewpifovtar uovo eEapéoelg mou
EUPAVICOVTOL OTNV avtiotouy try clause, Oyl o€ GAMOVG YeLPLOTEG TG (LG TpdTaong try. Mo except clause
wropel va ovoudioer modhasthég eEapéoelg wg mhelada (tuple) oe mapévOeom, yio TapadeLyua:
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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")

Znuelnote OTL €0V oL except clauses elyov aviiotpopel (Ue T0 except B mpota), Oa eiyxe exktuntwbel B, B, B
— EVEPYOTTOLELTAL 1] TTPWTH OVTLOTOLYLOY except clause.

All exceptions inherit from BaseException, and so it can be used to serve as a wildcard. Use this with extreme
caution, since it is easy to mask a real programming error in this way! It can also be used to print an error message
and then re-raise the exception (allowing a caller to handle the exception as well):

import sys

try:
f = open('myfile.txt")
s = f.readline ()
i = int(s.strip())
except OSError as err:
print ("OS error: ".format (err))
except ValueError:
print ("Could not convert data to an integer.")
except BaseException as err:
print (f"Unexpected {err=}, type (err) ")
raise

Alternatively the last except clause may omit the exception name(s), however the exception value must then be
retrieved from sys.exc_info () [1].

H mpdtaon try ... except €xeL éva mpoolpetikod else clause, To 0moio, dtav VITAPYEL, TPETEL Vo aKoAovOel
Oheg TG except clauses. Eivol xpnoLpo yioo Koduko o mpémel va ekteheotel edv 1o try clause dev Kavel raise
wo eEaipeon. Lo wopdderypor:

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()
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H yphon tg mpdtaong else eivor Kaiitepn atd v mpoohnkn mpdobetov Khdika otnv mpdtact try,
emeldn) amopetyel TV Katd AdOog ovAMN Y wag eEaipeong mou dev TPoeKV e 0Itd TOV KMOLKA TTOV TTPOTTO.-
teveTal amd TV Tpdtaon try ... except.

When an exception occurs, it may have an associated value, also known as the exception’s argument. The presence
and type of the argument depend on the exception type.

The except clause may specify a variable after the exception name. The variable is bound to an exception instance
with the arguments stored in instance.args. For convenience, the exception instance defines __str__ () so
the arguments can be printed directly without having to reference . args. One may also instantiate an exception first
before raising it and add any attributes to it as desired.

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

print (type (inst)) # the exception instance
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 = €eggs

If an exception has arguments, they are printed as the last part (“detail”) of the message for unhandled exceptions.

Exception handlers don’t just handle exceptions if they occur immediately in the #ry clause, but also if they occur
inside functions that are called (even indirectly) in the try clause. For example:

>>> 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

8.4 Raising EEaipeoswv

H dMiwomn raise emitpéel 0TOV TPOYPAUUOTLOTY VO AVOYKAOEL Vo eugpavioTel o kaboplopévn eEaipeon.
T wopdderypo:

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

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

The sole argument to raise indicates the exception to be raised. This must be either an exception instance or
an exception class (a class that derives from Exception). If an exception class is passed, it will be implicitly
instantiated by calling its constructor with no arguments:

raise ValueError # shorthand for 'raise ValueError()'
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EGv mpémer va mpoodiopioete edv £yl eyypagel wo eEaipeon, alhd dev okomeveTe Vo, T YELPLOTEITE, Lo,
amhovoTEPY) LOPPY TN OMAWONG raise oog emitpémel va kévete Eavd raise Tnv 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 AAuoldwTteg EEalpeoelq

E&v mapovolaotei o un yewpttouevn (unhandled) eEaipeon uéoa oe wa evotnta except, Oa emovvaypet
v e€aipeon mou Ba xelpLotel ko Bo ouptepnpOel oto pufvuue opAAIOTOC:

>>> 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

T vo vtodei&ete OTL o eEaipeon eivan Gueon ouvEmelo wog GAANG, 1) TPOTAON raise emLTPEMEL oL TPO-
OLPETLKT) TPOTOON £rom:

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

Avuto popei va givan ypnopo dtav petaoymuortitetol eEapéoers. o mapaderypa:

>>> 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

8.5. AAuoldwteg EEalpgoelq 71




Python Tutorial, Anpooiguon 3.10.18

Envtpémel emtiong v omevepyomoino 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

I TepLocdtepes TANPOPOPIEG OYETLKA Ue TNV UNyaviky alvuoidwv, deite bltin-exceptions.

8.6 EEaipeocelg ou KaBopilovtal anod to Xprotn

Ta TPOYPAUUATO UTOPOVY VO OVOUAOOUV TIG SIKES TOVG EEQLPETELSG SNULOVPYDOVTOG W VEo KAGOT eEaupé-
oewv (deite KAdoes yio meplocdtepo. oxetikd ue TG kKhaoewg Python). Ou eEaupéoeig Oa mpémer ouvnBwg va
npoépyovtal amtd Ty KAGon Exception, €lte Gueoa eite EUUEOA.

Mitopotrv va. oprotolv KAGoeLg eEaipeang mov Kévouv otdnmote umopel va Kéver omoladnmote G kAo,
oAAG ovviHBwg dratnpovvtan omThég, Uy VA TPOTPEPOVY OVO Evav apLOId YOPAKTHPLOTIKMY TTOV ETTPETOUV
™V eEAywy TANPOPOPLOV OYETIKA UE TO GPAMLOL ATTd TOVG YELPLOTES YLO. TNV eEaipeD).

O mtepLoodtepeg eEapéoelg opifovral ue ovopoTa Tov Teewdvouy oe «Error», mopouoLa (e Ty ovouaoio:
TOV TUTILK®V eEapéoemv.

Many standard modules define their own exceptions to report errors that may occur in functions they define. More
information on classes is presented in chapter KAdoeg.

8.7 KabopLouog evepyelwv KabapLopou

H dhwon try €xelr wa dAAn Tpoatpetikn TpdTao Tov TPOOoPIiteTaL Vo opioel evépyeles Kabaplopov mov
mpEmEL VO, EKTELEOTOVY VTTd oTtoleodNote cuvOnKec. o mopdderyua:

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

Goodbye, world!

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

KeyboardInterrupt

Edv vrtdpyer wa mpdtaon £inally, n apdtaon £inally Oa exteleotel wg 1 TehEVTALN EPpYOTiO TPLV OTTO
™V ohoKMpwon TG mtpdtaong try. H mpdtaon £inally ekteheiton eite OxL 1) TPOTOON try TOPAYEL O
eSaipeon. Ta axdrovbo onueio. GVINTOVV TTLO TEPLTAOKES TTEPLITTMOELG Ot EppavileTon pa eEaipeon:
o E&v mapovolaotel pa eEaipeon Katd Ty ektéleon g npodtaong try, 1 eEaipeon umopel va avriue-
TOTLOTEL 0TTO maL TPOTaoN except, Eqv ) eEaipeon dev aviuetwmniletor and wo tpdtaon except,
1 eEaipeon yiveron Eava raise petd v ektéheon) g tpodtaong finally.

o Mua eEaipeon Ba wtopoVioe va TpoKMPeL KOTA TV EKTELEDT WO TPOTOONG except N el se. Ko wdt,
1 e€aipeon Tibetan Eava petd v extéheon g mpdToong finally.

o Eav 1 npdtaon finally ekteléoel wa mpdtoon break, continue 1 return, o eEapéoelg dev
avEdvovtal gk vEou.
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o Eb&v 1 mpbétaon try grdoel oe o dMiwon break, continue Y return, 1 wpodtaon finally Oa
eKTELEOTEL OKPLBMOG TTPLY 0Ttd Tl break, continue or return g eKTéleoNg TG SNAWONG.

o Ed&v o mpdtaon £inally mepthaufavet o SNMmon return, 1 wun mov emotpépetal Ba elvar ot
artd v mpdtaon £inally g dNAmOoNG TG return, Kot OxL N Tt amd T dMhwon t ry g Tpdtaong
return.

To Tapaderyua:

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

>>> bool_return ()
False

"Eva o mepimhoko mapdderypa:

>>> 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)

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 umopelite va deite, N mpdtoon £inally exteleitan o omolodnote mepimtwon. To TypeError mov
dmuovpyettar ue ) diaipeorn dvo ovuPorooelpdv dev xelpiletal amd TV TPOTOoN except KoL ETOUEVG
yivetow Eovd raise petd v ektéheon tov 6pov finally.

TG EQAPUOYESG TOV TTPOyRaTLKOD KOOUOU, 1) TpdToon £inally eivan yproun yo Ty amehevdépwon eEwte-
pLkodv Tdpwv (dmwg apyeio 1 ovvdEaelg dLKTVOV), AveEAPTNTO ATTd TO €AV 1) P01 TOU TOPOU NTOV ETLTUYNG.

8.8 NMpoKaBoPLOHEVEG EVEPYELEG KABAPLOHOU

Mepikd aviikeipeva opilovy Tig TUTKEG eVEPYELEG KAOOPLOWOV TTOV TTPETEL VO AVOAOUBEVOVTAL OTAY TO AVTL-
Kelpevo dev ypeldletan mhéov, oveEGpTNTa 0TTO TO eV 1] AELTOUPYIC TTOV YPYOLLOTTOLEL TO AVTLKELUEVO TETUYE
1 amétuye. KortdEte to axdhovbo avtikeinevo, To 0mtoio mtpoomadel va avoi&el Eva apyeio KoL vo eKTumdoeL
T, TEPLEYOUEVA TOV GTNV 000V,

for line in open("myfile.txt"):
print (line, end="")
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To mpdPANUA e QVTOV TOV KDOLKA ELvaL OTL AQPNVEL TO OPYELD 0VOLYTO YL ATTPOTALOPLOTO YPOVLKO dLAGTNUOL
UETA TNV OLOKANPWOT TG EKTENEONG AUTOV TOU TUNUOTOG TOV KMAKa. Autd dev eivar tpofinuo oe amhd
oevapLa, old umopel va eival Tpdpinua ya peyolitepeg epapuoyéc. H dMhwon with emtpémnel oe avri-
Kelpevo Omwg apyelo va pNoLoTolovvToL te TpOTo Tov dLaopaiilel 6T Kabapitoviol mdvio dueco Kol
OWOTA.

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

Metd v ekTéheon TG TPOTAONG, TO apyeio f elval ThvTo KAELTTO, AKOUO KOl AV TOPOVOLAGTNKE TPOPAN UL
Katd v eneEepyaoio tov ypapudv. Ta avikeipgva wov, dmwg To apyeio Tapéyouvy TpoKaboplopéves evép-
veleg Kabapiopov Ba to vITodelkviouV TNV TEKUNPLMOT TOVG.
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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.)

75



Python Tutorial, Anpooiguon 3.10.18

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 EppBélela kat MNedia Ovopatwyv otnyv Python

Ipwv atd v eLoayOYH TV KAAGEWV, TPETEL TPHDTO VO 00G TW KATL Y10 TOUG Kavoveg epféherag g Python.
OL oplopoi Twv KAGoewv maifouv pepikd Eekabapa KOMTO e To. Tedi0 OVOUATMVY Kot TPETEL VoL yvopilete
TOG AELTOVPYOUV TIANPWG TOL TTEDLC OVOUATMY KoL 1) EWPELELD VL0 VAL KaTtavonoeTe TANpwg Tt ovppaivel. Ta-
PEUTTLITTOVTOGC, 1] YVOON YLo aLuTO To Bépa elval xproun yio Kabe tpoywpnuévo poypoupotioti tg Python.

Ag Egxiviioovpe pe oplopévoug opLtopovc.

"Evag medio ovoudtwv (namespace) €ivor o ovtLotoiyon amd ovouota oe aviikeipevo. Ta meptocodtepa me-
dia ovopdtwv vhomotovvtal emti Tov TapOdVTOG WG AeELkd Python, allé avtd cuvhBmg dev yivetan avTAnmto pe
Kavévay tpdmo (eKtdg amd tnv amddoon) ko wropei va alhdEer oto péhhov. Mapadeiyuarta nediwv ovoudtwv
glvalL: To OVVOLO TV EVOMUATOUEVDV OVOUATOV (TTOU TTEPLEYEL CUVOPTNOELG OTTWG abs () KoL EVOOUATOUEVO,
ovoparta eEapéoewv). to kKabolkd ovouato oe éva module KoL TO TOTLKA OVOUOTOL OE (oL ETTIKATON GUVAP-
™ong. Katd pio évvola to 0Uvoro TV XOpaKTNPLOTIKOV EVOG AVILKELUEVOV OYNUOTICEL emiong éva medio
ovopdtawv. To onuavikd Tpdypa Tov TPETEL VO, YVOPLLETE Yo TOL TEdLOL OVOUATOV glva OTL dEV VTTdipyEL Ko
wio amoAiTwg oyEon UETAED OVOUATOV 08 SLapoPETLK( TEDIO OVOUATWV, VLol TOPASELYIA, HVO dLOPOPETLKA
modules wwopei koL tar dV0O Vo 0ploovv o CUVAPTNON maximize ywplg oUyyvon — xpNotes Twv modules
mpémeL vo. TNV TpoobEcouy ue to dvoua tov module.

[MopeumuttovIng, xpnowwomold Tt MEN attribute yio omolodntote dvoua ov akohovbel o tekeion — yio.
TopAdELYLO, OTNV EKPpaon z . real, To real eival éva attribute TOU AVTIKELUEVOL z. AVOTNPE WADYTAGS, OL
avagopés oe ovouato twv modules eivol avapopég o attributes: oty ékppaon modname . funcname, TO
modname givar éva module avtikeipevo KoL 1o funcname eival €vo attribute Tov AVILKELUEVOV. Zg AUTNV TV
TEPLITTOON OVUPALVEL VO VTTAPYEL UL ATTAT) OVTLOTOLYLOM ueTaE0 Tav attributes twv modules kot TV KaBOAK®OV
ovoudTwY oL optlovral oto module: polpdLoval Tov idto xwpo ovoudtwmv!!

Attributes may be read-only or writable. In the latter case, assignment to attributes is possible. Module attributes are
writable: you can write modname .the_answer = 42. Writable attributes may also be deleted with the del
statement. For example, del modname.the_answer will remove the attribute the_answer from the object
named by modname.

OL X®POL OVOUATOV dNULOVPYOVVTAL OF SLOPOPETIKES OTLYUES Ka Exouv diapopetikt) didpketa Lwng.O yo-
pog ovopdtwv mov mepLEyeL T built-in ovopato dnuovpyeitor Katd v ekkivnon tov diepunvéa g Python
Ko dev drarypdpetal woté. O KaBohkog ympog ovoudtov yia évo. module dnuovpyeiton dtav drofdletol o
opLopdg tov module. Kavovikd, ot ydpot ovoudtmv twv modules dtopKolv emtiong uéypt va TepuotLoTel o diep-
unvéag. OL dNAMOELS TOV EKTELOVVTOL OTTO TV ETIKAN 01 OVAOTATOV ETTLITEDOV TOU dlepunvéa, eite dafafovran
amd éva script eite dLadpaoTikd, Bempovvral pépog evog module Tov ovoudletal __main__, EMOUEVIG EXOUV
TOV O1KO ToVG KoMK xmpo ovoudtmv. (Ta evomuatmuévo ovopata oty Tpoyuattkdtnta vrdpyouvy emi-
ong oe éva module,avtd ovoudCetar builtins.)

O TomKOG Y DPOG OVOUATOV YLOL L0 GUVAPTION ONULOVPYELTAL OTAV KOAELTOL 1] CUVAPTN O, KoL dLorypApeToL
otav 1 oVVAPTNOY emLOTPEPEL 1] ONULOVPYEL WO EEAIPEDN TOU SEV OVTIUETOIULETOL 0TV GUVAPTNOY. (ZTNV

! 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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TPAYUOTLKOTNTA, 1) MO Oa oy KOAUTEPOS TPOTOG YLOL VO TTEPLYPAYPOUE TL TPAYUOTIKG cupfaiver.) Duotkd,
oL ETOVONAUPOVOUEVEG ETULKANOELS £XOUV TO SLKO TOVG TOTLKO YMPO OVOUATMV.

H eppédlera eivar pa meployn kelwévou evog mpoypdupatog Python dmov évog ympog ovoudtov eivol dueoa
npoofaoipoc. To «Aueon mpdofacn» edm onuUalvel OTL ULe OVETTLPUAOKTY avapopd o€ €vo. Gvoua Tpoomodel
VoL BPEL TO OVOUQ OTOV Y MPO OVOUATMV.

Mapdho Tov ta Tedia TPOTALOPILOVTOL OTATLKA, YPNOLULOTOLOVVTOL SUVAULKA. Z€ 0TTOL0dNTOTE YPOVO KOTA
™V dLapKeLa TG eKTéNEONC, VITapyovVy 3 1 4 évOeta medio TwV 0TolmV oL XHPOoL oOvoudtwy eivol dueoo Tpo-
opaatuol:

o 1) evO0OTEPN EUPELELDL, 1) OTTOLOL OLVOLNTELTOL TTPWTA, TTEPLEYEL TOL TOTILKA OVOLOLTOL

o 1 eufélela 0TOLMVINHTTOTE ECWKAELOUEVOV GUVOPTHOEWY, TO. 0TT0l0 avalnTovvTal EEKLVOVTOG amtd TV
TINOLETTEPN E0MKNELOUEVT] EUPENELL, TTEPLEYEL UM TOTTLKA, CAAG Ka U1 KAOOoAKE ovOuoTo.

o 1 emduevn mpog TV TeErevTala epPélela epLéyeL ta TPéyova Kabohkd ovouata tov module

* 1] 7TLO ATTOUAKPUOUEVT] EUPELELD (TTOU €YLVE TENEVTALA OVOLTTNOT) ELVOL O Y DPOG OVOUATWV TTOU TEPLEYEL
built-in ovoporto

Edv éva dvopa éxer dnhwOel wg kabohkod, TdTe Oheg OL AvapopEg Kat oL EKYMPNOELS T yaivouy amevieiog
OTO EMOUEVO TTPOG TO TEAEVTALO TTEdI0 TOV TTEPLEYEL Tl KaBoAkd ovouata tov module. o TV emavaovyv-
deon peToPfANTOV OV Pplokovtal KTOS TNG evOOTEPNG eUPELELOg ,umopel va xpnotomotn el 1 dSMiwon Tou
nonlocal . Eqv dev dnhwOolv mg un tomikés, ovtég oL PetafANTég elvol ovo yLo avayvmon (o tpoostd-
Beia eyypagng oe o Tétoto petafinty Bo dnuovpynoel amidg o véa okt HEToPANT otnv evddtepn
euPélera, apivovtag aUETABANTY TV eEwTEPLKT UETAPANTY Ue TO i8Lo dvopa ).

ZuviHOmg, 1) TOTILKY) EUPELELOL TAPOTTEWITEL 0T TOTILKG 0VOUATOL TG (KELWEVNG) TPEYOVOAS OLUVAPTNONG. EKTog
OUVOPTHOEMY, 1) TOTILKY] EUPELELDL AVAPEPETAL OTOV LDLO XDPO OVOLLATWV [UE TV KOOOMKT EUPELELAL: TOV XDPO
ovoudtmv tov module.Ot opropoi KAGGEWVY TOTOOETOUV €vav aKOUT Y MPO OVOUATOV TNV TOTLKY EUPELELDL.

Eivow onpovtiko va ovveldntomotoovue 0t oL euféheteg kKabopitovol e Keipevo: 1 kabohikn) eufiéheia pog
ovvapTnong mou opiletar og évo module givar o hpog ovoudtov outov Tov module aveEGpTnTa 0std To TOV
1 UE TOL0 PYEVAWVUUO KOAEITAL 1] OVVAPTNOY. ATTO TV G TAEVPA, 1) TPAYUATIKY avalfTtnon ovoudtwy
yivetol duvopukd, Kotd to xpdvo eKTELEONS — woTO00, 0 0pLoUdS TG YAMOOoOG EEEMOOETOL TPOG TN OTATLKY)
OVAAVOT] OVOUATMV, THY OPO THG <UETAYAMTTLONG», ETOUEVWG UMV Baoileote o€ duvaukn ovalvon ovopatog!
(ZmVv TpaypoTkOTNTA, 0L TOTKEG UETABANTEG Exouv 11O KaBopLoTEL OTATIKA.)

Mo wraitepn Woppubuia g Python givan 6t — av o1 dnhwoelg global M nonlocal dev gival og Loy
- 0L EKYWPTNOELG OTO OVOUOTO TTNYAivouv Ttdvto oty evdotept) eufiéhera. OL exympnoelg dev avitypdpouv
dedouéva — amhwg deopuevovv ovopata oe aviikeipeva. To idlo toyveL Kal yua TG draypagég: 1 dNhwon del x
QPALPEL TNV GVVIEDT TOV X OTTO TOV X MPO OVOUATMV TTOV OVOPEPETAL ATTO THV TOTTLKT) EUPBENELOL. ZTHV TPOLYLOL-
TIKOTNTA, OMEG OL AELTOVPYLIES TTOV ELTAYOVV VEQ OVOUOLTAL YPTOLULOTTOLOVY TV TOTILKY] EUPELELOL: GUYKEKPLUEVQL
oL dMMAMOELG, import KoL oL 0PLOUOL CUVOPTNOEMY deapeEVOVV TO dvoua tov module 1 TG ouvapTnong otV
TomLKT) euféherat.

