NOHCKOW TOCYAAPCTBEHHbIN TEXHUYECKNIA
YHUBEPCUTET

KAGELPA ABTOMATU3ALUA MPON3BOACTBEHHbIX TMTPOLIECCOB

NNERUWMA Ne12

[eHepaTopbl, 31eMeHTHI
GYHKLUMOHANbHOIO
NporpamMmmmpoBaHnNA, aHHOTaLNK
TUMNOB N BUPTYya/ibHaA cpea B Python

COCTABUTE/Ib: KAHA. TEXH. HAYRK  BbIKAAOP B.C.



[eHepaTop KaK KOPOTKMKU UuKn for

result = [element for element in collection]

Uukn £for [eHepaTOp

(venv) vitalybykador@Air-Vitaly test % /Use
lectures2.py

(venv) vitalybykador@Air-Vitaly test ¢ st = [1, 30, 2, 4, 2]
lectures2.py
res [1, 900, 4, 16, 4]

st = [1, 30, 2, 4, 2]

res = [1, 900, 4, 16, 4]




[eHepaTop c ycnosuem 1 £

result = [element for element in collection 1f condition]

Lnkn for
[eHepaTOp

(venv) vitalybykador@Air-Vitaly test % /Users/vitalyby
lectures2.py

st = [1, 30, 5, 7, 2]
(venv) vitalybykador@Air-Vitaly test % res = [30, 2]
lectures2.py
st = [1, 30, 5, 7, 2]

res [30, 2]




[eHepaTop C paclUMPEHHbIM CUHTaKCUCOM

result = [el01, el02 for el0l in collect(0l for el02 in collect0Z2]

LUukn £or [eHepaTOop

TEPMWUHATN

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/tes
lectures2.py

(venv) vitalybykador@Air-Vitaly test % /Users lst_x = [1, 30]
lectures2.py lst_y = [4, 2]

Ist_x = [1, 30] lst_res = [5, 3, 34, 32]
Ist_y = [4, 2]

lst_res = [5, 3, 34, 32]




[eHepaTop C paclUMPEHHbIM CUHTaKCUCOM

result = [el01, el02 for el0l in collect(0l for el02 in collect02 i1f condition]

LUukn for [eHepaTOop

MPOBJIEMbI BbIXOOHbIE OAHHbIE KOHCO/1b OTNAOKW TEPMUHAIT JUPYTER

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/test/venv/bin/python /Usdg
lectures2.py

lst_x
lst_y

[1, 30]
(4, 2]

lst_res = [34, 32]

(venv) vitalybykador@Air-Vitaly test % /Users/vital
lectures2.py

lst_x
lst_y

[1, 30]
[4, 2]

lst_res = [34, 32]




(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/tes{

lectures2.py

lst_x
lst_y

1st_res = [25, 144]

CNnoXHble reHepaTopsbl

Mpumepsbl ¢ umknom for

YaCTHaA onepauund

YacTHaa onepaums
N N

) )

obulan onepauus obulan onepauns
TEPMWHAT TEPMUHAN

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/tes
lectures2.py

lst_x
lst_y

1st_res

BblHecem 06u.|,yro onepaunto B reHepaTtop, a 4aCTHyr onepayuno oCtTaBnMM B LUUNKNE.



CNnoXHble reHepaTopsbl

Mpeablaywime NnpUMepbl C reHepaTopom

[i] [i]
obuwan onepauus

)

)
~

4YaCTHAaA onepauna

TEPMWHAT

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PR(Q
lectures2.py

1st_x [1, 3, 5, 4
lst_y [4, 2, 7,

1st_res = [25, 144]

(venv) vitalybykador@Air-Vitaly test % I

lst_x
lst_y

lst_res

'd" lkl,

’
, Ial’ lol'

['qiqiqigiqi', 'kokokokoko']




