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Nominal INT .wII5N WA WP DN W OX P D'ANIN D'0I19'0 'Y ,C++ IN Java-2

,JINT DNRIYY LIINM92 .VAIPYW DT KIN DI9'0N Y DUN :(*92'013 019'0-nn) Subtyping
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nYIN' Haannn :Protocol 1.2

NJ9IN D'ARIN NYYW DNANNIY NPHONN D ININWANY M1 interface V' Tan Protocoln

10'02 Protocol

from typing import Protocol

:01IwM 1H1 ,ABC 1 ,extends D1 15w subtype’ nronioin

class Greeter(Protocol):
def greet(self, name: str) -> str:

def welcome(g: Greeter) -> str:
return g.greet("world")

class English: # not inheriting from Greeter at all
def greet(self, name: str) -> str:
return f"hello {name}"

class Spanish:
def greet(self, name: str) -> str:
return f"hola {name}"

print(welcome(English())) # hello world
print(welcome(Spanish()))  # hola world

NNT 5011 ,Greeter'n D'wAI' DN Spanish Dl English D QNI nawNn NTIPaN
NN :N1an RN DRrnnnn L(mypy 1N2) NprTan D2 T Y Greeter > D'o9n) DY
.NDNIN NN'MN DY D' greet™w NI AlWNY

isinstance(x, :Ta% type checking HYw "1y NIn Protocol .5 Thn n1M2d .1.1n1vn
HWNY) NXM D12 isinstance NP'TA D'D'IX NDNA DNN DN .NXM DT YWD Greeter)
;NN 2% 1w .@runtime_checkable aProtocol-n nN1owp ,(IX'N TIp DY pwNNI
type nn NI NWON NN TR, DNOY NN'NNN NN ND, 0NN O 0P DPTIA NN NTANP'TAN
.checker
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INT 501N NT,NTHPNA 'MNNAD NY *TA%2 NTINN NT” NNon (... ) NID9HNN 1.2 nvn
JNNdoa NI NP ... N, TIAY! pass DX ;NTINA Y 'PNN 9N

VAXN 9D

.(M'wnn npnann NIPYIN 12N NIPYNNNI) NIPYNN NNd |1 interface pIbNY 1xwd
Y YN IN DTND D12 1XYW DT DX Nl ABC .ABC 19 Yy Protocol 19'Tyn
Va1 Protocol™ 1910 "2 TIon Nirn%” 173 p1 andaw ABC 5D :np'op1v1 .niininn

.NIN PITAY DH'NNNY

D0naIn D' :TypedDict 1.3

VTI'W S1Tan dict™n :records INd DNINAY DIY'NA D'OINY D'NAN D'OPNND
191 DNOYW D'2YNI NINNOYAN DR INNY TWONND TypedDict .0xya NINW NnN viN 100

D"Y1'¥DIN NINNSN DY TypedDict

from typing import TypedDict, NotRequired

:NIPONNY DNIN 119NY

class User(TypedDict):
id: int
name: str
email: NotRequired[str]

def describe(u: User) -> str:
email = uv.get("email"”, "no email")
return f"{ul'id'1}: {ul'name'l} ({email})"

ul: User = {"id": 1, "name": "Dana"}
{"id": 2, "name": "Omri", "email": "o@x.io"}

u2: User
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N2'MDY JDAMNOIN HIDNWD P total=False 901N vHnin TypedDict ninTana
19'¥90 NNoN %Y NotRequired 9Ty N'2'0PH0

909 dict |"Ty NIn NxM DT . TAYa type checking InTH 90 Nin TypedDict 1.3 navin
XInan 0'wnan 0aInanwd (pydantic Ywn’) Ny N2 NN DY ININ 25U ¥50In1 AT
XM DT DY A0 NY type checker™n ;RINW NN Y2 'TNN TIN91 json. loads

N'AN DT'OINMIO :Generic™l TypeVar 1.4

NTN DI9'0N” NDIYNY JNIN TypeVar .DID'0 NWN Y NI NIPTN DIV NIDIYN
NT .NN0NIO NIMY NPYNNY WWONA (N9 NPYNNR) GenericTl ;"N%1YD Y01 MDNW!
PITA YT NRD 03Nl TN List[Any]-2 0'%pniw Ty — NI I2'0 1N NN MIN

9y N
Nn"MonId n1aonn

from typing import Generic, TypeVar
T = TypeVar('T")

class Stack(Generic[T]):
def __init__(self) -> None:
self._items: 1ist[T] = []

def push(self, item: T) -> None:
self._items.append(item)

def pop(self) -> T:
return self._items.pop()

numbers = Stack[int]()
numbers.push(10)
n: int = numbers.pop() # mypy: OK
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N'wM NIN] 2AND2 (0190 H22119'9NNY [N1Y) 'wOIN DID'V NINWA :NNDJ0INY 19 IN'Y

MIN'D DY Y2pn variance DY IN (constraints IX bound) o'¥I19'" Dy nanwn . T IND ,NNN

TypeVar("T") 5901 .invariant NIn TypeVar 5Tnn N1M2ad .T_co 1nd N NN
122 ININ INT NP'TAN DOYW 7D ,NINWAN DY D'RNND Y

AYWONNILN'YPIID YW NRONAN NNNNN NN T219 ParamSpec .(ParamSpec) 1.2 n1Tan
.D'0I19'0 MNIY decorators™) 1IN .(wrapping) 910'W2 NNIN TNWH

NN'NNN YV 1NiIvY decorator

from typing import Callable, ParamSpec, TypeVar

ParamSpec("P")
TypeVar("R")

def logged(fn: Callable[P, R]) -> Callable[P, R]:
def inner(*args: P.args, #*xkw: P.kwargs) -> R:
print(f"calling {fn.__name__}")
return fn(xargs, #**kw)
return inner

@logged
def add(a: int, b: int) -> int:
return a + b

result = add(2, 3) # int, not Any

JS&%xKkwargs~i*args NH1pnw n'¥paiod add NN DININ NP'TA YD ParamSpec, XY
.NINDN NIX2 NNYWI NNaynn ParamSpec, DY .nNMNNN %Y YT' 9D DITANDI

cast"1 TypeAlias ,Annotated 1.5

qQ'0In Annotated :0'019'0N N>V YW DUYIN'WNI DOPN utility"n DN NYN NYIYY
12D0” NP'TAN 929 NI TWONN cast™l,NIDINN NINNDILY 1¥p DY NIl TypeAlias , TIv'n
YT NIDPA 12 D'WNNWAYD DRNAY '2INY 0OV ;"DYOQN 'Y
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0I9'V HY D'AIN1I"NLN

from typing import Annotated, TypeAlias, cast

UserId = Annotated[int, "must be positive"]
JsonObject: TypeAlias = dict[str, object]

def load() -> object:
return {"ok": True}

raw = load()
# mypy cannot prove this is a dict
data = cast(dict[str, object], raw)

IND NXM AT NINRD DHOYW VTN IN,TIVN) DRINI"ROVA DI9'VY 9'0IN Annotated ©
.DI910N NN NIAWY 1 ,(0RI1p pydantic

.NIDINN DINTAN YV NN YAINILAD1IN DID'0Y N2 DY NI TypeAlias ¢

DI'2112) Y122 'PYUNNA M0 NIN ."NPITAN DIN A0 NIFYTIFANT (122D NN cast ©
NI0N NN11D ,cast 1 02N DONYY NN D'RYIN DNN DX YaN .(DND2m &Y Daima
.DINAN DY [12] [I'9N

Plugins~i Services ,Repositories :'n'nxn D%ya 1.6

NY2Y A WINAN DX 99NN TWOR Protocol,”2 P nM9N domain™n NP TWND
MY YW 11'W5 D¥NOXYN NN database™ DHYW 1ayn 072D frameworks Al NPRIMA
:N'DI9'0 Repository N11an X' NNAN NNAITA .NNN
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Protocol Dy 1aNN

from typing import Protocol

class UserRepository(Protocol):
def find(self, user_id: int) -> User | None:
def save(self, user: User) -> None:

class PostgresUserRepository:
def find(self, user_id: int) -> User | None:
return query_postgres("SELECT ...", user_id)

def save(self, user: User) -> None:
execute_postgres("INSERT ...", user)

class FakeUserRepository:
def __init_ (self) -> None:
self.users = {1: User(id=1, name="Dana")}

def find(self, user_id: int) -> User | None:
return self.users.get(user_id)

def save(self, user: User) -> None:
self.users[user["id"]] = user

class UserService:
def __init__(self, repo: UserRepository) -> None:
self.repo = repo

def rename(self, user_id: int, name: str) -> User:
user = self.repo.find(user_id)
if user is None:
raise ValueError(f"no user {user_id}")
user["name"] = name
self.repo.save(user)
return user
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UserService™l ,TIN91 PostgresUserRepository ,nip'11Y FakeUserRepository

qryonn TypedDict™n N0 |82 User-n) Protocol.”n MINND TRV DN'AN M VTN KD
N7 (AnaN 12T YW Dk Dn execute_postgres/query_postgres il ,DTIPN
TINON YNWIYW NAIN — 6 P91 nXvw (N1MHn npatn) Injection Dependency~> 0'oan

NN NTIPA DY Plugin

from typing import Protocol

."¥IN2N 2'270 NN Y 1N"AYN” DNDA NAITAY DYDY TY

class OutputPlugin(Protocol):
name: str
def emit(self, line: str) -> None:

class Printer:
name = "printer"
def emit(self, line: str) -> None:
print(line)

class FileSink:
name = "file"
def emit(self, line: str) -> None:
with open("out.log", "a") as f:
f.write(line + "\n")

def run(plugins: list[OutputPlugin]) -> None:
for p in plugins:
p.emit("hello")

ani' naIvn T — Anti-pattern 1.7

NIN DT2NN .NYHAN ,NIIND 10N dict™n ,Any™n :ATh TIPN DY Y'NNN NNO9ND 9D
AT NN DN NP NN ND ,TINDY NIYVIAND [NW 1195 NONN NINDAITN NN DINTD
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D'DID'VL YW NY™MII Any 210 NY

# what NOT to do

def process(raw: dict) -> dict:
user_id = raw["id"] # unknown type
return {"result": user_id} # dict loses shape

P'1ITN [I'SN 2210

from typing import TypedDict, NotRequired

class Payload(TypedDict):
id: int
name: str
note: NotRequired[str]

def process(raw: Payload) -> dict[str, int | strl]:
return {"result": raw["id"], "name": raw["name"]}

(type inference) D'o19'0N NPON NN DNRWAIL ANy~ D'OYNNY Y2 :nNaNn 990N

IND NPITAN 1D NN 120”7 DXV NINAny .NIMMN NTIAY DIYIY DN D ,0pP'Tan 192Y

N DOYIN TIp 9w INWNY TY ;0pW DT NSNNNA ,NINTNN NIDYAN 5D NN DIDNYD
N9 0

apOHYANn 1.8

NPIT NP [ND DTN 21TA PHON I9TH NNNN DN .0 TN DN D'YOND DTN YN
:NN2N NTINDN DY ReportRenderer bwa Protocol 1N'Tan .0'WpNiwd
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ReportRenderer

from typing import Protocol

class ReportRenderer(Protocol):
def render(
self,
header: str,
rows: list[tuplel[str, intl],
) -> str:

Renderer Yw Protocol :1 520

LOPL 'TNNYW PlainRenderer NNl ,CSV W' Thnw CsvRenderer NN 1wn'm .1
Juim

NN NO'9TRW print_report(r: ReportRenderer) nwpao 1and .2
.D'YIN'NN Y DY N IWNNYNILBY9N

product: str Dy SalesRow Dwa TypedDict 1900 (Nw nn1) .3
.DNNN2 NNIYN YW DI9'0N DN 199001, units: int7

10
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DAY INYWNYI NYIY RINY NN NON,TAIY 10NWD NYIY NINY NN PN TTNA TN TIP
Excep- 5V TN ,N1121 NIXN NI 1121 DT P9 .NIVANA MY [0 NIYPN TN
21119) Logging Structured) n1ain 221159 HXI00HL 22019 11NAIL+3.1171 tion Groups
D2PIVY s(N'¥"1p Nintn) ID Correlation 512, 7192 NIYNW 1N HINWH WWORY ((N1aIn

.UONY NOWN VTN ¥XIDN! INWNYD :TY'N .NDIWNN Y11 NNN NWPA MNN

MIDI DN DO 241

1 (RuntimeError ,ValueError) niaam nnmn piar 8D N NXIDIN DIYON

.D1N2 NINONY YN Nanan 899 except ExceptionTa AN win'w .02 YrT7ang

0'D2 :[INN9N .DIDNY NN DNY I'N :"DDYYW NINDWN NN" DIDSNY DXIN NYNN 'WNNYWNRW)
:domain 925 minn

M
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DN'TIV" DIXAIN DU _

class PaymentError(Exception):
"""Bagse error for the payment domain."""

class InsufficientFundsError(PaymentError):
pass

class GatewayUnavailableError(PaymentError):
pass

def charge(card, amount: int) -> None:
if amount > card.balance:
raise InsufficientFundsError(
f"balance {card.balance} < amount {amount}"
)
if not gateway_online():
raise GatewayUnavailableError("gateway is down")
gateway.charge(card, amount)

:D'DIY DY NN NN PUTNA DIDNY D'DI1D' VINAN D'WNNWN 1'WDY

NNINN NN '9Y No'dN

try:
charge(card, amount)
except InsufficientFundsError as exc:
notify_user(card, str(exc)) # user-visible, retryable
except GatewayUnavailableError as exc:
retry_later(exc) # infrastructure, back off
except PaymentError as exc:
report_to_sentry(exc) # unexpected domain failure

except aININIDDNN ON .Y NN YD 1IN Exception nwarr nixann 0'0l .2.101VNn
except Exception ny :except PaymentError ny waioni NON Exception

12
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.NINN NIYD N'N DPYIA AINI NINDNIL,DNIN INMDNI QMDY MY DN D) 109NN

(+3.11) niainn nixni Exception Groups 2.2

NT ,JaW1 ATYWD .NNN N1 NINIPR NN 991 1112 Ywia (batching) nixip 1y
3.11 Python ,(ONwn Hy YT TARO1) NAIWNIN NANINN DR P PINTY DIPNA .1TH 12w)

def charge_batch(charges: list[tuple["Card", int]]) -> None:
errors: list[Exception] = []
for card, amount in charges:

:(nixn nxiap) ExceptionGroup axn

try:
charge(card, amount)
except PaymentError as exc:
errors.append(exc)
if errors:
raise ExceptionGroup("batch charge failed", errors)

:except* 2 D'WNNYN ,NXIAPIY NIXMNN DX DI9NY

except* ny H¥I19n Y19'0

try:

charge_batch(charges)
except* InsufficientFundsError as eg:

notify_users(eg.exceptions) # every failed charge here
except* GatewayUnavailableError as egq:

raise ServiceError(

f'"gateway failed for {len(eg.exceptions)} charges"
) from eg

13
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ExceptionGroup-2 wnnwn» 'nn

SV NIITY AIWNWI P 'NRN DN DY ExceptionGroup .nXIAPY NNDYW 5D 129NN ON
compilation IN,NITY Y NN NI ,batch jobs™1 YwnY ,NNN N11 NNIMYWDN %D
.N9'TY NNN NN, NTTIA NOIYDY .errors

structlog-ilogging + JSON :n1ain221h 2.3

TY IND NXP KIN GININ 2INYDIL 'Y L1209 NYP :NTIAY 'XN NIN NTINND 0'9TRY 1D
.JSON 'opmiN S¥ 9¥1 NN logging structured 215 .0'019 12yNI 1Y 12IT DR
DONY 1Y 2INwY) YT (Loki ,CloudWatch ,ELK) 52 92 NI

:T2921 N'0ITI0ON NMID0NNA 2'NNNY N1

14
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n logging by JSON axyn

import json
import logging

class JsonFormatter(logging.Formatter):
def format(self, record):

data = {
"level": record.levelname,
"logger": record.name,
"message": record.getMessage(),

}

for key, value in record.__dict__.items():
if key.startswith("ctx_"

datal[key[4:]1] = value
return json.dumps(data, default=str)

logger = logging.getLogger("app")

handler = logging.StreamHandler()
handler.setFormatter(JsonFormatter())
logger.addHandler(handler)

logger.setlLevel(logging.INF0)

logger.info("order created", extra={"ctx_order_id": "ORD-42"})

{"level": "INFO", "logger": "app", "message": "order created",

"order_id": "ORD-42"}

WP 12N YOI TN DN ¥pN structlog 01T D'OP'IND]

15
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structlog Dy nYTIN NNIN _

import structlog
log = structlog.get_logger()

log.info("order_created", order_id="0RD-42", user_id=7)

5V 19PN .ISON2 nTYWH 191N structlog Hvw event dictionary 112N 53 .2.2 nvn
NIMPYTN NITAN I DD5W DINY'RUNY T, (NITWY snake_case) NIApy NINW NINJ0IN
.09 NN DIV NINY'RY [15W'D5 DRI NINY NIND0DINA

CorrelationIDs :nupn by n'nw 2.4

.0'21 02D 0T NNAIY NNN NWP2A ,TIA'Y NIN'WN IN microservices YW N21YN2a

90 "2 WP WwWONND TNN IDs correlation awn Y TNN D'YDONDN DY1D ,NHWII N'NWDI

1YY 122N 2N NI contextvars .INNY"N pNWN NN D'OY1,NWPANNIN YW DIYTINN
;PO 922 VINMIND ININ YN DA DN DN

16
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contextvars ny "wpnn npaTn

import structlog
from contextvars import ContextVar

request_id: ContextVar[str] = ContextVar(
"request_id", default="-",

def add_request_id(logger, method_name, event_dict):
event_dict.setdefault("request_id", request_id.get())
return event_dict

structlog.configure(
processors=[
add_request_id,
structlog.processors.JSONRenderer(),

def handle(req) -> None:
token = request_id.set(req.request_id)
try:
process(req)
finally:
request_id.reset(token)

def process(req) -> None:

log = structlog.get_logger()
log.info("processing", path=req.path) # gets request_id

17
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?contextvars nn»

W' thread 9291 (async) task 925 :ni*>'apna nniva contextvars ,0151193 1ND XHY
D'2'N1 .0'MNNY Y9N M1 15wN request id 11 TaNS Y13 TNN Y21 ;DNRNY YWn pniy
DUN HY INWA [DUN YV [YONNI;NYYW PN DY NYDII NWPA 9D :NIDIYD

qIoVyY 'Nn VMY 'R ,pN™H'nn 2.5

NN'Y DDNXYY 120NN 1D9'TN 1199 [N'DY QYN DN .except 902 NINAN NIYNY WYY
:NY19N YNNND (1950

N0 NNY TN 919N 1Y DY 1'WNND WWORILNYIT,NNOX INDIWN DN P VMY ©
.debug

Dy ,(ServiceError — DBError ind) y¥IN NNY2 INDW DINNNAWD QI0VY ©
.N2'0N N'nwH from exc