H 6hwon global umopel va ypnoiwomomBei yio va vrodei&el L ovykekpuéveg petafintég Lovv otny
Kabohkn euféhera kou o pémer va avakaupovy ekel. H dhwon nonlocal vwodnhmvel 6Tt CUYKEKPLUEVEG
ueTofANTEG Lovy o€ o e0KAELOTY eUfELeLa KoL OOl TPETEL VO AVOKAUYPOUVY EKEL.

9.2.1 Mapadeiypa Eppérelag kat Xwpwv Ovopatwy

Auto givar éva TapddeLya Tov delyVeL TOV TPOTO AVAPOPAS 0T SLAPOPETLKA TTEdiO KO HPOUG OVOUUTMY
Ko g Tto global Kaw nonlocal ennpedCovv ta variable binding:

def scope_test():
def do_local():
spam = "local spam"

def do_nonlocal():
nonlocal spam
spam = "nonlocal spam"

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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 awoTEAEOUA TOV KMALKA OTO TAPASELYUOL ELVOL:

After local assignment: test spam

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

ENUELDOTE TTWG 1) EKYMOPNON Tomukr) (1) omoia eivar wpoemheyuévn) dev dAhoEe v déouevon scope_test's Tov
spam. H exywpnon nonlocal GAhaEe tnv SE0UEVOT TOV scope_test's TOU spam Kal 1) EKYmpNor Tov global
dAhae T déopevon oe enimedo module.

Mitopeite emiong va deite ot dev vy e TPONYOUUEVT] SEGUEVTT YLOL spam TPLV oIt TNV eKympnon global..

9.3 Mua npwtn patia otig KAaoeilq

O K\doeig eloyouvy Aiyn véa oUvToEn, TpELg VEOUg TUITOUG AVTLKELUEVWV KoL KATTOL0, VEX GUAoLOMOYid.

9.3.1 Zuvta&n Opiopou KAaong

H amhovotepn popen optopot kKhAong WoLalet ue avto:

class ClassName:
<statement-1>

<statement-N>

Opopoi kKAdoewv, 6mtmg opLopoi ouvapthoemy (def dMNADOELS) TPETEL VO EKTELEGTOVV TPOTOV £YOUV OTTOLO-
dMmote amotéreoua. (Ba umopovoote vo tomodetioete £vav oplopnd KhAong o€ évay kKhado puag dnhmong i £
1 LEOQ O€ PO CUVAPTNOT).)

Ztnv Tpdkn, oL dhioelg uéoo oe Evav oploud Khaong ouvnbmg Ba eivar opLopol cuvapTNoewy, aAlG emL-
tpémoval dhlheg dMMADOELS Kot uepLkés popég ypnowueg — Ba emavélbovue og owtd apyodtepa. O oplopol
oUVaPTHOEMY UECH OE (o KAAON cuvnOmg €XOUV WO TTEPLEPYT LOPPT MOTAS OPLOUATMOV, TTOU VITAYOPEVETUL
and g ovuphoelg KAong yia ueBodovg — ko e, avtod eEnyeitar apyotepa.

‘Otav elodyetal £€vog opLopog KhAoNS, dNULOVPYELTAL £VOG VEOG XMPOG OVOUATMVY KoL YPTOLUOTTOLELTOL ™G
TOTTLKY) EUPELEL — ETOUEVIG, OLEG OL EKYWPNOELG OE TOTLKEG UETOPANTES TINYALVOUY GE AUTOV TOV VEO YMPO
OVOULATOV. ZUYKEKPLUEVA, OL OPLOUOL CUVAPTHOEMY SETUEVOVY TO OVOUA THG VEOSG GUVAPTNONG EOM.

When a class definition is left normally (via the end), a class object is created. This is basically a wrapper around the
contents of the namespace created by the class definition; we'll learn more about class objects in the next section. The
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original local scope (the one in effect just before the class definition was entered) is reinstated, and the class object is
bound here to the class name given in the class definition header (C1assName in the example).

9.3.2 Avtikeipeva KAaong

Ta avtikeipevo KAGong vitootnpifouv 8o eidn mpaEewv: avapopEs YopaKTNPLOTIK®V KoL OTLYUOTUITO.

O Avapopég xapaKTROLGTIKMY YPNOLUOTTOLOVV THV TUTTLKY) GUVTAE TOV Y PYOLUOTTOLELTOL VL0 OAAL TLG AVALO-
pEc xapakTNELOTIK®V 0TV Python: obj . name. Ta £ykupa ovOUATO XOPAKTNPLOTIKOV givar OO Ta ovOuaTo.
7OV BPIloKOVTOV 0TOV XHPO ovopdtv TG KAAoNg 0Tov dnuovpyndnke to avitkeipevo g kidone. ‘Etol, av
0 0pLoudg TG kKAdong épnolale wg eENg:

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

def f(self):
return 'hello world'

then MyClass.i 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 x\Gom onyutdTvmo ypnoLomoLel ONUELOYPApio OUVEPTNONG. ATTAMG TPOOTOLNOELTE OTL TO AVTIKELUEVO TG
KAGONG elvan (o ouvapTNoN XWpPIg TOPAUETPOVG TOU EMLOTPEPEL EVOL VEO OTLYIOTLTTO TNG KAdonc.Ta mapd-
derypa (VtoBéTovtag ™V mopaTdvew KhAom):

x = MyClass ()

duovpyel Eva véo oryudTumo T KAMAONG Kol EKYmPel auTO TO OVILKEIUEVO GTNV TOTTLKY UETAPANTY] x.

The instantiation operation («calling» a class object) creates an empty object. Many classes like to create objects with
instances customized to a specific initial state. Therefore a class may define a special method named __init__ (),
like this:

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

When a class defines an __init__ () method, class instantiation automatically invokes __init__ () for the
newly created class instance. So in this example, a new, initialized instance can be obtained by:

x = MyClass ()

Of course, the __init__ () method may have arguments for greater flexibility. In that case, arguments given to
the class instantiation operator are passed onto __init__ (). For example,

>>> class Complex:

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

>>> x = Complex (3.0, —-4.5)
>>> xXx.r, x.1
(3.0, —-4.5)
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9.3.3 AvTiKEipEVA ZTLYHLOTUTIWV

Topo T umopovue va Kdvovue pe to avitkeipevo otyiotimmy; Ot udveg hettovpyieg mov yivovtal Koto-
VONTEG OTTO TOL AVTILKELUEVOL OTLYOTUTTMV €LVOL OL AVOpOPES XOPOKTNPLOTIKADV. YTapyovv 600 €ldN £yKupmy
ovoudtwv attributes: attributes kouw uéfodor dedouévorv.

Data attributes correspond to «instance variables» in Smalltalk, and to «data members» in C++. Data attributes need
not be declared; like local variables, they spring into existence when they are first assigned to. For example, if x is
the instance of MyClass created above, the following piece of code will print the value 1 6, without leaving a trace:

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 wefddmv evog avikelévou otryudTumon egaptmvtar amd v KAGon tov. EE opiopov,
OMOL TAL OPOAKTNPLOTIKG Wag KAAONG TOU Elval avIlKelevo, ouvapTnong opitouv tig avtiotolyes uebddovg
TV oTtyumotinmy ™g. 'Etol 0to mapdderyud pog, to x.f eivar wa £ykupn avoapopd uefddov, agol to
MyClass.f givan ovvaptnon, ol to x.i dev eival ooV to MyClass.i dev givar. AMG To x.f dev gival 1o id1o
npdrypa ue to MyClass.f — givau éva avukeiuevo uediédov, OyL £V OVTIKELLEVO OUVAPTNONG.

9.3.4 Avtikeipeva Mebodou

ZuvnOwg, pa HEO0dog Kaleitor AUECMG UETA TN HECUEVOT) TNG:

x.£()

In the MyClass example, this will return the string 'hello world'. However, it is not necessary to call a method
right away: x . £ is a method object, and can be stored away and called at a later time. For example:

xf = x.f
while True:
print (xf())

0o ouveyioel va ektumtdveL to hello world péypl To Téhog Tov ¥povov.

‘What exactly happens when a method is called? You may have noticed that x . £ () was called without an argument
above, even though the function definition for £ () specified an argument. What happened to the argument? Surely
Python raises an exception when a function that requires an argument is called without any — even if the argument
isn’'t actually used...

2NV TPOYUOTIKOTNTA, UWITOPEL VO EYETE UOVTEWEL TV OITAVTINOT: TO LOLULTEPO UE TIG HeBddoVG elvar OTL TO
OVTLKEIUEVO TOV OTLYIMOTUITOU UETOPLBALETOL WG TO TPMTO HPLOUA TG GVVAPTNONG. ZTO TAPAdELYUE NaC,
N KMon x. £ () elvar akppog 1oodvvaun ue to MyClass. £ (x). evikd, 1 kKAfon wag uedddov ue wo
LMota oo n opiopota L0odVVaEL ue TV KANON TG avIioTolyNng CUVAPTNONG UE Mo Aot opltopudtwy mov
dMULOVPYELTOAL UE TNV ELTOYWYT] TOU OVTLKELWEVOU OTLYIOTUTTOU THG UeBGSOU TTPLV amtd TO TPDTO OPLOLLQ.

If you still don’t understand how methods work, a look at the implementation can perhaps clarify matters. When
a non-data attribute of an instance is referenced, the instance’s class is searched. If the name denotes a valid class
attribute that is a function object, a method object is created by packing (pointers to) the instance object and the
function object just found together in an abstract object: this is the method object. When the method object is called
with an argument list, a new argument list is constructed from the instance object and the argument list, and the
function object is called with this new argument list.

80 Kegpdlawo 9. KAdoelg




Python Tutorial, Anpociguon 3.10.18

9.3.5 MetaBAntég KAaong Kat ZTLyHLoTuUTiou

e YeVIKEG YPAUUES, OL UETABANTEG OTLYLOTUTTOV TTPOOPILOVTOL YO SESOUEVO LOVODLKE Yo KGOE oTLyudTumo
Ko oL LeTafANTEG KAAOTG ELVaL YLoL YOPAKTNPLOTLKA Kot ueBdd0Vg Tou HoLpalovral OAM Ta OTLYULOTUITO TG
KAdong:

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’

'Onwg ovInmOnke oto Aiya Adyia yia Ovduata kar Aviikelueva, To Kowd dedouévo umopel vo Exouv mlavag
EKTANKTLKG TTOTENECLOTAL [E TY) CUUUETOYY avTtKeEWwEVmV mutable dmwg Moteg kKou AeEikd. T apdderyua,
N Mota tricks 6Tov TopaKaTo KOdKa dev Oa TPETEL VAL YP1OLUOTTOLELTOL WG PeTafANTY KAAoNG emeldr) udovo
uia Mota Oa propovoe va givor Kowvy) og Oha o otrypdtusta Dog:

class Dog:
tricks = [] # mistaken use of a class variable

def _ init_ (self, name):
self.name = name

def add_trick(self, trick):
self.tricks.append(trick)

>>> d = Dog('Fido")

>>> e = Dog('Buddy")

>>> d.add_trick('roll over')

>>> e.add_trick('play dead')

>>> d.tricks # unexpectedly shared by all dogs
['roll over', 'play dead']

O 0wotdGg 0YedLOOUOG TG KAAONG OaL TTPETEL VOL PN OLUOTTOLEL (Lol UETOPANTI] OTLYIOTUITOV AV

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

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

['roll over']
>>> e.tricks
['play dead']

9.4 Tuyxaieg MapatnpnoeLq

Av 10 1610 OVoua YOPOKTNPLOTLKOD EUPAVICETOL KA O€ £Va OTLYIOTUITO Kol 0€ ULo. KAGOY), TOTE 1) avol)Tnon
YOPAKTNPLOTLKMOV 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 xapaKTNPELOTIKG dESOUEVWY PTTOPOVV VAL OVOPEPOVTOL e neBOdOVG KaBmG Kaw 0td arhoig xpNoTeg («ite-
MatES») evOg avitkeluévou. Me ahha MoyLa, oL KAGoELg dev UITopovv va. xpnotuostotnfov yio TV vAoToinom
KoOaphV apneNUévav THTTOV EdOUEVOV. ZTNV TPOYUOTIKOTNTA, Titota otnv Python dev xaOiotd duvory|
™V emPoln) g amdkpuyPng dedouévawv — Oha facitovrol oe cVupoon. (amd v G TAEVPA, 1 EQPAPUOYY
Python, ypapuévn ot C, umopei vo. amokpOyper evieAdS TG Aemrtouépeteg vAomoinong ko va. eréyEet tnv mpod-
opoaon og éva aviikeipevo v eiva amapaitnto autd wopel va ypnotpomowm el amd enektdoelg oty Python
vpauuéveg oe C.)

O xpNoTteg O TPETEL VOL XPNOLUOTTOLOUV TOL XOPUKTNPLOTLKA SESOUEVIV UE TPOTOYT] — OL XPNOTEG EVOEYETAL
vo. urepdéPouv ta aueTdfinto wov dratnpovvral amd TG ueBddovg oPPayiloviag Ta UPOKTPLOTIKA TMV
dedouévmv tovg. Adfete vITOYN OTL OL YPNOTEG WITOPOVV VAL TTPOCHEGOUV LKA TOVG OPAKTNPLOTLKE dedoé-
VOV 08 V0L OVTLKELUEVO OTLYIOTUITOU Y WPIG VOL ETNPEATOUV TNV EYKUPOTNTA TV HeBOdWV, EPOTOV ATTopeyo-
VTOLL OL CUYKPOVOELS OVOUATWV — KO TTAAL, (ol GVUB00T OVOUAGLOG UTOPEL VO OMOEL TTOMOVG TTOVOKEPALOVG
ed.

Agv umapyEL CUVTOUOYPAPLL YLOL TV OVOPOPA XAPOKTNPLOTIKMV dedopuévarv (1] AMwv nebddwv!) néoa amd
TG ueBOd0VG. ALUTLOTOVM GTL AUTO TNV TPAYUOTLKOTNTO GVEAVEL TNV OVOYVWOLLOTNTO TWV HEBOSwV: dev
VITAPYEL Kol TOavOTNTO OUYYUOTG TOTUKMV UETAPANTMV KL TwV UETAPBANTWV Ttopadeiyuatog dtov eEetd-
Covpe wa uébodo.

Zuyvd, To TpdTo dpLoua pag uedddov ovoudteton self. Autd dev elvol Timoto TePLoooTEPO AT UL oVUBaoN:
T0 Ovopa self dev €xeL Kopia AToAITOG WoLaiTePN onuacio yio tnv Python. Znuewnorte, wotdoo, 6Tl ov dev ako-
LovOToeTe TN GVUPAON 0 KOOLKAG 0aG WITOPEL VAL ELVOL AYOTEPO EVOVAYVIWOTOG 08 AAOVG TTPOYPUULATLOTES
Python, kaw gival emiong Katovontd 0TL wwopei va. ypaptel va tpodypauuo. class browser mov vo. faciletol oe
wo TéTolo ouuBoon.

Kd&0e avtikeipevo ouvaptnong mov eivorl xopakTnpLotikod kKhiong opilet (o uéfodo yia oTLyioOTUITO OVThHG
™G KMAONG. AEV EIVOL ATTOPALTNTO O OPLOUOG TG CUVAPTNONG VO TTEPLKAELETOL [LE KELUEVO GTOV OpLoud TG
KAGONG: 1 0vTLOTOlYMON VO AVTIKELUEVOU CUVAPTNONG O€ ULoL TOTTLKY) UETABANTH TG KAAONG elvar emmiong
evtaEet. o mapaderypa:

# Function defined outside the class
def fl(self, x, vy):
return min(x, x+ty)

class C:
f = f1

(ouvéyela 0TV emOpEVY 0edL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

def g(self):
return 'hello world'

h =g

Now £, g and h are all attributes of class C that refer to function objects, and consequently they are all methods of
instances of C — h being exactly equivalent to g. Note that this practice usually only serves to confuse the reader of
a program.

Ot uébodot umopovv vo Kooty ddieg uebdd0UG YPNOLUOTOLDVTOG YOPAKTNPLOTLKG (eBddoV Tov argument
self:

class Bag:
def @ init_ (self):
self.data = []

def add(self, x):
self.data.append (x)

def addtwice(self, x):
self.add(x)
self.add(x)

OL 1éBodoL PITOPEL VO avapEPOVTAL 08 KABOMKAE ovopata e ToV D10 TPOTTo OTTmg oL uVNOLOUEVES OUVOPTY)-
oelc.H xaBolkn euféreia mov oyetiCeton pe po pébodo eivarl To module wov mepiéyxel tov opopnd t™g. (Mo
KAGon dev xpnolpomoLeitol ToTté g KAk euPELELD.) AV KoL OTTAVLOL CUVAVTE KAVELS évay Kahd AOYo yio
™ %P1 on KabohKdv dedopévarv oe pa néBodo, vdpyouv morhéc Nowueg xpNnoeLs e kKabolkng eupérelos:
YLoL VO TPAYUX, OL AELTOUPYLES KO OL AELTOVPYLKEG LOVADES TTOV ELOGYOVTOL OTNY KOOOMKT| EUPéLeELD UTTOpPOVY
va ypnotpomotnBotv amd pedddove, Kabmg Kol ouvopTNOELG Kat KAAOELS TTov opifovtal o avtod. Zuvnbng,
1 KAGom Tov mepLéyel T uéBodo opiletar amd pudvn g oe avth TV KabBolkn euféheia, KoL oTNV eTOUEVT
evotnto. Oa Bpoviue peptkovs kohog MOYoug Yo Toug 0Toiovg ua uéBodog Oo 0ghe vo avapépel T Sk TG
KAGo).

Kd&0e tun) elvan éva aviikeipevo Kau eopévog €xel uua kAdon (ovoudteton exiong tomog TG). AmobnkeveTon
wgobject.__class__.

9.5 KAnpovouikotnta

DuoLKd, Eva YOPAKTNPLOTIKO YAMOOoOG dev Ba fiTav avtaELo Tou ovouatog «class» ywpig tv vtootpiEn g
Kinpovowkdtntac. H auvtoEn yio évav mopayouevo oplopd KAGong wotdler ue auto:

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 extéheon evog mapayduevou optopot KAGoNg poywpd To idLo 6Ttmg yia o faotky khaomn. Otav to avti-
Keipevo g KAGoNG KaTaoKevatetal, 1 faotky kKAdon amopvnuovevetal. Autd ¥p1oLULOTOLELTAL YIO TNV ETTL-
MU0 AVAPOPMV XAPUKTNPLOTIKMV: EAV £V TNTOVUEVO YopaKTNPLoTKO dev Bpedei otnv Khdon, 1 avalhitnon
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POy WP otV ovalNTnon ot Baotkr KAGOoY. AuTdg 0 KavOvas EQapUoOtETOL ovadpoutkd edv 1) idLa 1 faotk
KAGon mpoépyetonl amd Kamoro AN KAAon.

Aev VmAPYEL TITOTA TO LOLOUTEPO OYETLKA UE THV ONUWOUPYIC OTLYWMOTUTOU TTAPAYOUEVOV KAAOEWV:
DerivedClassName () dnuouvpyel évo véo otrydtumo g kAdons. O avagopég nedoddwv emhvovion
wg €ENG: YiveTow avalnTnom TOU aVTIOTOL(OV XOPAKTNPLOTIKOY KAAGNS, KOTERAIVOVTOG TPOG T KATW OTNV
oAuoida TV BaotKkdV KMAoEMY €AV Elval amapaithTo, Kot 1 avapopd g nebddou eivar Eykupn edv avtd
O IOEL £VaL AVTLKELUEVO OUVAPTNONG.

Ou mapdywyeg KMAOELG EVOEXETOL VO TAPOKAUTTOVV TLG ueBOdoUg TV Pootkmy tovg kKhdoewv. Emedn ot
uéBodoL dev €youv eldLKA TPOVOULO OTay KohoUV dhleg ueBddoug Tov idLov avikeuévov, ua uéBodog wag
Baoikng khéong mov kohel o G nébodo mov opiletor oty idia faokn KAAoN uropel vo kKatalnEel
va Kohel o uéhodo puag mapayouevng kKhaong mov v ovtkoouotd. (o mpoypappatiotég C++: Oheg oL
uéBodol otnv Python givol ovoLaoTikd «ELKoVIKES».)

Mua vmeployvovoo uébodog oe o mapoyouevn kKhaon wmopel oty mpoypatikomto va 0éhel vo emektel-
VEL OVTL VO QVTILKOTOOTNOEL amhmg T wéBodo Paotkng khdong e to ido dvopa. Ymdpyer €vag amhog
TPOTOG YLo. Vo KaAéoete T uéBodo Paoikng khdong amevdeiac: amlwg Kaiéote to BaseClassName.
methodname (self, arguments) . AuTtd eilval meploTAClaKA YXPNO1lPO OTOUG YXPNOTEGQ
(AM&PRete undyn 6tir autd Aeittoupyel pdévo edv n Pacikn kAdon eilval mpooBdoiun
w¢ | ' BaseClassName otnv Kool eufiérera.)