Obuwme csefeHnA 0 PYHKUMOHA/IbHOM NPOrpaMmmMuUpoOBaHnNK

PYHKUMOHaNbHOE NPOrpaMmmMmnUpPOBaAHMNE npeacraBnser  cobou napagaurmy
NPOrpaMMMPOBAHMA, TaK Ke KaK M npoueaypHoe NporpaMmMMpPOBaHNA U ODODBEKTHO-
OPMEHTUPOBAHHOE MNPOrPaMMMpPOBaHME, HO B OTIMYMM OT ISTUX Napagurm B
GYHKUMOHAaNbHOM MPOrpPaMmMMUPOBAHUMN  TMPOLECC BbIMUCAEHUA pPACCMATPUBAETCA KaK
BblYNCNEHUE 3HAYEHUN (PYHKUMMN MMEHHO B MaTeMaTUYECKOM CMbIC/Ie, @ He B BUAE
noanporpamm.

Ona @YHKUMOHANbHOTO MPOrPaMMMUPOBAHMA XapaKTEPHO OTCYTCTBME oOrnepauumu
npucBamBaHuA, TaK KaK B OYHKUMOHA/IbBHOM MNPOrpaMMMPOBAHUN  HET NOHATMA
nepemeHHOMN.

Tak KaK HeT nepemeHHbIX ANA XPaHEeHWUA AaHHbIX, TO NPOrpamma He XPaHUT CBOE
TeKyllee COCTOSSHUE N COOTBETCTBEHHO, 3TO COCTOAAHME HEe MOXKET ObITb U3MEHEHO U3 KaKOW-
nmbo onepaumen, 1o ectb B napagurme ¢GYHKUMOHANbHONO MNPOrPaMMMUPOBAHUSA HET
No60oYHbIX 3 PEKTOB.

PyYHKUMOHaNbHOE nporpaMmmmpoBaHume onupaetcs Ha dbopmanbHyto
MaTeMaTUYECKYIO TEOPUIO - A-UcunucneHue.



Y710 ecTb B PYHKLIMOHA/IbHOM NPOrPaMMMNPOBAHUM

PyHKUMM Bbiclero nopaaKa. 910 Takme GYHKLUMMN KOTopble MOTYT NMPUHUMATL Apyrue GyHKUMM B KavecTse
CBOWMX aprymMeHTOB 1 BO3BPaLWaTbh PYHKLMM KaK pe3ynbTaT cBoen paboTbl.

Yucrtblie yHKUMKU. ITO PYHKLUMN KOTOPbIE HE MMEIOT TaK Ha3biBaeMbiX NOOOYHbIX 3PDEKTOB, TaK KaK AaHHbIE

bYHKLUMMN 3aBUCAT TONIbKO OT CBOUX apryMeHTOB.

Y10 AatoT YncTble GYHKUUMK:

* ecau yncrtana GyHKUMA He NCMONb3YETCA, TO OHA MOXKeT bbITb yaaneHa U3 nporpammbl 6e3 Bpeaa Aas NPorpaMmmbl;

* pe3ynbTaT YNCTOM PYHKLUM MOXKHO MEMOU3NPOBATL, TO CTb COXPAaHUTb B TabauLe B mecTe C apryMeHTaMu BbI30Ba;

e Ecauv uymncTtble PyHKUMKN He 3aBUCAT APYr OT Apyra, TO NOPAAOK UX BbI30BA MOXKHO MEHATb, a TaK »Ke Takue PyHKUMK
MOXKHO pacnapansienuBaTb.

Pekypcua. PyHKUMOHANBbHOM NPOrPaMMUPOBAHUN HET MOHATUA LNKNA, LMKAbI PEaNn3yoTCA Yepe3 PeKYPCMBHbIN BbI3OB
byHKUUN.



J[locToMHCTBa M HeaoCTaTKN GYHKLMOHANBHOIO
NporpammupoBaHKA

AdocTtounHcTBa:

* [loBbilWeHMe HAAEKHOCTU KoAa.

* BO3MOXHOCTb Napannenmsma.

* JloKanbHaA YNTAaEeMOCTb Koaa.

* BO3MOXXHOCTb ONTUMMU3AUUU MPU KOMNUAUPOBAHUN NPOrPaAMM.
* Yno6cTBO OpraHmM3auum Moay/bHOIro TeCTUPOBAHMUS.