9909 17T I'NY IN ,NR'NNAN AXYN NNNA 12D INDWNYD (raise) andn mavay ©
IND M

18
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import logging

# swallow: known and expected, safe default
logger = logging.getLogger("metrics") # ctx_ + JsonFormatter
try:
metric = fetch_metric(name)
except MetricNotFoundError:
logger.debug("metric missing, using default",
extra={"ctx_metric": name})
metric = 0.0

# wrap: raise at the right boundary
try:
records = db.query("SELECT ...")
except DBError as exc:
raise ServiceError("database unavailable") from exc

# re-raise: this layer cannot handle it
try:

validate(payload)
except ValidationError:

raise # caller decides what to do

AN’ n2aIvn NTN — Anti-pattern 2.6

PN .deadline YW yNY1 NIANP D'NYY NIAND2] NONN "NIAI0 XYN” NINDIAN NN
TTIN9Y NIYIN [NYW 1199 [NIN NINTY TINDY NIN

19



TIN9] [IN"9

N9 NYHIA IV R
# what NOT to do

try:
do_work()

except Exception: # catches everything
pass # and hides it

N320 221 '1Y'N 210 XY

# what NOT to do
print (f"ERROR charging card {card} amount {amount}")

1201 TVINN ,pP'ITn 10

import logging

logger = logging.getlLogger("payments") # ctx_ + JsonFormatter

try:
charge(card, amount)
except InsufficientFundsError:
logger.info("charge declined",
extra={"ctx_card_id": card.id,
"ctx_reason": "insufficient_funds"})
raise
except GatewayUnavailableError as exc:
logger.error("gateway failure",
extra={"ctx_error": str(exc),
"ctx_retryable": True})
raise RetryableError("gateway unavailable") from exc
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N12IN 222191 NINDYA 'PN DID'0 :2 P9

Yaxnn %>

A Maexcept Exception: passNyYDOYY ©
?IND NT NN DISNY ') ANIN NN :NYNWIA INXY NN PTIa except 9o ©

.print nniwonnn N nnw IDs correlation Dy N1aM AN ¢

.NINNIM N5 NINNP NMIYRWND DXNAYD NORN DHYON DYDY

P HMan 2.7

NiNd DyI TNN ExceptionGroup DY ININ D'"DY :N10NN .N1ANN PIT'ND qDI 90N
.0'"'"N NNHYIA N NIYpNNn wwn

NT'AY DN DNYHY 2 YN

.RateLimitedError-1 SendFailedError :n'aa1 EmailError n'Tan .1

NNMNE NRBWDN YO NN N9oINY send_all(emails) nxpad 1and .2
.NOND I'N DN ExceptionGroup

ATn 'ona RateLimitedError-a 5905 17D except* 2 wnnwn .3

.N1I'Ta SendFailedError-al

NYTIN Y0W 12 ,nwpan 929 IDs correlation Dy niain a1 19'o1n (nw nn) .4
.send_all™H nN1pn Hw ID N NN Y150N
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Context"1 D'aNwn %1nn :3 PO
Managers

AIN2Y TN NT P92 .NINAYWI NIDHDT PN DN DOMINT DARWAL NID'YL 0P 0NN

ExitStack-2wnnwn?,(DmM>2'oxI 0MIND2'0) D' TPNR s(wpn YNan) Manager Context

.IN"92 NOVANA NINW 92 RAIITN [NPY NN 019051 ,'/N)'T DANWA 11N (NN NRMy)
JININYD NIYP DINDYWIENIDDT YAIN [121 DRARYA 1IN

——exit__"1__enter__ :0'02an 341
NIYNINN NADNN NIYIYD 179D 170 N'uaNw vpTaIx (Context Manager) 3.1 n1Tan

INT .N2N AT 9910 ,MpAa »a __exit__ -2 niwnann upan ndiyol,__enter__ "2
.n10an vwoInn try/finally-n
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npYnn» Context manager

class Database:

def __enter__(self) -> Connection:
self._conn = connect(url)
return self._conn

def __exit__(self, exc_type, exc, tb) -> None:
self._conn.close()

with Database() as conn:
conn.query("SELECT 1")
# closed even if query raised

;traceback-n1 nnxy nannn ,NanNn AI0 DN __exit__ Yw oroannaxn nuihy

NNDTR NTINANA True NITAN ¥'9NY IN VI DN UHNNYD T DN WNNWNY TWONI

D'ANIY 51N NINI YN DINN DT NIYWNA 1YY INTOW NID LpIhan 11N nann
.D'opY

ane panenn :contextlib 3.2

contextmanager Dy generatord DNIN 2INDY 'TD P'90ON DX managers contextn anN
NNNAY 912N :0190Y AIWN TNX 0N .00 IND WD NT,TaI NTwII,(type hints 9910)
Finally nninyield™S
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Context Managers~I D'akwN 51N :3 P19

V192 contextmanager

import os
from contextlib import contextmanager

@contextmanager
def temporary_file(suffix: str = ".tmp"):
path = make_temp_path(suffix)
try:
yield path
finally:
os.unlink(path)

with temporary_file() as path:
write_report(path) # path always cleaned up

try n qIna return value ,contextmanager 1IN2 :n'OX5SP NTIDYN .3.1 Nvn
D' DNN DN .ITD N'¥PAIDD 1 ITNNY NON — RuntimeError pinr (yield-n19b)
'nn context manager 12ND IN ,mutable 10N 0T ININ NTAN ,NXINN 1Y 11AYNYD

.0ipm

:suppress ,|'pN XN NIN ANYD TV [N2W best-effort 1pa ninwn’i

VIa1 'Ip1 :suppress

import os
from contextlib import suppress

with suppress(FileNotFoundError):
os.remove("report.tmp") # no crash if missing

JIN1MD HY D192 [ND NN ND NTOQ"™N — ['PN RNINDNY PY DINNND suppress .3.2 Nvn
.2 PI5N NINNN DN NYWAWND NTY ;NIFPOY NINDY VINAY 'TD 12 IWNNWDN YN
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Async context managers 3.3

npan (HTTP clients ,databases™) connections) 0"1121'OX D'ANWA D'DNINWD
unclosed resources YV NINNTRNI ;920 VAP 1D DNIX 120Y 19010 XY ;await NIn

:asynccontextmanager IN,__aexit__/__aenter__ 1My .21 %190 nia'nn

context manager Async

from contextlib import asynccontextmanager

@asynccontextmanager
async def db_connection(url: str):
conn = await aconnect(url)
try:
yield conn
finally:
await aclose(conn)

async def main() -> None:
async with db_connection("postgres://...") as conn:
rows = await conn.fetch("SELECT 1")

n"on'o

q0IN 1909 IN 1ND22'0 context manager ny async with- wnnwn 5K
210N ONKRY NYP DY N9HT :D'OPY unclosed resources™ 9aIN NMON'ON
.NDYINN NYPN INNRD P NIDANNY NIDHTN

"MY'T D'ANwNn AN :ExitStack 3.4

.middlewares IN plugins JIWIY YUNY ,N¥M DT P VIT' D'ANWDN 190N D'NY9Y
90W NTIINI DANYN qQDIN NIN ExitStack;™n 101 1719 Nal;poon NY 11D TT1a with (8D
NN 2pY NDTRIN NN'Y' DY NIPNA D) ,PIY2N 9102 (190 1TD) 1201 DN TNX
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Context Managers~I D'akwN 51N :3 P19

D'anNwn 11anY ExitStack

from contextlib import ExitStack

def setup_pipeline(stack: ExitStack, config) -> Pipeline:

source
sink =
lock =
return

def main()

= stack.enter_context(open_source(config))
stack.enter_context(open_sink(config))
stack.enter_context(acquire_lock("pipeline"))
Pipeline(source, sink, lock)

-> None:

with ExitStack() as stack:
pipeline = setup_pipeline(stack, config)
pipeline.run() # all three closed afterwards

DTIP NNOIYW NN YD ,'UHY 15¥I NOWII NIPNNN DN :rollback AWOND [12220 ININ

:N'0NIVIN 120)

1an) ExitStack Hn

def install_migrations(stack: ExitStack, db) -> list[str]:
done: list[str] = []
for migration in list_migrations():
stmt = db.prepare(migration)
done.append(migration)
stack.callback(print, f"rollback: {migration}")

return

1919 1TNA DD TIV 9102 Y¥INNW nYIvo bwin stack.callback(...) .3.3myn
N'02N NT (12222 .]1T2 NN NPITI ON 02, LIFO 1702 yN¥ann DWW NN YD .NaNInn
JVINMN 2'N12 NN KDY 1TION PR

done

[iIn»91 RAIl
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92 ,J02ON [I'VY N1I0PI00TI NNNIWAIINILY WO ANWNDNW VAP RAIFN NPy C++72
NIMNX 'R :0M9¥% 'Y 0N (__del__) D"IopIvoT ,IN'9] .“PI'TA 'NR” DONIY KR TIY
NIN [ND RAII Sw 'pnin idiom™ |35 .02% NIY |NTA NP NTYW NANY ['NI ;0% DN ‘NN

:context manager
[1n'o (11101 RAII

# what NOT to do

f = open("data.csv")

rows = parse(f)

# never closed -> fd leak

Inp'vn

DOYY TIPN ON .NAINN NPT 12 DIPNA NIYN DA ,NNN ANNY ,N0D1D] nWDA
.context manager- ININ 1290 ,a8wN 2120 finally:-2o"nonl try: 2 5Nnn
AN NI0ANINA NWYA TIPN ;"INXY NN NPINT ANWAN 1D

anI' naIvn NTn — Anti-pattern 3.6

NIVXNDND 'PNN [INTO5N NNID'ANYWN 91N'12 NINID] NINDYW NINTA NINAN DNINDAITN
|
managers. context
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Context Managers~I D'aNwUN Y1N1 :3 P9

H DIpn Y1 2T try/finally :210 N9

# what NOT to do
conn = connect(url)
try:
conn.query("SELECT 1")
finally:
conn.close()

lock = Lock()
lock.acquire()
try:
work()
finally:
lock.release()

INNY NNDVY :110 XY

# what NOT to do

f = open("data.csv")

rows = parse(f)

# never closed -> fd leak

NTIAYN NN NYIY PIY2N 210

with connect(url) as conn:
conn.query("SELECT 1")

with lock:
work()

with open("data.csv") as f:
rows = parse(f)



TN IS

wpOH AN 3.7

|DINQ D'ANWN 9N N¥PAID 9D [NTNY 191N INI'DA .PI9N DD NN DYWNA DT 90N
QN TIPS D'DAN N NAID] NMYN D] .Niba

VIX1 'TTN YW context manager :3 520N

NN INThNY (contextmanager N11v2) timer nwa context manager 1an> .1
.NMWN NI'DYN] (DTN (WA NN VITNNR/0'D TR PIvAN

.async TIpY Nnn'NNNY atimer bwa async nDYA 1AND .2

XInY IpTal,(close/connect) 'nmx 112N Yninw context manager 1and .3
.P192N 7IN2 XN D'PIITYWD D) 120)

DNIN ATAY NNN N2 D'¥AP Y NINSY T ExitStack 2 iwnnwn (nw nn1) .4
.DNIY N0 NNVAN YN, NNN NIYH
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1121 '52pN NIIdN 4 PId

NYNYI D'NONI 7NN DN N0 ITIR” 112101 XON NONYWA D'NNN [INT92 19'3pN NIAdN

NON DI NAN DYIVY NN

?1/0 NI%IY9H NANNNA TIPN 1Y AT NND” :NAIDIN

vana L1121 futures YN ,s(Nin'wn N¥Iap) TaskGroup N121 NT PIDA .NAIDI XY NINY

.timeouts™a1 91022 Y9011, race conditions™n

processes 'nn ,threads 'nn ,asyncio'nn 4.1

OP'NDA IYNNYN 1AW HTINN YV 5191 5P 53N 19D N ,NTIAYN AI0 '9Y NYIPI NI'NIAN

:PIND ITN NY20N NN 192p .OTIPN

DIPY

“H D'NDN

5TIN

'a JATDDINIP
TNN thread 2

120 25w 95p
races

nivy ,513n N GIL
IPC

async TIp ,22apna 1/0 nan

(sqlite ,urllib) noin 1/0

(T2> CPU) CPU-bound nT1ay

nmMoD)  asyncio
(nrmnoaon
Threads

Processes
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Yaxnn Yo

— async™> 1009 nupw Doin I/0 .processes — CPU-1 Nnra'oivay nTay
INI2 N'NNRN TN DYDY 02T asyncio. — async™ 11905 [n1w 1/0 .threads
;"ININ DRNINT 1D 19D 1NNAN YN DAl (5 P92 NINTM09IN INT) NIND NIWYY NN

[IDDN DN ,NDTANA NY WD ITY1Y TIN9] thread pools .D'NNA NI D 1NNAN
.ryad

Structured Concurrency-l TaskGroup :DTphn asyncio 4.2

TaskGroup .awINN [12'D NIN NTD 2101 9D ;N 1HA 1919 1ND winn T tasks 21NN
N5 93 DN NN NRNANN Nroanl AT task n 1N X 995nn (3.11 Pythonn)
:NNYN 12VIn ExceptionGroup i, 0150120 INWN 93 ,NYWI]

nYapn nd"HY :TaskGroup

import asyncio

async def fetch(url: str) -> str:
return await http_get(url)

async def main() -> None:
urls = ["https://a.io/1", "https://b.io/2"]
async with asyncio.TaskGroup() as tg:
tasks = [tg.create_task(fetch(u)) for u in urls]
results = [t.result() for t in tasks]
print(results)

asyncio.run(main())
ExceptionGroup,™ NNIMWIN YW qI0IN ,HWD1 TNNWD tasks™n K102 701N D'HAPN NN
2ITNNA VYIYW scope™n :structured concurrency INT .0Y12 DI'DY |'NNN PIY2INY NNDANI

tasks™n Yw nr'nin
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1121 5'2pN NI1dN 4 PO

|'N DN TaskGroup. Y¥ scope™n N'n context manager ¥ async™n N0 .4.1nVn
return_exceptions=True YaN — gather-a iwnnwn ,(3.111199) TaskGroup D29
DN .N1ON NN Ixy timeout Dy asyncio.wait_for- 0772 DROWD Ot

.workaround 500 (NI D9NWN ANTYW TaskGroup, 22 ["TY DDYY [INTD

NAI1D1 NIxa concurrent.futures 4.3

92N ,'N NI NIN AT NN TR N) 105 INdDWY thread N pIa Niavs 3-1,0¥9
Wwith=5 vinn threads) 1aNn) ThreadPoolExecutor-n Nk oMkwnwd (T2 XY NIN
I90NWII .context manager > 12 WNNWNY T'AN |25 .exita p1 0M2a) threads™n

1192 ThreadPoolExecutor

from concurrent.futures import ThreadPoolExecutor

:timeout DY T'AN ,NINXIN

import urllib.request

def fetch(url: str) -> bytes:
with urllib.request.urlopen(url) as r:
return r.read()[:64]

def main() -> None:
urls = [
"https://www.python.org/",
"https://www.python.org/about/",
1
with ThreadPoolExecutor(max_workers=8) as pool:
futures = [pool.submit(fetch, u) for u in urls]
for fut in futures:
data = fut.result(timeout=5)
print(len(data))

main()

33



TN IS

?ProcessPoolExecutor a1 nn

from concurrent.futures import Dy ,prrTa DI9T ININ
nI'nd NN TNNNI N'¥PAIDN N0 :0'Tpn 'Nan .ProcessPoolExecutor
NTIAYN ON .(T292 v 2ITIA) NAINNNN MIWAN NTIAYN DX 1'avnY wl ;picklable
,chunks ny (0'2'nn 1aNn) ProcessPoolExecutor 9Ty 2nY ,CPU-heavy N'n
CPU-heavy NTIAy :nwpN 1172 AT DX 1TRYN 981 .GIL"2 0OnNnY threads NY

.N2'W 1921999 NN 1DNN RN threads Yy

immutability"1 a®niwn ax¥n ,Race conditions 4.4

N0 NH9ITNY "TY NINW IN JpWN race conditions™n 'Pa 15W TIPNW ININY ' DD
,02"N ON J1'WH NN QXD 9NYY XY X' race condition H0N% (NI nnivan TN

Halb)V]h}
NA1D1 NH'Va

from threading import Lock

class Counter:
def __init__(self) -> None:
self._.n = 0
self._lock = Lock()

def bump(self) -> None:
with self._lock:
self._n += 1

def value(self) -> int:

with self._lock:
return self._n

DIN1 NITNN L, frozen D1INY NYN dimmutable 2x¥n NN NAIWNIN NIDITYN HIN
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1121 5'2pN NI1dN 4 PO

NI NINW 1199 DYYA race™n 1D .DIPNA D'DNIYN DIOPMIAIN AWN ONIL,D'WTN

PN immutable 11y

from dataclasses import dataclass

@dataclass(frozen=True)
class Config:
workers: int
timeout: float

SHARED = Config(workers=8, timeout=5.0)
# threads only read; nothing can be mutated

timeouts-1 (cancellation) Y102 4.5

TIp ANITA TANW 2NN NIN ;DN RD NN NYY YN NR DJIYWND ITNNY DY
inn(+3.11) asyncio.timeout .n'nn nawna o NAIWN 95NN 2N production

import asyncio

910115 scope

async def main() -> None:
try:
async with asyncio.timeout(2.0):
data = await slow_call()
except TimeoutError:
data = fallback()
return data

5V 30 shield .NPDON 1195 DYYINY NANNN NYTIN YUNY ;5019 N9 D¥IN DINYDHI
21NN 910 1190 NN
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N1 nn'wn :shield

async def shutdown() -> None:

try:
await asyncio.shield(flush_and_close())
except asyncio.CancelledError:
print("shutdown cancelled") # flush continues

CancelledError 5y except 291 ;'0'0"Y NNDW A0 NIN cancellation .4.2 nayn
NIINWN D101 5W NYHA .ANIWNN NN D'MYDN NNNI DNX DN KON ,ANIN INIK 11AVND 1Y
.DNNNN VIINNI;ATID DPWN :PAT 1" NINTN NI NIDDY IND 0N tasks

N’ na1vn 1NTn — Anti-pattern 4.6

JNIN 191p .deadline Y YNY2 NIANP O'NYY NIAND1 NYNN "NIAI0 X5"N NINDIAN

NMYONN 1TRYNI
timeout %% 011 threads :210 XY

# what NOT to do
threads = []
for url in urls:
t = threading.Thread(target=fetch, args=(url,))
t.start()
threads.append(t)
for t in threads:
t.join() # may hang forever; errors hidden
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¥19NN ANIYN 1¥N 10 XY