H Python &ygL 800 (evoopatwpéveg) built-in guvapTioeLg Tov AELTOVPYOUV te KANPOovouLKOTTaL:

o Xpnowomomote To isinstance() yw vo eiéyEete TOov TOMO €vOg  OTLYWOTUTTOU:  TO
isinstance (obj, int) 0a sivar True udvo elv 10 obj._ class__ eivar int 1 ;mpoép-
YETOL 0TTO KoL KAGoT artd int.

o Xpnowomomote to issubclass() 7y va ehéyEete v  Khnpovowkotnta Khdong: To
issubclass (bool, int) eivar ~ True™ agov to bool eivor vmokAdon tou int. Qotdoo,
To issubclass (float, int) eivalFalse agov to float dev elval vrokidon Tov int.

9.5.1 MoAAanAn KAnpovouikotnta

H Python vtootnpiCel emiong o popet tolhamirg kAnpovoukdtnrag. ‘Evog oplopodg khéong ue morhamhés
Baotkég KhGoeLg potdiCel ue avtd:

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

<statement-N>

For most purposes, in the simplest cases, you can think of the search for attributes inherited from a parent class as
depth-first, left-to-right, not searching twice in the same class where there is an overlap in the hierarchy. Thus, if an
attribute is not found in DerivedClassName, it is searched for in Basel, then (recursively) in the base classes
of Basel, and if it was not found there, it was searched for in Base2, and so on.

2Ty TpoyuaTtkdT T, Elvar Aiyo mmo mepimhoko amd avtod. H oepd avaivong tg uedddov alhdlel duvourkd
YLO, VO, VTTOO T PiEEL OuveEpPYaTIKES KAMOELS O€ super () . AUTH 1) TTPOOEYYLOT ELvaL YVWOTY O€ OPLOUEVEG GAAEG
YA®ooES TOAATTANG KANpovoukdTnTag wg call-next-method ko elvol o Loyupt 0o T covmep KA ON TOU
BplokeTon o€ YAMOOEG LELOVMUEVTIG KANPOVOULKOTITAC.

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/.
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9.6 IdwwTIKEG MeTaBANTEQ

O petoffAntég otrywotimov «Private» otig omoieg dev eivar duvatn 1 Tpdofoor eKTdg 0Td TO E0MTEPLKO EVOG
OVTLKELUEVOV,0EV VITapyovv otV Python. Qotdoo, vitdpyet pa ovupaor wov akohovOeital amd ToV TEPLOCO-
tepo Python kaddika: éva dvopa pe tpdbepa kdtw ovha (;t.). _spam) 0o TPETEL VoL AVTLUETWITICETOL OG U1
duooro uépog tov API (gite mpoxertan yio ovvaptnon,uéfodo 1 uéhog dedopévmv). Oa mpémel va Bewpeiton
WG MeTTOUEPELDL VAOTTOINONG Kol VTTOKELTOL 08 AANLYES Y WPLG TPOELdOTOIN o).

AgdOUEVOU OTL VTTAPYEL LLaL EYKVPT| TTEPLTTTOON YPTONG VLo LOLWTLKE UEAT TG KAAONG (dMAadn yLo VoL 0Ttopev-
%000V GUYKPOVOELG OVOUAT®V [1E OVOUATO TTOV 0PILoVTOL OTO VITOKAAGELS), UTTAPYEL TEPLOPLOUEVT] VITOOTY)-
PLEN YL évarv TETOLo UMY OoVIONd, Tov ovoudleton name mangling. OmOLOdNTOTE AVAYVWPLOTIKO TNG QOPUOG
___spam (TOVAAyLoTOV V0 TPOTOPEVOUEVEG KATM TTOVAES, TO TTOAV (0L 0T OUVEYELDL KATW TTOVAL) avTkadi-
otatoL (e Kelpevo pe to _classname_spam, OT0V T0 classname €val To OVOUO. TNG TPEXOVOAS TAENG UE
™V TPOTY VIToypdpon stripped. Autd to mangling yivetou xwpig va Aaufavetol voy ) | cuvtakTikn 0éon
TOV TOV QVAYVWPLOTLKOV, OPKEL VoL eupaviCeTal evtdg TOU OpLotov (ag KAAOoTGS.

H mopafioon ovoudtmv eivo xpiouun yio vo. ETLTPETETAL OTIG VTTOKAGOELS VOL TTOPAKAUTTOUV (eBOdouG ym-
pig va dLaxdmTouy Tig 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)

__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 mopamdve mopdderyna Ba Aertovpyoloe akouo kow v o MappingSubclass eloNyaye £va avayvo-
pLoTkd __update 0ol aviltkatootadnke ue To _Mapping__update oty KAAoH Mapping Kou U€ TO
_MappingSubclass__update otn KA4on MappingSubclass avTioTtoLyd.

Adfete vdOYPn OTL oL KOvOoveg mapofloong €xouv OxedLOOTEL KUPLWG YLoL TNV OTOQUYN OTuyNud-
tov.EEakolovbei va eival duvati 1 Tpdofaon 1 1 TPoToToinoy wag uetafAnTg mov Bewpeitol LOLWTLKY).
Avtd umopel va glvan ypfoLo akduT Kol o€ ELOLKES TEPLITTWOELS, OTTWG GTO TPOYPOLUL EVTOTLOUOV CPAAUAL-
twv(debugger).

ZNuelmote OTL 0 KOILKOG OV UETAPLBAOTNKE 0T0 exec () 1) 0T0 eval () dev Bewpel OTL TO TO Gvoud KAAOoNG
™G KAAoMG emtikinong va elval 1) Tpéyovoa KhAoT. AUTd elvol TopOUOLO UE TO TTOTELECUO TG KABOA LK G
MAWONG , TO WTOTELETUE TNG OTTOLOG ETTLONG TTEPLOPILETOL OTOV KWMLK OV £XEL peTayhwttiotel pali(byte-
compiled). O id10g mePLOPLOUOG LOYVEL Yo ToL getattr (), setattr () ko delattr (), Kabwg Kot dtov
vivetal avapopd amevleiog oto _ dict_ .
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9.7 Mikpompayupata

Mepikég @opég elvar ypnowo vo €xete évav tomo dedouévov mapouoto ue tov Pascal «record» © C
«struct», ouodomoLwVTaGg UEPLKA emmvupa otouyeto dedouévmv. H duwpotikn mpooéyylon eivat n ypnon
dataclasses yLo QUTOV TOV OKOTTO:

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

A piece of Python code that expects a particular abstract data type can often be passed a class that emulates the
methods of that data type instead. For instance, if you have a function that formats some data from a file object, you
can define a class with methods read () and readline () that get the data from a string buffer instead, and pass
it as an argument.

Instance method objects have attributes, too: m.___self  is the instance object with the method m (), and m.
___func___is the function object corresponding to the method.

9.8 EmnavaAnmnrteqg

Méypt trpa mOOVOTOTO £XETE TOPATNPTOEL OTL TOL TEPLOOOTEPO OVTLKELUEVOL container PiropovV vaL ETOVORY-
OoVV ypnoluomolmvtog wa dMhmon for:

for element in [1, 2, 31:
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 Elval capég, ouvormTikd Kan foikd. H yphon twv Iterators dLostepva KoL eVomoLel Ty
Python. Zto mapaoknvio, 1 dMiwon for kahel iter () oto avikeipevo container. H ouvdptnon emotpépel

€vo avTUKELpEVO iterator wov opilel ™) uébodo _next__ () momoia €xel mpdofact o€ oTolyeia 0To container
éva KGOe popd. Otav dev vtdpyouv Ao ototyeio, To__next__ () dnwovpyei o StopIteration eEai-
peon mov Aéel Ttov Bpdyo for va teppatiotel. Mmopeite va karéoete T wéBodo _ next () YPNOLUOTOLD-

VTOG TV EVOOUATOUEVT GUVAPTNON next (). AUTo To mopdderypo delyveL g hettovpyov Ola:

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

<str_iterator object at 0x10c90e650>
>>> next (it)

lal

>>> next (it)

(ouvEyELD TNV ETTOUEVT) GENDQ)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

"

>>> next (it)

lcl

>>> next (it)

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

next (it)
StopIlteration

Having seen the mechanics behind the iterator protocol, it is easy to add iterator behavior to your classes. Define an
__iter__ () method which returns an object with a __next__ () method. If the class defines __next__ (),
then __iter__ () can justreturn 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 Stoplteration
self.index = self.index - 1
return self.data[self.index]

>>> rev = Reverse('spam')
>>> iter (rev)
<__main__ .Reverse object at 0x00A1DB50>
>>> for char in rev:
print (char)

nw o e 3

9.9 N'evvntopeqg (Generators)

Generators givon €va, oo Ko LoYupo epyodeio yia T dnuovpyia iterators. Eivor ypouuéveg oov Kovovikég
ovvapthoelg oAAd ypnowomoloty ) yield omote 0Ehovv va emotpépouv dedopéva. Kdbe popd mov kaei-
Taw next () og owtd, o generator cuveyitel amd exel mov otoudtnoe (Bupdtor Oheg TG TLWEG dESOUEVOV KoL
oo dNAwon ekteléotnke tehevtaia). ‘Eva mapdderyno deiyver OtL oL generators WTopel va gival aonuavio
eUKoAO va. dnuovpynHovv:

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

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

Q O H rhoe
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Anything that can be done with generators can also be done with class-based iterators as described in the previous
section. What makes generators so compact is that the __iter__ () and __next__ () methods are created
automatically.

'Evo A0 Bootkd XapoKTnELoTiko eival 0Tt oL TOTLKES UETABANTEG Kot 1) KATAoTaom eKTEAEONS amobnkevo-
VTOL GUTOUOTO LETOED TV KAoewV. Autd €Kave TN ouvApTNON L0 EVKOAT OTNY YPapY Ko JToAD Lo Sekd-
Bopn Ao P TPOGEYYLOT TTOU XPNOLUOTTOLEL peTafAnTég Tapaderyua 6mwg self. index Kol self.data.

Extog amd v avtopotn dnuovpyia nebddov kot v amodfKevon g KatdoToong TV TPoYPAUUTOS,
dtav oL generators Teppatifovral, eyeipouv avtouata v eEaipeon StopIteration. e ouvduaoud, outd
TA XOPOKTNPLOTIKE KaBLoTOUV VKON TH dNULovpyia ETAvOLPewV X0plg TEPLOoOTEPY TPOOTAOELD Atd T
oUVTOEY (OG KOVOVIKNG GUVAPTNONG.

9.10 Exk¢ppaoceilg Nevvitopwyv

OpLopévol amhoi generators UITopovV va KodLkomotn0ovv ouvomTtikd Mg EKPPATELS PN OLUOTOLMVTOG ULt OV~
vta&n mapdpoia e Tig list comprehensions, oAAG e wapevOEoelg avti yia orykvies. Autég oL ekppdoelg £xouv
O} EOLOOTEL YLOL KATAOTAOELS OTTOV O generator YP1OLOTOLElToL OUECHS 0TTO Wa teptkieiovoa ouvipTnomn. O
eK(QPAOELG generator €lvol Lo CUNTTOYELS OAAG MYOTEPO EVELLIKTES QTO TOVG OPLOUOVG TTAMPOVG generator Ko
TEIVOLUV VL Elvol TTEPLOGOTEPO PLMKO TPOG T uviun artd avtiotoryo list comprehensions.

Mapadeiypato:

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

285

>>> xvec = [10, 20, 30]

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

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

260

>>> unique_words = set (word for line in page for word in line.split())

>>> valedictorian = max((student.gpa, student.name) for student in graduates)

>>> data = 'golf'

>>> list(data[i] for i in range(len(data)-1, -1, -1))
[Vf', Vl', IOV, lg’]

YTOONUELWOELG
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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:\\Python310"'

>>> 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(os)

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

I KoONUEPLVES BLAYELPLOTIKEG EPYOOLES O€ apyELa Ka KaTahdyoug, To module shut 11 mapéyel puo demap
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

>>> gserver = smtplib.SMTP('localhost')

>>> server.sendmail ('soothsayer@example.org', 'Jjcaesarlexample.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 ("Sm-%d-%y. %d %b %Y is a %A on the &d day of %$B.")

'12-02-03. 02 Dec 2003 is a Tuesday on the 02 day of December.'

>>> # dates support calendar arithmetic
>>> birthday = date (1964, 7, 31)

>>> age = now - birthday

>>> age.days

14368
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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'
>>> z1lib.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=1; 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

men

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, 71), 1), 4.3)
with self.assertRaises (ZeroDivisionError) :

average ([])

with self.assertRaises (TypeError):
average (20, 30, 70)

unittest.main () # Calling from the command line invokes all tests

10.12 Batteries Included

H Python éyeL 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.
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kKeoAralo 11

> Uvtopun rieptiynon otnv MNpdturin BipALobrikn — Mepog |

Avt 1 devTepn) mepuynon kolvmtel ta o tponypéva modules Tov VTOoTNPILOUV ETOYYEAMLOTIKES OVAYKES
mpoypoppatiopot. Autd ta modules GrTdvio epPAvICOVTOL O ULKPA Scripts.

11.1 Mop¢ortoinon €§6dou

To module reprlib mopéyel wo €KO00N TOV repr () TPOCAUPUOCUEVT] VLU CUVTOUEVUEVES EUPOVIOELS UEYAL-
Aov 1 fabid évOetwv containers:

>>> import reprlib
>>> reprlib.repr (set ('supercalifragilisticexpialidocious'))
"{lal, lcl, ldl, leI, lfl, 'g" ‘.‘}"

To module pprint mpoo@épel o eEehyrévo éleyyo TG EKTHTMONG TOOO0 TV eVonoTmuévav (built-in) Ko
TOV KOOOPLOUEVV ATTO TOV YPTOT AVILKEWWEVOV UE TPOTTO TTOV EIVOL EVAVAYVOOTO 0t Tov dtepunvéa. ‘Otav
TO ATOTELEOOL Elval peyolUTtepo amd pio ypauum, o «pretty printer» poabétel alayég Ypouuns KoL e60yEG
YLoL 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]l],
[['magenta', 'yellow'],
'blue']]]

To module textwrap WOPEPOTTOLEL TG TOPAYPAPOVS TOV KEWEVOU MOTE VAL TOLPLALEL o€ éva dedouévo mhdtog
000vrg:

>>> 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 0TV emOpEVY 0edL)
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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 £yeL TpdoPaon o€ o FAon SESOUEVOV LOPPMOV SESOUEVIV CUYKEKPLUEVNG KOVATOVPOG.
To XaPUKTNPLOTIKO OUOOOTTOINONG TNG CUVAPTNONG LOPPOTTOINONG THG TOTLKNG pUOUONG Tapéxel Evay Gueco
TPOTO LOPPOTTOINOTG APLOUMV UE dLaWPLOTIKA 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 mephappdver po evektn KMo Template pe amhomotnuévn ovvtagn KatdAnin yo
enmeEepyaoia amod TEMKOUG YPH0TEG. AUTO EMTPETEL OTOVG YPNOTEG VO TTPOTAPUOLOVV TIG EPAPUOYES TOVG
Ywpig va ypelaletal va OAMGEOUV TV epapuoy.

H popg) ypnotuomotel ovopata kpdtnong 0¢ong wov oynuatiCovrar amxd $ pe Eykupa avayvoplotikd Python
(ahpaplBunTikols yopakTipeg kKou Katw mavleg). Ileparlovtag to placeholder ue aykivleg emtpémer vo
akolovBeital amd mepLocdTEPQ ahpaplOunTKd Ypduuota ympig evordueoa keva. [pdgpovtag $$ dnuovpyet
éva gviaio $:

>>> 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 () Khvel raise éva KeyError 6tav éva placeholder dev mapéyetal o éva heEKo 1
éva Opopa AMEENG-KAewdLov. T epapuoyég otuh ovyywvevong mail, To dedopéva, Tov TAPEYovVTaL Ad TOV
¥PHoTN eVOEyETAL VO eivan eEMMTTY) Ko 1) uEB0d0G safe_substitute () umwopel va givan mo KoTdAnin —
0a agpnoer ouetdfinta to placeholders edv Aetmmovv dedouéva:

>>> t = Template ('Return the S$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 $owner.'

Ou vToKaTNyopieg TPOTHIWV WITopovv va Kabopioouv évav mpocapuoouévo oprobétn. INa mapdderyua, va
batch pdypoppe petovouaotog yuo £va Tpdypauuo TEPLYNONG PWTOYPOUPUDY WIToPEl Vo eTAEEEL VO, Yp1OL-
norotel oVpPora Tooootov Yo placeholders 6twg 1 TPy oVOA NUEPOUNVIKL, O APLOUOS aKoAovBiag ELKOVOVY 1)
1 popen apxetov:
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>>> import time, os.path

>>> photofiles = ['img_ 1074.3jpg', '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 (' oSy ")
>>> 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.jpg
img_1076.jpg ——> Ashley_1.7pg
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 TANPOPOPLOV KePaiidag oto éva apyeio ZIP ywpig ) ypNnomn tov module zipfile. Ou 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', datal[start:start+16])
crc32, comp_size, uncomp_size, filenamesize, extra_size = fields

start += 16

filename = data[start:start+filenamesize]

start += filenamesize

extra = data[start:start+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)

>>> a = A(10) # create a reference

>>> d = weakref.WeakValueDictionary ()
>>> d['primary'] = a # does not create a reference
>>> d['primary'] # fetch the object if it is still alive
10
>>> del a # remove the one reference
>>> gc.collect () # run garbage collection right away
0
>>> d['primary'] # entry was automatically removed
Traceback (most recent call last):

File "<stdin>", line 1, in <module>

d['primary'] # entry was automatically removed

File "C:/python310/1lib/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, 222221])
>>> sum(a)

(ouvéyela otV emtdpevn oehida)
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26932
>>> all: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)

Extog amd tig evahhoKTIKEG VAOTTOLOELG MOTOV, 1) fLPALoONKY Tpoo@épel emtiong Kar Ao epyaieio Ommg
10 module bisect (e CUVAPTIOELG YLOL TOV XELPLOUO TOELVOUNUEVWY MOTDV:

>>> import bisect

>>> scores = [(100, 'perl'), (200, 'tcl'), (400, 'lua'), (500, 'python')]
>>> pbisect.insort (scores, (300, 'ruby'))

>>> scores

[(100, 'perl'), (200, 'tcl'), (300, 'ruby'), (400, 'lua'), (500, 'python')]

To module heapg mapéyet Aettovpyieg yio tnv vhomoinon cwpwv (heaps) wov Facifoviol o Kavovikég AMoTeG.
H xataympron ue v xyounhotepn T dtatnpeitor tavro otn 0€on undév. Avtod eivan xpNoLo yio EQopuo-
VEG TTOV €XOVV ETAVELLNNUUEVA TTPOOBOOT OTO WKPOTEPO OTOLYELD OALG eV BELOVY va EKTEAEGOVY (LaL TTANPT
tagvounon Motog:

>>> 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

o OLKOVOULKEG EQAPUOYES KOl GALES XPNOELS TTOV AIToLTOVY OKPLBY| dEKOOLKT avamapaoTao,
o éheYY0G YL TNV axpifela,

o £\EYY0G TG OTPOYYVAOTTOLNONG YLOL TNV EKTTAT|PWOT] VOULK®V 1] KUVOVLOTIKDV OLTTALTOEWV,
o JTOPAKOAOVONON ONUOVTIKMV dEKASIKMOV YNPimv, 1)

o EQUPUOYEG OTTOV O YPNOTNG AVAUEVEL OTL TO ATOTEAEGUOTOL TOULPLALOVY UE VITOLOYLOUOUG TTOU EYLVOLV IE
TO YEPL.
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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]1%10) == 1.0

False

To module decimal mapéyel aplOUNTLKT ue 0omn axpifeia ypetdletar:

>>> getcontext () .prec = 36
>>> Decimal (1) / Decimal (7)
Decimal ('0.142857142857142857142857142857142857")

11.8. Decimal Floating Point Arithmetic 101




Python Tutorial, Anpooiguon 3.10.18

102 KegdAiaio 11. Zovtopun niepuijynon otnv Mpétunn BipALodrikn — Mepog Il



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']
>>>

12.3 Awaxeipion NMNake€twyv pe To pip

Mitopeite va eYKATOOTNOETE, VO AvaBaOUICETE KO VO, 0POLPECETE TAKETO Y PNOLUOTOLDVTOG VAL TTPOYPOUUOL
mtov ovoudletal pip. And mpoemhoyn 1o pip Oa eykatootoel mokéta amd to Python Package Index. Eoeig
wrtopeite va wepinynOeite oto Python Package Index petafaivoviog og autd 0to Tpodypouio TEPLYNoNg Ooc.