HepoctaTtKu:

* BbliCcOKana cTeneHb abcTpakumMn PyHKLMOHANIbHOIO NPOrpaMmMmnpPOBaHNA He NO3BOAET OAHO3HAYHO ONpPeaeInTb Kakue

AencTema 6yayT BbIMOAHEHbI KOHEYHOM annapaTypon => C/I0KHO MOHATb CKOMIbKO BPEMEHM U NaMATM noTpebyeTtca ans

BbINOJIHEHUA NMPOrPammbl HANUCAHHOW B PYHKLMOHAIbHOM CTUNE.

e OTcyTCcTBME ONEpaLUN MPUCBOEHUA N MEPEMEHHbIX, @ TaK e Hann4ne pekypcumn TpebyeT BbICOKOIGHEKTUBHON CUCTEMDI

aBTOMAaTUYECKOro yrnpaB/ieHNA NaMATbIO, TaK Ha3bIBAEMOI0 «CHOpLLMKA Mycopa.

* B pamkax ¢yHKUMOHANbHOM NapaaMrmbl CIOXKHO peann3oBaTb onepaumy BBOAa-BbiBOAA.

e [1nA Tex KTo NporpammmpyeT B paMKax UMNEPATUBHbIX MNapaAnurm MOXKeT ObiTb C/IOXKHO MOHATb KOA, NPOrpammbl
HanMcaHHOM B GYHKLMOHANbHOM Napaaurme.



KaKkue bbIBaloT A3blIKM NPOrpammMUpoBaHUA

A3bIKM NPOrpaMmMmMPOBaAHUA NO
napagaurmam

MmnepaTuBHbIe C ®OYHKUMOHANbHbIE C
Yncto umnepaTuBHbIE Yncto GpyHKUMOHANbHbIE 3N1eMeHTaMM 3N1eMeHTaMM

GYHKLUMOHANbHOTO MMMNEePaTUBHOIO
»Haskell

PROGRAMMING
LANGUAGE




dnemeHTbl PYHKUMOHANbHOro NporpaMmmmpoBaHus B Python

Nambpaa-BbiparkeHUA (AHOHMMHDbIE BbIPaXXeHMS) — 3TO NPOCTble OAHOCTPOYHbIE Nambaa-PyHKUMKN (QHOHMMHbIE GYHKLUMK),

TO €CTb CI)yHKLI,MM, KOTOPblE HE UMEKDT UMEHMN.

lambda aprymMeHTEI: BHEHpPaXeHMUE

Lambda lambda

TEPMUHAT TEPMUHATN

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJE!

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/1
lectures2.py lectures2.py
Mpueet! A lambda-BbipaxeHue . | H.T '
(venv) vitalybykador@Air-Vitaly test % |:| PSS LS
Mpuset! A Wpa!
(venv) vitalybykador@Air-Vitaly test % I




dnemeHTbl PYHKUMOHANbHOro NporpaMmmmpoBaHus B Python

CpaBHUTe ABa BapuaHTa peanmsaunum ogHom u Ton Xe PyHKUUN.,

lambda

(f

(venv) vitalybykador@Air-Vitaly test % /Users/vit

(venv) vitalybykador@Air-Vitaly test % /Users/vi lectures2.py

lectures2.py a+b=>5

a+b=25 (venv) vitalybykador@Air-Vitaly test % I
(venv) vitalybykador@Air-Vitaly test % I




dnemeHTbl PYHKUMOHANbHOro NporpaMmmmpoBaHus B Python

MpMep NPOCTOro KanbKynaTopa Ha ocHoBe cnoBaps (13 nekunun Ne 03)

def ( ) P
8 def ( )
}
def ( ) 27
def ( ) ()
[op]
( )
(f )