# what NOT to do
results: list[str] = []

def worker(url: str) -> None:
results.append(fetch(url)) # shared list, no order

for url in urls:
threading.Thread(target=worker, args=(url,)).start()

shared state |'N + timeout + futures :210

from concurrent.futures import ThreadPoolExecutor

with ThreadPoolExecutor(max_workers=8) as pool:
futures = [pool.submit(fetch, u) for u in urls]
for fut in futures:
data = fut.result(timeout=5) # no shared list
handle(data)

P "N 4.7

A251,N9P INP .0 D92 [NTN YN
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12pna URLs T12'y :4 H5ann

TInY Yw nnRN DN TN fetch_title(url) — striaypaoiand A
.(0Iwo HTTP GET)

DN 'on 91901 timeout=5 nv ThreadPoolExecutor :n1IwNY NDY) .2
.asyncio.timeout-l TaskGroup Dy async :n'Jw N0 .3

SV INNT,NINTTIA 1YW NI9HY 'Y DX ExceptionGroup: 19'0IN (Naw nn1) .4
INHYNY NINXINN NN DY 92N, NNN NN [N'NY
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DY 121 TITAY TN NT P9 .ITTAY 1199 HY"H N'N DWYIN] YIADY NI NP 1NN
__"2 Unnwnil ,|121 caching 1IN1Y ,|N2T NDMX 1NXY ,scalene’l py-spy ,cProfile
DY NY 1IN 910 ;011N1 N'NAIN NA'wWNAI generators-a,slots__

cProfile :pawnw 195 TITNY 5.1

SQL"2 PIapanw AwNY Hp O NN DIN DMWY O TIPN NO'N” Y D'WINGDN AN
QYO DIPNA MY 9D DY NNN DYD 19 1INIP DN NN N0 INYY query W NIYI9ILquery
:NIINN D190 YUY ['N :NIAINN 1M1 KIN cProfile .(N+1) nnN

$ python -m cProfile -s cumtime app.py

ncalls tottime cumtime filename:lineno
300 0.020 1.210 normalize.py:23
9000 0.110 0.140 strings.py:7
1500 0.090 0.100 parse.py:4l
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N .950% NN NIODDN NN 2 :NIUN NINMP HOID D100 INTH X' cumtime NTINYN
NN” DHNIYI NI NN NI DN DN0A :cumtime™ YV 190N0N ;TIPN Y 190N0N

TIPpN AINN AT'TN

import cProfile

299221 N NIPI NI LIYD DN

def run():
records = load_all()
return [normalize(r) for r in records]

cProfile.run("run()", sort="cumtime")

scalene”l py-spy :'n NN'Y Y Y9N 5.2

171 ,NPITNN NOIPN D2 12 YA D2 191910 QXD TWON ,TIND v 11D TIpnwd
:NIWY Wpad 9l L ticket

$ py-spy top --pid 1234 # live sampling view

$ py-spy record -o out.svg --pid 1234

$ scalene app.py # CPU + memory in one tool

221UN '1I'N YYD scalene™ ;TIP 'MW XYY ¥ 1'DNN YW NIN0NNN NN DYXN py-spy
.D1ITA TIN9 121219 cProfile YV NI9MTY NIVIWN 'NY .D'TYN NITPANN DY (N1 CPUS
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201T'N'NN

.nn9n1 CPU-bound ni'¥paio :cProfile ¢
AIXYD AWONTINY ¥ DN :py-Spy ©

.NXM NN D1AMayn CPU DAt ND'T DAWD :scalene ¢

.demo |'N TIN92 52N ;demo™2 1TNI D'NIIY D'ID Y .NT'NA NN NIVINY '99 NNl

tracemalloc N>t 59NN 5.3

5W N9 IN,TIN9] NIYANA [N .cProfilema Nniy'oin 85 NTI9IN NN [NDT NI9HT

10'01 tracemalloc

import tracemalloc

:NINXPN NN pIY tracemalloc 115917

tracemalloc.start()
records = run()
snapshot = tracemalloc.take_snapshot()
top = snapshot.statistics("lineno")[:5]
for stat in top:

print(stat)

/tmp/x.py:12: size=4.2 MiB, count=51000, average=86 B

/tmp/x.py:20: size=1.1 MiB, count=9000, average=128 B

— D'OPMAIND NXI AN NN tracemalloc .N9™HT W ,NTIO D2 NYTI NININ DN
.NNXYN DYYN NNW NIPYD POONY 1WN 'XNN ;|INND XN
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caching niravhvon 5.4

AP NINWI PIFTA INXY YV ITIN AIWINN AIN0 TIAT2 X' 09D ININD P AIWN Y NITn

Iru_cache"l cache

from functools import cache, 1lru_cache

:D'T2IN NYWIDY LININ 110N TWON T'AN DYNII —

@cache # unbounded memoization
def tokenize(text: str) -> tuple[str, ...]:
return tuple(text.split())

@lru_cache(maxsize=128) # bounded, LRU eviction
def fib(n: int) -> int:
if n < 2:
return n
return fib(n - 1) + fib(n - 2)

.NYITI NI0P D'OYPN NXIAPYWI P A IWNNWN [2Y 5T 1IN 1IN cache .5.1 nvn
NP YW WUNP DT .0pTIAWD cache_clear() Da NNpPY qWON Iru_cache™
[DITR X9 ,NITR XN WUNP — ['PN 121N hashable ™% D'01NIIN DY IN INID NIYOIN DY

79911 UNPNWI NI N7 NONWH NAIWNILS101, TTL DTN :Inx¥yn N NNNnY

:D'MWIDHAN ' DINXIN POYIN (Redis Ywnb) 1ixn cache YN 1avni

TTL oy 21¥'n cache

def get_user(user_id: int) -> User:
key = f"user:{user_id}"
cached = redis.get(key)
if cached:
return User.from_json(cached)
user = load_from_db(user_id)
redis.set(key, user.to_json(), ex=300) # 5 min TTL
return user
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cache nIn1IN

wWNPNWI MIp nai (invalidation) Y1012, TTL DTN :NAIDN XY NIMTA NN cache
DN — [INANY D'WR DRI stale data™ pn NIN D101 NITR 192 WRP 9913
.N22 PI'TA D13 TN DIYIM

aiocache ,diskcache ,cachetools :ninTpnn cache ni'®o 5.5

INTD QNI NIAdMIN NIYAT DY TIN92 ;0'0IW9 0MpNY NPodN N'DITI00N NPID0N

cache RR LFU, TTL, -- cachetools

# pip install cachetools
from cachetools import cached, TTLCache, LFUCache, RRCache
from functools import lru_cache

:D'NAN 092N NN DN

# TTLCache: expires after TTL or when full
user_cache = TTLCache(maxsize=1000, tt1=300) # 5 minutes

@cached(user_cache)
def get_user(user_id: int) -> User:
return db.query(
"SELECT * FROM users WHERE id = ?", user_id,

# LFUCache: evicts the least used (Least Frequently Used)
freq_cache = LFUCache(maxsize=500)

# RRCache: random eviction -- fast, no access tracking
random_cache = RRCache(maxsize=500)
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PO'TY T'NY WKRP -- diskcache

# pip install diskcache
from diskcache import Cache

# disk-backed cache -- survives a restart!
disk = Cache("./my_cache_dir")

@disk.memoize()

def expensive_computation(x: int) -> int:
# runs once, the result is stored on disk
return x %% 2

# clear expired

disk.expire() # removes expired entries
disk.cull(Q) # shrinks to max size

a4
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asyncio-" '11N1J1'0N UXpP -- aiocache

# pip install aiocache[redis]
from aiocache import Cache, cached

from aiocache.serializers import JsonSerializer

cache = Cache(
Cache.REDIS, endpoint="localhost", port=6379,
serializer=JsonSerializer(),

@cached(tt1=60, cache=cache)
async def fetch_user_async(user_id: int) -> User:
return await db.fetch_one(
"SELECT * FROM users WHERE id = $1", user_id,

# manual cleanup
await cache.delete("user:42")
await cache.clear()

cache "> n'na

Tool Fits Notes
functools.lru_cache Pure functions, small/known input In-memory, single process
cachetools.TTLCache TTL + size limit, in-memory Single process, thread-safe
diskcache Persistence, share across runs Disk-backed, slower
aiocache asyncio, Redis/Memcached Distributed, async

D01IN1 N'NAIN N2'wNni generators ,__slots__ 5.6

Dal) .__dict__"n510m TSy o T qoin __slots__ ,010p DOPMAIN 1IN
(TP SV NPATR N 9D NIN __slots__ — ITTAW NINN P :IND
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class Point:
_SlO‘tS_ = (lell’ llyll)

def __init__(self, x: int, y: int) -> None:
self.x = X
self.y = y

D'OP'IINILYUNID DWIT NITY, (NN nwINt 92) leaf N'D NpHYNNDN :D9IP'WN NUIHY
YN 9N, NINK TIND DN
:NINYY NIN'YA NIXAY DIPNA NAMTA DN DY'AVN generators

list Dipna generator

def active_ids(records):
for r in records:
if r.active:
yield r.id

total = sum(active_ids(records)) # streams, no full list

D'0ND TINDIM Y NN .DIIT NANL NN 19RY :01IN] D'NAIN NA'wN 5.2 n1avn
nwY? list-q1na-list YW 12t N2'ON .ANMP T YN ITAVY O30 DMNIINN NIY [ND'Ta
diff-n :0'vrawnn TNN DAL NIYYY TWWORY NI D'TNIVAYNN DNID'WN TNN RN DMI0N1)

.D2IN DNTIN DMNNIELD1TA NINNL (0P

YV NY'nn 5.7

NN'WWAN NN 192D NN TINYD 1IN .TIPA NYAY NXIN 12D T'N DAY DNpn W
.D'WUNIN "0DDIYTN AN :ITTAY 199 ©

bit "215yn SV NI9TY SIT caching DY NIDIYD YTNN NINMA (NP TIP DY NP ©
twiddling
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.cProfile~a nYyw hot path-a ITpnnn :nIroMp X5 NITIPI ©

NN 5%™D NIFNNY PTRND Y DTN :NPITRNN NN 120D NTYWD ©

NNNI NTYWD NN TIAYY 11X NIN ;00N NINYDD X KD TIpn .NID :NNR NY'NAI
.niwn

aner navn 1NTn — Anti-pattern 5.8

N9 D21YN NN N2 D'WYWONN NATN .NTITA XD DNTII0DIN NWINNN NNAN NRAITN
JNIMND ANDN NOIN IDMDINON NN NONY

NT'TA XYY optimizing :210 N

# what NOT to do
def process(rows):
out = [1]
for r in rows:
# micro-optimized after guessing...
out.append(r["a"] * 2)
return out
# ...but the real cost was in load_all()

2909 ,NIXNY ,TITAY 210

import cProfile

def process(rows):
return [r["a"] * 2 for r in rows]

rows = [{"a": i} for i in range(1600)]
cProfile.run("process(rows)") # where is the actual cost?
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nminNin1NTn

92 NINTIN'ODIN AIY ITTR — DY 19900 — J1TaN cumtime-n NN INXDN — ITTN
QP12 N9 272 TNDA ANTYW RN LYIN NIPNALL,AI0N NIPNL WINY RN ITH ARYIDN

xpH N 5.9

:DJ9TN NN XD ,DONYY NN IPTA

ANIXD NN INXA 5 520N

P! AwINI L NITNNN Y split .1 Nn'wN HY sort Nyx¥anw n¥paom 1and 1
.05 ININ YY NIDY D'NY9

.cumtime-n N9'N INXNI cProfile 1Ixn .2
?NINWN NN .IY XN DN DIpna Lru_cache 19'oin .3

7aynn MINNE 199 tracemalloc Dy [ND'TN NDNIX DX IPTA (Dw ) 4
.generator™
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N""PIA NIIVPLDIN :6 PO
Dependency Injection-i

qQ'0INY ,database q'HNNY YWONDY HON RN “TNYI” DINNIM NN NP NII0POIDIN
NP DB n95Nn .0PYIND '¥N WTNN 2INDY D2 NPODY NIFTR NIWY IN ,WTN provider
,0INN) NI2OYW NTIO9N N2 NT P9 .NAIDI NTION D2 DMYIAYW HY 190 19N NIID
P1T211 (framework 1) 1T Injection Dependency™ |NIN 12N (NN ,N¥PHYON

TIT22291 9D

Infrastructure ,Application ,Domain :ni2>w n115n 6.1

['2 DTN NTI9N |ND ,0"ND T L[N'TPONI NIXdYN WIBY :NTN PI9N YW D'DIN
:210 72T N'N NI2dY

TpoON NJoY
0>y ,0OpIN ,models :poyin 1990 Domain
D'OPMIAIN-N ['2 DIN'D :uSe cases Application

D'¥ap ,HTTP DB :n"191100 Infrastructure

5w NpIdnl Domain-n .N1AIX'NN %Y DYTI' NN N0 N20WUN 0PN 990N
nwnnnw NN Infrastructure-ni ; (7' NNNaw 192) interfaces oMTan Application-n
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QNN 9NN WONY UIN'MA '019 DN filesystem™nI Stripe~n ,Postgres-nndd .DNIN
.NNIN2 DY 19'PN 13'NIAN NNY 1'N2AN NI2DY )1 0P'ino] Postgres

1NV YTIN :Domain

from dataclasses import dataclass

@dataclass(frozen=True)
class Order:

id: str

total: float

def with_discount(self, pct: float) -> "Order":
return Order(id=self.id, total=self.total * pct)

1w n'pwnnnl Application-n 6.2
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Dependency Injection NP1 NIOPLVIDIN :6 PO

sProtocol ny use case :Application

from typing import Protocol

class OrderRepo(Protocol):
def get(self, order_id: str) -> Order:

class PaymentGateway(Protocol):
def charge(self, order: Order) -> None:

class Checkout:
def __init_ (
self, orders: OrderRepo, payments: PaymentGateway
) -> None:
self.orders = orders
self.payments = payments

def complete(self, order_id: str) -> None:

order = self.orders.get(order_id)
self.payments.charge(order)

NY 92N (payments.charge i orders.get) wpah nn yTI Checkout :15 In'w
,0WoINnN [I'D2 niYN :Dependency Inversion NNDAN PITA MIT .NINXINN NIYAN NO'NA
('~ MDN2NY ,WPAY DR YTI' DIAN DN NTY 2P 'O 12TN) WINMA KD

1ann composition root ,nunnn n'nunn 6.3
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n'win'n :Infrastructure

class PostgresOrderRepo:
def __init_ (self, db) -> None:
self.db = db

def get(self, order_id: str) -> Order:
row = self.db.fetch_one("SELECT ...", order_id)
return Order(id=row["id"], total=row["total"])

class StripeGateway:
def __init__ (self, api_key: str) -> None:
self.api_key = api_key

def charge(self, order: Order) -> None:
stripe_client.charge(order.id, order.total)

.(composition root) Nn12n NTIPA TAY2 TAN DIPNA NWYA D'PHNN HD 2 NN
931 .NNI9 'N 0NN [ANRNDN P 92N ;IR DYID ¥R YW lineup YYD NT SV 1AUNN
:D'OPMAIN DIN' YIIY 'R DX DIPN

NNKX DY AXTIONIP

import os

def build_app() -> Checkout:
db = create_pool(os.environ["DATABASE_URL"])
orders = PostgresOrderRepo(db)
payments = StripeGateway(os.environ["STRIPE_KEY"])
return Checkout(orders, payments)

app = build_app()
app.complete("ord-42")

container (12210 9'0INY TWON 5T OP'1NONYWI .DI HW framework 91 ND TY .6.1nVN
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Dependency Injection NP1 NIOPLVIDIN :6 PO

n5nwn 'pa composition root N112% Ynin Han,(pung IXN dependency _injector 1n2)
.09 NINW DN [N P NIN ;DY 09200 9% R framework :0'Y2 D10MONY 119 TIY

TTMaap'Ta 6.4

n'Nunn NN 9'9NNY Protocols:™a 15N Application™n "%y DrainNn NIINNWNM TN

fakes ny Checkout np'1a

class FakeOrderRepo:
def __init__(self) -> None:
self.orders = {
"ord-1": Order(id="ord-1", total=160.0)

:D'2071N mock 1, nIprTaa fake™a

def get(self, order_id: str) -> Order:
return self.orders[order_id]

class FakeGateway:
def __init__(self) -> None:
self.charged: list[str] = []

def charge(self, order: Order) -> None:
self.charged.append(order.id)

def test_complete_charges_order():
checkout = Checkout(FakeOrderRepo(), FakeGateway())
checkout.complete("ord-1")
assert checkout.payments.charged = ["ord-1"]

Stripe DN :contract N'Tan D) X' .database X551 DWN X5H D NXY Np'Tan
IT .NIPY H¥R XY ,(8 PI9) NrTIv! N¥1ALAN NPT NYAN' AT LINIX D9N Postgres IN
TIN92 NT DR NYAN INWMY 1199 ,[NT2 "NY” NININ NP'TAN 9D [IWYD 1T
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inheritance Dipna Composition 6.5

:INID .1D2NDN DY NA'DN DX 95D 11721 .0'10PIND] DINDWN D'DIDTN TN

NIANINN ITNNY 'TD NYIN' 2210 XY
# what NOT to do
class EmailService:
def send(self, msg: str) -> None:
smtp.send(msg)

class AuditedEmailService(EmailService):
def send(self, msg: str) -> None:
super().send(msg)
logger.info("sent", msg=msg) # buried feature

D'NIN'Y Y N1d1N 10

class Notifier:
def __init__(self, sender, logger) -> None:
self.sender = sender
self.logger = logger

def notify(self, msg: str) -> None:
self.sender.send(msg)
self.logger.info("sent", msg=msg)

NNV NYIN' 'NN

N'NYI .NVIT NN9WN YY polymorphism™ NWNwN nwIN'NI is-a DN' NNN] W'YD
AN 0Upa DIfE NN ,NTIN NPYNNR YW NIdNANN DANTNY IN TIP MTANY hwnwn
TIV2 TIPA 990! ' DDNXY DX 1Y9NUN — DNIY WIYY 110N T NWIN' D'WIY DNN DNI)

(.mw
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Dependency Injection NP1 NIOPLVIDIN :6 PO

NI NN TN — Anti-pattern 6.6

:N2I21 NN TN 1D DNTRYW DDYTA LND DONI.D'OPNNDA NTN DIDTN NN DNINY

N'NYNN NN 12NV Service 210 XY

# what NOT to do
class Checkout:
def complete(self, order_id: str) -> None:
conn = psycopg2.connect(DATABASE_URL) # infra here
row = conn.execute(...)
stripe_api_key = os.environ["STRIPE_KEY"] # and here
stripe.charge(row["id"], row["total"])

T2%2 VYWOINA NIYN 10

class Checkout:
def __init__(self, orders: OrderRepo,
payments: PaymentGateway) -> None:
self.orders = orders
self.payments = payments

def complete(self, order_id: str) -> None:

order = self.orders.get(order_id)
self.payments.charge(order)