To pip €xeL évav apbud vmoevtohmv: «install», «uninstall», «freeze», k.Am. (Zupfouvlevteite Tov 0dNY0
installing-index yio. T p1 TEKUNPLOON YL0. TO Pip.)

Mitopeite va eYKOTOOTNOETE TNV TELEVTALO £KO00T EVOG TOKETOV TPOGALOPLLOVTAG £Va GVOUOL 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

Mropeite emioNG VO EYKAUTAOTIOETE UL CUYKEKPLUEVT] £€KO00N EVOG TAKETOV SLVOVTAG TO OVOLOL TOU TTAKETOU
axohovBovuevo amd == Kat tov aptdud £kdoong:

(tutorial-env) $ python -m pip install req
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
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If you re-run this command, pip will notice that the requested version is already installed and do nothing. You can
supply a different version number to get that version, or you can run pip install -—-upgrade to upgrade the
package to the latest version:

(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

pip uninstall followed by one or more package names will remove the packages from the virtual environment.

pip show will display information about a particular package:

(tutorial-env) $ 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:

pip 1list will display all of the packages installed in the virtual environment:

(tutorial-env) $ pip list
novas (3.1.1.3)

numpy (1.9.2)

pip (7.0.3)

requests (2.7.0)
setuptools (16.0)

pip freeze will produce a similar list of the installed packages, but the output uses the format thatpip install
expects. A common convention is to put this list in a requirements. txt file:

(tutorial-env
(tutorial-env

pip freeze > requirements.txt
cat requirements.txt

$
$

Torequirements.txt Wropel 0Ty ovvéyeLo vo dnuootevdei oTov Eeyyo £xdoong kot va dtatedel mg uépog
wag epapuoyns. Ou xpNoTteg UTOPoUV 0T GUVEXELD, VO EYKOTAOTHOOUV OMOL TO. ATTOPOLTITA TTOKETA UE TO
install -r:

(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
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pip has many more options. Consult the installing-index guide for complete documentation for pip. When you’ve
written a package and want to make it available on the Python Package Index, consult the distributing-index guide.
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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:

You should browse through this manual, which gives complete (though terse) reference material about types,
functions, and the modules in the standard library. The standard Python distribution includes a lot of additional
code. There are modules to read Unix mailboxes, retrieve documents via HTTP, generate random numbers,
parse command-line options, write CGI programs, compress data, and many other tasks. Skimming through
the Library Reference will give you an idea of what’s available.

installing-index eEnyel mwg v eykataotioete tpdodeta modules ypapuéva amd Ghhovg xpnoteg Python.

reference-index: Mia hestropepng eEfynon tg oUuvtaEng ko thg onuootoroyiag. Eival fapid avayvoon,
oG glvan phoLo og TANPNG 001NYOS YLo TV 1dLaL T YAhood.

[Meproootepa Bonduata yia Python:

https://www.python.org: O KUpLog totdtomog tng Python. [epiéyel KmdLKa, TeEKUNPimon, Kot dEIKTEG TOU
oyetitovral pe v Python oto web.

https://docs.python.org: Tpnyopn mpdopoon oty tekunpiwon g Python.

https://pypi.org: To evpetipro Maxétwv Python, mov mponyovuévog ovoualotav emiong Tupokoueio',
eivau éva gupetipro Python modules stou €xouv dnuovpyndel amd xpNnoteg o eivar duabéouuar yro M.
MOMig EeKLvioeTe TV KUKAOQOPLo TOU KMBLKOL, WTOPELTE VO TOV KOTAYWPNOETE £8® Y1 TO BPOVV GAAOL.

https://code.activestate.com/recipes/langs/python/: To Python Cookbook givor po apketd ueydin cuihoyn
mopaderyudtmv Kmdika, ueyaiitepa modules Ko ypriowua scripts. Idiaitepa aEloonueimteg ovvelopo-
péc ovdAéyovtal og €va fLpiio ue titho Python Cookbook (O’Reilly & Associates, ISBN 0-596-00797-3.)

https://pyvideo.org culléyer ouvdETUOUG TPOG Pivteo mov oyetiCovral ue thv Python ammd ouvédpua ko
OUVOVTNOELS OULADWV YPNOTMOV.

! To «Cheese Shop» eivau éva oxitoo Twv Monty Python: évo wehdtng pitaiver o éva Tupokoueio odhé 6,71 Tupi INTHoEL, 0 LVITAAANAOG
MéeL OTL dev vITapyEL.
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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

Completion of variable and module names is automatically enabled at interpreter startup so that the Tab key invokes
the completion function; it looks at Python statement names, the current local variables, and the available module
names. For dotted expressions such as string.a, it will evaluate the expression up to the final ' . "' and then
suggest completions from the attributes of the resulting object. Note that this may execute application-defined code
if an object with a __getattr__ () method is part of the expression. The default configuration also saves your
history into a file named . python_history in your user directory. The history will be available again during the
next interactive interpreter session.

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 evalhokTikog, Pedtiopévog, dLadpaotikog interpreter mov vdipyel €dd KoL 0PKETO Kapod eivol o
IPython, To omoio dtaBétel cuuTAHPWON tab, EEEPEVVIOT AVIIKELUEVWV KO TPONYUEVT] SLOLELPLON LOTOPLKOD.
Mitopei emiong vo TPOcapUOoTEL TAMPWGS Kat Vo evomuotmdel oe ddheg epapuoyés. ‘Eva aho mapduoto
Bertiopévo dradpaotikd mepifarlov eivol o 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

’0.00l

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.

AvoTUYX DG, T TEPLOGOTEPO dEKADIKA KAAOUATO OEV UITOPOUV VO OVOTTAPAOTAO0UV aKPLBDG G KAACUOTAL.
H ovvémeia eivon 0TL, yevikd, oL dekadikol aptBuol Kivntig vtodLaoTolg Tov elodyete tpooeyyilovral uovo
a7td TOUg dUadLKOUG apLBUoVS KLVNThG VTTOSLAOTOANG TTOV Elval TPAyILOTL ATTOONKEVUEVOL GTO UNYAVIULCL.

To pdPIua eivar o Katovontd oty apyh we pdon to 10. Oswpriote to kAdoua 1/3. Mmopei va to mtpo-
ogyyloete wg kKhdopa faong 10:

’0.3

1, Kahvtepa,

’0.33

1, Kahvtepa,

’0.333

Kot oVt kabeEng. ‘Ooa ymepia ko av giote diatedepévor va ypdapete, to amotéheopo dev Oo givar moté
akpLBoS To 1/3, odhd Oa eivar pa ohoéva Kat Kaditepn mtpooéyyion tov 1/3.

Me tov idLo tpomo, aveEaptta amd to méoo YPpia Bdong 2 eiote diateBeluévol va xpnoLULOTOLOETE, 1)
dexadukn tun 0,1 dev umopel va avasapaotadel akplpng wg kKhdoua faon 2. Ztn fdon 2, to 1/10 eivon to
KAdopa mov emavalapufaveTol

0.0001100110011001100110011001100110011001100110011...

111



Python Tutorial, Anpooiguon 3.10.18

ZTapoThoTE 08 0TToLOVONITOTE TTeEmePAouévo aptBud bit kKaw AMaufavete puo TPOoEYYLOT. ZTIG TEPLOOOTEPES
unyavég ofuepa, ot floats pooeyyiLovtal ypnoomoumvtag To pdta 53 bit Eekivdvtag amd To o onua-
VTLKO bit KoL e TOV TAPOvVoUooT 0g dUuvaur tov dvo. Ztny mepimttwon tov 1/10, to dvadikd khdoua eivor
3602879701896397 / 2 ** 55 mov elvol kovtd adhd Oyl akplpag too pe tnv mporypotikn tun 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

>>> 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

>> 1 / 10
0.1

Amhidg OuunOeite, TopdLo TOU TO EKTUTWUEVO TOTEAEOUO LOLATEL LE THV aKpLBT) Ty Tov 1/10, 1) tporypatiks
TTOONKEVUEVT TUUY ELVOL TO TANOLEGTEPO AVATTOPAOTAGLUO dVAILKO KAAGLLO.

Eival evdiagépov OtL umapyovv mohhol dapopetikol  dekodikol aplbpol mov  popdlovtar To
ido mnoéotepo Katd mpooéyyion dvadikd KhGopo. o mapdderyua, ov apbuoi 0.1 Ko 0.
1000000000000000055511151231257827021181583404541015625 givar Oha Katd TpoCEYYLON
ue 3602879701896397 / 2 ** 55. Aedouévov 0TL Oheg aUTES OL OEKADIKEG TIES HOLPATOVTOL TNV {dLaL
TTPOCEYYLOT], OTTOLAONTOTE ATd OVTEG Bl Witopovoe va eppoviotel datnpwvtag Tapdinia to apetédfinto
eval (repr(x)) == x.

Iotopukd, To prompt thg Python kol 1 evowpatwuévy ouvapton repr () Oa eméleye ovtd pe 17 onuoavtkd
ynoia, 0.10000000000000001. Eekivarvtag ue tnv Python 3.1, ) Python (ota meploodtepa ouoTnuota)
ebvan mhéov o B¢om va emhéEet To guvToudTePo amd avTd Ko amhé eupavier to 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 onuavtiko vo Guveldntomotjoovpe 0Tt autd eiva, UE TNV TIPAYUOTIKT £VVoLa, (o PeudaioOnon: amha
OTPOYYULEVETE TV TAPOVGLAON TG TPOYUOTIKNG AEl0g 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(.1, 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:
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>>> 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 The Perils of Floating Point for a more complete account of other
common surprises.

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.

Evd vitdpyovy maboloyiKeg TEPLITTMOELS, YLOL TNV TTLO TTEPLOTACLOKT X PTON TNG 0PLOUNTIKNG KIVNTNG vrodia-
otolc, O deite 0TO TENOG TO TOTEAEOUOL TTOV TTEPLUEVETE EAV ALTTAMDG OTPOYYULOTTOLOETE TNV EUPAVLON TWV
TEMKOV QTOTEAEOUATOV GOG 0TOV 0pLOId Tmv deKadikmv Ynpimv mov mepiuévete. To str () ouvnbmg apket,
Ko yro Kahitepo €heyyo deite Toug TPOodLOPLOTEG LOoPPTG TG LeBOdoU str. format () o€ formatstrings.

[0 TEPUTTWOELG YPHONG TTOV ATTALTOVV aKPLBT) dEKODLKY] AvaTapAoTaoT, SOKLUAOTE VO PYOLULOITTOLHOETE TO
module decimal mov e@apuOleL deKadLKT apLtOUNTIKT KOTEAMNAN YL0L AOYLOTLKES EQAPUOYES KOL EQAPUOYES
VYNNG aKpLBElac.

Mo dAn popen akplpois apbuntikig vrootpiletar 0md to module fractions, 1 omoia viomotel Ty
opLOun Ty pe Baor tovg opBoloyikoig aptBurovg (€tol ot apLduot dTTwg to 1/3 pmopotiv va avamoapocstadovv
aKpPLBMOC).

If you are a heavy user of floating point operations you should take a look at the NumPy package and many other
packages for mathematical and statistical operations supplied by the SciPy project. See <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 ()
'0x1.921£f9f01b866ep+1"’

This precise hexadecimal representation can be used to reconstruct the float value exactly:

>>> x == float.fromhex ('0x1.921f9f01b866ep+1")
True

Aedopévou ot M avastopdotaon eivol akpLpng, eivol xpnouun yio v aELomoT) LETAPOPE TIMV 08 dLapo-
petikég ekddoelg g Python (aveEaptnoio mhatpdpuag) kot v avrarlhayrh 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.

Why is that? 1/10 is not exactly representable as a binary fraction. Almost all machines today (November 2000) use
IEEE-754 floating point arithmetic, and almost all platforms map Python floats to IEEE-754 «double precision». 754
doubles contain 53 bits of precision, so on input the computer strives to convert 0.1 to the closest fraction it can of
the form J/2**N where J is an integer containing exactly 53 bits. Rewriting

’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%*56 // 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

Therefore the best possible approximation to 1/10 in 754 double precision is:

’7205759403792794 / 2 ** 56

H diaipeon tov aptBunti) KoL Tou Topovouaoti) ue SU0 UELDVEL TO KAAOUA, OF:

’3602879701896397 / 2 ** 55

Adete vTOYN dTL 0TTO TH OTLYWUT| TTOV KAVOUE OTPOYYVAOTTOLN 0T, AUt ELVOL 0TV TPAYUATIKOTNTO ALYO peya-
Mtepo amd to 1/10- av dev eiyape 0TPOYYULOTOLOEL TTPOG TO TTAVW, TO TINALKO Oa ftav Alyo pkpoTepo amd
to 1/10. AAMAG o xapia Tepimtwon dev pmopel va eivan axoySag 1/10!

So the computer never «sees» 1/10: what it sees is the exact fraction given above, the best 754 double approximation
it can get:

>>> 0.1 * 2 ** 55
3602879701896397.0

If we multiply that fraction by 10**55, we can see the value out to 55 decimal digits:

>>> 3602879701896397 * 10 ** 55 // 2 ** 55
1000000000000000055511151231257827021181583404541015625
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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"

15.1. X¢pdaApa Avanapdaoctaong 115




Python Tutorial, Anpooiguon 3.10.18

116 Kegahaio 15. Floating Point Arithmetic: Issues and Limitations



KEoAAAIO 16

Mapdptnua

16.1 AwadpaoTtikn Asttoupyia

16.1.1 Awaxeipion ZPaApatwyv

When an error occurs, the interpreter prints an error message and a stack trace. In interactive mode, it then returns
to the primary prompt; when input came from a file, it exits with a nonzero exit status after printing the stack trace.
(Exceptions handled by an except clause in a try statement are not errors in this context.) Some errors are
unconditionally fatal and cause an exit with a nonzero exit; this applies to internal inconsistencies and some cases of
running out of memory. All error messages are written to the standard error stream; normal output from executed
commands is written to standard output.

ITANKTPOLOYMVTAGS TOV X OpOKTN PO dlaKom g (cuvnBwg Control—C f Delete) oty KipLa 1 deuTtepelovoa
YPOUUY] EVIOADV 0KVPMVEL TV £60000 KoL EMLOTPEQPEL 6TV KOPLAL Yoo eviokdv.! TIANKTpohoyhvTag o
Srakort| evad ekteleital o eviolt) dnuovpyeiton 1 eEaipeon KeyboardInterrupt, 1 0moio Wropsl vo.
avTueTOmoTel amd o TpdTaon try.

16.1.2 ExkteA€oipa Python Scripts

Zta ovothuato BSD’ish Unix systems, ta Python scripts uwopotv va yivouv Gueca ektehéoua, 6mwg ta shell
scripts, BaCovrog T ypouun:

#!/usr/bin/env python3.5

(vmoBétovtag 0T 0 interpreter BpiokeTol 6To PATH TOU YPpNOTH) OTHV 0p)1) TOU GEVOPIOV Ko divovtag 0To
apyelo o ekteléotun Aettovpyio. To # | mpérmel va eivan oL S0 TPMTOL Y OPAKTHPES TOV aPYelov. Ze OPLOUEVES
TMOTPOPUES, CQUTY| 1) TPADT YPOUWY TTPETEL VO TEAELWVEL e (oL ypauur) Tomov Unix ov TeELELMVEL Ue (o
vpouu tmov Unix wov tehetmvel (" \n'), oyt pe ypouu) Windows (' \r\n'). ENUEL®OTE OTL O YOAPAKTIPOG
KOTOKEPUATIOUOU, , ' # ', XP1OLUOTTOLELTOL L0 TNV éVopEN evdg oyoAitov otnv Python.

To script pwopet vo 500et wo ekteléoun Aertovpyia 1) GdeLa, XPNOLUOTOLDVTOG TV eVTOLT chmod.

$ chmod +x myscript.py

1 "Eva mpopnua pe to moxéto GNU Readline puwopei vo 1o amotpéapet.
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Zrta ovotuorta Windows, dev vitdpyel 1) évvola TG «ektehéotur Aettovpyiogy. To Tpdypopua eyKaTaoToong
g Python ovoyetiler avtépata ta apyeia . py pe to python . exe €101 hoTe vo ekTELEITOL EVaL dLITAO KK O€
éva apyeto Python wg script. H eméktoomn umopei emiong va elval . pyw, 0€ QUTNYV TV TEPLTTWOT, TO Tapadupo
TG KOVOOAOG TTOV EUPAVITETOL OUVNOWG ATOKPVITTETAL.

16.1.3 To dLadpaocTiKO apXeio eKKivnong

‘Otav ypnowpooteite tnv Python d1adpaotikd, eivan ouyvé BoAKO va eKTEAOVVTAL OPLOUEVES TUTTLKEG EVTOLEG
K&Oe popd mov Egkivd o interpreter. Miopeite va to Kévete avtd opilovrag wa petafinti mepidihovrog
ue to dvouo PYTHONSTARTUP 010 Ovoua £vOg apyelov Tov TEPLEYEL TLG EVIOMEG EKKIVIIONG 00G. AUTO givan
TOPOUOLO UE TO YOPaKTNPLOTIKO . profile ota Unix shells.

Avutd to apyeio drapdletar povo o dLadpaoTtikés ovvedpieg, oyt dtav 1 Python duafdler eviorég amo éva
script, kow Oyt 0tV 1o /dev/tty divetar mg 1 pnT TNy EVTOA®V (1] 0TTtoia Kotd To. AAACL GUUTTEPLPEPETAL
oav pa dtadpaotiky) ouvedpia). Exteleiton otov idlo xmpo ovoudtmv 6mov ektehouvTo OANAETLOPAOTIKES
EVIOAEC, £TOL (DOTE TO. OVTIKELUEVQ TTOV OpPILeL 1) eLodyeL va wopouv va xpnotpomotnfoiv ywpig empuiagn
ot dadpoaotik) epiodo hertovpyiag. Mmopeite emiong va alldEete Tig TPoTPOTES Sys . psl KAl SyS . ps2
o€ avTod TO apyELo.

Edv 0éhete va dLapdoete éva emuthéov apyeio eKKiviong amd Tov TPEYOoVTa KATAAOYO, UWTOPELTE VO TO TTPO-
ypauuaTioeTe 0To KoOOMKO apyeio eKkivong ypnoomolmvtag Kodiko émtwg 1 £ os.path.isfile ('.
pythonrc.py') : exec (open('.pythonrc.py') .read()).Ed&v0élete v xpnOLLOTOLHCETE TO Op-
yeto ekxivnong oe éva oevdiplo, Tpémel vo. To KAvete pntd 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 Npocapuoyng

Python provides two hooks to let you customize it: sitecustomize and usercustomize. To see how it works,
you need first to find the location of your user site-packages directory. Start Python and run this code:

>>> import site
>>> site.getusersitepackages ()
'/home/user/.local/lib/python3.5/site-packages’

Topo umwopeite vo dnuLovpynoete Eva apyelo e To dvopo usercustomize . py 0€ AUTOV TOV KOTAAOYO KoL
va Bdhete 0,1 BéheTe oe aLTOV. O emnpedoet KGOe emikinon g Python, ektog ediv Eekiviioel pe TNV emhoyn
—S QUTEVEPYOTTOLNOTE THV AUTOUATY ELOAYWOYT.

sitecustomize works in the same way, but is typically created by an administrator of the computer in the global
site-packages directory, and is imported before usercustomize. See the documentation of the site module for
more details.
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nAPAPTHMA A’

Mwoodpt

>>> To mpoemheypévo Python prompt tov dtadpaotikov shell. Zuyvd epgpaviCetal yio tapadeiyuato Kndiko
OV UITOPOVV VO, EKTEAEGTOVV SLALdPAOTIKA OTOV interpreter.

. Mmnopei va avagépetan o€:

o To mpoemiheyuévo Python prompt tov duadpaotikov shell Katd TV eLooymyr Tou KOdKa yLo éva
WThok Kdduka pe ooy, dtav Ppioketar péoa o va Lehyog TaLpLoouévav aplotepdv Kot deEuhv
delimiters (;wopevOéoels, aykiies, AyKLOTPO 1) TPLTAG ELOAYMYLKA), 1| uetd tov Kabopoud evog
decorator.

o H evowpatmuévn otabepd E11ipsis.

2to3 'Eva epyodeio mov mpoomadei vo petotpéypel tov kmduko Python 2.x og k®dika Python 3.x dtoyelpiCovtag
TLG TTEPLOOOTEPES ALTVUBATOTNTES TTOV WITOPOVV VO EVTOTLOTOUV OVOAIOVTOG TNV TTNYT) Ko dLaoyilovtag
T0 dEVTPO avdluaong.