MNPOBNEMBI BbIXOOHbIE OAHHbIE KOHCOJ1b OTNAOKW TEPMWHAN JUPYTER

(venv) vitalybykador@acBook-Air-Vitaly test % /Users/vitalybykador/PROJE

result = 5
(venv) vitalybykador@acBook-Air-Vitaly test % I




dnemeHTbl PYHKUMOHANbHOro NporpaMmmmpoBaHus B Python

Nlambaa-BblparkeHuns

{
lambda

lambda
lambda
lambda

TEPMUHAT

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/test/venv/bin/python /Users
lectures2.py

result = 5



dnemeHTbl PYHKUMOHANbHOro NporpaMmmmpoBaHus B Python

®PyHKUMA map

map (J1aMOna—BEPAXEHME ! [IOCJIeNOBaTEJIbLHOCTD)

(venv) vitalybykador@Air-Vitaly test % (venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/F
lectures2.py lectures2.py

res = [1, 16, 25, 121, 36]

res = [1, 16, 25, 121, 36]

(venv) vitalybykador@Air-Vitaly test % /Users/vit
lectures2.py

res = [1, 16, 25, 121, 36]



dnemeHTbl PYHKUMOHANbHOro NporpaMmmmpoBaHus B Python

PyHKumnA filter

filter (namboma-BrpaxeHMe: IIOCJIEIOBATEJILHOCTD)

]
lambda

PR

TEPMUHAT

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/tes
lectures2.py

res = [4, 6]

(venv) vitalybykador@Air-Vitaly test %
lectures2.py

res = [4, 6]



dnemeHTbl PYHKUMOHANbHOro NporpaMmmmpoBaHus B Python

(venv) vitalybykador@Air-Vitaly test % /Us
lectures2.py

res = [16, 36]

]
Llambda




dnemeHTbl PYHKUMOHANbHOro NporpaMmmmpoBaHus B Python

3ameHa nocnenoBaTe/ibHOCTU AencTBUMU cynepnosuuuein GyHKUUMA.

]
lambda lambda

Bo3BpallaeT CnMCoK OTOUNBTPOBAHHbIX 3/1EMEHTOB

TEPMWHAI

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/test/venv/bin/python /Users/vita
lectures2.py

res = [16, 36]

(venv) vitalybykador@Air-Vitaly test % /Us
lectures2.py

res = [16, 36]




dnemeHTbl PYHKUMOHANbHOro NporpaMmmmpoBaHus B Python

dyHKuMA reduce

reduce (1aMOOa—-BEPAXEHME : TIOCJEIOBATEJILHOCTD)

]
QETES

TEPMWHATN

(venv) vitalybykador@Air-Vitaly test S
lectures2.py (venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PR
lectures2.py

res = 26

res = 26

1+4+5+7+9=26



dnemeHTbl PYHKUMOHANbHOro NporpaMmmmpoBaHus B Python

dyHKuMA reduce

]
QELE

N

TEPMUWHAT

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJ
lectures2.py

res = 51
(venv) vitalybykador@Air-Vitaly test % /Uss
lectures2.py

res = 51

1+2%4+2*5+2*%7+2%9=51




dnemeHTbl PYHKUMOHANbHOro NporpaMmmmpoBaHus B Python

®yHKumMn reduce u filter

]
QT E

TEPMWHARN

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykador/PROJECTS/test/venv/bin/python /Users/vitaly
lectures2.py

res = 22

(venv) vitalybykador@Air-Vitaly test
lectures2.py

res = 22

1+4&+5+7+9=22



AHHOTaUMN TUNOB

A3bIK NporpammunpoBaHma Python, Kak N3BeCTHO, UMeeT ANHAMUYECKYIO TUNM3aumto 1 3To bbiBaeT yaobHo B

naaHe YHM(I)MKaLI,MM KO4da, CKOPOCTU HanmMcaHAa Koga U oTCyTCTBUA H€O6XO,£I,VIMOCTM Bbl60pa TOro U1 NHOro

TMNA, TaK XXe AMHAaMMNYeCcKaa TuNmM3auusa obneryaet peanmsaymto nonmmopdmnama
B OOI.
1

5
() ()
(f ) (f )
() ()
MPOBJIEMbI BbIXOOHbIE OAHHDbIE KOHCOJ1b OT/TIAOKWA NMPOBJIEMBbI BbIXOOHbIE OAHHDIE KOHCOJIb OTNNAOKHA
(venv) vitalybykador@Air-Vitaly test % /Users/vit (venv) vitalybykador@Air-Vitaly test % /Users/vit;i
or/PROJECTS/test/for_lectures2.py or/PROJECTS/test/for_lectures2.py

sum = 5 sum = [pusert!