P "N 6.7

:DDNXY ININ DADINWI 1N NT NN INDONN :N2ITI NIINN DY NI0P NN'YN
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TI9IN DIVTIN DIN'Y :6 H'2An

.(text ,to) Message :0Iwd Domain 1212 .1

Protocol 2 "5n :send(msg) NIn 1YW use case™w Sender :Application .2

.(deliver) Transport
.LogTransport™I SmtpTransport :0'win'n v :Infrastructure .3
.Sender-n NN N2'27nW build () nr¥pad :composition root .4

W D1 ,mock 'Han fake by Sender-n NN IpTA (Nw nn1) .5
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NIYWH 0'NIAP PNYNY NN deploy Nl ;INXY 1191 DPHND RN NYPIN DD ,0IWNY D'0PIID]
N2 NN IND 'PNRY OPNND :I'INA 2N NNIIY NN NN 01909 DT NPID .10 DIPYI
.N'"MB0D 12 NIYNYILIYY NINDN NN YN ,9NWH NI OP — NIFPIN S TRYIP IND NOI —
Jhatch NN 1103, 7'N pyproject.toml vaipa H1on 1121, TIR sre/ N1an N1 Nt paoa

.plugins=I scripts™ entry points Nanal flit"1 poetry

mTInsrc/ n1an 741
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myproject/
|— pyproject.toml
— README.md
— src/
L— myproject/
I— __init__.py
I— cli.py

L— core.py

|

|

|

|

L— tests/
— test_cli.py
— test_core.py

NY'ANN T PIYNYANAIMport-NYW 12, wIIWa NIN'Y NA2IW NN NY' AN ?2src/ nnbd

Taly import myproject .Jawaw TIpA NY L[PNINY NN NIYANWA NIP'TAN .NIpNINN

19155 DX NIPNN NN 9922 "NIPNA” TAYY TIP .0PYION NHPINY YIND D) ,DIPN 902
.02 DY

TNN DIPNA Y1DN :pyproject.toml 7.2

dependencies™n NN 12701 ,setup.cfgl setup.py DX 99NN NTINN NITANN YAIP

:requirements.txt-a v
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"N pyproject.toml

[build-system]
requires = ["hatchling"]
build-backend = "hatchling.build"

[project]

name = "myproject"

version = "0.1.0"

description = "A tiny production-ready package"
requires-python = ">=3.11"

dependencies = ["structlog=24,<26"]

[project.scripts]
mycli = "myproject.cli:main"

[tool.hatch.build.targets.wheel]
packages = ["src/myproject"]

TNN DIPNA Y1DN

,runtime=n ¥ nIYNin NN 'Tan dependencies ,NT"INA 990N build backend™n
.DJNI NP, TNN DIPNA 21001 — entry point Dy CLI NTIp9 X1 project.scripts’
VYTI' ,NT NN NT D'NIOY requirements.txt T¥Y setup.py Sw |T'vin NN NIINW D

.NIND DWW VN

flit ,poetry .hatch :Hyia mpnnn 7.3

:NI¥PI 0NN 00N NYIHY

.N12IN NINDYA YIN1 DY ,scriptsT environments™ |IXn NN :hatch ¢

.N12In dependency resolverl 119 lock file :poetry ¢
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.NNOoP Nivand DHhwin ,oiwol Hp flit ¢

$ pip install -e . # editable: dev + install in one
# or with poetry

$ poetry add structlog

.pyproject.tomin N1Ip ON .N1IT dependencies D'PNN XY ONIWAN [INPYN
pip- IN uv.lock ,poetry.lock) lock file §'0In NIXDI INIX DX Y DHXN 90U NXINYW N

.(tools

NT .N2X D'NN INYN D1 "TAIY DT YN ININ standup™ 1NN 12w yain 7.1 nvn
.ININD I'NN 5N .lock file w9531 NN D11an 1AW Yan

plugins-i scripts :Entry points 7.4

:inmoa mycli entry pointn

nYann %w CLI

import argparse

def main() -> None:
parser = argparse.ArgumentParser(prog="mycli")
parser.add_argument("--name", default="world")
args = parser.parse_args()
print(f"hello {args.name}")

if __name_ = "__main__":
main()

NTIPI HY NINXYND NIINN NN YD :plugin (122105 entry points 1 WNNWN) TWONI
ININ ['yonI NYn host™ni;nann
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importlib.metadata ny plugins na'yo

from importlib import metadata

def load_output_plugins() -> list[object]:
plugins: list[object] = []
for ep in metadata.entry_points(group="myproject.output"):
plugins.append(ep.load())
return plugins

NNYXY YV N0 plugin nYan

# in the plugin's pyproject.toml
[project.entry-points."myproject.output"]
json = "myplugin.jsonout:JsonOutput"

I'N +3.12 In"91 .entry points™ 1TInN API"n X'n importlib.metadata .7.2 nayn
plu- 01312 12 STNN MM 101 aon entry_points(group=...) :selecta TI¥
NINW TY , TaIY exec DY N11W plugin system .exec Y11 'n1'T DI 9] gin systems

T12V5 Proon

NBNININD 7.5

importlib.metadata.version("myproject") :nan> TnX PN ©
.__init__9mna _version__ N

.D1IP'NY patch ,nIdNY minor ,API n1aws major :Semantic Versioning ¢

NDTXY DON ,NINRNY NIND ;structlog = 24, <26 :0'TYINNI DMX DIYN N0 ©
D nTny

1021197 XD NIDN 21V1Y K (reproducibility) nrnn nkpY lock file ©
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NI naIvn 1NTN — Anti-pattern 7.6

N'MNMN NN 2 9TANN XY IND TN XY TIVYW TIP 2N NI DOYYIN NRNY TIP

:['Va D'NIN DY NNMYH

wIIvA TIPN YD 2210 ND

# what NOT to do
myproject/
F—— app.py # imports work by accident

F—— utils.py
L requirements.txt # hand-synced versions

N'N'AN NN 210

myproject/
F—— pyproject.toml # single source of truth
F—— src/myproject/

| | app.py
| L— utils.py
L— tests/

7212 VP'INDY N0
N nSann,(Ta nr) mycli N pip install -e . yn DIY2 WTNNNIO DN
NTIAY ,0NAP PrYNY IN PYTHONPATH Niaw 7y ON .[1D)

P OHAn 2.7
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MLP NN :7 H"an

.22 NYTIN 'TNNRW greeter S1TIN :src/ nan oy op'nN9 M 1

pytest™a nibni dependencies ,hatchling by N5n pyproject.toml 1an> .2
.([dependency-groups] qwoa) (Nip'Ta N1I0N)

CLL-nn ¥ sayhi entry point n'1an .3

myproject. entry point 10T [yoaw |0p 1Ix'N plugin 19'010 (01w Nn) .4

.greeter

NN 2V NINID1TNIINK 21925 11X D'WIDAN DNN DN .N2IVD NPT YWY 1IN DNN'D DN

129125 N1p ATDA DA L"N9 122ND DXV
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NINTPNN NIP'TA NI'AVIVON :8 P

TINONYW TY 190N '9% NN 10N deploy 1951 ,pInt Clmn ,NIXY NIP'TAN :DI2IN NWINNDN
72WMNY 192 1INV NIPAYA NINDN NIP'TA ;|INO'M NIPAYA NIAIO NIPPTA NN 1190 190N
J'W Hd Oy

[121 mocking YV pytest,"2 D'nTpnn parametrizationTl fixtures Sy TN% N1 P92
VI ,async TIp NPT YV ,hypothesis DV property-based testing v .(van'n® 'nni)
.11%5W D'pwnnn YV 0INY contract tests

conftest-1yield ,scope :Fixtures 8.1

N'NYW NN NY3pn nNp'Tan pytest: Yw dependency injection 12210 NI fixture
19102 NPANN INIAYW NN 9D1,NDNN
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import pytest

@pytest.fixture

def db():
conn = connect(TEST_URL)
yield conn # setup before, teardown after

conn.close()

def test_insert(db):
db.execute("INSERT INTO t VALUES (1)")
assert db.count("t") = 1

.(database~5 URL Hwn%) nx¥'n 929 NnNN DY9 :scope="session" ¢
X2Ip 929 NNN Dy9 :scope="module" ¢
AT import D1, NIPTaN DUPI 93 NONIWA NTAN :conftest.py ¢

219N NPANN NTO DY N1IDNN DIAL NN fixture NNy Y10t fixture ©

NN 1INY session scope ;11N P'90n module scope :0'NIXY Y11pn 553 .8.1Mvn
S5¢ D'DINKX NIYMY DA axN 99T database Y session fixture X' P! NNaY
VY NdIY RN ;bugtn N ndIy scope YW NN AT

markers-1 Parametrize 8.2
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NINTPNN NIP'TA NIDIVON :8 P19

parametrize Dy D" pn nx"

import pytest

@pytest.mark.parametrize("n,expected", [
(1, "odd"), (2, "even"), (3, "odd"), (B8, "even"),
D
def test_parity(n: int, expected: str) -> None:
assert classify(n) = expected

211091 1209 D'WONND markers

nip'Ta |IN'0

@pytest.mark.slow
def test_full_integration() -> None:

@pytest.mark.asyncio
async def test_fetch() -> None:

$ pytest -m "not slow" # fast suite

$ pytest -m slow # night build only

:NNN N0N IXHI warnings™n Yan'nY '7J pyproject.toml 2 markers™n NN INWN

markers DYTan

[tool.pytest.ini_options]
markers = ["slow: long-running tests",
"asyncio: async tests"]

DWINY INWM 12 ,push 9D 5w Clma 1¥7 slow NIP'TA 1AW N MAN NANDA TN NXYN)

(.marker
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yan'nY 'nni :)1D1 Mocking 8.3

DDYYW TIPN NN mock DNN DN HAN ,NIRNINN PITAY 'TD 21NN POYN 9NN mock
12w N2NY (6 PI9) NIIDPLIDIND NNIID ,DDNNY

.NIND N190N ' NP mock NP'Tanw 93D :code review™1 N1'NN NINAN .8.2 Ny
NI2IN NYODINE— 1AW TIPNWI DX YYUIIMN N NPITAN, 0P TIA DNNYW NN DN mock DNN DN

1I1x'N %122% monkeypatch

def test_retry_on_network(monkeypatch):
calls = {"n": 0}

DY TIP HY DOY VAW NPT NINWIAY NPT RN

def flaky(url):
calls["n"] += 1
if calls["n"] < 3:
raise ConnectionError("down")
return b"ok"

monkeypatch.setattr(requests, "get", flaky)
assert fetch_with_retry("http://x") = b"ok"
assert calls["n"] = 3

Mn'0"» mock 'nn

.env filesystem ,|Ilyw ,network :0Mix'n NN ¢
"NMNN DY MI0™MO NIPA” :NI9YOD NININN NPT ©

NIP'TA) NI 0IWO fake HAIPNWI IN,D'PTIYW NPAIN DX D'ODNNWI :NY 'R ©
(6 po

hypothesis Dy Property-based testing 8.4
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NINTPNN NIP'TA NIDIVON :8 P19

-9 HWD 9D ¥IDNI DNpN NIND XD hypothesis ,NINXNDIN NINDIT WIYYW DIPNA

sorted %V hypothesis

from hypothesis import given, settings
from hypothesis import strategies as st

19NN counterexample

@given(st.lists(st.integers()))
@settings(max_examples=200)
def test_sort_is_ordered(items: list[int]) -> None:
result = sorted(items)
for a, b in zip(result, result[1:]):
assert a < b

@given(st.lists(st.integers()))

def test_sort_is_idempotent(items: list[int]) -> None:
once = sorted(items)
assert sorted(once) = once

DN .NTI29NN DAl NIDN AT ;09p %2 112y (121 NINY Y property :NNTH .8.3 Nvn
TNNY counterexample ni filter IN assume D'OPI ,D'05PN K29 NOPN NI NNINN
NIMY 1IN bug R¥IN hypothesis™w NIIWNIN DY9N 0N [INQND 2NT NIN hypothesis

.0'Nn 929 nyown (Viaw NpiY AT wion Tiya)

async TIp np'1a 8.5

69



TN IS

async np'1a

import asyncio
import pytest

@pytest.mark.asyncio

async def test_fetch_returns_bytes() -> None:
data = await fetch("https://a.io/1")
assert data.startswith(b"<"

@pytest.mark.asyncio
async def test_timeout_fallback() -> None:
with pytest.raises(TimeoutError):
async with asyncio.timeout(1):
await slow_endpoint()

asyncio DX PITAY TWONNY anyio IN,NP'TAN YV asyncio YT :pytest-asyncio ¢
trio Dl

11220 X9, NIANANN 1P TR (DN NNDIY) Loop Event NN mock 1010 Y9N ©

.async NIP'711 D) T2y yield fixture :fixtures Dy 1%wWn async™ ¢

loop~n NN DY9 'nmock :DT2 1IN loop” event™n NN mock 101N 58" 550N .8.4 nyn
loop :TNR .TaY N9 TIPN AN, AP .DI9D ¥R D2 NNV APITaNT ;"IN vnd” 17D
TN NN

D'22IN D'pYNN :Contract tests 8.6

:0912 YV N¥1 NNN contract np'T2a,(6 P19) D'wIN'A NND DY Protocol wwd
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7ANNY Contract test

def test_repo_contract(repo) -> None:
repo.save(User(id=1, name="Dana"))
assert repo.find(1).name = "Dana"
assert repo.find(999) is None

def test_postgres_repo(db):
test_repo_contract(PostgresRepo(db))

def test_memory_repo():
test_repo_contract(InMemoryRepo())

np'y

[NIN DR NIV UTh UINM 9D .WIN'M 9 Y INIX 0¥, NNK DY NTINN DR DTN
p19) Protocols Dy contract testing Y a1%'win .7'n TTN1 NTIN2 MW 921 ;NIWNAT
NTINNY [D'D , TN' DAY D'YINMN YW — TNI'MA NI NYIT IN0 NwN i (6

.NNIAY NDMIN BP'NON DX D'¥NY NIN

NI naIvn 1NTH — Anti-pattern 8.7

:NNXY YW mock™n NN NPTIAYW NPTAl, 210N HY mock TN VID1 NaN TIPn DIDT

Al
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90N YV mock :210 XY

# what NOT to do

def test_checkout():
mock_repo = Mock()
mock_repo.get.return_value = Order("ol", 10.0)
mock_gateway = Mock()
checkout = Checkout(mock_repo, mock_gateway)
checkout.complete("ol1")
mock_gateway.charge.assert_called_once()

# tests the mocks, not the behavior

NRNINN YW np'1a + fake 210

def test_checkout_real_behavior():
repo = InMemoryRepo(Order("ol", 16.0))
gateway = RecordingGateway()
Checkout(repo, gateway).complete("0l")
assert gateway.charged = ["01"]

¥p "Mnn 8.8
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NINTPNN NIP'TA NIDIVON :8 P19

NIpP'Ta NY'1an :8 Han

.(Transport 107 send (msg)) 6 p1on Notifier N INp .1
.NP NTINNNA 5312 ,NIYTIN 210 NND :parametrize oy NIP'Ta1aNd .2
.nwn D1, monkeypatch ny 5911w Transport SV retry IpTa .3

025w normalize_text n"xpI9 Yy property-based test 1and (naw nn)) .4

.NNIN MWW NIPNN NN INXNDI, hypothesis Dy

T'AN bug™n ANI'aI0 invariant 1IWSN .T'N 122NN 98,019 RXIN NY hypothesis DNI

oYy
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Observability~1 T1IN92 nI11DIN :9 pd

P DT 5V 192N ,N5H2 372 DIIP NIN DN DAY WD [MTYE "TAIY” DNW 1Y ya we
NININYD 2120 ,INXY SV NITR,NIIXDNN DD NNIY TINDA |2INY TIp .on-call™n YW 1I950Nn
observability™n 92yn NN DY AT P91 .deploy 2 NN NIA2Y1 PHTNYD TWONNI
199 NINTAN YN ,'0'02 (NNINS N"VN5V) OpenTelemetry Dy (traces™I D'TTN ,0019)

.feature flags-I graceful shutdown ,health checks n111,12-factor

Observability"n 'Tiny nuibhy 91

.(2 pron Dnan 0nIv) D'oNISN D'YINN :Logs ©
.(gauges ,counters) D'avxn 0NN :Metrics ¢

.(spans) a2 YD T NNR NWpa H1Y0n :Traces ©

NTN9'N :traces 7nnd :metrics 7Np NN :logs .NINK NYXY HY NIV DNND TR 9D
?21nT NPH

traces™I ;¥N5N~TN N1 metrics ;NINNN YW [DIN DT logs :NAINKNN NDIMIND 9.1 Ny
JINIDY PN DA NYIN NN DNYWIODY D] DN .NIPOSNNN Y0 0T nWpan Yy 15000 a1
NIN M YT N TNN 9N Kubernetes™a
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OpenTelemetry ny traces-1 Metrics 9.2

VIYD NaIN :Metric

from opentelemetry import metrics

meter = metrics.get_meter("shop")
created = meter.create_counter("orders.created")

def create_order(user_id: str) -> None:

created.add(1, {"status": "ok"})

9150N1 12N :Trace

from opentelemetry import trace
tracer = trace.get_tracer("shop")

def handle(req) -> None:
with tracer.start_as_current_span("handle") as span:
span.set_attribute("order_id", req.order_id)
process(req) # creates child spans

Qnivnn vinn

DY .2 P19n IDs correlation ININ ,trace ID~N NIN D'TINYN DWIYY ['2 120NN NNO9NN
distributed n'»apn (Tempo Ix Jaeger Y8 OTLP HYwn“) SDK-n OpenTelemetry
TNN trace ID DNIQINY YN .DAT! ININ 2INDY 92 DNNWN 9D 19 YY tracing
NOIPNN .NPT N MWD NYIPN “?|NT NTAN NYPIAN PITA NOIR" NONY D119

DN DWIYINN NY [D 1195

12-factor '®% naxn YN 9.3
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Observability™1 71792 ni1dIn :9 PO

.constants™n N5, TIp ¥AIPNNY .env variables™n YN NIQMAD "2 NINWAYW NN YD :pINN

env'nn nMixn

import os

(.nInW 211 XY 119129 MIp 2git=a config NINWY) .git'n 8O

def env_int(name: str, default: int) -> int:
return int(os.environ.get(name, str(default)))

class Settings:
database_url = os.environ["DATABASE_URL"]
port = env_int("PORT", 8080)
debug = os.environ.get("DEBUG", "0") = "1"

DY ,N2TN ININ DN D'WIY dynaconf IN pydantic-settings 01172 D'0P'NDY .9.2 DAVN
S1TINN NI DT RIPI envi D1V NNAITA 2 1IN'W .('n 1DTY DA dynaconfal) ninw
V9IN 112 ,N9ND D'DIN DY D'OP'INDY ;NIPITIA HANI0NI,NNN DYD NOIYY NNWY 1NN —
N2 ,0"WNYNTTN env NINNON RYI [NPYN .NPHYNNR 1IMONNDD KO YINNNA Settings