2t03 eivan drabéowo oty otdvtap PPAodNKn wg 1ib2to3, mapéyetor éva onueio elsddov wg
Tools/scripts/2to3. BA. 2to3-reference.

agnpnuévny Baokn kAaon Ou agnpnuéveg Baotkég kKhAoelg ouumAnpdvouy to duck-typing mopéyovtog évav
TPOTO opLopo interfaces 6tav Ghheg teyvikég 6mwg 1 hasattr () Ba Nrav adégieg 1 avemaicdnto
havBaopéveg (Yo mopdderypo e magic methods). Ta ABC (abstract base class) e106youv elKoVIKEG VITO-
KMAOELS, OL 0TT0leg elvan KAAoELG TToU eV KANpovopouvToL amd o KAGGT, oAld eEakolouBotv va ava-
yvopitovior amd 10 isinstance () ko amwd to issubclass ()” A v Tekunpiwon tov module
abce. H Python dua6éter modhd evoopatwuévo ABC yio douég dedouévav (0to module collections.
abce), apBuovg (oto module numbers), poég (oto module povdda i o), eloaywyn finders ko loaders (oto
module importlib.abc). Mmopeite va dnwovpynoete to dikd oag ABC pe to module abce.

annotation Mo eTikéta oV OYETICETAL UE WO LETAPANT, £Vl YOPAKTNPLOTIKO KAGONG 1 (WOl TAPGUETPOG
OUVAPTNONG 1) TUY TTOV ETLOTPEPETAL, TOV YPNOLUOTTOLELTAL KOTA oVUBOOT WG fype hint.

Aev givor duvati M Tpdofaoy oto annotations TwV TOTLKOV UETAPANTOV KATA TO YPOVO EKTELETNG, AAAG
To annotations twv global LETOUPANTOV, TWV XOPAKTNPLOTIKMV KAAOTG KOl TOV GUVAPTHOEMV AroOnKey-
oVTaL 0TO EOLKO XOPAKTNPLOTIKO __annotations_  twv modules, Twv KAACEWV KAl TMV GUVOPTN-
CGEMV, OVTIOTOLY .

BA\. variable annotation, function annotation, PEP 484 kaw PEP 526, ta omolio weplypdgpouv v Aettovp-
yikdtnto. Exiong BA. annotations-howto yia tig BéATLOTEG TPOKTIKEG doUAeVOVTAG e annotations.

opopo. Mo ) petoaBipdletan oe wio function () method) xoxd v KAMon TG ouvdptnong. Yrdpyovv do
€idn opLopdtov:
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o keyword argument: £vo. OpLOUOL TTPLV ATTO €VOL OVOLYVIPLOTLKO (TT.%. name=) O€ o, KAon ouvapT-
oNG 1 TEPVADVTAG TO WG TUUT| 08 £va heELko mtpLv amd * *. Tia TapddeLyua, To 3 KoL To 5 amotehovv
optopata AEEewv-kheldLhv otig akolovbeg KA oELS Tpog complex () :

complex (real=3, imag=>5)
complex (**{'real': 3, 'imag': 5})

o positional argument: €vo. dpLopo. Tov dev givar optopo keyword. Ta opilopato O€ong pumopovv va eu-
paviCovrol otV apyNs Wag Motag oplopdtmv n/Kot va netapLatovral mg otouyeio evog iterable
mpwv oo *. T wapdderyna, To 3 koL 1o 5 amotehoVv opiopata 0Eong 0TLg TopaKaTm KANOELS:

complex (3, 5)
complex (* (3, 5))

Ta opiouato eKymPOVVTOL 0TS OVOLLOOUEVES TOTILKES UETAPANTEG 0TO GmUA Wa ovvapTnong. Bi. Ty
evotnta calls yio Toug KaVOVES TOU SLETOUV QLUTNV THV EKYMPNOT]. ZUVTOKTIKY, OTTOL0ONTOTE EKPPUOT|
WITOPEL VAL (PN OLUOTONOEL YLOL VO AVATTAPOOTNOEL EVaL OpLona” 1) AELOAOYOUEVT] TLUN EKYWPELTOL OE L.
TOTTLKT) UETOPANTY.

B\. emtiong v eyypagn Tov YAwooapiov yio. to parameter, thv FAQ gpdtnomn oto 1 duagopd peta&n
oplopdTmv kor Topouétpwv, kol PEP 362.

0oUyYpOvog dtyelproTi)s context An object which controls the environment seen in an async with statement
by defining __aenter__ () and __aexit__ () methods. Introduced by PEP 492.

aovyypovog generator Mio. ouVAPTNOY TTOV EMLOTPEQEL Evay asynchronous generator iterator. MowdCeL pe wio.
ouvapTnon coroutine tov opiletal pue async def ektdg amd OTL mEPLEYEL EKPPATELS yield yio TV
TOPAYOYY WLAG OELPAG TLUDV TTOV (WITOPOUV VAL ¥pnoLpomomBouv oe évav async for Bpdyo.

ZuvhBwg avagépeTal 08 WO OUVAPTNOY aoVYYPOVOU generator, GAAG WTOPEL VO AVAPEPETOL O VOV
aclyypovo generator iterator 0€ OpLOUEVA. contexts. Ze TEPLITTMOELG OTOV TO EMILWKOUEVO VONUOL dEV
elval oapéc, (e TNV XPNOoN TV TANPOV 0wV OTTOPEVYETAL 1] ATAPELD.

Mo GUVAPTNON AOVYXPOVOU generator WITOPEL VAL TEPLEYEL EKPPACELS awalt , KaOdg KoL dNADOELS
async for,xaLasync with.

aovyypovog generator iterator 'Evo aviikeigevo mou dnuovpyhnke amd wo ouvvaptnon asynchronous
generator.

This is an asynchronous iterator which when called using the __anext__ () method returns an awaitable
object which will execute the body of the asynchronous generator function until the next yield expression.

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 An object, that can be used inan async for statement. Must return an asynchronous iterator
fromits __aiter__ () method. Introduced by PEP 492.

aoUyypovog iterator An object that implementsthe __aiter_ () and __anext__ () methods. __anext___
must return an awaitable object. async for resolves the awaitables returned by an asynchronous iterator’s
__anext__ () method until it raises a StopAsyncIteration exception. Introduced by PEP 492.

XOPOKTPLOTIKO Mia TLut) IOV OYETILETOL (e £Va OVILKEINEVO TTOU OVVIOWG aVapEPETUL LE GVOUX XPTOLULO-
TOLDVTOG eKPphoelg ue Kovkkidec. Iia mapdderyua, edv €va avTikeiievo o €xet £va yopaKTnpLoTKO a
Oa avagépeTal wg o.a.

Eival duvatod vo SmoouUEe 08 Vo AVTLKELUEVO EVOL OPAKTIPLOTLKO TTOU TO OVOULA TOV EV ELVAL VALYV~
PLoTLKO OTtmG opitetar amd identifiers, yio ToPAdELYO XPNOWOTOLMOVTAG setattr (), oV EMLTPETETOL
aIt0 TO OVTLKELUEVO. 'Eva T€T010 Yo paKTNpLotiko dev Oa eival TpooBAacLiuo XPNOLULOTTOLDVTIOG TLG TEAELES,
Ko ovti avtov Ba mtpémel va ovakTnOel ypnopwomoumvtag getattr ().

awaitable An object that can be used in an await expression. Can be a coroutine or an object with an
__await__ () method. See also PEP 492.
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BDFL Axpwviuo tov Benevolent Dictator For Life, kolokdyaBog diktatopag g Lwrg, dnradn Guido van
Rossum, o dnpovpydg tng Python.

duadiko apyeio A file object able to read and write bytes-like objects. Examples of binary files are files opened in
binary mode ('rb', 'wb' or 'rb+"'), sys.stdin.buffer, sys.stdout.buffer, and instances of
io.BytesIOand gzip.GzipFile.

BA. emiong rext file yio €va avTiKELPEVO TUTTOU OPYELO LKAVO VO LA AOEL Ko VL YPAWPEL ST T AVIIKELUEVL.

daverkn avagopa Zto C API g Python, wa dovelkr) avogpopd eivar puo avagopd og £va aviikeipevo, 6rrou
0 KMOOLKOG TTOV YPNOULOTOLEL TO OVTLKELLEVO deV KaTéYEL TNV avaopd. Tivetal évag oypnoLuomointog
delktng edv To aviikeipevo Kataotpapei. [a mapdderypa, po dtadikacia garbage collection propet va
apaLp£oeL To TENEVTALO strong reference amd TO OVTIKEIUEVO KOL ETOL VOL TO KATAOTPEYEL.

Zuviotatol 1 KMo tov Py__INCREF () 070 davelki] avagood (e 0Komd vo. LETATPATEL 08 £Val tayvoT)
avagopd emITOTOV, EKTOG OTAV TO GVILKELUEVO OEV UITOPEL VO KATAOTPOPEL TTPLY OO TNV TEAEVTALN
xpNom g davelkng avagopds. H cuvdpmnon Py_NewRef () umopel va xpnotpomown el dote vo. om-
wovpynOel Eva Loy vo1 avapood.

bytes-like avtikeipeve ‘Eva oviikeipevo mov vmootnpiler to bufferobjects kau propei va eEdyer éva C-
contiguous buffer. Autd mephaufdver Oha ta avtikeineva bytes, bytearray, KoL array.array,
Kabmg Kat ToAd Kowvd memoryview avukeipeva. Ta dvadikoy tomov (bytes-like) aviikeipevo pumo-
pouv va ypnoworotnfovv yio dLbipopes hettovpyieg ov draryelpifoviar duadikd dedouéva” vt me-
pLhappdvouv oupmtieon amodnkevon oe duadikd apyeio Kou aTooTolr] nécw socket.

Oplouéveg hertovpyieg yperdtovrol tor duadikd dedouéva va eivar uetafintd. H texunpioon ovyva
AVOPEPETOL 08 AUTA MG «dVAdIKA avTKElpEva avayvoonc-eyypagphc» (read-write bytes-like objects).
Mapadelypato PETABANTOV OVILKEWEVMY TPOCWPLVTG 00O KEVOoT g TTEPLEXOUV bytearray kol éva
memoryview €vog bytearray. AMeg heLTovpYleg OTTOLTOUV TNV OTTOONKEVONG TV JUOSKMV dE-
douéva oe auetaPinTo avikeipeva («dvadlkd avitkeipeva povo avayvmone»” (read-only bytes-like
objects) wopadeiyUOTO OVTOV TEPLEXOVY bytes Kot éva memoryview evog bytes avitkeluévou.

bytecode O mnyaiog kmdika tng Python petayhwtrtiteton oe bytecode, 1) e00TEPLKT AVATOPAOTAOY EVOG TTPO-
vpduuatog Python otov diepunvéa CPython. To bytecode amoOnkevetal eniong TPOCWPLVA WG . Py C
apyeta moTe 1 eKTELEOT TOV (BLOV apyelov var elvorl YpNYopoTepN TV deUTePT opd ekTéheong (UTo-
pel va amopevyOel 1 ek vEou LETOYAMTTLON artd ToV mTNyaio Kmdiko o€ bytcode). Auti) M «evoLdueon
YADOoo» Aéyetal OTL TpExel 08 wo virtual machine oV €KTENEL TOV KMOLKO (NYAVIG TTOV OVTLOTOLYEL
og kGOe bytecode. AGfete vty OtL TO. bytecode dev aVOUEVETOL VO AELTOUPYOVV HETAED SLOPOPETLKMV
ELKOVIK®OV pnyavdv Python, ovte va givar otabepd uetoEo tmv ekdooewv tng Python.

Mua Aiota amd 0dnyieg oyetikd pe ta bytecode popel va fpedei otnv texunpioon yio to module dis.

callable 'Eva callable ivow éva avtikeipevo mov umopel vo Kaheotel, mbavd pe éva ovvolo optopdtwv (BA.
argument), U€ TV TOPAKATO OVVTOEN:

callable (argumentl, argument2, ...)

Mua function, Kau xot” eméktaon o method givon callable. 'Eva otryudtumo pa KAGONG o vhostotel
™ puébodo _call () eivou emiong callable.

callback Mua subroutine cuvaptnon 1 omoio uetafLpaletal wg opLopa Tov Ba exteLeoTel KATOLO OTLYY 0TO
HEALOV.

kAdon ‘Eva mpdtumo yio ) dnuiovpyio avitkeluévov mov opiloviol atd 1o xpnoty. Ot oplopoi KAAoewv
ouvNOmg TEPLEXOVY 0PLOLOVS UEBOOWV TTOV AELTOUPYOUV O GTLYULOTUTTA THG KAAOTG.

ueropinti kKAaons Mo petofint mov opiletan oe wa khdon ko mpoopiletar vo tpomomonOel pdvo oe
emimedo KhAong (dnh. Oyt o€ €va oTLYIOTUITO ULolg KAAONS).

coercion The implicit conversion of an instance of one type to another during an operation which involves two
arguments of the same type. For example, int (3.15) converts the floating point number to the integer 3,
but in 3+4 .5, each argument is of a different type (one int, one float), and both must be converted to the
same type before they can be added or it will raise a TypeError. Without coercion, all arguments of even
compatible types would have to be normalized to the same value by the programmer, e.g., float (3) +4.5
rather than just 3+4.5.
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mryadikog apipuog Mio eTéKTO01 TOU YVOOTOU GUOTHUATOG TTPOYUATIKMOVY aptOudv 6To 07t0io Orot oL aptd-
pot ekppatoviol wg aBpoloua evig TPAYIATIKOU HEPOUG KoL VOGS avTaoTikol uépovs. O pavtaoTi-
Kol apbuoi elvor Tpoynatikd ToMoTAAoLOL TG PAVIOOTIKNG Lovada (1) TeTpaywviky pila tov —1),
IOV OVY VA YphpovTal i ot podnuotikd 1 § ot unxovikr. H Python éyel evowuatmpévn vootpiEn
YLoL Ly adLkovg apLtBrovs, oL 0TToioL YPAQOVTOL (LE GUTOV TOV TEAEUTALO0 CUUBOAOUO” TO POVTOOTIKO Wé-
pOG YpageTaL pe to emibnua j, m.y., 3+1 3. [N va amoxthoete mpdofact oe cUVOETA LOOdVVOUD TO
module math, ypnowwomouote To cmath. H xpfon wyodikmv aptOumv givat évo apKeTa Tponyuévo
HOONUOTIKO XOPOKTNPLOTIKO. €AV OEV YVWOPILETE TNV OVAYKT TOVG, Elval 0yedOV alyoupo dtu wmopeite
VO TOL AYVOT|OETE UE ALOPAAELQL.

Sduayeprotijc context An object which controls the environment seen in a with statement by defining
__enter_ () and __exit__ () methods. See PEP 343.

context petafAnt) Mo petafinTy) ov uropei va éxel ToMES dLOPOPETIKEG TIWEG AvALOYO. LLE TO context.
Avto givar kowvd oto Thread-Local Storage 0mov kd0e ektéheon Tov VIUATOG WITOPEL Vo €XEL dLapo-
peTLKT TN yrow wior petainti). Iapdha avtd, pe tig context uetafAntég, Wropel va vdpyovv Tolhd
TEPLPAMLOVTO O€ EVa VIO EKTELEONC KL 1] KUPLAL ¥ PO VLo TG context HeTaPANTég eivat 1) TopaKohov-
Onomn Twv peETaPATOV o8 TOTOYPOVEG dlepyaoies. Bh. contextvars.

contiguous 'Eva buffer Oewpeiton contiguous axpimg edv eivon eite C-contiguous eite Fortran contriguous. To
buffer undevikmv draotdoemv givar C kou Fortran contiguous. Ze (lovodLdotatovs mivakes, ta oTolyeio
TPEmEL vaL TortoBeToUuvTal o wviu To va Sistha 0To A0, e GELPG aENCTG TmV SELKTHOV EEKLVAVTAG
atod 1o undév. Ze mohvdidotatovg C-contiguous mivakes, o TeELeVTOLOG deikTng UeETABAMETOL TAYXVTEP
OTaV EMLOKETTOVTOL TO OTOLXELO O OELPA dleuBuvong uvhung. Qotdoo, oe Fortran contiguous mtivakeg, o
TPADTOG OELKTNG LETABAMETAL TTLO YPTYOPOL.

coroutine O\ coroutines €ivol (oL TTLo YEVIKEUUEVT pop@n) subroutines. Ot subroutines eloéryovtal o€ éva onueio
Ko eEdyovral oe dAho onueio. Ot coroutines witopei va eloayBotv, vo eEayBov KoL vo ouveyLoTovv og
oM drapopeTikd onueio. Mmopov va vhomotoovy pe v dMiwon async def. Bh. emiong PEP
492.

coroutine cuvaptnon Mo OUVEPTNOT TOV ETUOTPEQPEL £VAL coroutine OVTIKEIEVO. Mo GuvapTtnoy coroutine
Witopel vo opiletol amd ) dMlwon async def, KoL Uwopel va mepLéyeL await, async for, kot
async with AEeig khedd. Autég eronydnoav amd to PEP 492.

CPython H xavoviki) vhomoinon g yAdoooag tpoypaupatiopot Python, 6ctwg diavéuetor oto python.org. O
O6pog «CPython» ypnowwomoteital OTav eivor amapaiTnTo Yo TV SLAKPLoN QUTNG TG VAOTOINGNG atd
dheg O0mwg M Jython M v IronPython.

decorator Mia ovvdptnon mou emotpépel wa dGAhn ovvdptnom, ovvibwg epapudleTtal mg LETAOYUNLTL-
ouOg GUVAPTNONG XPNOWOTOUDVTAG TNV @wrapper oUVTOEN. ZuvnOwouévo mapadeiyuata yio Tovg
decorators eivow classmethod () ko staticmethod ().

H oUvtaEn tov decorator givar amhdg KoAhwtioTiky), ou ak6Aovbolr V0 opLopol cuvapTioewy gival
ONUOOLOAOYLKA LOOSVVOUOL:

def f (arqg):
f = staticmethod (f)

@staticmethod
def f (arqg):

H {81 évvola vtdipyet yio g khdoelg, odhd ypnolpomoleitol Ayotepo ovyvd ekel. BL. v tekunpimon
yia function definitions kau class definitions yio wepLoodTepa oyeTikd we Tovg decorators.

descriptor Any object which defines the methods __get__ (),__set_ (),or__delete__ (). Whenaclass
attribute is a descriptor, its special binding behavior is triggered upon attribute lookup. Normally, using a.b to
get, set or delete an attribute looks up the object named b in the class dictionary for a, but if b is a descriptor,
the respective descriptor method gets called. Understanding descriptors is a key to a deep understanding of
Python because they are the basis for many features including functions, methods, properties, class methods,
static methods, and reference to super classes.
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TN tepLoodTepeg mANpopopieg ovapoplkd ue tig uebddovg twv descriptors, BA. see descriptors 1) to Ipa-
KTkOg 00MY0g Yo Tt xpron tov Descriptor.

AeElk6 An associative array, where arbitrary keys are mapped to values. The keys can be any object with
__hash__ () and __eq__ () methods. Called a hash in Perl.

Kkotavonon AeEikov 'Evo ovumoyng Tpomog Yo vo, emteEepyooteite OAa 1| n€pog TV OTOLEIWV Ot £Val ETTO-
VOATTTLKO KoL VoL eLoTpoel v e heELko ue To amotehéopata. results = {n: n ** 2 for
n in range (10) } dnwovpyel éva heEukod mmov mepLéyel To KAewdi n o avtiotolyiletal ue Thv T
n ** 2. B\. comprehensions.

oyn AgEikov Ta aviikeipeva mov emotpépovion amd dict.keys (), dict.values (), kot dict.
items () xolovvrol 0elg heEtkov. AUTEG TOPELOUV ULC SUVOULKT Oy TOV TOV EYYPUPDV TOV Ag-
ELko0, ov onpaiver 6Tt dtov To AeEko petafdiretar, 1 dyn aviikotomTpiler ovtég Tig adhayée. T
VO OVOYKGOETE TNV 01 heELkol va yiver o hhpng Alota ypnowomomote to 1ist (dictview) . BA.
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 otul mpoypapuatiopot wov dev eEetdlel Tov TUmo evOg OVTLKELUEVOU YLOL VO TTPOTOLOPIOEL
av €xeL T owoth diemapn” avtifeTa, ) 1EB0O0G 1) TO YOPAKTNPLOTIKO Kadeltan amhmg 1 xpNOoLULomoLeltaL
(«If it looks like a duck and quacks like a duck, it must be a duck.») Aivovtog éupaon otig demapég Ko
OYL 08 OLYKEKPLUEVOUG TUTTOUG, 0 KUK OYESLOOUEVOG KOLKOG BeTLDVEL TNV eveMELQ TOV emLTPémovTag
™V ohvpoppLkn vrokotdotaot. O timog duck-typing amogpelyel dokLég ypnouomolmvTas type ()
N isinstance (). (Enueiwon, wotd00, 6TL 0 TUTOG TATLOG duck-typing umopel va uUTANPWOEL e
abstract base classes.) Avti avtot, cuvnOwg ypnolwomotel dokiuég hasattr () 1 mpoypopuationd EAFP.

EAFP Ilwo g0xolo va Tnthoelg ouyympeon mopd adeto. Autd to Kowvd otul mpoypappuatiopoy og Python
potimo0ETeL TNV VIapEN EYKUpwV KAEWSUOV 1] YOPOKTNPLOTIKMOV Kot ovAapupdver eEalpéoelg edv 1
vtdeon amodey el ecpaluévy). Auto to kabopd Kot Yp1yopo OTUl YopoKTNPILETAL 0T TV TOPOVoLa
oMMV INhwoewv try ko except. H teyvikn épyetar oe avtifeon e to otuk mov eivar LBYL Kowvo
o€ MOMEG GAleg Yhwooeg, 0mtmg 1) C.