AHHOTaUMN TUNOB

Tem He meHee B coBpemeHHOM Python eCcTb BO3MOXXHOCTb YKa3aTb TUMbl OXXMNOaeMbliX
nepemeHHbIX.

3TO He O3HAYaeT, YTO ecan NapameTpbl PYHKUMM aHHOTMPOBAHbI TUNOM int, n nepeaaTb 3TOU
bOYHKUMM NnapameTpbl TMNA string, HO PVM He BbINO/AHUTbL Kog, — PVM Kog, BbINO/IHUTD.

AHHOTUPOBAHME TUMOB HEOOXOAMMO AN NOACKA3KU Pa3pPaboTUMKY, KAKOro TMNa NnapameTpbl
bYHKUUA OXKMnaaer.

TaK e ecTb cneunanbHble MHCTPYMEHTbI, HAaNpUMep mypy, KOTOPOMY MOXHO NepeaaThb B
KauyecTBe NapameTpa CKPUNT Ha A3blke Python ana npoBepKu COOTBETCTBMA NEpeaaBaEMbIX
1 NOSIyYaeMbIX TUMOB NapameTpPoB B GYHKLMIO. ITO CBOEro poJa aHaAor NPOBEPKM TUMOB
KOMMNMAATOPaMM B A3blKaX CO CTaTUYEeCKoM Tunusaumein. Ho B oTINYMM OT KOMNUNATOPOB,

mypy NpOCTO BblAAET NpeaynpexaeHne, a pelleHne NCnpaBaaTb Kog UM HeT OCTaéTcA 3a
NPOrpPaMmMMCTOM.



AHHOTaUMN TUNOB

def name func(a: name type, b: name type) -> name return type:

(a: int, b: int) —> int




AHHOTaUMN TUNOB

NMPOBJIEMbI BbIXOOHbIE JAHHbIE KOHCO/b OT/TAOKW MPOBNEMBI BbIXOOHbIE OAHHbIE KOHCO/Mb OTNALK

or/PROJECTS/test/Tor_lectures2.py or/PROJECTS/test/for_lectures2.py

sum = 5 sum = aabb




AHHOTaUMN TUNOB

(element: str) —> None

()




AHHOTaUMMN TUNOB

NMPOBJIEMBI BbIXOOHbIE OAHHbIE KOHCO/1b OTNTAOKU TEPMWU

(venv) vitalybykador@Air-Vitaly test % /Users/vitalybykadg
or/PROJECTS/test/for_lectures2.py
['hello', 'Bcem', 'pebata!'l




Table of Contents
typing — Support for

ty

AHHOTaUMN TUNOB

Bonee nogpo6bHO NpPo aHHOTALUMM TUNOB MOXHO Y3HaTb B CpaBKe No A3biky Python.

pe hints
Relevant PEPs

= Type aliases
= NewType

= Callable

= Generics

= User-defined

generic types

= The Any type
= Nominal vs

https://docs.python.org/3/library/typing.html#tcorresponding-to-types-in-collections

typing — Support for type hints

New in version

Type aliases

Source code: Li

Note: The Pythi A type alias is defined by assigning the type to the alias. In this example, vector
« annotations. Thi and 1ist[float] will be treated as interchangeable synonyms:

linters, etc.
Vector = list[float] wf’—'

def scale(scalar: float, vector: Vector) -> Vector:
return [scalar * num for num in vector]

# passes type checking; a list of floats qualifies as a Vector.

new vector = scale(2.0, [1.0,

from typing import NewType

—

UserId = NewType( 'UserId', int)
some 1d = UserId(524313)




BupTyanbHaa cpeaa BbINONHEHUA

BupTyanbHasa cpena BbiNOAHEHUA NO3BOAAET B NpoeKTe Ha Python nmetb Konuto
Heobxoanmbix 6nbamotek n PVM. Taknum 06pa3om MOXKHO NOJYHYUTb NOJHOCTbIO
M30/IMPOBAHHbIN NPOEKT N He 3aBUCUT OT 06HOBNEeHMA BbnnoTtek n sepcun Python .