.git™2 IN TIP2 NITIO X591 ,NWNI9N 7NN

readiness-l1 liveness :Health checks 9.4

:DIY D'T'PON DY endpoints Y
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NIN'2 150N Y

# liveness: 1is the process alive?
def liveness() -> dict:
return {"status": "ok"}

# readiness: can it serve traffic?
def readiness(db, cache) -> dict:
if not db.is_ready():
return {"status": "not_ready", "reason": "db"}
if not cache.is_ready():
return {"status": "not_ready", "reason": "cache"}
return {"status": "ready"}

.wTNN Y'von) DX VT (Kubernetes Hwnb) orchestrator-nw :liveness <
121 nnwinw Ty traffic niSwS p'oon? :readiness ¢

OV YIOUNY NN NN P ;NIMNRY ¥YINDY dependencies readiness™ 1IpTan YN ¢
.DwH NoIom

"pNIIn” cluster n ;ANN NN 5w DB pT1aw readiness :N'ONYPN NDMPN .9.3 NVN
NY 21wy traffic NWHY AWON :NNN NONY HY NIAYY Y readiness 991 DB ININ 1D
anr

1112 :Graceful shutdown 9.5

TN P, NINYPN NN D'0Y ,NIYTN NIYPA H1pY p'oon’ :0'xn [ SIGTERM yianwd
| | | 7721
:D'INVN 10D
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signal '1' Yy '"12">

import signal
import threading

stop = threading.Event()

def on_signal(signum, frame):
logger.info("shutdown requested")
stop.set()

signal.signal(signal.SIGTERM, on_signal)
signal.signal(signal.SIGINT, on_signal)

while not stop.is_set():
serve_one_request()  # accept a request

logger.info("draining in-flight requests")
drain()
pool.close()

D'NYIY load test D'¥'n 2721V NNNA graceful shutdown nw DT N .9.4 NYn
NIN9Y ,IY0PI DN .DNN'D,IYOPA NI DN ON :in-flight™n Sy 0'YOnoni,yxyxnNa SIGTERM
TN92 NPT 1AW NN 199 — [PNY NN DWYTIP DNN 'WDY

pp b

graceful shutdown .0rain>-1¥n nravn A'RwNI NIYPA in-flight 21N 'mivno 111d
TN 12TV "NNAWN-DON"Y 'NNIN 'NIN NI (drainTl Event ,signal handler ny)

n'a'T nixnl Feature flags 9.6
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2NN NNIN NI2DY ,A1wWN NI Tl deploy 2 NaIdn paTnY WwWoNn feature flag
N'N TN NHPN .NIPN RIN 92T XY NIN NI12DY T2 deploy WAITY 92T 11wl InWNwd

NIIXNNN VIYD YT

import json

.[IONY 12NN

class FlagStore:
def __init__(self) -> None:
self._data: dict[str, bool] = {}

def load(self, path: str) -> None:
with open(path) as f:
self._data = json.load(f)

def flag(self, name: str) -> bool:
return self._data.get(name, False)

flags = FlagStore()
flags.load("/etc/shop/flags.json")

if flags.flag("new_checkout"):
checkout_new(req)

else:
checkout_old(req)

2V D'NIP runtime™n NNT ;runtime IN deploy-time NN 93T 20Mp NPy 9.5 navn
n'anin (Flagr IN LaunchDarkly 1n2) ornnn feature flags .(nimw X 921 1IN) nwpa H02
NN"DI TIND NPHTIYW NAIDN 291 'MINYYW IYIYN T 51011 'NaNTR 2109 ,audit trail

feature flag .nTIN 527 N'nw 9522 pa,nyw '¥n IN rollback™a

AN naIvn T — Anti-pattern 9.7
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0TI NAIDA XON TN :DYNNND NNDIN NN DTN D WD P "TIN9 Ta"Y TIp W
NN

'nINNY exit + TIpa config + print :210 X

# what NOT to do

import sys

DATABASE_URL = "postgres://prod" # hardcoded config
print("started on", DATABASE_URL) # log = print

PORT = 8080
DB = "postgres://prod" # hardcoded config

sys.exit() # no graceful shutdown

NPINNI TN ,NITA 2210

import signal, threading
from opentelemetry import metrics

meter = metrics.get_meter("shop")
started = meter.create_counter("shop.started")

def main() -> None:

cfg = Settings() # from env
started.add(1)

install_shutdown_handlers() # signal + drain
serve(cfg)

¥pP "N 9.8
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TIN91 21N NN 19 Han

feature flag 9912 ,5Thn nin'ma oy (PORT ,DATABASE_URL) Settings 112 1
.FF_BETA

.D"INL readiness’| liveness 1AND) .2

.graceful drain Dy SIGTERM~ signal handler 19'0In .3

1 SDK-n DN D) OpenTelemetry, Dy (niwpa nain) metric nan (0w nn) .4
2199 0'97TN

JNNDYY D NP .9 NPINN YIDNY INTNIESIGTERM INYW 510950 NN DMAIDY 11951
.MU NI CI'n
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__init_-2an'wnnwnnnnonnain .nown YW DyIDN 190 NIN [INTD YY DMOPMAIND 9 TIN
[__new__)N¥' 122205 919¥1 0T P92 .0WYHPN NINKD NP NN AN Ha selfal _
,staticmethod-I classmethod ,property nx 0''wonw (descriptors) DMiNmH
NITXY 90 OP"AIN NIDOINY data model™n NI0'W INWHILLIND'T JoInw __slots__™
D'TIN DN [IP'NOI;built-in 1N ANINNDW TIP NAMDY NNONN X' IT NN LJINTD] NOND

.NDINND D'TAIY N D'NATNYWD DINYY

SINNR YN NN i _init__%Nn__new__ 101

MI'TNAW) __new__ DTIP :1T0 '99 NI Mwd NIp Into ,MyClass () nrannwa

XWI HaN;peon __init_ iatnan J(minnOnnNnnw) __init_ tNiL(voinin NN

:(inonn o"p voain nathn IN L flyweight ,singleton Ywn5) 1nxy yainn naxa 0vwH
JOONNIN __new__
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D"P VYDSIN'TNN __nhew__

class Singleton:
_instance: "Singleton | None" = None

def __new__(cls) -> "Singleton":
if cls._instance is None:
cls._instance = super().__new__(cls)
return cls._instance

def __init_ (self) -> None:
# runs on every call, but self is the same object
if not hasattr(self, "initialized"):
self.initialized = True
self.value = 42

a = Singleton()

b = Singleton()
print(a is b) # True
print(a.value) # 42

na"n N'qNELCLS NIN IWRIN 10N190 N0 static method X' __new__ .10.1nvn
nNNY TIPN 921None 0'Y2pn 0150 D' TRN XY DN .(NPYNNR NN IX) cLs Y YoIn 1'TNNY
TnanNone nTRRN NNT NAIYY __init_ Hwmn
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|IN"9 YW D'OPTMAIND HTIN 10 P9

2__new__'NN :Vax¥N Y

.DNpNnNn 99% noon __init__ .oyo qroynd ©

() ;(o'woIn 1aNn L10522'0) D' YOIN WTNNYD 0N (X) ;WD VN __new__ ¢
(3) ;frozenset ,str ,tuple Ind immutable DI9'O YW NPONA~NN DN
.N2IN1 NNNA |IND'TA 0IYWH Y

__new__"2DWan N DY1YH :attrs”1 dataclasses™a ¢

staticmethod-1 classmethod ,property :Descriptors 10.2

moxnwd :__delete__ IN/I __set__,__get__ nny1an (hinn) Descriptor
nX NY'von (obj.attr = val,obj.attr) i'>s nunn ,descriptor XIn NpYNn Sw
1IN HY magicTn Y23 D'DaN NT .IY'NY DY DIPNA NI0WN

NNN NIN9Y 15 v DX descriptor NN d opraix .(Descriptor Y1p10119) 10.1 nTan
:NIWNN

NP Any; — __get__(self, obj, objtype=None) o
namnd None; — __set__(self, obj, value) ¢
np'nn None; — __delete__(self, obj) <

v ON .(classmethod ,ni'¥paid Ind) non-data descriptor N1 ;__get__ py w' oN
.(property ind) data descriptor n1;__delete__ Ix__set__m
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n2'nd |nT1a validation :01wd descriptor

class Positive:
def __init_ (self, name: str) -> None:
self.name = name

def __get_ (self, obj, objtype=None):
if obj is None:
return self
return obj.__dict__[self.name]

def __set__(self, obj, value):
if value < 0O:
raise ValueError(f"{self.name} must be positive")
obj.__dict__[self.name] = value

class Product:
price = Positive("price")
weight = Positive("weight")

def __init__(self, price: float, weight: float) -> None:
self.price = price
self.weight = weight

p = Product(10.0, 2.5)

print(p.price) # 10.0
p.price = -5 # ValueError: price must be positive

Product.)npS>nnnnTowaawd :__get__-ao0bj is None™215n'w .10.2nyn
TIV'NY) INXY descriptor-n NX VTN YwWoNN NT;None Nin obj ,voIim T NI (price
.(0oY1

n'Ta1y staticmethod ,classmethod ,property 7'  10.3
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:N'0TIVDON NMIDD descriptors 210N
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property Y DYIDN YIN'N

class Property:

def

def

def

def

def

def

def

_init_ (
self, fget=None, fset=None, fdel=None, doc=None,

self.fget = fget
self.fset = fset
self.fdel = fdel
self.__doc__ = doc or (fget.__doc__ if fget else None)

__get__(self, obj, objtype=None):
if obj is None:
return self
if self.fget is None:
raise AttributeError("unreadable attribute")
return self.fget(obj)

__set__(self, obj, value):
if self.fset is None:

raise AttributeError('"can't set attribute")
self.fset(obj, value)

__delete__(self, obj):
if self.fdel is None:

raise AttributeError('"can't delete attribute")
self.fdel(obj)

getter(self, fget):
return type(self)(
fget, self.fset, self.fdel, self.__doc

—

setter(self, fset):
return type(self)(

self.fget, fset, self.fdel, self.__doc
) 88

—

deleter(self, fdel):
return type(self)(
self. . faet. self.fset. fdel. self. doc
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descriptor as classmethod

import functools

class ClassMethod:
def __init_ (self, func):
self.func = func

def __get_ (self, obj, objtype=None):
if objtype is None:
objtype = type(obj)
return functools.partial(self.func, objtype)

# usage:
class MyClass:
@ClassMethod
def factory(cls, value):
return cls(value)
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——dict__ %In descriptor :nio'1V 170

:0bj.attrH owaawd
TAnn¥an ;(__set__ vw) npdnna data descriptor nin attr ox 1
ININ D TNR ;obj.__dict__aattrox,.nnx .2

D'"'won;(__get__ p1)npYnnanon-data descriptor ninattr oN,nONN .3

ININ
((nio'w 1NN 1 T0) MRO) DXN NIPHYNNA D'WOND ,NINN .4
AttributeError :nanx .5

P1) NN NN¥PAD YaN,__dict__ta ot (__set__ 1Y ww) property |29
NY(__get_

D"NI'T 0DMONAD NYIANI DA Ppon i__slots__  10.4

DT DYMONA I0INY YWONNAY 1Y :__dict__ wryoin 539 ;In'o1 HYThnn N1Na
.DIYIIND DY YIAP VN 1NN DR 99NN __sTlots__ .[ND'Ta Ip! YaN U NT .n¥N
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10'02 __slots__

import sys

class Regular:
def __init__(self, x, y):
self.x = x
self.y = y

class Slotted:

_slots__ = ("x", "y")
def __init__(self, x, y):
self.x = x
self.y = y
r = Regular(l, 2)
s = Slotted(1, 2)

print(sys.getsizeof(r), sys.getsizeof(r.__dict__)) # 48 296
print(sys.getsizeof(s)) # 48 bytes
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[NO'T NNIIYUN

import sys

class Regular:
def __init__ (self, x, y):
self.x = X
self.y =y

class Slotted:
_SlOtS_ = (lan, llyll)
def __init__(self, x, y):

self.x = X
self.y = y

Regular(l, 2)
Slotted(1, 2)

w S
n n

print(sys.getsizeof(r), sys.getsizeof(r.__dict__)) # 48 296
print(sys.getsizeof(s)) # 48 bytes

DIPNRN AYANNTINXY VOINN YW sys. getsizeof :DNINDMD0NNYW NNY 2 INWY

0" 296 TIV NOIYYW NHwn __dict__ wr 50N yoinh :nooina NN HTann (01 48)
720XN AT WI9NN ,0'WOIN 'Y wd L(PTNN [19'NNW D'OPTIIND 090NN NORDI)
.NAN NINA NNDY

_ DIN'TAN DMWY NIPYNNRN DI DN NOX NwNt Dy Taw XY __slots__ .10.3 nvn
N Y L NY ANl __slots_ nymanan npHnn oN (5902 nrman 8Y IN) _slots__
SHvann ponnl __dict__
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—=Slots__-2 wnnwn’'nn

.1N2'7240-50% Hw 150N ;(Yya D'NAY,D'P'PYN  NITIPA) D'VOIN 21D ©
.(Mwpn NTIN ,NNLAX) D"NA'T D'ONND NODIN YIANYD 1INYDI O
JI9'Na wIDN I'N ' ANIF NN DA slotted Hw D1a'oxNY nw 0N ¢

multipled D'wNNWN IN ;'NIT **xkwargs 7'¥ ;D'0YN D'YDINN WD NY ©
120N 2 107N inheritance

nimirn Data Model niv'w  10.5

NN NN NINIYD D'YX¥INWI (D919 D'NNN DR DY) DITAIM NI0'WY DRI [IN1D
AN DAwNn
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nnn A" ,ANIllvn

from typing import Self

class Vector:
_SlOtS_ = (“X", ||y||)

def __init__(self, x: float, y: float) -> None:
self.x = x
self.y = y

# formal representation (for developers)
def __repr__(self) -> str:
return f"Vector({self.x}, {self.y})"

# friendly representation (for users)
def __str__(self) -> str:
return f"({self.x}, {self.y})"

# equality
def __eq__(self, other: object) -> bool:
if not isinstance(other, Vector):
return NotImplemented
return self.x = other.x and self.y = other.y

# boolean conversion
def __bool__(self) -> bool:
return self.x == 0 or self.y = 0

# length (for sequences)
def __len__(self) -> int:
return 2

# index access
def __getitem__(self, index: int) -> float:

if index = 0:
return self.x 94
elif index = 1:

return self.y
raise IndexError("Vector index out of range")




|IN"9 YW D'OPTMAIND HTIN 10 P9

NXR N0 IN"9Y NnIN __eq__"2(False xY) NotImplemented natnn .10.4 navin
D'DID'O DY NMLA'D NNNYN WONRD DT .(other.__eq__(self)) “nadnn nH1yon
.DnNN

nun ot :__setattr__ ,__getattribute__,__getattr__ 10.6

NODIN 1T K¥NI RY [MONDNWD P R __getattr__(self, name) ¢
.delegation IN dynamic attributes™ 'win'w

NNMP 210D .NW 901 T'AN Npa ;__getattribute__(self, name) o
super().__getattribute_narn;noioaxnoupinninininaself. x™

validation-5win'w .nnwnY>aNIP1;__setattr__(self, name, value) ¢

nMYT AT __getattr__

class ServiceProxy:

22009 IR DDA

def __init_ (self, service) -> None:
self._service = service

def __getattr__(self, name: str):
# called only if name 1is missing on ServiceProxy

return getattr(self._service, name)

def __repr__(self) -> str:
return f"ServiceProxy({self._service!r})"
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n"ama validation-Y __setattr__

class Validated:
def __setattr__(self, name: str, value) -> None:
if (
name.startswith("_")
or name in {"id", "created_at"}

super().__setattr__(name, value)
elif value is None:

raise ValueError(f"{name} cannot be None")
else:

super().__setattr__(name, value)

property %In __getattr__ :5Tan

.(urp 21N validation) NDNNIN NPRIY DY WA VIT! [MONDY ;property o

[VIbw ORM ,'0pIN9) UNIN DWIT NY/D"N2'T D'ONNDY ;__getattr__ o
.(Tonnn nITINY

,ANVAN ,221OM91N9) NWA DI 0D IXWD PO ;Td ;__getattribute_ ¢
.(debug

NI naIvn TN — Anti-pattern 10.7
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——getattr__-a1omwin'w 2210 85

# what NOT to do
class MagicBag:
def __getattr__(self, name):
return f"you asked for {name}"

bag = MagicBag()

print(bag.hello) # "you asked for hello"
print(bag.foo.bar) # foo is a str, not an object
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validation-% wn19n descriptor :210

# good: reusable descriptor
class ValidatedField:
def __init__(self, validator, name: str) -> None:
self.validator = validator
self.name = name

def __get_ (self, obj, objtype=None):
if obj is None:
return self
return obj.__dict__[self.name]

def __set_ _(self, obj, value):
if not self.validator(value):
raise ValueError(f"{self.name} failed validation")
obj.__dict__[self.name] = value

class User:
name = ValidatedField(
lambda v: isinstance(v, str) and len(v) > 0, "name",

)
age = ValidatedField(
lambda v: isinstance(v, int) and v = 0, "age",

def __init__(self, name: str, age: int) -> None:
self.name = name
self.age = age

2¥p "N 10.8
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LazyProperty descriptor :>an

NN NIWNN YaN property nd nminiannw LazyProperty np5nn wnm 1
VOINN YW __dict__ "2 1NN DNIYWENAIWNRIN DYD] P VN

.MIUNTY [NDN DWW P VAIPD DNTAN [IYOY T D Iwnnhwn .2

.INLNN DIOWN TWONY 1ITD __delete__2ndnn 19010 (N nn) .3

'0'01 N1aN TN

class LazyProperty:
def __init_ (self, func):
self.func = func
self.name = func.__name__

def __get_ (self, obj, objtype=None):
if obj is None:
return self
# TODO: compute and cache if not present

def __set_ (self, obj, value):
obj.__dict__[self.name] = value

def __delete__(self, obj):
# TODO: clear the cache
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functools :0"21'¥PaId D 11 pPd
itertools-i

S IP1 TIP NAMDY TIO! [AN DAY DHDITIN W NY1DN [IND YY N'01TI00N N'MID0N
JUND L OIYID NINYPIID DY NTIAYY D' POON [IWNIN .itertools I functools :a1ypaiol
D'NIT T2 D1HI1,0MI0ANIP ,DIDIDAIN DNIVIVIN PODN WD ;'PHON DIYN NADIN
qITY TNN 92 'NN 21 NI DMYINWNA D1YON DN 111 AT PI9 L[1NDIT2 DNIN WANY D]
11Y1D 11DV lazy evaluationl generators DY D'A5NWN DN 'R NIRIATELNYDN RO HY