éxgppaon Eva kouudtt ouvtaEng mov umopet vo a&oloyn0el oe kdmowa tur. Me dhha Moy, pa Ekgppaon
glvol o ovoompevon ototyelwv ékppaong dmwg kKuplodeEia, ovopata, TPOGROOY YAPAKTPLOTIKOV,
TELEOTEG 1] KAOELG CUVOPTNOEMY TTOU OAEG ETLOTPEPOUV L TLLY. Z€ aviifeon ue molég dhheg YAmo-
0gg, Oev elval OAeg oL YAWOOLKEG dOUES eXPPAOELS. YTTAPYOUVE ETTLONG statements TOV eV UTOPOVV VO
ypnooTomBovv wg eKpPAceLs, OmTmg To while. O avaféoelg TMMV eival emiong dNAMOELG 0L eK-
ppaoeLs.

module exéktaons 'Evo module ypapuévo oe C 1) C++, o ypnotpomoteitar amd to C API tng Python yia va.
OMNAETLOPACOUY UE TOV TTUPTVA KO UE TOV KDILKO TOV Y PTOTH.

f-string Ou kupLohekTikég oupforooelpég ypnotpomotovy e tpdbepa '£' N 'F' ovoudlovior cuvnwg «f-
strings» wov eivon cuvtopoypapic tov formatted string literals. BL. extiong PEP 498.

OVTIKEINEVO apyeiov An object exposing a file-oriented API (with methods such as read () or write ())toan
underlying resource. Depending on the way it was created, a file object can mediate access to a real on-disk file
or to another type of storage or communication device (for example standard input/output, in-memory buffers,
sockets, pipes, etc.). File objects are also called file-like objects or streams.

2TV TPOYUOTLKOTITA VITAPYOUV TPELS KATNYOPLES OVTLKEWWEVMV apyelov raw dvadikd apyela, buffered
dvadikd apyelo xon apyela keyévov. O dLemapég Tovg opilovtal oty evotnta 1 0. O Kavovikdg Tpdmog
YLOL VO OULOVPYTOETE VOl OVTLKELUEVO 0P ELOV ELVAL XPNOLUOTOLDVTOG TV OCUVAPTNON open () .

OVTIKEUEVO TTOU poLaler pe apyeio 'Evo ouvavuuo ue To file object.

KWOLKOTOI101] CUOTIUATOS UPYEL®MY Kot XELPLOTHS 0puiudtov H kwdikomoinon Kol o YelpLotig o@oiud-
TOV ypnoLpomoteitol artd v Python yia tnv aokwdikomoinon tmv bytes astd to hettovpyikd cvotnuo
Ko TV Kodikormoinon og Unicode yia to Aettovpytkd ovothuo.
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H xwdikomoinon cvothuatog apyeiov Wropel vo eyyunbel v emTuynuévn amokmwdLkomoinon Ohmy
TV bytes kKatw oo 128. EAv 1 KwdLKOToiN0on CUOTHUATOS APy eIV SEV TOPEYEL ALUTIHV TNV EYYUNOT), OL
ouvoptnoelg API umopovv va eyeipovy éva UnicodeError.

OLouvoptioelg sys.getfilesystemencoding () Kot sys.getfilesystemencodeerrors ()
uopoVV va xpnotuorotnfovy yio va MaPete TV KmALKOTOINo TOU CUOTHUOTOS OPYELWV KOl TOU
YELPLOTH OPOALATWY.

O filesystem encoding and error handler duopop@mvoviol Katd tv ekkivnon tg Python amdé ™ ov-
vaptnon PyConfig_Read () Ph. filesystem_encoding kou filesystem_errors uéln tou
PyConfig.

B emtiong to locale encoding.
finder 'Eva aviikeipevo mov mpoomadel va Bpet to loader yio éva module wov 10y Om.

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.

oaképare dwaipeon H podnuatiky) Slaipeon wov otpoyyvhomtoLel Tpog Ta KATw 6Tov Kovivotepo akeépato. O
teleoThg aképanag diaipeong eivan / /. T mapdderypa, n ékgppaon 11 // 4 aEwoloyeital oe 2 ot
ovtifeon pe Ty T 2 . 75 oV ETLOTPEPETOL ATt TV dLOiPEDT) e VTTOOLAOTOAY). Znueiwon ot (—11)
// 4 KdveL —3 emed] ouT) ELVOL 1) GTPOYYULOTTOINOT 700G Tet KdTw Tov -2 . 75. Bh. PEP 238.

ouvaptnon Mia oelpd 0td SNADOELG TTOU ETLOTPEPOVY KAITTOLOL TLUT) OF OUTOV TTOV TV KAAEOE. Z€ OUTEG UITO-
POUV VAL TTEPUOTOVV KOVEVAL 1] TTEPLOGOTEPO. OVIGUATA TTOV WTOPEL VOL YPNOLLOTONOEL Y10 TNV EKTELEDT).
BA. emtiong tig evotnteg parameter, method, xou the function.

ouvaptnon annotation 'Evog annotation oG TapauéTpov Guvaptong 1 Wog TG ETLOTPOQNS.

Ou ouvapTOELG annotations GuY VA PNOLULOTTOLOVVTOL YIot vrodelEels TOTOV: YLl TOPAdELYUQ, VT 1
OUVAPTNON OVOUEVETAL VO TTAPEL HVO OPLoUATO 1nt Ko ETLONG AVAUEVETOL VO EXEL WOl ETLOTPEPOUEVT
T int:

def sum_two_numbers(a: int, b: int) -> int:
return a + b

H o¥vta&n ouvaptmong annotation avalvetor otnv evotnto function.

BA. variable annotation xou PEP 484, mov mteprypdpet ovti) tnv Aertovpyrkotnta. Emiong fA. annotations-
howto yia Tig Kahitepeg TpakTikég dovhevovtog ue annotations.

__future__ 'Evafuture statement, from _ future_ import <feature>,KabodNYel TOVUETAYAMTILOT
vo ueTayhmTTioeL To TpEyov module ¥PNoLUOTOLMVTAG CUVTAET 1] ONUACLOLoYio Tov B Yivel 1) TUTTLKY
oge pehhovtiky| ékdoon g Python. To module __ future_  texunpudvel TG mbavég Tyuég Tou feature.
Me v eloaymyr] oUThG TNG AELTOVPYLKNG LOVASAG KoL TNV 0ELOAOYN 0T TWV UETABANTHOV TG, UTopEite
va deite OTE ULaL VEQ dUVTOTNTO TTPOOTEONKE VL0 TPADTN POPA 0TV YAWOOoo KoL oTe Oat yivel (1) £yLve)
1 TTPOETULAOYT):

>>> import _ future_
>>> _ future__ .division
_Feature((2, 2, 0, 'alpha', 2), (3, 0, 0, 'alpha', 0), 8192)

ouvAloyn amoppudtov H dwadikacio amehevBépwong g wvnung otav dev ypnowwostoteitar dArho. H Python
exterel oVMLOY ATOPPLUATOV UECW KATAUETPNONG AVAPOPMV KoL EVOG KUKMKOU GUAAEKTY OKOUTTL-
LV OV elval o€ BE0T Vo avLyVEVEL KoL VO OTTAEL TOVG KUKAOUG avaipopds. O GUMLEKTNG AtoppLudTtmy
umopei va eheyyOel ypnopwomolwvtag to module ge.

generator Mua cuvapTnoN TTOV emLoTPEPeEL Eva generator iterator. MOLALEL LE PLeL KOVOVLKT] GUVAPTNON EKTOG
aTto TO OTL TEPLEXEL EKPPATELG yield yia THY Tapaymyr) Wog 0eLpds TUMV TTOV UITOPOVV VA XP1NOLUO-
ooy og évav podyo for M| TOV PTOPOVV Vo avoKTNOOUV pia TN POoPA HE THV CUVAPTNON next ()
function.
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ZVVHBWG AVaPEPETOL OE L0 GUVAPTNOT) generator, GALG LWTOPEL VO VOPEPETOL OE EVALV generator iterator
0€ UEPLKA contexts. Ze TEPLITTMOELG OTTOV TO ETMLOLWKOUEVO VOO OEV ELvaL OAPES, 1] XPNOT) TWV TR PWV
OPWV ATOPEVYEL TV OLOAPELCL.

generator iterator 'Eva aviikeipevo mov dnuovpyeiton amd wa ovvaptnon 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@pact) Muo £K@paon Tov emotpépet vay iterator. Moldlel pe Kavoviki £Kgppaon Tov akolov-
Oeiton amd po tpoTaon for mov opilet o LeTafAN Ty fPOYoV, £Va VP0G KL (LaL TTPOOLPETLKT TPOTAOT
i f. H ouvdvaouévn £Keppaon dNuovpyet TLEG yia (o OuvapTNon eYKAELOUOV:

>>> sum(i*i for i in range (10)) # sum of squares 0, 1, 4, ... 81
285

YEVIKT] ouvapTnon Mo ouvdpTnon mov asoteleitar amtd TOAATAEG CUVAPTIOELS TTOV VAOTTOLOVY TNV idLa.
Lettovpyia yiow dLapopeTikovg Tumovs. Tlowa vhomoinon mpémel va ypnouomonel Katd t didpkela
o KAong xobopitetor amd Tov akyopLlbuo omrooTo|s.

BA. emtiong v kataympnon tov single dispatch, Tov decorator functools.singledispatch () Ko
PEP 443.

vevikdg Tomog 'Evag rype o utopel vo apapetpomomndel” ouviBwg wa container class, dmwg 1ist fidict.
XpnoLuostoLeiton yLo. fype hints Kow annotations.

TN weploodtepeg hemropuépetes, BA. generic alias types PEP 483, PEP 484, PEP 585, kol to module
typing.
GIL BA\. global interpreter lock.

global interpreter lock O pnyaviouodg ov ypnoipomoteitan amd tov diepunvéo CPython Yo va. dlo.opatioet
OTL uovo éva viua extelel Python byrecode kd0e opd. Avtd asthomotel v viomoinoyn CPython 6m-
ULOUPYDVTOG TO LOVTELD OVTLKELUEVOU (OUUITEPIAAUBAVOUEVMY KPLOLUWV EVOOUATOUEVMY THTOV HTTMG
w.y. dict) épueco aopalég Evavtt Tautdypovng tpoofaons. To Kheidwuo ohdxinpov tov diepunvéa
SLEVKOMOVEL TOV DLEPUNVEQ VAL ELVOL TTOAAATAMY VIUATOV, €S BAPOG TOV HeYdAov HEPOug ToU ToPaiin-
Mopov Tov TaPEYOLVV OL Y aVES TOMATAMV ETeEEPYAOTMV.

Q01000, OPLOUEVEG AELTOVPYLKEG LOVADEG ETTEKTAONG, ELTE TUTTLKEG ELTE TPLTV, £XOVV OYEALOOTEL £T0L
wote va oehevfepdvouy to GIL 6tav ekTeMOUV EPYOOIEG EVIUTIKMV VITOAOYLOUMY OTTMG GUUTTiETN 1)
Kkatokeppotionds. Emiong, to GIL anelevbepwvetal mdvto dtav extereite I/0.

[ponyovueveg Tpoomdbeies va dnuovpyn el évog diepunvéag «eAevBepmv-ynudtwv» (AUTdg TOU KAEL-
dwvel Ta Kowvoypnota dedopéva pe oAl o Aemrtouep) evoucOnoia) dev Ntov emLTUYELG EeELdN 1) artd-
001 VITOYMPNOE TNV KOLVN TTEPLTTTWON VOGS emeEepyaoty). [TioteveTal OTL 1) VITEPPaon ovTov Tov TPOo-
BAuatog artddoong Ba KAVoUV TOA TTLO TEPLITAOKT] KO ETTOUEVIG TTLO OATTAVPY) TNV GUVTHPNO1).

hash-based pyc 'Evo apyelo kpugrig uvhung bytecode mov ypNoLULOTOLEL TOV KOTOKEPUATIOUO KoL OYL TOV
YPOVO TPOTOTOLNONG TOV AVTIOTOLYOU OPYELOV TTPOELEVONG YLOL VA TTPOOALOPLOEL TNV EYKUPOTITOL TOV.
BM\. pyc-invalidation.

hashable An object is hashable if it has a hash value which never changes during its lifetime (it needs a
__hash__ () method), and can be compared to other objects (it needs an __eq__ () method). Hashable
objects which compare equal must have the same hash value.

H YmapEn hashable kéivel évo aviikeipevo va pumopel vo ypnotpomonei mg kheldi AeEikov Kau mg uéhog
€vOg OUVOLOU, ETTELDN AUTEG OL HOUEG DEDOUEVV YPTOLUOTTOLOVV TUUEG KATOKEPUOTLOUOU.

Ta epLocdTEP Ad TO QUETAPANTA EVOOUATOWUEVO OvTLKELIEVA TN Python witopoiv va kortakepuatt-
0ToUV” Tl UETAPBANTA KOVTELVEP (OTTWG oL MoTeg 1) Tt AeELK @) dev eivan” ta apetdfinto Koviévep (OTmg
mhelddeg ko ta frozesets) LITOPOUV VoL KOTAKEPUATLOTOVY UOVO €AV TO. OTOLYELD TOVG ElVOL KATAKEPUO-
twopéva. Ta aviikeipeva mov eivar oTyumoTumo KALoewy ov opifovtal amd To xpNotn UTopouv vo
KoTaKepUOTLoToUV amtd mpoemihoyn. ‘Oha ouyKpivovTal GVioo EKTOG OTd TOV EQUTO TOVUGS) KOL 1) TLUY
KATOKEPUOATLOUOU TOVG TTPOEPYETOL Atd TO id () .
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IDLE 'Eva ohokAnpouévo meptBaihov avamtuEng ko pdbnong ywo v Python. idle sivan évo faotkd mept-
Barhov emeEepyaociog Ko diepunvéa ov cuvodevetal amd TV Tkl dtovour| g Python.

immutable 'Eva avtikeipevo ue otabepn tpn. Ta apetdfinto avikeipevo mepihaupdvovy apbuots , ou-
Bolooelpéc Kau mheddeg. 'Eva tétolo aviikeipevo dev wmopel va alhdEet. ‘Eva véo aviikeipevo mpémel
va dnuovpynOel edv mpémer va amoOnkevtel wa draopetikt| . IHailovv onuoaveikd poro o uépn
Omou e otadepd astorteital, yio Tapaderyno og kKhewdi ot £va AeELKo.

gioayopevo path Mua Aiota 0mtd tomoBeoieg (1) kataywoloes Stadpour)s) mov wtopov va avalntnovv path
based finder ywa vo. eLooy0oUv modules. Katd v diadikacio elooymyng, avty 1 Moto pe tomodeoieg
ouvNOmg €pyeTaL 0o sys . path, olhd yio ta vtomokéta pmopel eniong va £pbel amd To yopaKTnpL-
OTLKO TOV TAKETOV YOVEQ __path_ .

aoayoyn H dwodikaoio kotd Ty omoia o kdhdikag g Python o éva module givar Stabéoiun otov Kmdka,
Python gvog dAhov module.

awoaywyéas Evo aviikeipevo umopel ko vo ovalntel kow vo poptdvel évo module” kau éva finder kou loader
QVTLKELUEVO.

duadpaotikog H Python éyel évav SLadpaotikd Siepunvéa 6mtov onuaiver dtL Wopelg va. eLodyelg SNAmoeLg
KoL EKQPAOELS OTNV ELOOYMYT] EVTOLDV TOU dlepunvéa, EKTEMDVTOG TEG AUETO KL EUPOVICOVTAS T
ovTikeipevo. AThdg ekKLviote TV python ywpic opiopuata (avodg emhéyoviog To amd To KUpLo
HEVOU TOV VITOLOYLOTH 0aC). ATtotelel évav 0mmodoTikd Tpdmo yia va doKudote véeg 1déeg 1) va eEetdiote
Lertoupyikég povadeg kou wokéto (Buunbeite help (x) ).

interpreted H Python eival o interpreted yAdooa, o avtifeon pe o LeTayAmTTIoNEVT, oV Ko 1) dLAKPLoT
Witopet va givat Ko ol Moym g mtapouoia Tou bytecode petayhmTTioTy). Autd onuoaivel 0Tt To apyeio
TPOENEVONG UTOPOUV VoL EKTELEOTOUV amtevdeiog ywpic va dnuovpyndel pntd éva exteléono apyelo
ov oty ovvéyelo ekteleitar. Ou interpreted yAdooeg ouviiBwg éxouvv wkpoTePO KUKAO avamtuEng/
EVTOTILOUOV GPOALATOV OO TIG UETAYAWTILOUEVES, OV KO TO TPOYPAUUOTA TOUG YEVIKA eKTELOVVTAL
mo apyd. Bh. exiong interactive.

TEPUOTIONOS AerToupyiag diepunvéa ‘Otov Inteiton tepuationds hettovpyiog, o diepunvéag tng Python ei-
OEPYETOL OE ULaL ELOLKT) PAoT OOV ortehevBepdvel oTadlokd Ohovg Tovg dtatbépevovg Topove, dmtmg
LeLtoupyLkég LoVAdES Kal TOMATAEG Kpiolueg eomTepikés douéc. Emiong mparyuatomotel apketés KAN-
OELG 0TO GUAAEK TG GKOVmMALD V. AUTO WITOPEL VO EVEPYOTTOLNCEL TNV EKTELEDT KMOLKA O KATOOTPOPELG
7oV opilovral amd to ypnotn M o¢ callbacks aoBevoig avtamokpioelg. O KHdLKAG o eKTeleiTan KOTA
™ Ao TEPUATIONOV AELTOVPYiaG Uopel v ouvavtioel diipopeg eEalpéoels, kKabmg oL TOPOL 0Toug
omolovg Baoiletor evdéyetal vo unv kettovpyotv mhéov (ovviOn mapadeiyuata eival oL AelToupytkég
novadeg BUBALOBNKNG 1) 0 UNYAVIOUOS ELOOTOLCEMY).

O Baotkdg MOYOG TEPUATIONOU AeLTOVPYiaG TOV diepunvéa eivar 6tL to __main__ module 1 ohokAnpod-
OnKe 1 EKTELEON TOV KMOOLKO TTOV ETPEYE.

iterable An object capable of returning its members one at a time. Examples of iterables include all sequence types
(such as 1ist, str, and tuple) and some non-sequence types like dict, file objects, and objects of any
classes you define with an __iter__ () method or with a _ getitem__ () method that implements
Sequence semantics.

Iterables can be used in a for loop and in many other places where a sequence is needed (zip (), map (),
...). When an iterable object is passed as an argument to the built-in function iter (), it returns an iterator
for the object. This iterator is good for one pass over the set of values. When using iterables, it is usually not
necessary to call iter () or deal with iterator objects yourself. The for statement does that automatically for
you, creating a temporary unnamed variable to hold the iterator for the duration of the loop. See also iterator,
sequence, and generator.

iterator An object representing a stream of data. Repeated calls to the iterator’s __next__ () method (or passing
it to the built-in function next () ) return successive items in the stream. When no more data are available a
StopIteration exception is raised instead. At this point, the iterator object is exhausted and any further
calls to its _ _next__ () method just raise StopIteration again. Iterators are required to have an
__iter__ () method that returns the iterator object itself so every iterator is also iterable and may be used
in most places where other iterables are accepted. One notable exception is code which attempts multiple
iteration passes. A container object (such as a 11 st) produces a fresh new iterator each time you pass it to the
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iter () function or use it in a for loop. Attempting this with an iterator will just return the same exhausted
iterator object used in the previous iteration pass, making it appear like an empty container.

[epioodtepeg mAnpopopieg wropotv va fpebolv oo typeiter.

Agmropépera viomoinong CPython: CPython does not consistently apply the requirement that an iterator
define _ _iter ().

ouvvaptnon key Mo ouvaptnon khewdi 1 wo ovvdptnon tagvdunong eivar uo duvatdtnto KANong mou
emLOTPEPEL Lo TYY] TTOV PN OLLOTToLEiTaL Yoo ToEwvounon M dudtan. Ta mapdderyua, locale.
strxfrm () YPNOLWOTOLEiTaL YIO TNV TOPaywYY evOg KAEWdL0U Ta&Lvdunong wov yvwpilel tig ovufa-
OELG TAELVOUNONG YL CUYKEKPLUEVEG TOTILKEG puOuioeLs.
‘Eva. aplBudg epyodleimv omnv Python &éyetor Paotkég ouvaptnoels yio Tov €AEyX0 TOU TPOTOoU
ue Tov omoio Tt otouyeiar Tafivououviar 1 opuadomolovvtol. Avtd mepéyovv min (), max (),
sorted(), list.sort (), heapg.merge (), heapg.nsmallest (), heapg. nlargest(),
Kol itertools.groupby ().