B obuiem cnyyae npoueaypa co3gaHUA BUPTYA/IbHOM Cpebl 3aK/IF0O4AETCA B BbIMOJIHEHUM
cneayroLwmnx 4encTBun:



BupTyanbHas cpeaa BbinoOAHEHUA

[ ] New Project

Location: | [Users/vitalybykador/Downloads/test_env,

v Python Interpreter: New Virtualenv environment

*) New environment using | % Virtualenv

Location: [Users/vitalybykador/Downloads/test_env/venv

Base interpreter: Jusr/local/bin/python3.10

Inherit global site-packages

Make available to all projects

Previously configured interpreter

Create a main.py welcome script




BupTtyanbHana cpena
BbINO/NHEHUA

activate
activate.csh
activate.fish
activate.ps
activate.xsh
@ activate_this.py
e f2py
o f2py3
o 2py3.10
@ Pip
@ Pip3
2 Pip3.10
2 pip-3.10
i python
F python3
I python3.10
a Wheel
a Wheel3
» Wheel3.10
a Wheel-3.10
lib

Structure

M Bookmarks

Project «
v test_env
> venv

> main.py
v External Libraries

> @ < Python 3.10 (test_env) >
Scratches and Consoles

Python Packages

¥ |nstalled
wheel
setuptools
pip

» PyPIl repository

P Version Control i= TODO

%)

© Problems

= O — % main.py
1
e
0.36.2
57.0.0
21.1.2
EX Terminal ¥ Python Packages

PvCharm 7071 R 2 available J/ | Indate (a3 mintite aan)

@ Python Console




BupTyanbHaAa cpeda BbINOJAHEHUA

venv
& main.py
External Libraries
> @ < Python 3.10 (test_env) >
Scratches and Consoles

Python Packages

scipy{

¥ |nstalled (0 found)

scipy latest ¥ = Install
¥ PyPI repository (39 found)

scipy
scipyx
SciPyFST SciPy (pronounced "Sigh Pie") is an open-source software for mathematics, science, and engineering. It includes modules for statistics, optimization,
ScipySim integration, linear algebra, Fourier transforms, signal and image processing, ODE solvers, and more.

sciPyFoam

scipyplot « Website:

[F————————————— —
powered by NumFOCUS Pypi downloads [44M/month" Conda downloads |[30M | stackoverflow Ask questions DOI 10.1038/s41592-019-0686-2




BupTyanbHaa cpeaa

bin

BblINO/IHEHUA i
python3.10
site-packages
_distutils_hack
numpy

numpy-1.23.5.dist-info

pIp
pip-21.1.2.dist-info
pkg_resources
scipy
scipy-1.9.3.dist-info
setuptools
setuptools-57.0.0.dist-info
wheel
wheel-0.36.2.dist-info
_virtualenv.pth
@ _Virtualenv.py

distutils-precedence.pth

B pip-21.1.2.virtualenv

B setuptools-57.0.0.virtualenv

B wheel-0.36.2.virtualenv

o -gitignore

myinIiAanmaag I\Fﬂ




Uex(t), B

[porpammHbIY Koa Ha Python aonxeH
6bITb KOOOM Ha Python

3a,£|,aqa — HYXXHAd bbina UMNY/IbCHAA NOCNeaoBaTe/ibHOCTb

100 -

NNNNONNAONNAonNnNnNnoanNnnonNnr
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40

20

60 -
50 -
40
5‘ 30 -
20 -

10




[porpammHbIn Koa, Ha Python aonxeH
6bITb KOAOM Ha Python

PeweHwne No 01 B cTtune A3blKa
nporpammmpoBaHusa Cu.

16 cTpoK



[porpammHbIn Koa, Ha Python aonxeH
6bITb KOAOM Ha Python

PeweHune Ne 02 B cTune A3blka
nporpammmposaHma Python.

6 CTPOK