.5 poa

NIYPaIn’ nTiay > :functools 111

INI9 DA TNN 93 ;0'2YD NI'YPAID D'NANNY 0921 DNIDIIPT NN functools
.N92110N NTANY IN NNDID DY DINID 120 59D 11TAW NOIYOD NI

D"Ip! D1AIY'N 0 TNINA :cachellru_cache 11.2

NINTIP NINAP YW NINNIN NIYW Used) Recently (Least @Lru_cache q00pTh
191 NOIYWD ND ;[@dcache DA W' 3.9 NDYAN .0NTIN D'OININNYD DT NIN YNNI
DT NN
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10'01 Iru_cache

from functools import 1lru_cache

@lru_cache(maxsize=128)
def fibonacci(n: int) -> int:
if n < 2:
return n
return fibonacci(n - 1) + fibonacci(n - 2)

print(fibonacci(30)) # 832040 -- instant thanks to the cache

print(fibonacci.cache_info()) # CacheInfo(hits=28, misses=31)

N9 NINIAPI DY, NIN'WA .hashable 1N D'oanpRNw wAIT Lru_cache 11.1nyn
(@cache IN) maxsize=None q0n19n .frozenset IN tuple™ 1nnd Ny ;0Tay
YITHOP DITIN'D NIRNIPN 190NWD 'WIN'W ;NN ['N” NIN
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itertools™1 functools :0"51'¥pPa1d 192 11 PO

D'127IN D'VINIANN DY cache

from functools import cache

class DB:
def query(self, sql: str, user_id: int) -> dict:
return {"user_id": user_id}

db = DB()

@cache
def fetch_user_data(
user_id: int, include_posts: bool
) -> dict:
# expensive DB / API call
return db.query(
"SELECT * FROM users WHERE id

False,

", user_id,

# first call - runs the query

datal = fetch_user_data(42)

# second call - served from cache instantly
data2 = fetch_user_data(42)

assert datal is data2 # exactly the same object

'PHn nIw" :partialmethod-1 partial 11.3

NT .0'WIAP 12D D'OINIINNA PYN DY NWTN N¥pao Xt functools.partial
.DI9'0 121 NP NNIMN 9Y NYWI 1IXWI NTAND NINYPAIDY 1P 9NN
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NTan® nipna partial

from functools import partial
import requests

# instead of: lambda url: requests.get(
# url, timeout=5, headers={"User-Agent": "my-bot"},
# )
fetch = partial(
requests.get, timeout=5, headers={"User-Agent": "my-bot"},

# fetch is now a regular function with a clear signature
response = fetch("https://api.github.com/users")

NPYNn NITINNY partiaimethod

from functools import partialmethod

class Button:
def __init_ (self, label: str) -> None:
self.label = label

def click(self, source: str) -> None:
print(f"{self.label} clicked from {source}")

# bind source in advance
click_from_ui = partialmethod(click, source="UI")
click_from_api = partialmethod(click, source="API")

btn = Button("Submit")

btn.click_from_ui() # Submit clicked from UI
btn.click_from_api() # Submit clicked from API
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partialmethod In partial

.nonioik self 1avn K ;900 callable v'Tnn ;partial ©

N'ONIVIN NaYIN self ,VoIn HY NIPIWD ;NITINRY TyIn ;partialmethod ©

.D'YIAPN D'0INIDIND 1199

D"MILVIIPTI metadata YV DNIY :wraps 11.4

Sw __annotations__,__doc__ ,__name__ NN pnin M0IPT ,@wraps M

from functools import wraps

.019'0 21 help () ,introspection N21W ;NNIPAN N'¥PAION

def logged(fn):
@wraps(fn) # without it: inner.__name__ = "inner"
def inner(xargs, #**kwargs):
print(f"Calling {fn.__name__}")
return fn(xargs, #**kwargs)
return inner

@logged

def add(a: int, b: int) -> int:
"""Add two numbers."""
return a + b

print(add.__name__) # "add" (not "inner")
print(add.__doc__) # "Add two numbers."
print(add.__annotations__) # {'a': <class 'int'>, ...}
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019'0 9 DT'OINMIY :singledispatchmethod ,singledispatch 11.5

JDww if isinstance ' ;1NN DINRARD DIV 199 NINN NANINNY NP

10'01 singledispatch

from functools import singledispatch

@singledispatch
def serialize(obj) -> str:
raise NotImplementedError(f"Cannot serialize {type(obj)}")

@serialize.register
def _(obj: int) -> str:
return f"int:{obj}"

@serialize.register
def _(obj: str) -> str:
return f"str:{obj}"

@serialize.register
def _(obj: list) -> str:
return "list:[" + ",".join(
serialize(item) for item in obj

) &y II]II
print(serialize(42)) # int:42
print(serialize("hello")) # str:hello

print(serialize([1, "two", 31)) # list:[int:1,str:two,int:3]
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nITInnY singledispatchmethod

from functools import singledispatchmethod

class EventHandler:
@singledispatchmethod
def handle(self, event):
raise NotImplementedError(
f"Unknown event: {type(event)}"

@handle.register
def _(self, event: str):
print(f"Text event: {event}")

@handle.register
def _(self, event: dict):
print(f"Dict event: {event.get('type')}")

h = EventHandler()

h.handle("hello")
h.handle({"type": "click", "x": 10})

[I'! NNONY ANNYN N"XPIID NN :cmp_to_key 11.6

.nwan cmp_to_key ;sort-n cmp n'on 3 (IN"D
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ONDIN I'NY cmp_to_key

from functools import cmp_to_key

# sort by length, then alphabetically
def compare(a: str, b: str) -> int:
if len(a) == len(b):
return len(a) - len(b)
return (a > b) - (a < b)

words = ["apple", "pie", "banana", "a", "zebra"l]
words.sort(key=cmp_to_key(compare))
print(words) # ['a', 'pie', 'apple', 'zebra', 'banana']

OnY NYY n'von oMy 1.7
,0100Y WwIin'w ;HNNY (fold) 919'p ;reduce (func, iterable[, initiall) o
.0119'N AIT'D ,NHY90N

_le__ ,__1t_ -nnnNni __eq__ nmyTanw npHhnn ;total_ordering ¢
JONIDINNUN NN NOApD __ge_ gt

.J9IN2 TNIYI NNN DYO awnn YaN property 1nd ;(+3.8) cached_property <

int |1 register ny +3.11°2 type unions 1 D) NI singledispatch ¢
float

D"DI0A'NI DMIIVIANIP DNIVIVN itertools 11.8

DN NONL|INDITA Q¥ 9D NN D'WNNN XY DN ;lazy DMIDION NPODN itertools
TIND DDITX IN D'DIDIN DI9X DY NTIAY TWONN NT .0YD 922 TNN 12N
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D"9I02'N DMIVIVN 119

repeat,cycle ,count

from itertools import count, cycle, repeat, islice

# count: infinite counter

for i in islice(count(start=10, step=2), 5):
print(i) # 10, 12, 14, 16, 18

# cycle: repeat a sequence infinitely

for c in islice(cycle("AB"), 6):

print(c) # A, B, A, B, A, B

# repeat: repeat one value (infinite or bounded)
print(list(repeat("hi", 3))) # ['hi', 'hi', 'hi']

N'TOYP NY9ON . NINIAN NI'YINIP :D'DI0 DMV 11.10
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DNNINNI DI anip

from itertools import (
combinations, permutations, product,
combinations_with_replacement,

itemS = [IIAII, IlBIl’ IICII]

print(list(combinations(items, 2)))
# [('A', 'B'), ('A', 'C'), ('B', 'C')] -- order does not matter

print(list(permutations(items, 2)))
# [(’A’I ’B’)I (’A’I ’C’)I (’B’I ’A’)I (’B’I ’C’)I "’]

print(list(product(items, repeat=2)))
# cartesian product: [('A', 'A'), ('A', 'B'), ('A', 'C'), ...]

print(list(combinations_with_replacement(items, 2)))
# [('A', 'A'), ('A', 'B'), ('A', 'C'), ('B', 'B'), ...]

groupby ,dropwhile ,takewhile ,islice :n'n 1 10OV 11.11

IMVIV'R NOINY :islice

from itertools import islice, count

# first 10 numbers divisible by 7

divisible_by_7 = (x for x in count(l) if x % 7 = 0)
print(list(islice(divisible_by_7, 10)))

# [7, 14, 21, 28, 35, 42, 49, 56, 63, 70]
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9'¥1 via'p :groupby

from itertools import groupby

data = [
("fruit", "apple"), ("fruit", "banana"),
("veg", "carrot"), ("fruit", "date"),

1

for key, group in groupby(data, key=lambda x: x[0]):
print(key, list(group))

# fruit [('fruit', 'apple'), ('fruit', 'banana')]

# veg [('veg', 'carrot')]

# fruit [('fruit', 'date')] -- note: only adjacent runs!

;NNON '9Y 0'2IYN YD NN YAPY 1IX DX .O'IN0 DDV P vapn groupby .11.2 nvn
.groupby ™~ sorted(data, key=...) :DTIp "N 1N

zip_longest ,chain ,accumulate ,starmap 11.12
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D'S0I11 D"YIN'Y D'

from itertools import starmap, accumulate, chain, zip_longest
import operator

# starmap: call a function with tuple unpacking
pairs = [(1, 2), (3, 4), (5, 6)]
print(list(starmap(operator.add, pairs))) # [3, 7, 11]

# accumulate: running totals (or any binary operator)

print(list(accumulate([1, 2, 3, 41))) # [1, 3, 6, 10]
print(list(accumulate([1, 2, 3, 4], operator.mul))) # [1, 2, 6, 24]

# chain: concatenate iterators without materializing
print(list(chain([1, 21, "ab", (3, 4)))) # [1, 2, 'a', 'b', 3, 4]

# zip_longest: zip until the longest is exhausted
# default fillvalue is None
print(list(zip_longest([1, 2], "abc")))

# [(1, 'a'), (2, 'b'), (None, 'c')]

# with an explicit fillvalue
print(list(zip_longest([1, 2], "abc", fillvalue="?")))
# [(ll ’a')l (2I ,b’)l (’?'l 'C')J

7NN (+3.10) itertools.pairwise 2N Nlww NIMNNTID NIDOIN 1Y . 11.3 Ny
for i innnodypaaonn-[(1, 2), (2, 3), (3, 4)]—npmapwnr
D'UIRS NI0T0N PONN (+3.12) itertools.batched ;range(len(seq) - 1)

JINIDI NIYANKR NIRDID DH0NNI lazy DN .slices NT' DIWAY DIPNA VIR YT HY

nYXV ndnI (Generator Expressions) Mivhaamovra 1113

N9 92N [x for x in items]HnniT((x for x in items))i0Ma 100

12
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JNR TAN DDAV XMW AI0N0'R TN ;NN'WAN DX WUNNN

110722 YIN NN'YA [IND'T INNIYUN

import sys

# list - the whole million in memory
million_1list = [x * 2 for x in range(1_000_06060)]
print(sys.getsizeof(million_list)) # ~8 MB

# generator - just the iterator object
million_gen = (x * 2 for x in range(1_000_000))
print(sys.getsizeof(million_gen)) # ~200 bytes

8448728

200

7nn'Yn 'nn 1o 'nn

NINIYD YW MY9-TN TIAYW ,0"9102'R/DOITA 0'OX¥IY DTN NN N0 ©
.(itertools ,filter .map)

MAYN IN ,NTIN A0 L(Len) IR ,OPTINR] NWD 1IXYD DR ©
.sequence NYIITY N'¥pPAIDY

2NNWD NR'wAY 10N RN ;list(gen) o

ani' navn NTn — Anti-pattern 11.14
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Y172 9¥1 YW DTPIN YIN'M 210 NY

# what NOT to do
def process_all(items):
results = [
expensive_transform(x) for x in items
1 # materializes everything in memory
return [
r for r in results if r.is_valid()
1 # another whole list

# if items is a million entries -> two giant lists in memory

pipeline) (lazy XV 12ty :210

from itertools import filterfalse

def process_all(items):
# each step yields an iterator; nothing is
# materialized until final consumption
transformed = (expensive_transform(x) for x in items)
valid = filterfalse(
lambda r: not r.is_valid(), transformed,
)

return list(valid) # only materialized here
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product DIPNA NINIPA NINDIY 2210 NY

# what NOT to do
list_a = [1, 2, 3]
list_b = [4, 5]
list_c = [6]

def combine(a, b, c):
return a * b * ¢

results = []
for a in list_a:

m for b in list_b:

for ¢ in list_c:
results.append(combine(a, b, c))
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1yt NP product 110

from itertools import product

list_a = [1, 2, 3]
list_b [4, 5]
list_c [6]

def combine(a, b, c):
return a * b * ¢c

results = [
combine(a, b, c)
for a, b, c in product(list_a, list_b, list_c)

1
# or lazy:
results = (
combine(a, b, c)
for a, b, ¢ in product(list_a, list_b, list_c)

P HAN 1115
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XY D1IN] TIA'Y 112X DN

A9 DNIY YW 00N NYapnw parse_log_lines(lines) n'¥paioiand 1
(str.splitIx re 2 1wnnwn) D'wIOD DIIYM YW 00N NITNNI

.CRITICAL ¥ ERROR nnI2 DNIY P INIYYW 1019 19'DIN .2
QA1 929 Noo 10'9Tnl Logger_name '99 groupby 19'0In .3

5w nyip noa X 1D functools.partial-a wnnwn (Nw nn) 4
.UNIN TN 1099 DY NP

nMYNNn Nian

from itertools import groupby, filterfalse
import re

LOG_PATTERN = re.compile(
r" (?P<level>\w+)\s+(?P<logger>\S+)\s+(?P<msg>.+)"

def parse_log_lines(lines):
for line in lines:
match = LOG_PATTERN.match(line)
if match:
yield match.groupdict()

# TODO: build the pipeline
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129 (my_func ,x) NNTA '2 NYWPA [IN'O 12 122220 X' (name binding) ninw nwp
.(closures) NN Built-in), Global, Enclosing, (Local, LEGB Nian .|IN2'T2 Bp"aIN
NI'YPAID,0MI0NIPTAINDY T2 NN ;(late binding) NYNIRDY NRTRIN NP A DTN
1122000 DN P91 0T P9I .NYNMOA MY ANANA ['PN NINDOYW TIP NNY 'AndI1,NIMNo
N2y oy 0nonolfunctools. partial 1'N NN NINIDIN DITIDHNN DN DT

JNIX DN HTNN

NInY wI1s'n 1To:LEGB pIn 121

(namespaces) NINW 'ANN NYJINA INIX DWONND NN LX DD ,0W2 NYPNA [INMOWD
:1T0]

DLNIY) NNDIN NP YW NINwN aNIN :LocalL: .1 .(LEGB 952)121n1an
.(o"nipn oanwnl

nmnnonn . (nested functions) nivoIY NI YW niInwWN 'ann :Enclosing E: .2
BalhN{Ipp)

.(globals()) 917N Yw ninwn an1n :Global G: .3
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.(Exception,str,lenind,builtins) niamn ninwn anIn :Built-in B: .4
.NameError npam, TNN N2 NXN1 XD DN .NXIND ;NYNIY [IYNIN DYN

LEGB nnaIt

# Built-in
len = "shadowed" # never do this!

# Global
counter = 0

def outer():
# Enclosing
counter = 10

def inner():
# Local
counter = 100
print(f"Local: {counter}")

inner()
print(f"Enclosing: {counter}")

outer()
print(f"Global: {counter}")

Local: 100
Enclosing: 10

Global: O

# 100

# 10

vioaupn rin (Len,type.dict,list) nnam ninw (shadowing) nY9x¥n .12.1nvn
.NT Yy D'yAnn pylintT ruff 102 NP7 190 .01 TY DANDD
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0"IN'N D'2ANN] NIN'YP '12'Y tnonlocal”l global 12.2

NNWH T .WTN 'AIPA NINWA DX ANPAD YN (X = ... ) NRYN :HTNRN NNM2

2191 NINYN '1'Y :global

counter = 0

Y1902 1D YV MNNNYD 1Y INT ANNN NANWND

def increment():
global counter # tell Python: use the global counter
counter += 1

increment()
print(counter) # 1

Enclosing™2 ninwn '11'Y :nonlocal

def make_counter():
count = @ # Enclosing scope

def increment():
nonlocal count # modifies count of make_counter
count += 1
return count

return increment
cl = make_counter()
print(cl()) # 1

print(cl()) # 2

c2 = make_counter() # new, separate counter
print(c2Q)) # 1
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nonlocal %In global :5Tan

.0Ipn 922 T .(globals()) %iTina x ;global x ©

Ta1y 8% .(NoLIY N'¥PAID) AN aNpN Enclosing anIna x ;nonlocal x ¢
1952192 917TIma

list.) o"p opmaik mw Sy XY ,(binding) N'wp Sy DWwoOYUN DNIY ©

.(onix ¥ X5 append

12200 NN DINDITY NI'¥Paid :(Closures) nno  12.3

:NYw Enclosing 2N1NNN D'INWNY NON'NAW N9 '¥PAID KA (N1DD) Closure
.NNTNON NIIX'NN NYPAIDNY MNN DA ,NAMP NII0N TIY 9D DMAYA DNWA DNINI

Nn'o'oa N1'a0

def make_multiplier(factor: int):
def multiply(x: int) -> int:
return x % factor # factor from the enclosing scope
return multiply

times3 = make_multiplier(3)

times5 = make_multiplier(5)

print(times3(160)) # 30
print(times5(10)) # 50

# each closure keeps its own factor

print(times3.__closure__[B].cell_contents) # 3
print(times5.__closure__[0].cell_contents) # 5

.cell'opmin Hw 5980 ;___closure__"1 D1DNINA D'D9NIN DNWAN .12.2 VN
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92 YV Y'9yn 09N mutable OPMAIN MW NNY DT .DPMAIND N9N DN cell 9O
.ININ NIDSDINY NINDN

niINYH1 Late Binding :nTDYnn  12.4

NINWNAN NN NITIID NNID2 NXDYW DIXPAID :[IN9] DHDO0NNNI DNIDIN DININ
. NYA 127V NN N LINXY

NNY191 DININD NM'YUP 210 XD

# what NOT to do
functions = []
for i in range(3):
def get_i():
return 1
functions.append(get_1i)

print([f() for f in functions]) # [2, 2, 2] -- not [0, 1, 2]!