There are several ways to create a key function. For example. the st r. lower () method can serve as a key
function for case insensitive sorts. Alternatively, a key function can be built from a 1ambda expression such
as lambda r: (r[0], r[2]).Also,the operator module provides three key function constructors:
attrgetter (), itemgetter (), and methodcaller (). See the Sorting HOW TO for examples of
how to create and use key functions.

opwopa keyword B\. argument.

lambda Mo avdvuun evoouotouévy cuvapTnon mov amoteleital amd o LoVadLKY) expression 1) Omoio.
aEohoyeitan Otav kakeitow ) ouvaptnon. H ovvtagn yia t dnwovpyia wog ovvéptnong lambda eivor
lambda [parameters]: expression

LBYL Look before you leap. Autd 10 0Tvh Kodikomoinong ehéyyer pntd tig mpoimoEéoels mpLv mTparyuato-
7oL oEL KM OELG 1) avalnToels. Autd To oTtul €pyeTal o€ avtiBeon e v Tpooéyyion EAFP Ko xopo-
KTnpiletan amd v mopovoia ToAdV dnhwoemy 1 £.

e éva mepLailov modhamhmv vnudtov, 1 tpoogyyion LBYL umopel va diakivéuveloel vo. eLoAyEL
wo ovvOfKn aydva uetaEl «the Looking» kau «the leaping». ['o mapdderyna o khdikag, if key in
mapping: return mappingl[key] wropel vo amotiyel v Eva GALo VU apaLpEceL To key amtd
TO mapping petd ™ dokiun, olG TP otd TV ovolNTnon. Autod to TPOPANUa umopel va Avbel pe
KAELDMUOTA 1] XPpNoLHoToLmvTas TV tpooéyyion EAFP.

Tomik1) kmdkomoinoen On Unix, it is the encoding of the LC_CTYPE locale. It can be set with locale.
setlocale(locale.LC_CTYPE, new_locale).

On Windows, it is the ANSI code page (ex: cp1252).
locale.getpreferredencoding (False) can be used to get the locale encoding.

Python uses the filesystem encoding and error handler to convert between Unicode filenames and bytes
filenames.

Mot A built-in Python sequence. Despite its name it is more akin to an array in other languages than to a linked
list since access to elements is O(1).

list comprehension 'Evo ovumayfg tpdmog yia vo. emeEepyaoteite OAa 1 H€POG TV OTOLYEIWY OF MOl 0KO-
MovBia Kat vo emotpépete po Mota pe ta amotehéoparta. result = ['{:4#04x}'.format (x)
for x in range(256) if x % 2 == 0] dnuovpyei wo Aoto CVUBOLOCELPMY TOV TTEPLEYOVV
Cuyovg dexaeEadikoig aptduoig (0x..) oto evpog amd 0 éwg 255. H wpdtoon i f eivar mpoarpetiky. EGv
mopalewpBei, Oha To oTOLKELCL 0TO range (256) vrofdihovtal ot emeEepyaoia.

loader An object that loads a module. It must define a method named 1oad_module (). A loader is typically
returned by a finder. See PEP 302 for details and importlib.abc.Loader for an abstract base class.

noykt uédodog ‘Eva drumo ovvdvupo yia special method.

mapping A container object that supports arbitrary key lookups and implements the methods specified in
the Mapping or MutableMapping abstract base classes. Examples include dict, collections.
defaultdict, collections.OrderedDict and collections.Counter.
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meta path finder 'Evog finder mov emotpaenke pe avalfitmon oto sys.meta_path. O finders peta-
duadpoung oyxetiCovat, ald drapépovy amd ta finders entry Stadpourg.

B\ importlib.abc.MetaPathFinder yia tig uebddovg mov viomolovy ow meta path finders.

uera-khdon H xhdon wag khéong. Ou opropol khaomng dnuovpyotv éva dvoua kKAdong, £va AeElkd khdong
Ko e Mota Baotkav kKhdoswv. H peta-khdon givar vedfuvny yio Ty amdKTnon outmy TV Tpuny
0pLOUATOV KoL TNV dnpovpyia g kKAdong. OL eploooTePES AVILKELUEVOOTPEPELS YADOOES TPOYPO-
UOTLOUOV TTOPEXOUV Wo. TTPOETUAEYUEVY VIOTTOiNoY. Autd mov Kaver Tnv Python Egywploti) eivan 6t
elval duvati 1 dnuovpyia Tpooapuoouévev uetakhdoswv. O TeplocdTepol xpNoTeg dev ypeLdlovol
TOTE QUTO TO EPYAAELD, AAME OTOV TAPAOTEL AVAYKT), AUTO TO EPYOLELD, OL UETO-KAAOELG UTTOPOVV VO
TaPEXOVV LOYVPES, Kopég AMioels. 'Exovv ypnouomo0el yio v katorypagpt) tpodofaong xapoKTnpL-
OTIKADV, TNV TPOTONKN 00PALELOS VHUATMY, TNV TOPAKOALOVONOY dNULOVPYIOG OVTLKELUEVOV, TV VAO-
moinon singletons, Kau ToMEG GAAES epyaOiEC.

[eploodtepeg mAnpopopieg wropotv va Bpebovv oto metaclasses.

uébodog Mia ouvaptnom ov opifetol uéoo 0to omua wag KAaong. EGv kakeitar wg xopaktnplotikd wog
mEPLITTOONG AUTAHG TG KAAONG, M 1EO0O0G Bl MABEL AVTLKEIUEVO TEPITTWONG WG TPWTO TNG argument
(to omoio ovviBwg ovopdtetor sel £). BA. function xou nested scope.

oepd avaivons 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 'Eva avTiKeipevo mov ypnoLuever wg opyovmtike povada tov kmdika tg Python. Ta modules €yovv
évav ympo ovoudtmv mou mepLExeL avbaipeta avtikeipeva Python. Ta modules goptdvoviar otny
Python pe v dwodikaoio importing.

B emiong package.

TeYVIKES Tpodiaypapés module ‘Evo namespace mov mepléyel TG TANPOQopieg Tov OyeTiLovion pe v eL-
oaYWYN TOV YPNOLUOTOLOVVTOL VIO THY OpTwon evog module. Mia mepismttwon tov importlib.
machinery.ModuleSpec.

MRO Bh. method resolution order.

mutable To supetdfinta avrkeipeva wropotv va aldEouv Tig Tiég ald va kpatnoouv to id (). BA.
emiong immutable.

named tuple O Opog «named tuple» epapudletar Yo, 0moLovdNToTE TUTTO 1 KAAOT Tov KAnpovoueital amd
TNV TAELADO. KOL TV OTTOLMY TO. OTOLXELD WITOPOVY VA EVPETNPLOTOLNOOVV Elval TPOGBATLUOL ¥ PNOLILO-
TOLWVTAG ETMVUUA XAPOKTNPLOTIKA. O TOTO0G 1 1) KAGON WITOPEL VO €YEL KO GO OPAKTPLOTLKAL.

Tolhol evomuotouévol timol eivor named tuples, CUUTEPIAAUPBAVOUEVDV TWV TLUMV TTOV ETLOTPEPOVTOL
oo time.localtime () kou os.stat (). Eva dho mopdderyuo eivor 1o sys. £loat_info:

>>> sys.float_info[l] # indexed access
1024

>>> sys.float_info.max_exp # named field access
1024

>>> isinstance(sys.float_info, tuple) # kind of tuple

True

Some named tuples are built-in types (such as the above examples). Alternatively, a named tuple can be created
from a regular class definition that inherits from tuple and that defines named fields. Such a class can be
written by hand or it can be created with the factory function collections.namedtuple (). The latter
technique also adds some extra methods that may not be found in hand-written or built-in named tuples.

namespace To pépog dmov arodnkevetan o petofAnt. To namespaces VAOTOLOVVTAL WG AeELKA. YTdpyovy
0L TOTTLKOL, 0L KatBOMKOL KO 0L EVowIaTwuévol namespaces Kabmg Kot oL EVOETOL namespaces 0€ AVIIKE(-
ueva (oe pebddovg). o Tapaderypa oL ouvapToelgbuiltins . open Kol 0s . open () dlokpivoviol
aTTo TOUG YWPOVG OVOUAT™V Tovs. O xmwpotl ovoudtwv fondolv exiong tnv avayvooludTnTa Kot T ov-
VTNpPNoLoTNTO KofLotdvtog oapéc woto module vhormotel wa Aettovpyia. o mopdderyua, ypdgoviag
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random.seed () N itertools.islice () kaBLotd capéc OTL AUTEG OL CUVOPTOELS VAOTOLOVVTOL
artd To module random kow itertools, aviioTouya.

moxéto 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 have no
__init_  .pyfile.

BA. emtiong module.

nested scope H duvatdtnta avagpopds oe (o petafAnty o évav meptkhelopevo optopod. I wapdderypa o
ouvapTNo oV OpileTal HECO Oe W GAAY GUVAPTNOT UITOPEL Va. avapépetol oe LETABANTEG 0TV EEW-
TEPLKT] CUVAPTNON. Znuelmote Ot ta évOeta medio amd mPOoETLOYH AELTOUPYOUV HOVO Yo avapopd
Kaw Oy o ekympnon. Ou tomikég petafintég duaffaovral KoL ypagovTaL 0To E0MTEPLKO TEDIO EPap-
poyns. Ouoiwg, ot kaBolkéc uetafintég drofdtovv Kot ypdpouv otov Kabohkod ympo ovopdtwy. To
nonlocal emtpémel TNV eYYPAPY 08 EEWTEPLKA TTEdIAL.

KkAdon véov otvh Old name for the flavor of classes now used for all class objects. In earlier Python versions,
only new-style classes could use Python’s newer, versatile features like ___slots__, descriptors, properties,
__getattribute__ (), class methods, and static methods.

avukeipevo Omoladnmote dedouéva ue KoTaoToon (YopaKTNPLoTLKa 1) TLU) Kot KafopLopévi oupstepLpopd.
(uébodor). Emiong, N telkn ookt kAo omolaodfote new-style class.

nmokéro 'Eva Python module wov ptopetl va. mepiéyer submodules 1) ovadpomkd, vromakéta. Teyvikd, éva
TOKETO Elval (o Aettoupyky) povada Python pe éva __path__ xopoktnplotiko.

B\. exiong regular package kaw namespace package.

mapapeTpos Mia £ykupn ovidTnta oe évov oploud function (i néBodog) mov kabopilel Eva argument (| oe
OPLOUEVEG TIEPLITTOOELS, OPLOUATO) TOV UTopel vo. deyBel 1 ouvaptnon. Yrdpyovv mévie eidn mapoué-
TPOV:

o MéEn-kAedi 1) Oéon: kabopilel éva OpLopa Tov Witopet vo petafipaotel eite Oéoewe | wg dptoua
AéEnG-kAetdtov. Avtd givarl To TPOETUAEYUEVO ELOOG TAPAUETPOV, VIOl TAPAdELYUA foo KoL bar oTa.
akohovba:

def func(foo, bar=None) :

o Oéoewe udvo: Kabopilel £va dpLopa mov uropel va mapéyetor uovo amd ) Béon. Ou mapduetpol
uovo B€omg WTopovV va, 0pLOTOVV CUUTEPAAUBAVOVTOG EVOY XAPAKTHPO / 0T AMOTO TAPAUETPOV
TOV OPLOPOY GUVAPTNONG UETA OTTO QUTES, Yo Tapaderyua posonlyl kou posonly2 ota eENG:

’def func (posonlyl, posonly2, /, positional_or_keyword) :

o AéEng-kAeldi udvo: kabopilel éva dpLopa Tov Wtopel vo mapéyetor wovo ue AEN khewdi. Ou ma-
paueTpoL wovo Yo MEN-KAedL wrtopoldv va 0pLoTtovv ouUTEPLAOUPBAVOVTOG UL TTOPGUETPO BF-
ong 1 ok€to * 0T MOTA TAPAUETPWY TOU OPLOUOY CUVAPTNONG TIPLY OO AUTEG, YLOL TTOPAELYLOL
kw_onlyl xou kw_only2 oto. axdrovOo:

def func(arg, *, kw_onlyl, kw_only2):

o uetafAnti Oéong: koBopilel OTL umopel va mapaoyedel wa avbaipetn akohovbio oplopdtwv BEong
(emumhéov TV opopdtwv 0€ong mov eivor 01 amodektd amd GAeg TOPAUETPOUS). Mia TéToLo
TOPAUETPOS WTOPEL VO, OPLOTEL TPOCAPTDVTAG TO OVOUQL TNG TAPAUETPOV UE *, YLO. TTOPAELY UL
args oto. aKkOhovbo:

def func(*args, **kwargs):

o uetaPintih AéEn-kAeldi: kabopilel OTL umopovv vo mapéyovtal cvdaipeto ToAG opiopota AEENG-
KAeLdLov (emuthéov Twv opropdtwv MENG KAEWdL0U Tov givan 0rrodektd 0td dleg Tapauétpoug).
Mo tétole TOPAUETPOS UTOPEL VO OPLOTEL TPOCUPTMVTAS TO OVOUDL TNG TOPAUETPOV UE * *, YLl
TOPAdELYHO. kwargs Omme ToPpaTaV®.
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O opdpeTpol wropotv va Kabopicouvy TO00 Ta TPOALPETLIKA OG0 KL T OITOLTOVUEVO OPIOUOTO. , KO-
OMG Ko TPOETUAEYUEVES TUIEG VLA OPLOUEVA TTPOOLPETLKG OPLOUALTAL.

BA. emiong v argument KotaympLon gupetnpiov, Ty epdtnon FAQ oyetikd pe 1 dtogopd petaso
OPLOUATOV KO TAPOUETPWY, TV KMAON inspect .Parameter, tnv evotnta function kaw PEP 362.

path entry Mua pepovouévn tomobeoio oto import path thv omoio. gupufovieveton o path based finder yio. vo.
Bper modules yio eLoorywyn.

path entry finder 'Evog finder mov emotpépetar amd évav Kaloiuevo 0to sys.path_hooks (dnhadr éva
path entry hook) mov Eépel mwg va evtomiCel modules pe path entry.

BL. importlib.abc.PathEntryFinder yia tig uefoddovg mov o entry finder duadpoung vhomotei.

path entry hook A callable on the sys.path_hook list which returns a path entry finder if it knows how to find
modules on a specific path entry.

path based finder 'Eva amé ta mpoemheyuéva meta path finders mov ovalntd évo. import path ywo. modules.

path-like avrikeipevo 'Evo avtikeipevo mov aviummpoonmevel évo path cuvothuatog apyeiov. ‘Eva aviikei-
uevo path eivar eite éva avtikeipevo str f bytes mov avimpoonmevel £va path 1 éva aviikeiuevo
7tov vhormotel To TPwTdKoMo os . PathLike. Eva aviikeinevo mov vootnpilel 10 TPpwTOKOMAO O .
PathLike umopel vo uetatpamel o path ovotiuatog apyeimv str 1 bytes Kahdvrog v cuvap-
™on os. fspath () ”ta os.fsdecode () KoL os. f£sencode () Wropovv va xpnotomondovv yio
™V eyyinom evog amotehéouatog str 1 bytes, avriotovya. Ewonydn amd tov PEP 519.

PEP TIIpotoomn Beltimong Python. 'Eva PEP givou éva €yypago oyedloonol mov mapéyel IAnpoqopieg otny
Kowvotnta Python 1) mepuypdper wa véa duvatdtnta yio v Python 1 tig dradikaocieg 1 to mepiih-
Lov . To PEP Ba mpémel var mop€youy (o GUVOTTTLKT) TEYVLKT TPOdLOlypapY] KoL (o AOYLKY) YLt T
TPOTELVOUEVOL Y OLPOKTNPLOTLKAL.

Ta PEP mpoopiCovror va givar oL KUpLot unyaviouol yior v pdtaot CUoVILK®V VEWV XOpUKTNPL-
OTIKAV, YL TN OVAMOYT TANPOQOPLAV TNG KOVOTITAG Yo Vo TNTNUOL KO YLoL TNV TEKUNPLWOoT TWV
ATOPAoEMV OYEDLOTUOV TTOV €Youv eloayOel otnv Python. O ouyypagéag tov PEP gival vteibuvog yio
TV 01KkodOUN 0N CUVaiveoNS evTOg THG KOLVOTNTOG KoL TNV TEKUNPLDON AVTIOET™mV amdPewy.

B\L. PEP 1.

tuiuoe. ‘Eva ouvolo amd apyeio oe évav udvo kotdhoyo (evdeyouévmg amodnkevuévo oe apyelo zip) mov
ouupdriovy og éva namespace TakéTo, dmmg opiteTon oto PEP 420.

opwopa 0éong BA. argument.

provisional API 'Eva provisional API givow ovtd mmou éxel eokepuévo eEarpedei amd tig backwards eyyunoelg
ouppotdTnTag TG TUTTLKNG PBAMOOKNG. AV Ko dev avauévovtor ONuovTkéG odayég o Tétoleg die-
TTOPES, EPOOOV ETLONUALVOVTAL WG TPOCWPLVES, alharyég un backwards cupfatdotnrog (Léypt Ko Kotdp-
YNON TG DLETAPNS) WITOPEL VO TPOKMPOVV €QV KPLOEL ammopaitnTo amd Toug BaotKovg TPoyPOLULALTL-
otéc. Tétoleg ohhayég dev Oa yivouv dokomo — Oa ouufouv uovo edv amokaivgphotv cofapd Oepehimon
ehaTTdpaTo IOV TopaleipOnKay tpv amd T cuumepiinyn tov APL

Axoun xou yio provisional API, ov un backwards ovufatég arhayéc Bewpovvtar «hbon £oyotng
avaykne»- 0a eEakorovdel va yivetar kdbe mpoomdOeia yio va Bpebei wa AMor backwards ovufoti
O€ TUYOV EVIOTLOUEVO. TTPOPAUOTAL.

Avth 1 dadikaoio emitpémer oty TVTKT BLPAOONKN va ouveyioel va eEeMoeTOL e TV TAPOSO TOV
YPOVOL, YwPLG VA KAELOMVEL TPOPANUOTLKA ORALUATO OYEDLOOUOD VL0 EKTETAUEVEG Y POVIKEG TTEPLODOVG,.
BA. PEP 411 yia tepLoodtepeg AeTTOUEPELEC.

provisional wakéto BA. provisional API.

Python 3000 Weudmvupo yia to ovvolo ekddoewv Python 3.x (emvonOnke mpLv amtd mold Kapd 6tav 1) Ku-
Khogopia tng €kdoong 3 NTay KATL 0TO UOKPLVO UEALOV.) AUTO OVOUALETOL ETTLONG G OUVTOUOYPOLPLAL
«Py3k».

Pythonic Mua 16¢a ] éva Koupdtt Kodiko wov akolovdel motd ta o Kowvd ididpata thg Yhwooag Python,
VTl Vo VAOTTOLEL KMOLKA X PTOLLOTOLMVTAG EVVOLEG KOLVEG O Ahheg Yhdooes. o mapdderypa, £va kowvd
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wWimpo otnv Python eivar va kéver pa eavddnym cave amd oha ta otouxeio evog iterable ypnoluo-
oldvtog wo dNhwon for. [orhég dhheg YADOOES TOU deV £XOUV AUTOV TOV TUITO KOTAOKEVNG, £TOL OL
avBpwrol wov dev eivan eEotkelmuévol ue v Python ypnolpwomolotv uepikég @opég évav aptduntikd
ueTpNT:

for i in range(len(food)):
print (foodl[i])

Avtifeta, wo mo kabapn uébodog Pythonic:

for piece in food:
print (piece)

avoyvoplopevo ovoua 'Eva dvoua pe Koukkideg mou deiyver T «Stadpourp» amtd 1o kKaBohkd gupog evog
module oe wa KAGom, ouvaptnon 1 uébodo mov opiletar o avthv TV evdtnTa, Omtmg opileTal 0To
PEP 3155. T'o. ouvoptiogLs Ko KAAGELG OVATATOV ETLITEOOV, TO OVOYVWPLOUEVO Ovopa elvorl (8o e To
OVOUO. TOV LVTLKELUEVOU:

>>> class C:
class D:
def meth (self):
pass

>>> C.__qualname

L} C L}

>>> C.D.__qualname___
'C.D'

>>> C.D.meth. qgualname
'C.D.meth’

‘Otov ypnotuomoteito yie avopopd oe modules , 10 TAHOWS avayvweLouévo évoua onuoivelr ohoOkANPo
To drakekoupévo path mpog to module, cuuTEPAAUPBAVOUEVDV TUXOV YOVIKMDV TAKETWV TT.). email.
mime.text:

>>> import email.mime.text
>>> email.mime.text. name
'email.mime.text'

i 00c avaopac 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. The sy s module defines a get refcount () function that programmers can call to return
the reference count for a particular object.

Kovoviko mokéro 'Eva mopadoolakd package, dnwg évag Katdhoyog mou mepiéyel évo __init_ .py op-
YElo.

Bh. emiong namespace package.