[2, 2, 2]

NNYIONWI .q01IVN/1A1930 21NNNND 1 NINWND ININ DY NIYRAND NP YD .12.3n1vn
INT2 NNYW IV DN XD ;1 9 Tdnn 1Ivn DN DIRIIP DINNMPN 9D .2 Nl 1 ,nn"non
.N¥PADN NITIN

(Default Arguments) bThn n1Manw 1 |NNd 12,5

INT2 N9 ;N'¥PIISN DITAN [AT2 NAN QYD D'AYIND YTNA N1MA DY DY DN0NND
.(early binding) NnTPIN NY'WP NI AT .ARNPN
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TN D72 DY 1 NTDY 10

functions = []
for i in range(3):
def get_i(captured=i): # i evaluated now, kept as default
return captured
functions.append(get_i)

print([f() for f in functions]) # [0, 1, 2]

(o, 1, 2]

NWTN NYPAID DX Y0 93) def |nTaawinn captured=i D T2y N1 .12.4 nyn
519y N1l L (get_i(captured=0)) nanwn nnnnn :nonn .(nw captured ny
.D'wnnwn 51515

nwlIon m'wp ;functools.partial :2 jNnnd 12.6

NN'MN NYWDIENE NP ;WRIND DWYIAR DI0INRIN DY NWTN QP9 N partial

binding late |INNY) partial

from functools import partial

D)

functions = []
for i in range(3):
def get_value(captured):
return captured
functions.append(partial(get_value, 1)) # i is bound now

print([f() for f in functionsl]) # [0, 1, 2]
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NNY192 1XYW 201D DY partial

from functools import partial

def make_handlers():
handlers = []
for i in range(3):
def handler(captured, value):
return f"handler {captured} -> {value}"
handlers.append(partialChandler, 1)) # captured bound now
return handlers

for h in make_handlers():
print(h(5))

# handler 0 -> 5

# handler 1 -> 5

# handler 2 -> 5

D'0ININ DY N'¥PAID IXY 1D decoratord D wnwn partial 0'NY9Y ININ .12.5 n1vn
NINMITN MY IND) NNYID 1IN NWP .ANMIPD YINON NIN DIN,TAIY NT — UNIND D'WYIAP
:NYTY 21wN partial 0'Np1Y 120 ox AN nnN2 (3 1Nno) factory nexpao Ik (NHvnH
NNIN NMYNY ,9TNRN NN NN TN — DNIPAN NYYPAISDN YW NNMNN YV INIY NIN

Function) (Factory nnix'n n'xpao :3 jnno  12.7

.27 DINIAIND TONION DY ,N'¥PIAID NITNNY N'YPIAID NI RIPNTIONOPN [INNON

125



TN IS

2121 Xp :Factory function

def make_getter(captured):
def getter():
return captured
return getter

functions = [make_getter(i) for i in range(3)]
print([f() for f in functions]) # [0, 1, 2]

Late Binding- niainns nxnwn

D'WIX'2 NMAvl an'nh - DINp n0'Y

['I¥n NO naia (captured=i) 5Tnn nana
:XONN .

110 ] N1Io partial

['I¥D o} naixn - function Factory

D'2Y N'9'YDD NAMN INWY ¥ partial ;nnpnn ana function Factory
.D"ONIVIN

NoONIYN NTIdYN :Mutable p'anwni N0 12.8

JOPMIN ININ DX NIPYIN DN Y2,(115'n ,Nn'w) mutable 0PN NTIIY NYNOWD

126



NINDIX9IPO , NINY NP 112 PId

Qnivn mutable NTIDYN

def make_adders():
adders = []
shared_1list = []1 # one shared object!
for i in range(3):
def adder(x):
shared_list.append(x) # all append to one list
return sum(shared_list)
adders.append(adder)
return adders

a, b, ¢ = make_adders()

print(a(10)) # 10

print(b(20)) # 30 (10 + 20) -- not 20!
print(c(30)) # 60 (10 + 20 + 30)

N'YI0'N 902 UTN UPIAIN XY :JINND

def make_adders_fixed():
def make_adder():
local_list = [1 # new each iteration
def adder(x):
local_list.append(x)
return sum(local_list)
return adder

return [make_adder() for _ in range(3)]

a, b, ¢ = make_adders_fixed()
print(a(18)) # 10
print(b(20)) # 20
print(c(30)) # 30
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NIN0IA N1119N :try-al niINdMa else 12.9

(nnvma) break AN DR pPIYININ ;try-aiwhile/for niNdiHaelse w Inroy

.(try-a) nann
92T "2 wio'n -- for-1 else

def find_first_even(numbers):
for n in numbers:
ifn% 2 = 0:
return n
else:
# runs only if the loop ended without break/return
raise ValueError("No even number found")

print(find_first_even([1, 3, 5, 8, 9]1)) # 8
# find_first_even([1, 3, 5]) # ValueError

NN%X¥N2 PO 'Ipha -- try-1 else

def read_config(path):
try:
with open(path) as f:
data = f.read()
except OSError as e:
raise ConfigError(f"Cannot read {path}") from e
else:
# runs only if no exception occurred
return parse_config(data)
# finally would run in any case

70N%191 else-2 wnnwaY 'nn

found =) 92T NAINWA A "RX¥NI N9"-Y "N¥YNI" 12 9'TANY DNNIINYA D'WONNYD
.YII9A NAIDNE NI NP NwYA TIpN .(False
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NI naIvn NNTH — Anti-pattern 1210

wI9'NY 11T HAT 2210 R

# what NOT to do
def find_user(users, target_id):
found = None
for u in users:
if v.id = target_id:
found = v
break
if found is None:
raise NotFoundError(target_id)
return found

wI19ni 8"p for/else 210

# good: for/else
def find_user(users, target_id):
for u in users:
if vu.id = target_id:
return u
else:
raise NotFoundError(target_id)

NT'D% 2 NNYIY] NTANY 10 N

# what NOT to do

buttons = []

for i in range(3):
btn = Button(f"Btn {i}")
btn.on_click = lambda: print(f"Clicked {i}") # prints 2!
buttons.append(btn)
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partial IX function factory :a10

class Counter:
def __init_ (self):
self._count = 0

def increment(self):
self._count += 1

return self._count

def reset(self):
self._count = 0O

# or with closure + nonlocal:

def make_counter():
count = 0O
def increment():
nonlocal count
count += 1
return count
def reset():
nonlocal count
count = 0O
# how to return both? (hint: object, dict, or namedtuple)

AP OHYAN 12.11
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JATNYI 2XN DY NN DN

1992 n19Ion increment() n'¥pad winnw make_counter() wnm .1
.NYyn

LITIND DY DPAIN IN'TAN :TRY) NAINN NN NDOXRNY reset() now oo .2
.(n9012 N'N119 N¥pava nonlocal-1 IwNNWN IN

nYapnw make_lazy_sequence(generator_func) iwnmn (nw nn) .3
pIrawnn;(seql5]) opTINA NWD AWONAY OPIAIN NITANI DI NXPIAID
.IN0NA NIYI 1XYW NN NN
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class Counter:
def __init_ (self):
self._count = 0O

def increment(self):
self._count += 1

return self._count

def reset(self):
self._count = 0

# or with closure + nonlocal:

def make_counter():
count = 0O
def increment():
nonlocal count
count += 1
return count
def reset():
nonlocal count
count = 0O
# how to return both? (hint: object, dict, or namedtuple)
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D2IY'NI NIN'WAN ;N'0ITIV0N NMIDDAI DN DN 120 DY 2N [IIDA DYI¥A [IN'D
.array ,dataclass ,namedtuple ,Counter ,defaultdict .deque TvI D"D'D]
NY'OYWN N1I21N NNan .Cython ,pandas ,numpy IND NIAIXIN NIMD0I memoryview
PITANENINNYP L|ND'T ,OYINI HY
J'NI1,NNA 9D YW NN NN LOINRNDND N2 YD MD YYD N0YNN 1T N2 DT P9
JINYN NIYITAIYWD DN 1YY

270 YV D' NIYY 0'9XYY TN N1 (list) nnwn 131

YXAN] Np'Nn/nooin ,uxinn 0(1) 901 nooin ,0(1) DpTINA WA :NIFIAD ©
.0(n) wion,0(n)

.DNYY D'OPMIAIND + YNNI 0] 8 HYW NMIPN ;D'0PIAINYD D'YIAND VN JNI'T ©

NOMO IN [I'N,NITIN 'YIOWN,DINIPN DY )IXENDIONN ITO YY NIYY 9X) *Nn- &
.(slice)
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D'¥I9) D'YIN'Y -- NnN'VN

# construction

items = [1, 2, 3]

items = list(range(100))

# editing

items.append(4) # 0(1) amortized

items.extend([5, 61) # 0(k)

items.insert(0, "first") # 0(n) -- shifts everything right
items.pop() # 0(1) from the end

items.pop(0) # 0(n) -- shifts everything left

# lookup and sorting

3 in items # 0(n)

items.index(3) # 0(n) -- raises ValueError if not found
items.sort() # 0(n log n) in place
sorted(items) # 0(n log n) -- returns a new list

11 Q1D7IT N ;collections.deque 13.2

.nvaIn 0 (1) -2 nixpn Awn NI0NINDDINY DRNIN Queue) (Double-Ended deque
.D'PIY] YU NMYIPN NN'WID WNIN
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from collections import deque

o o o

n u uo n H*

#

queve (FIFO)
= deque([1, 2, 31)

.append(4) # right side
.popleft() # 1 -- left side, 0(1)

stack (LIFO)
= deque()

.append(1)
.append(2)
.pop() # 2 -- right side, 0(1)

size limit (drops items from the other end automatically)

recent = deque(maxlen=3)

recent.append(1)

recent.append(2)

recent.append(3)

recent.append(4) # deque([2, 3, 4], maxlen=3)

deque YIn list

deque list nvyo
oM 0(1) (1) pop/append
. o(1) o(n) (onnw) (0)pop/(0)insert
oMm* o(1) [i] opTanva nwm
NI 'O YN N NIYI0'N

(orpiha) oryaaxn) dNPNIRX dNIM 0MI9Y DT
.wxnNa 0(n) ,nuxpa pa O(1) Nt Hax opTaNa JRIn deque
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%TNN N2 DY DY 15N ;collections.defaultdict 13.3

N'™O0I VIA'p -- defaultdict

from collections import defaultdict

.02y "2y TIp bwoni KeyError yvain

# group values by key

data = [
("fruit", "apple"), ("fruit", "banana"),
("veg", "carrot"),

1

grouped = defaultdict(list)

for category, item in data:
grouped[category].append(item)

print(dict(grouped))
# {'fruit': ['apple', 'banana'], 'veg': ['carrot']}

# counting with defaultdict(int)

counter = defaultdict(int)

for word in ["apple", "banana", "apple", "cherry"]:
counter[word] += 1

(d.get(key) nd[key]l)nunaapaSTnnninayavrdefaultdict 13.1nwn
,int () list()) D'oanmaN 152 NNIPA D'PODAW NNPAIDN Y N N9 key in d
.(Lambda: [].set()

Multiset ;collections.Counter 13.4

.NNI NP'ONNNIN NPO0N .hashable DropraIN NI'OOY dict Yw NpONN~NN
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TIN'N QIN'N,N1'90 -- Counter

from collections import Counter

cl
c2

Counter("abracadabra")
Counter("alacazam")

print(cl) # Counter({'a': 5, 'b': 2, 'r': 2, 'c': 1, 'd': 1})
print(cl.most_common(3)) # [('a', 5), ('b', 2), ('r', 2)]

print(cl + c2) # union (sum of counts)

print(cl - c2) # subtraction (removes counts < 0)
print(cl & c2) # intersection (minimum counts)
print(cl | c2) # union (maximum counts)

# in-place update
cl.update("hello")
cl.subtract("world")

Immutable ninivn ;dataclass / namedtuple / tuple 13.5
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dataclass namedtuple, tuple, :nxnwn

from collections import namedtuple
from dataclasses import dataclass

# plain tuple -- position only
PointT = tuplel[float, floatl

pl: PointT = (1.0, 2.0)
print(pl[B]) # 1.0 -- not readable

# namedtuple -- field names, immutable, lightweight
PointNT = namedtuple("PointNT", ["x", "y"1)

p2 = PointNT(1.0, 2.0)

print(p2.x, p2.y) # 1.0 2.0

print(p2[0]) # 1.0 -- still works

# dataclass -- full-featured, mutable by default
@dataclass(slots=True)
class PointDC:

x: float

y: float

label: str = "origin"

p3 = PointDC(1.0, 2.0)

print(p3.x, p3.label) # 1.0 origin
p3d.x = 5.0 # mutable
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27NN 5> 'Nn

A19'0 NINNOA ,N'YPAIDA NANNA NTNN L, NNYP DI'YHY/NIT ;tuple ©

,29N0Y NOXNW TIP DY MINND NIN'NRN,NYP immutable nnivwa ;namedtuple ¢
.(__dict__'~) Dronp noixna

,D'IDI9'0  :NIMNTIA NINIWAY 5TNR DN ;dataclass(slots=True) ©
.IN2'Ta 120'NY slots ,NINXNIN NITINA ,5TNA NINMNA

ann DY immutable  MYwd :dataclass(frozen=True) ¢
.dataclass

D'OINT D'D0N 0'2IYN ;memoryview-l array.array 13.6

.npmaRMIPN DA N TaxIa(float,int) ora'o'no ooy niw array
.NPNYN 1921981 NWD WOND memoryview

D'190N% [INJ'TA [IDD'N -- array

import array
import sys

# list of a million ints

py_list = [i for i in range(1_000_000)]
# array of signed long (usually 8 bytes)
arr = array.array("q", range(1_000_06060))

print(sys.getsizeof(py_list)) # ~8 MB (pointers only)
print(sys.getsizeof(arr)) # ~8 MB (actual data)

# but: py_list holds separate int objects (~28 MB extra)
# arr stores the numbers directly -- only ~8 MB total

139



TN IS

8448728

8183816

PNYN-05N 19N NY' -- memoryview

import array

arr = array.array("d", [1.0, 2.0, 3.0, 4.0, 5.0])
mv = memoryview(arr)

# slicing without copying
sub = mv[1:4] # memoryview of the same memory
print(list(sub)) # [2.0, 3.0, 4.0]

# convert to bytes for I/0
data = mv.tobytes()
print(len(data)) # 40 bytes (5 * 8)

(short), 'H'/'h' char), (signed/unsigned 'B'/'b"' :array o190 'Tip .13.2n1vn
(double). 'd' (float), 'f' long). (long 'Q'/'q' (long), 'L'/'1l"' (int), 'I'/'i"
.n0am inté4-5 array.array('q')"2 IUNNYN ;N0 15N T

0ITILVONN NXXY ‘NN ;PyPy ,Cython ,pandas .numpy 13.7
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0'T25 05D %In Python Pure :n0%Nn 1"1Tn

n2'o nxoNN Y'nin

NI L NION N dataclass /list[dict] (niniw (<100K |0p 'NHI0 TIAY
C nix1'nro9IN SQL-like, pandas (100K-10M) 1132 'x920 TIQY
SIMD BLAS, .n'x1M10pI numpy D'T2D 090N DY

D"OLD D'0I9'V ,C-Y N'¥Y'9NIP numba / Cython Python Pure-1 nioiox NiNgI»
CPython-12-10'9 'nn JIT, PyPy D'VPMAIN NN DY 'N-TINR DIYY
C oNIN ABI cffi/ctypes/Cython C/C++ N>wni nynon

import numpy as np

# Pure Python: slow loop
py_list = [i # 2 for i in range(1_000_000)]

# NumPy: one vectorized operation (in C)
np_arr = np.arange(1_000_000, dtype=np.int64)
result = np_arr * 2 # runs in C, checks bounds, SIMD

# performance comparison (orders of magnitude)
# %timeit [i*2 for 1 in range(1_000_000)] # ~40 ms
# %timeit np.arange(1_000_000) * 2 # ~2 ms
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NIN'NNY D"LLD D'OID'L -- Cython

# file: compute.pyx
# cython: language_level=3
def sum_squares(int n):
cdef int i
cdef long long total = 0O
for i in range(n):
total += 1 % 1
return total

# compile: cythonize -1 compute.pyx
# usage: from compute import sum_squares
# 50-100x faster than Pure Python

nnnnLdNN NYL 13.8
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271n2% N1an AN

dataclass(slots=True)
array.array
memoryview

pandas

numpy

numba / Cython

PyPy

.. Unnun L\
list (I'N,NRIPN DY ITOINIY X
deque DITTYN AWN Y'Y PROD/IIN
defaultdict 5TNN N2 DY DY (19N
Counter Multiset / 0'0'19 n1'O0
namedtuple NP immutable nniwN

D'DI9'V DY NTTIN NARIYAD
Python) (Pure DINT 1900 11yN
PNYN-DON 19N NWN

SQL-like / w510 TIAY

D'IVPI D™MO0N DY

NI NIDIDY NINDID
D'OPMIAIN NN N-TNNR DYDY

ani' naIvn NTn — Anti-pattern 13.9

qIND NN'YN 210 NY

# what NOT to do
queue = []
queue.append(1)
queue.append(2)
item = queue.pop(0B)
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from collections import deque

queve = deque()
queue.append(1)
queue.append(2)
item = queuve.popleft() # 0(1)

119'N2 N"AT' NN'OD 210 XY

# what NOT to do
counts = {}
for word in words:
if word in counts:
counts[word] += 1
else:
counts[word] = 1

144



D'9DIN NN )TN 13 PId

defaultdict ix Counter :a10

from collections import deque, defaultdict, Counter
from dataclasses import dataclass
from datetime import datetime

@dataclass(slots=True)
class Order:
order_id: str
table_id: int
items: list[tuplelstr, int]l] # (dish_id, qty)
status: str = "pending"
created_at: datetime = datetime.now()

# TODO: implement the system

D'190N% 0*T191 D'UPMIIN 2210 NY

# what NOT to do
points = [(x, y) for x in range(1060) for y in range(1600)]
# a million tuples + 2M int objects = lots of memory

D900 D'21YNY numpy IN array :210

import array
import numpy as np

# array: Pure Python, compact
coords = array.array("d", [0.8] * 2_000_000) # 1M points * 2

# numpy: vectorized, fast
coords = np.zeros(2_000_000, dtype=np.floaté64)
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PO AN 13.10

MN'AXR DIY'™) 021N N12N NY'N2 DN

,table_id ,order_id :namth 929 .nTYONA NIIATA NYNIAY NDIWA NAMNA
,ready ,preparing ,pending) status ,((dish_id, qty) nn'wn) items
.created_at ,(served

PN ?NTTIA NINTN AN NN2N NN DTN 1

199 YI9'N ,NNMNN N90IN WONRYD 17D NID'YON NIATAN 9D NN 1IONKN N .2
(FIFO)? nyan 2T1O '@ Ty ,order_id

?01'N 12QTIN 210 2N NIAN NND N90N N .3

?11UN NN ;NPT NIRRT 10,000 TayY ndMx NowwAN oX (Nw nn) .4

n%nnn

from collections import deque, defaultdict, Counter
from dataclasses import dataclass
from datetime import datetime

@dataclass(slots=True)
class Order:
order_id: str
table_id: int
items: list[tuplel[str, int]l]l # (dish_id, qty)
status: str = "pending"
created_at: datetime = datetime.now()

# TODO: implement the system
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niMoN L (5INNKN AT) DYIND NIFYAY PR D2 DAN ;DY NPTR [INYD YW NIA'N NDIYN
,V191 Taly import N |'21 AT P19 .AXM [AT] NIvNoNi (circular imports) nirhyn
lazy) NHYXY NI'WO NNNAL;NMAT NOHYW DNWOND importlibTl sys.modules Tyl
TIN92 NIFNMN NIYAY (1NN (imports