__slots__ Mua dMhwon péoa o o kKAdon mov eEotkovouel uviun dNAmvovTog €K TwV TPOTEPMY XMDPO YL
TOPABELYUO. XAPOUKTNPLOTIKG Ko eEoheipovtag AeElkd oTrypotimwy. Av Kat SHUOEIMIG, 1) TEXVIKT
elval Kammg SVOKONO VAL YivEL OMOT Kol TPo0pileTol KAADTEPO VL0 OTTAVIES TEPLTTMOELG OTTOV VITAPYEL
peydhog apLBudsg OTLYUOTUTTMV OF WLOL EQAPUOYT] KPLoLUNG-UVUNG.

okolovlio. An iterable which supports efficient element access using integer indices via the __getitem__ ()
special method and defines a ___len__ () method that returns the length of the sequence. Some built-in
sequence types are 1ist, 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.

The collections.abc.Sequence abstract base class defines a much richer interface that goes

beyond just _ getitem__ () and _ len__ (), adding count (), index (), contains__ (),
and _ reversed__ (). Types that implement this expanded interface can be registered explicitly using
register ().
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set comprehension 'Evog cupmayhg tpomog yia va eneEepyooteite OMa M uépog Twv otoryeimy oe éva iterable
KOL VO ETILOTPAPEL £Vl GUVOLO UE TOL autoTeEAéouoTa. results = {c for c in 'abracadabra'
if ¢ not in 'abc'} dwovpyel to oUuvoro cupPporocelpwy {'r', 'd'}. B\ comprehensions.

novaduko dispatch Mo pop@ny dispatch generic function 6tov 1 vAoTOINOY EmMAEYETOL e BAOY TOV TUTTO £VOG
UELOVOUEVOU OPLOUOTOG,

slice 'Eva avtikeigevo mov ovviBmg mepiéyel Eva tufiua wog akohovdiog sequence. Anuovpyeitan éva slice
YPNOLUOTTOLMVTAG T onueiman subscript, [] pe dvo kou KGtw teleieg uetaEl aplbudv otav divovia
mtoAhol, 0mwg 0to variable name[1:3:5]. H onueiwon aykiing (subscript) xpnoLUOTOLEL EGWTE-
pLKd avtikelpeva slice.

181k uédodog Mia uébodog ov Kakeitar olwnpd atd v Python yia vor eKTeAE0EL Lo OUYKEKPLUEVT] AEL-
Tovpyia og évav TOmo, 6TTwg 1 TPooO K. TéToleg uéBodol xovve ovopaTa IOV EEKLVOUV KOL TELELHVOUY
ue dumhég kdtm mavhes. O eldikég uéBodoL TEKUNPLDVOVTOL 0TO specialnames.

dMrwon Mo mpdtoon eivol pépog wag covitag (éva «umhok» Kdduka). Mia mpdtaon eival eite évog
expression gite o, ard modhég douég e pa MEN-Khewdi dmwg if, while M for.

strong reference Zto C API g Python, wo woyvpn ovogopd eivar o avagpopd o€ Vo aVILKEIUEVO
IOV OVIKEL OTOV KOdLKaA TTov TtepLéyel Ty avagopd. H woyvpn avagpopd houfdavetor KaAoviog to
Py_INCREF () Otov 1 avapopd dnuovpyeitol ko amehevdepdvetol e Py DECREF () Otav dtorypa-
el 1 avagopd.

H ouvaptnon Py_NewRef () Wropei vo xpnouorotn0el yia T dSnuovpyia loyuphg avapopag og éva
avrtikeipevo. Zuvnbwg, N ouvapton Py_DECREF () mpémel vo KAAEITOL 0TV LoYvpy ovapopd pLy
ByeL ammd o €VPOG TG LOYVPNG AVOPOPAGS, YL VO OTTOPEVYOEL 1] dLOPPON ULOG AVAPOPAGS.

Bh. emtiong borrowed reference.

Kwdkomoinon kewnévov Mia ovuforooelpd otnv Python givar po akohoubio onueiwv kddika Unicode (oto
eVpog U+0000-U+10FFFF). ['la vo auroBnkevoeTe 1 va. PETAPEPETE o OUUPBOLOCELPA, TIPETEL VaL OEL-
promonOei mg dvadiki) akorovdia.

H ogipromoinon pag ouuforooelpdg oe pua dSuadikt) akorovdia elvol yvmot wg «<KwdLKomoinon» , Ko
N ovodnuovpyia TG oupporooelpds amd v dvadikr| akohovbia elvol yvmoT oG «amoKmolKomTol-

nomn».

Yrdpyer po workihion SLopopeTIKNG OELPLOTOINONG KELEVOL codecs, 0L 0TToioL CUAAOYIKA avapépovTaL
WG «KMOUKOTOLNOELG KEWEVOU».

apyeio kewévov 'Eva file object tkavd vo SLOBALEL Kol voL YpAgeL avTIKeileva st r. Zuyvd, éva apyeio Keué-
VOU AITOKTA TTPAYUATLKA TTPOOPaoT] o€ (o por] duadik) por dedouévwv ko xewpiletal avtopota v
text encoding. TTopadeiynorto apyeinv KeEVoL eival apyeio Tov avoiyouv og hettovpyio kepévou (' r'
N 'w'), sys.stdin, sys.stdout, Kot oTLyWOTUITO TOV 10. StringIO.

BA. emiong binary file yio évar OVTLKEILEVO OPYELOV [LE dUVATOTITA AVAYVWONG KaL YYPAPNG dvadikd
avTikelueva.

oupforocelpd TPUTA®Y ELoaymYIKOV Muio ouuBOA0CELPE OV SeoUEVETOL OTTO TPELG TTEPLTTWOELG EiTE EVOG
eLooywytkov (») N wag amootpdpov (). Av xor dev Tapéyouv Kouio AeLtovpytkotnTa Tov dev eivol
duabéaun pe ouufolooELpEéG He LOVA ELOOYMYLKE, elvarl xpfoLues yio dtagpdpoug Adyous. Zag emiTpé-
TTOUV VO CUIITEPLLAPETE LOVA KO DLTTAG ELOAYDYLKA Y WPLG dLOpUYY O (o OVIBOLOCELPA Kall UTTOPOVY
VoL EKTEVOVTOL 08 TTOMES YPOUUES XWPLG T XPNON TOU YOPAKTHPC CUVEXELX, KOOLOTDOVTOG Ta LOLLTEPQL
YPHOLO KATd T GUVTOEN eYYPAPoV He oupporooelpéc.

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 asits ___class___ attribute or can be retrieved with type (ob7j).

type alias 'Evo ouvadvupo yo évay thmo, mov dnuiovpyeitar ue tv ovafeorn TOmov o€ £V avayvopLoTko.

Ta type aliases eival ypnowpa yio tnv osthomoinom type alias. Tia tapdderypor:

def remove_gray_shades (
colors: list[tuple[int, int, int]]) —-> list[tuplelint, int, int]]:
pass
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WITOPEL VoL YivEL TTL0 evavayvwoTto dmwg:

Color = tuple[int, int, int]

def remove_gray_shades(colors: list[Color]) -> list[Color]:
pass

B\ typing kouw PEP 484, mov meprypdepel authv Tnv hettovpytkdtnta.

type hint 'Evag annotation mov KaHopilel TOV avoueVOUEVO TUTTO VLol (o UETOPANTY], EVOL YUPAKTNPLOTIKO
KAGONG ) Wt TTAPAUETPO OVVAPTNOTG 1) TLUT) ETLOTPOPTG.
Type hints are optional and are not enforced by Python but they are useful to static type analysis tools, and aid
IDEs with code completion and refactoring.

YrodeiEeig tomov (type hints) yia kabBolkég petaPinTés, xapoaKTHPLOTIKE KAAONG KoL ouvapTh-
oelg , OMG Oyl ToTké ueTafANTég, UmopovV VA TPOOTEAACTOUV YPNOLUOTOLMVTAG TO typing.
get_type_hints ().

B\ typing ko PEP 484, mov meprypdepel outhv Tnv hettovpytkdtnto.

kobohxés véeg ypaupés Eva tpdmog epunveilag podv Keluévou otov omoio Oha ta akdlovba avayvwpilo-
vtar g MEelg wag ypopung: 1 ovufaon téhovg ypouug tov Unix '\n', 1 ovupaon twv Windows
"\r\n', ko v moid ovppaon Macintosh '\r'. BL. PEP 278 xauw PEP 3116, kabng ko bytes.
splitlines () yw mpooOetn xpnon.

annotation pevapiyeig ‘Evag annotation o, petaAng 1 evog xopaktnpLlotko KAGoNG.

‘Otov annotating puo HeTaBANTY 1 va xopakTnpLotikod kKAdong, 1 avabeon eivol TpoatpeTikn:

class C:
field: 'annotation'

Ta annotations HETAPANTOV X PNOLULOTOLOVVTAL CUVIOWGS YLaL fype hints: Y10 ToPAdeLyuo outh N LeTaFAnTy
avapéveral va MfeL Tiég int:

count: int = 0

H ovvtoEn annotation petafintig epLypdgpetan oty evoTnTo annassign.

BA\. function annotation, PEP 484 wouw PEP 526, mov mepuypdgovv aut ) Aettovpyia. Agite emiong
annotations-howto yia BELTLOTEG TPAKTIKEG OYETIKA Ue TNV EpYacia e oyxoMaouove.

virtual environment 'Evo cuvepyotikd ommopovopévo meptBdlhov xpovou eXTELECTG TOVU EMLTPETEL OTOVG
¥PNOTEG KoL TIG eOpuoyés ™G Python va eykataotioovv ko vo avafaduicovv mokéto diavoung
Python ywpic vo mapepfaivovy ot ouumeplpopd dlwv epapuoymv Python mov extelovvral oto idro
ovoTNUO.

B emiong venv.

virtual machine 'Evag vmohoyioti|g opiletar €€ ohokApov astd to hoyioukod. H eucoviky) unyovn tg Python
eKTeELEL TO bytecode mov ekmépmetal ortd Tov peToylwttioti) bytecode.

Zen tc Python Kotdhoyog oyedlaotikdv apydv KoL (LLOGOQLOV TTOV ELVOL YPTOLUES YLOL TNV KATOVONOT
Kaw ™) ¥phHon g YAwooac. O Katdhoyog umopel va Bpedel tinKtporoymvtag «import this» oty
dLadPaoTIKY KOVOOLQL.
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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.

‘Ekdoon Mpoepxduevn ard | ‘Etoq Idloktnoia | GPL compatible?
0.9.0éwg 1.2 | 8/v 1991-1995 CWI vau
13¢éwg1.52 | 1.2 1995-1999 CNRI VoL
1.6 1.5.2 2000 CNRI oyl
2.0 1.6 2000 BeOpen.com | OyL
1.6.1 1.6 2001 CNRI oyl
2.1 2.0+1.6.1 2001 PSF oYL
2.0.1 2.0+1.6.1 2001 PSF va
2.1.1 2.142.0.1 2001 PSF VoL
2.1.2 2.1.1 2002 PSF VoL
2.1.3 2.1.2 2002 PSF VoL
2.2 kou whvo | 2.1.1 2001-ofuepo. | PSF VoL

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 3.10.18

1. This LICENSE AGREEMENT is between the Python Software Foundation.
— ("PSF"), and

the Individual or Organization ("Licensee") accessing and otherwise.
—using Python

3.10.18 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 3.10.18 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 3.10.18 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 3.10.18 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
3.10.18.

4. PSF is making Python 3.10.18 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 3.10.18 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 3.10.18

FOR ANY INCIDENTAL, SPECIAL, OR CONSEQUENTIAL DAMAGES OR LOSS AS A._
—~RESULT OF

MODIFYING, DISTRIBUTING, OR OTHERWISE USING PYTHON 3.10.18, 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 3.10.18, 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 otV TOUEVY 0EMDL)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

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

(ouvEyEeLa TNV ETTOUEVT) GENDQ)
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(ovveyiletal 0md TNV TPONYOUUEVT 0eMd)

with respect to Paragraphs 4, 5, and 7 of this License Agreement. Nothing in
this License Agreement shall be deemed to create any relationship of agency,
partnership, or joint venture between CNRI and Licensee. This License Agreement
does not grant permission to use CNRI trademarks or trade name in a trademark
sense to endorse or promote products or services of Licensee, or any third
party.

8. By clicking on the "ACCEPT" button where indicated, or by copying, installing
or otherwise using Python 1.6.1, Licensee agrees to be bound by the terms and
conditions of this License Agreement.

r.2.4 ZYMoOQNIA AAEIAZ CWI I'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.

".2.5 ZERO-CLAUSE BSD LICENSE FOR CODE IN THE PYTHON 3.10.18
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. 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.

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

The socket module uses the functions, getaddrinfo (), and getnameinfo (), which are coded in separate

source files from the WIDE Project, 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.

r.3. Adeleq kat Euxaplotieg yia Evowpatwpgvo AOyLOHLKO
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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

The test_epoll module contains the following notice:

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.

* % o

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

The modules hashlib, posix, ssl, crypt use the OpenSSL library for added performance if made available
by the operating system. Additionally, the Windows and macOS installers for Python may include a copy of the
OpenSSL libraries, so we include a copy of the OpenSSL license here:

LICENSE ISSUES

The OpenSSL toolkit stays under a dual license, i.e. both the conditions of
the OpenSSL License and the original SSLeay license apply to the toolkit.
See below for the actual license texts. Actually both licenses are BSD-style
Open Source licenses. In case of any license issues related to OpenSSL
please contact openssl-corelopenssl.org.

OpenSSL License

Copyright (c) 1998-2008 The OpenSSL 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. All advertising materials mentioning features or use of this
software must display the following acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit. (http://www.openssl.org/)"

4. The names "OpenSSL Toolkit" and "OpenSSL Project" must not be used to
endorse or promote products derived from this software without
prior written permission. For written permission, please contact
openssl-corelopenssl.org.

5. Products derived from this software may not be called "OpenSSL"
nor may "OpenSSL" appear in their names without prior written
permission of the OpenSSL Project.

6. Redistributions of any form whatsoever must retain the following
acknowledgment:
"This product includes software developed by the OpenSSL Project
for use in the OpenSSL Toolkit (http://www.openssl.org/)"

THIS SOFTWARE IS PROVIDED BY THE OpenSSL PROJECT "“AS IS'' AND ANY
EXPRESSED 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 OpenSSL PROJECT OR
ITS 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)

EE R R e . N S N S S SN SRS S S T SIS S SN S N S N S S S e R N S N S N S T S T R

(ouvéyela otV eV oehida)
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ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

This product includes cryptographic software written by Eric Young
(eay@cryptsoft.com). This product includes software written by Tim
Hudson (tjh@cryptsoft.com).

% ok X ok X % X %

Original SSLeay License

Copyright (C) 1995-1998 Eric Young (eay@cryptsoft.com)
All rights reserved.

This package is an SSL implementation written
by Eric Young (eaylcryptsoft.com).
The implementation was written so as to conform with Netscapes SSL.

This library is free for commercial and non-commercial use as long as
the following conditions are aheared to. The following conditions
apply to all code found in this distribution, be it the RC4, RSA,
lhash, DES, etc., code; not just the SSL code. The SSL documentation
included with this distribution is covered by the same copyright terms
except that the holder is Tim Hudson (tjh@cryptsoft.com).

Copyright remains Eric Young's, and as such any Copyright notices in

the code are not to be removed.

If this package is used in a product, Eric Young should be given attribution
as the author of the parts of the library used.

This can be in the form of a textual message at program startup or

in documentation (online or textual) provided with the package.

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 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. All advertising materials mentioning features or use of this software
must display the following acknowledgement:
"This product includes cryptographic software written by
Eric Young (eay@cryptsoft.com)"
The word 'cryptographic' can be left out if the rouines from the library
being used are not cryptographic related :-).
4. If you include any Windows specific code (or a derivative thereof) from
the apps directory (application code) you must include an acknowledgement:
"This product includes software written by Tim Hudson (tjh@cryptsoft.com)"

THIS SOFTWARE IS PROVIDED BY ERIC YOUNG " "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

L T T T I S S S S N S S S S S S N S N S N N S S T S e . N S N S S S S S S S S S S S
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* QUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF

* SUCH DAMAGE.

*

* The licence and distribution terms for any publically available version or
* derivative of this code cannot be changed. i.e. this code cannot simply be
* copied and put under another distribution licence

* [including the GNU Public Licence.]

*/

.3.13 expat

The pyexpat extension is built using an included copy of the expat sources unless the build is configured ——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 libffi sources unless the build is configured ——with-
system—-1ibffi:

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

(ouvéyela 0TV TOUEVY 0EMD)
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NONINFRINGEMENT. IN NO EVENT SHALL THE AUTHORS OR COPYRIGHT
HOLDERS BE LIABLE FOR ANY CLAIM, DAMAGES OR OTHER LIABILITY,
WHETHER IN AN ACTION OF CONTRACT, TORT OR OTHERWISE, ARISING FROM,
OUT OF OR IN CONNECTION WITH THE SOFTWARE OR THE USE OR OTHER
DEALINGS IN THE SOFTWARE.

r.3.15 zlib

H eméxtaon z1ib dnuovpyeital Yp1oLUoTOLmVTAS VO CUUTEPIAAUBAVOUEVOL avTiypapo Tmv Tnydv zlib,
eqv 1 £xdoom Tov zlib tov BpiokeTol 0To GVOTNUO ELVOL TTOA) TTOME YLOL VAL X PN OLULOTTOLNOEL YL TNV KATOOKEVT):

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 Baociletol 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

(ouvéyela 0TV TOUEVY 0EMD)
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contributors may be used to endorse or promote products derived
from this software without specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS
FOR A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE
COPYRIGHT OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT,
INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES
(INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR
SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT,
STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE)
ARISING IN ANY WAY OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED
OF THE POSSIBILITY OF SUCH DAMAGE.

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.

M.3.18 W3C C14N ocouita SoKLHuNiQ

H oovita doxiurig C14N 2.0 oto mwokéto test (Lib/test/xmltestdata/cl14n-20/) avaktiOnke amd
tov totdtomo tov W3C https://www.w3.org/TR/xml-c14n2-testcases/ Kau dravépetar pue v ddewa 3 phtpov
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

(ouvéyela 0TV nOUEVY 0EMDL)
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are met:

* Redistributions of works must retain the original copyright notice,
this list of conditions and the following disclaimer.

* Redistributions in binary form must reproduce the original copyright
notice, this list of conditions and the following disclaimer in the
documentation and/or other materials provided with the distribution.

* Neither the name of the W3C nor the names of its contributors may be
used to endorse or promote products derived from this work without
specific prior written permission.

THIS SOFTWARE IS PROVIDED BY THE COPYRIGHT HOLDERS AND CONTRIBUTORS
"AS IS" AND ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT
LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
A PARTICULAR PURPOSE ARE DISCLAIMED. IN NO EVENT SHALL THE COPYRIGHT
OWNER OR CONTRIBUTORS BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL,
SPECIAL, EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT
LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE,
DATA, OR PROFITS; OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY
THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT
(INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY OUT OF THE USE
OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE.

M.3.19 Audioop

To module audioop ypnowormoiel wg Baon kmdika tov apyeiov g771.c Tov épyov Sox. https://sourceforge.net/
projects/sox/files/sox/12.17.7/sox-12.17.7 .tar.gz

Avto o yaiog KOdkag eival poidv g Sun Microsystems, Inc. Ko Tap€yETOL VL0 ATEPLOPLOTY
xpNo1n. Ou %pf|oTEG UTOPOVV VO AVTLYPAPOUV 1] VO TPOTOTTOL)OOUV OUTOV TOV TNYoio KMOLKA
x0plg xpEwon.

O IMTHI'AIOZ KQAIKAZ TOY SUN ITAPEXETAI OINOQZ EXEI XQPIZ KANENOZ EIAOYZ EI'-
I'YHZEIZ ZYMIIEPIAAMBANOMENQN EITYHZEQN ZXEAIAZMOY, EMITIOPEYZIMOTH-

TAZ KAT KATAAAHAOTHTAZX I'TA 2YTKEKPIMENO 2KOIIO ‘H TIOY ITPOKYTITEI AITO
KAIIOIA TIOPEIA ZYNAAAAT'HZ, XPHXHX 'H EMIIOPIKHZ ITPAKTIKHZ.

O niyaiog KOdIKAG Tov Sun Tap€yeTol Xmpig TNV VITooTHPLEN Kot wpig Kauio voypémon) ek ué-
poug ¢ Sun Microsystems, Inc. vo. fonOnoeL oty xp1omn, otn dLdpOwaom, tpomomoinom 1 fertiwon
TOU.

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 xopia mepimrwon 1 Sun Microsystems, Inc. dev @éper evbivn Yoo OV ammielo €cOdWV 1)
KepdwV 1N dAheg e1dIKEG, Eupeoeg Kat emokOhovbeg Tnuiec, akoun ko av 1 Sun €yl evnuepwoet
yLoL TV TOOVOTNTO TETOLWY TNULDV.

Sun Microsystems, Inc. 2550 Garcia Avenue Mountain View, Kalugpdpvio 94043
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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.

157



Python Tutorial, Anpooiguon 3.10.18

158 Mapaptnua A'. Copyright



Eupetriplo
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