S1TIin 0w 0Hapn importlib.import_modulei __import__ :Na'T X" DA DT
importlib.resources™ importlib.metadata Sw a'x'n API-5 vl ;NTINNND
+31272

D™ITIN NN'XNI,__import__ ,sys.modules :Ta1y import '  14.1

:nuxan Ino ,import foo nranpwd

.(51TIN5 10922'0) ININ N'TNR D" DN ;sys.modules["foo"] NpTa A
.(sys.path) wio'nn a'nia foo owa YITIn nwoNn .2

.sys.modules™ NDON ,WTN YITIN OPrAIN NN .3

.(0"nno oI, NINTAN NYYAN) 21TINN TIPp DN XN .4

(from ... dimportoy nnw DwIp IX) YTIDN DX NTNND .5
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D™ITIAN [INVN -- sys.modules

import sys

# first import -- loads and executes
import json
print("json" in sys.modules) # True

# second import -- returns from cache instantly
import json as json2
print(json is json2) # True -- exactly the same object

# can remove from cache (to force a reload)
del sys.modules["json"]
import json # loads again

YUTNN N1'WOY NN 13NN NNOA NPNA 1HAIMX D' NN sys.modules 14.1 myvn
NN INQ'" 12DW DN DDITIR DTN YAN .NINDY 019311 NPT 'WIN'Y ;NIN NIQM
N N9N PITNND D'D'WNN YN ITINN

nnip 1n anYi (Circular Imports) niavn nibn - 14.2

(MuwwnTiINnw)a.pyNa'nb.pyTib. py Natna. py o DN NIVANGN
NN YN ITIRN L15W TIPN DN 199 sys.modules™ SITIN NDION [IN'OYW Y5
L12Im N DITIN
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n'ya -- N3N Nidn

# a.py

print("a.py: start")

from b import something_from_b
print("a.py: end")

# b.py

print("b.py: start")

from a import something_from_a
print("b.py: end")

# run: python a.py

# a.py: start

# b.py: start

# a.py: start (re-entered -- still half-built)

# ImportError: cannot import name 'something_from_b'
# from partially initialized module 'b'

NIAYA NN NYANY NIFAVIVON

.common. py 'wHY YITINY QNIYN TIp IN'NIN ;WUThA N1an .1
(MNP P 1Y0I) INIX NDIXY NYPAIDD 1IN import Navn ;'pipn ar .2
(¥ nravaxd) Tavanoony if TYPE_CHECKING: ;naninNiar .3

(19N NY) ININ D'NA'D D'WIRM 7191 9ITINA NTIN 11N ;ABC / Protocol .4

D'oI19'0 NP'TAY P DRI ;TYPE_CHECKING 14.3

.mypy) Np'Ta 0 N¥M RTA P True Nww viap Kin typing. TYPE_CHECKING
N9 Ny nTa Falsesr,(pyright
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NX" |NT2 0*T2D D'NI2 Yain TYPE_CHECKING

from typing import TYPE_CHECKING

if TYPE_CHECKING:
# loaded only by mypy/pyright -- not at runtime!
from heavy_dependency import HeavyClass
from .models import User

def process(
user: "User",

) -> "HeavyClass": # string = forward reference
# at runtime: User and HeavyClass are not imported
return HeavyClass(user.name)

,from __future__ import annotationsa'0inY Wwon 3.7 Python n .14.2 nvn m
DOWN XY NN ATILININ DI [T DI19'0 D (563 (PEP NITINNAY NIDOIN NINYNN 92l
¢ NIQM 1IXWD NA0N TN INWA TYPE_CHECKING :n1 5y 1 1DDN0N 5N .NMa Yy
649 PEP 95 nINT) nNynn 31471 :T'NyY D1 0NN APTaN 19D P DOY DITIN
(.nnwn NY NXYNNN — NITNNNAYS 1190Y DIPNA

importlib oy (Lazy Imports) nbxy na'vo 14.4

DINNN AT IXPNANT DN DA NNND DPMAINDY YA TY X1 DN DNIT NOXY N0
.DITX D'RIYM] NIMNIYNRYN
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(+3.7) importlib.util.LazyLoader

import importlib.util
import sys

spec = importlib.util.find_spec("heavy_module")

loader = importlib.util.lLazylLoader(spec.loader)

spec.loader = loader

lazy_module = importlib.util.module_from_spec(spec)
sys.modules["heavy_module"] = lazy_module # placeholder only
loader.exec_module(lazy_module) # nothing loads yet

import heavy_module # found in sys.modules -- still lazy
# the real module is imported on first attribute access:
heavy_module.some_function() # actually loads here
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LVIYD T Import Lazy :'wyn DIDT

# utils/lazy_import.py
import importlib

import sys

from types import ModuleType
from typing import Any

class LazyModule(ModuleType):
def __init_ (
self, name: str, real_name: str | None = None,

super().__init__(name)
self._real_name = real_name or name
self._module: ModuleType | None = None

def _load(self) -> ModuleType:
if self._module is None:
self._module = importlib.import_module(
self._real_name,
)
# update sys.modules for future imports
sys.modules[self.__name__] = self._module
return self._module

def __getattr__(self, name: str) -> Any:
return getattr(self._load(), name)

def _ dir__(self) -> list[str]:
return dir(self._load())

# usage:

# my_lazy = LazyModule("my_lazy", "heavy_module™)

# sys.modules["my_lazy"] = my_lazy

# from my_lazy import some_func # loaded on demand
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(PEP PYTHONLAZYIMPORTS / -L a2 narona no'an noon 3.14 in's1 .14.3 nvn
TN [INN9N 92N — 2PN NHY .NAIMY NNNA DRI YW NIONIVIN NYYY NAYOYH (1165
J2I'D12 NIYN 1HA,N002 Y22 TaIY NHYNH

NX" |NT2 'N2'T NI simportlib.import_module 14.5

importlib.import_module ,(q0INn IN X92IPN) NTINNAD VAN ITIAN DWW
.NX¥M AT ININ VIO
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N'M1A'T 0'S0IN NA'YL -- import_module

import importlib
from typing import Protocol

class Plugin(Protocol):
name: str

def execute(self, data: dict) -> dict:

def load_plugins(plugin_names: list[str]) -> list[Plugin]:

plugins = []
for name in plugin_names:
try:

module = importlib.import_module(f"plugins.{name}")
# expect a class named PluginClass in the module
plugin_class = getattr(module, "PluginClass")
plugins.append(plugin_class())
except (ImportError, AttributeError) as e:
print(f"Failed to load plugin {name}: {e}")
return plugins

# config: plugins = ["auth", "logging", "metrics"]
plugins = load_plugins(["auth", "logging", "metrics"])
for p in plugins:

print(p.name, p.execute({}))

NI%an 1IN 01ANWNY nwn simportlib.resources 14.6

D'¥2P '2'N1 192 ;NY'ANN INA 0'TRY (NNTan ,ninan (SQL, baima 'Yap nvnp
.0DM1Y
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(2'x' API +3.9) importlib.resources

from importlib.resources import files, as_file

# assume this structure:

# mypkg/

# __init__.py
# data/

# queries.sql
# config.json

# read as text (returns str)
sql = files("mypkg.data").joinpath("queries.sql").read_text(
encoding="utf-8",

# read as bytes

config_bytes = files("mypkg.data").joinpath(
"config.json",

).read_bytes()

# if a real file path is needed (for C libraries etc.)

with as_file(
files("mypkg.data").joinpath("config.json"),

) as path:
# path is a temporary pathlib.Path
external_lib.load_config(str(path))

# the temporary file is deleted at the end of the block

W open_text nx 99nn (+3.9) importlib.resources.files .14.4 myn
.DNIN loader 921 namespace packages ,zip Dy D TaIY NIN

(+3.8) nnpnin nib'an Yw metadata ;importlib.metadata 14.7
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.T10n pkg_resources M ;(entry points) N0 NITIPA,NINYN ,NDIA DNMP

importlib.metadata

from importlib.metadata import version, metadata, entry_points

# current package version
print(version("httpx")) # "0.28.1"

# full metadata (from pyproject.toml / setup.cfg)

meta = metadata("httpx")

print(metal"Summary"]1) # "The next generation HTTP client."
print(meta.get_all("Requires-Dist")) # list of dependencies

# entry points -- plugin discovery
eps = entry_points(group="myapp.plugins")
for ep in eps:

print(ep.name, ep.value) # auth = myapp.plugins...
plugin_class = ep.load() # loads the object

NI'Yyn NIpdL AN YINNN - 14.8
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YINNN INT IX'PH VOHP'Y

JM¥WI P DRY0) ;NIFXPAIDY D'TAd DRIAY NAVYD 1
72921 0'019'09 TYPE_CHECKING-2 iwnnwn .2

190y .nwN niNMp DB, Nia'n DN %ITIA hANa v TIpn 1Ivana .3
.Ainit () nrypama

N Pay nioo) importlib.util. Lazyloader-aiwnnwn 4
DITIN 92% Nawo T NXN ;python -X importtime nyipTa .5

Q1IN YINNN vIND JIT ;PyPy Dpw .6

m NI2" [T 225919

python -X importtime -c "import myapp" 2>&1 | head -30
example output:

import time: self [us] | cumulative | imported package
import time: 123 | 123 | _frozen_importlib

import time: 456 | 579 | _frozen_importlib_external
import time: 7890 | 8469 | numpy

import time: 3456 | 11925 | pandas

import time: 123 | 12048 | myapp

THOH K OH OH R OB B R

NnIHYN NINYNN NIVan'aY vp'd n1an  14.9
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YYnin nian

myproject/

EE} pyproject.toml

src/

EEE myproject/

__init__.py

ore/

models.py
protocols.py
exceptions.py

vices/
_init__.py
user_service.py #
order_service.py
pters/ #
_init__.py
postgres_repo.py #
http_client.py

O

[T

TH oW OB B B R

1

gins/ #
_init__.py
loader.py #

Tg OTTELATIT

o

—+
@
w
~+
(2]
S~

public imports only
core, no external deps
dataclasses, Protocols
Protocol definitions
exception hierarchy
business logic

imports from core only
external implementations
imports core.protocols

plugins loaded at runtime

importlib.import_module

D'Na'n services,core iNarn adapters ;nntas NIt nErSN :HH5on 14.5nvn

JP2 DI awoNni 0ayn yain nt

.OpP'NdNN DIYD NA'N NY core ,core

N nvn 1NTn — Anti-pattern 14.10
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%1TIn NNY2 T2 NI2™ 2210 XY

# what NOT to do -- app/_init__.py
import heavy_ml_library # 500ms load time
import pandas as pd # 200ms

import requests

# now every ‘import app  takes 700ms+ even if ML is not needed

N'X¥PAI9 1IN HXY NIA* 2210

# good: app/__init__.py -- clean and fast
__version__ = "1.0.0"

def get_ml_model():
import heavy_ml_library # loaded only when called
return heavy_ml_library.load_model()

def get_dataframe():

import pandas as pd
return pd.DataFrame()
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D'>)TIN 11T DAV NIYN 2210 XD

# what NOT to do
# models/user.py
from services.email import send_email # circular!

class User:
def notify(self):

send_email(self.email, "Hello")

# services/email.py
from models.user import User # circular!

def send_email(to: str, body: str):
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T192 Y1TINA Protocol :a10

# good: core/protocols.py
from typing import Protocol

class Notifier(Protocol):
def send(self, to: str, body: str) -> None:

# models/user.py
from core.protocols import Notifier

class User:
def __init_ (self, notifier: Notifier):
self.notifier = notifier
def notify(self):
self.notifier.send(self.email, "Hello")

# services/email.py
from core.protocols import Notifier

class EmailNotifier:
def send(self, to: str, body: str) -> None:

AP O AN 141

161



TN IS

NYXY N2'VL DY 0'DS0IN NdIYAN HAN
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# pyproject.toml
[project.entry-points."myapp.plugins"]

logger = "myapp.plugins.logger:LoggerPlugin"
metrics = "myapp.plugins.metrics:MetricsPlugin"

# myapp/plugins/loader.py

import importlib

from importlib.metadata import entry_points
from typing import Protocol

class Plugin(Protocol):
name: str
def setup(self, config: dict) -> None:

class PluginLoader:
def __init__ (self):
self._plugins: dict[str, Plugin] = {}
self._loaded: set[str] = set()

def discover(self) -> list[str]:
return [
ep.name
for ep in entry_points(group="myapp.plugins")

def get_plugin(self, name: str) -> Plugin:
if name in self._loaded:
return self._plugins[namel]
# TODO: dynamic + lazy loading

def setup_all(self, configs: dict[str, dict]) -> None:
for name, config in configs.items():
self.get_plugin(name).setup(config)
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Application-1 Domain

# converter/domain.py
from dataclasses import dataclass

@dataclass(frozen=True)
class Money:
amount: float
currency: str

# converter/service.py
from typing import Protocol

from converter.domain import Money

class ConversionError(Exception):
pass

class RateUnavailableError(ConversionError):
pass

class RateProvider(Protocol):
def rate(self, frm: str, to: str) -> float:

class Converter:
def __init_ (self, rates: RateProvider) -> None:
self.rates = rates

def convert(self, money: Money, to: str) -> Money:
try:
r = self.rates.rate(money.currency, to)
except RateUnavailableError as exc:
raise ConversionError("rate service down") from exc
return Money(money.amount * r, to)
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# converter/providers.py
from converter.service import RateUnavailableError

class HttpRateProvider:
def __init_ (self, session) -> None:
self.session = session

def rate(self, frm: str, to: str) -> float:
resp = self.session.get(
f'https://api.x.io/rate?frm={frm}&to={to}"
)
if not resp.is_success:
raise RateUnavailableError(
f'status {resp.status_code}"
)

return float(resp.json()["rate"])

class FakeRateProvider:
def __init__(self) -> None:
self.rates = {("usd", "usd"): 1.0, ("usd", "eur"): 0.9}

def rate(self, frm: str, to: str) -> float:
if (frm, to) not in self.rates:
raise RateUnavailableError("pair unknown")
return self.rates[(frm, to)]
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# converter/domain.py
from dataclasses import dataclass

@dataclass(frozen=True)
class Money:
amount: float
currency: str

# converter/service.py
from typing import Protocol

from converter.domain import Money

class ConversionError(Exception):
pass

class RateUnavailableError(ConversionError):
pass

class RateProvider(Protocol):
def rate(self, frm: str, to: str) -> float:

class Converter:
def __init_ (self, rates: RateProvider) -> None:
self.rates = rates

def convert(self, money: Money, to: str) -> Money:
try:
r = self.rates.rate(money.currency, to)
except RateUnavailableError as exc:
raise ConversionError("rate service down") from exc
return Money(money.amount * r, to)
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import pytest

from converter.domain import Money
from converter.providers import FakeRateProvider
from converter.service import Converter, RateUnavailableError

@pytest.fixture
def provider():
return FakeRateProvider()

def test_provider_contract(provider) -> None:

assert provider.rate("usd", "usd") = 1.0

with pytest.raises(RateUnavailableError):
provider.rate("zzz", "xxx")

def test_fake_satisfies_contract():
test_provider_contract(FakeRateProvider())

def test_converter_roundtrip():
conv = Converter(FakeRateProvider())
out = conv.convert(Money(100, "usd"), "eur")
assert out = Money(90.06, "eur")

72NN VP'NdN NN

httpx.Client « (2 p19) wrap Dy NN noYq « (6 1 p19) DI + Protocol
entry-I pyproject.toml - (8 p19) contract niprTa - (3 p19) context manager->
.(9.2 p19) NMam a1y « (7 pav) point

;D0P XY NT ANYUN NN 112WH 191, T1912 NDHNND NINYI [ND NADW DD 1NN pYNn
1199¥ N1 90N [PND 0'DIN TNILNIINN NN D'NDIYYI MIPY NN NT DO .N1AN NT
199N
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NIoLD D'DID'D NPT D'DID'0 mypy
(A'nn) D'oI9'L NPT D'oI9'V pyright
markers ,fixtures nip'Ta pytest
property-based niprTa hypothesis
tests async niprTa pytest-asyncio

121N 21119 a9 structlog
+tracingmetrics obs OpenTelemetry
+formatterlinter NIDWN ruff
environments NTIN hatch
179 lock NTN poetry

N NN 5919 D'yixnI py-spy
N2>'7+CPU D'yIxn2 scalene

nlpnn Din'a'n

$ pip install -e ".[dev]"
# adds: pytest hypothesis pytest-asyncio structlog
# ruff mypy
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pytest + ruff + pyproject.toml

[build-system]
requires = ["hatchling"]
build-backend = "hatchling.build"

[project]

name = "myapp"

version = "0.1.0"

requires-python = ">=3.11"
dependencies = ["structlog=24,<26"]

[project.optional-dependencies]
dev = ["pytest", "hypothesis", "pytest-asyncio",
"structlog", "ruff", "mypy"l]

[project.scripts]
myapp = "myapp.cli:main"

[tool.ruff]
line-length = 88
target-version = "py311"

[tool.pytest.ini_options]
markers = ["slow: long-running"]
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n'oniwn fixtures :conftest.py

import pytest

@pytest.fixture
def logger():
return structlog.get_logger()

@pytest.fixture
def repo():
return InMemoryRepo()

service™) context manager

from contextlib import contextmanager

@contextmanager
def service(name: str):
m svc = start(name)
try:
yield svc
finally:
stop(svc)

framework %% ">n'a'n DI

def build() -> App:
db = create_pool(os.environ["DATABASE_URL"])
rates = HttpRateProvider(httpx.Client())
return App(
repo=PostgresRepo(db),
converter=Converter(rates),
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NPYNN subtyping). (structural NwAION NI 85 1120 NTIN Tann N1an Protocol
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.N2IN2 NI DIPNAYINAN NPYNNY NIPOION NIMHN 1AW D197 Injection Dependency
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(Domain, Application, Infrastructure) ninowa nvpoo N Architecture Clean
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Interface Programming Application API

Interface Line Command CLI
Unit Processing Central CPU
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Injection Dependency DI
Object Transfer Data DTO

Language Intermediate IL
Input/Output 1/0

Notation Object JavaScript JSON
Used Recently Least LRU
Order Resolution Method MRO

Programming Object-Oriented OOP
Mapping Object-Relational ORM

Memory Access Random RAM
Transfer State Representational REST

Agreement Level Service SLA
segregation, Interface substitution, Liskov Open-closed, responsibility, Single SOLID

m inversion Dependency

Language Query Structured SQL
Layer Sockets Secure SSL

Protocol Control Transmission TCP
Security Layer Transport TLS

Interface User Ul
Locator Resource Unfiorm URL
Identfiier Unique Universally UUID

Interface Gateway Server Web WSGI

Language Markup Ain't YAML YAML
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