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# oSbss s> 40 SQL Lz
cursor.execute("SELECT * FROM users WHERE age > 18")

# oLwein Sl g5l

users = session.query(User).filter(User.age > 18).all()
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PostgreSQL

MySQL

SQLite

Oracle

Microsoft SQL Server
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pip install sqlalchemy

pip install "sqglalchemy[asyncio]'

pip install psycopg2-binary

pip install pymysql

pip install cx_Oracle
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:Flask o

pip install flask flask-sqlalchemy flask-migrate

:FastAPI -

pip install fastapi sqlalchemy alembic uvicorn

SQLAIchemy 1lgi e 3L Wygo 5 bl 351> U315 ORM (45,8 i w)go 4y Django: Django e
13S oslasiwl e 1)

pip install django sqglalchemy
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import sqlalchemy
print(sqlalchemy.__version__ ) # .5 Gioles |y oad cuas G5yg 4ol

Core vs ORM
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(c2b k) SQLAIchemy Core

bl ails SQL (g9, (g i JyuS solg> 0 aS Cuwl SlwS gl Core

from sqlalchemy import create_engine, MetaData, Table, Column, Integer, String, sel

LNFEE I T

metadata = MetaData()

users = Table('users', metadata,
Column('id', Integer, primary_key=True),
Column('name', String(50)),
Column('email', String(100))

#ij Sl g JLadl
engine = create_engine("sqlite:///example.db")
metadata.create_all(engine)

# s, 5s8
with engine.connect() as conn:
# Insert

conn.execute(users.insert().values(name=" o>

# Select

result = conn.execute(select(users).where(users.c.name == "wo>!"))

for row in result:

print(f"ID: {row.id}, Name: {row.name}")

, email="'ahmad@example.com'))

:Core sLlso

pidaw CaCpuw @
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03020 (5595 sl cunlio @
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(VL xhuw) SQLAIchemy ORM

.25 1S objects Python b sislgs 10 aS Cuwl (5B xidsa2wes sl ORM

from sqlalchemy import create_engine, Column, Integer, String
from sqlalchemy.ext.declarative import declarative_base

from sqlalchemy.orm import sessionmaker




Base = declarative_base()

class User(Base):
__tablename__ = ‘'users’

id = Column(Integer, primary_key=True)
name = Column(String(50))
email = Column(String(100))

def _ repr_ (self):
return f"<User(name="'{self.name}', email="'{self.email}"')>"

# osHluslol

engine = create_engine("sqlite:///example.db")
Base.metadata.create_all(engine)

Session = sessionmaker(bind=engine)

session = Session()

# oo L w!

# Insert

new_user = User(name='..>!", email="'ahmad@example.com"')
session.add(new_user)

session.commit()

# Select
users = session.query(User).filter(User.name == 'wa>1").all()
for user in users:

print(user)

:ORM Lls0
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Engine cslw

from sqlalchemy import create_engine

# SQLite
engine = create_engine("sqlite:///myapp.db")

# PostgreSQL
engine = create_engine("postgresql://user:password@localhost/dbname")

Connection ;| sslaziwl

(U9, 25¢2) Context Manager b :1 b,

with engine.connect() as conn:
result = conn.execute("SELECT 1")
print(result.fetchone())

g0 Al 539> Wygods bl)l (Sely gL Sl A=y Iy e

(ausS close ¢lisgs 3b) Liws 12 g,

conn = engine.connect()

result = conn.execute("SELECT 1")
print(result.fetchone())

conn.close() # w i Iy bLlLisyl Lais

Flask ,> Jtwo
from flask import Flask

from sqlalchemy import create_engine

app = Flask(__name_ )
engine = create_engine("sqlite:///app.db™)

@app.route("/test")




def test_db():
with engine.connect() as conn:
result = conn.execute("SELECT COUNT(*) FROM users")
return "1 LS 51 ass: {result.scalar()}"

Connection Strings
:Cawlass 0315 6B4L w)>T Connection String

talixo &|9.3|

# SQLite

"sqlite:///path/to/database.db"
"sqlite:///C:/path/to/database.db" # Windows
"sqlite:///:memory:" # 4bil> o

# PostgreSQL
"postgresql://username:password@localhost:5432/dbname"
"postgresql+psycopg2://user:pass@localhost/dbname”

# MySQL
"mysql://username:password@localhost:3306/dbname"
"mysql+pymysql://user:pass@localhost/dbname"

# SQL Server
"mssql+pyodbc://user:pass@server/dbname?driver=0DBC+Driver+17+for+SQL+Server"

Connection Pooling

3150 a5 63kl connection (gslass - Jlasl y&iwl isy PoOI

# oleahis Pool
engine = create_engine(
"postgresql://user:pass@localhost/db",

pool size=10, # 10 L5 connection

max_overflow=20, # Lol L3 20 58S as

pool timeout=30, # 30 0o 4w 5lS

pool_recycle=3600 # cclw y» connection 1, L» reset ;s

# oorog oS S» Pool
print(f"Pool size: {engine.pool.size()}")
print(f"Active connections: {engine.pool.checked_in()}")




Database Events
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# Jlasl 31 Jos
@event.listens_for(engine, "connect")
def set _sqlite pragma(dbapi_connection, connection_record):
if "sqglite" in str(engine.url):
cursor = dbapi_connection.cursor()
cursor.execute("PRAGMA foreign_keys=ON")
cursor.close()

# 51 Jos execute s, 54 ud

@event.listens_for(engine, "before_cursor_execute")

def receive_before_cursor_execute(conn, cursor, statement, parameters, context, exe
print(f"s>sd o 1 ,>1: {statement}")

SQLAIchemy Core

MetaData ¢ Table Definition

o> oli;b Wbl 9 oggiw (Jolam @ by e WileMbl ‘OLOJ asS Cuwl Lg}s),o £ S MetaData o
NS e S e g (61585 )

olg T.\.v.: U sgb 0 Juog MetaData <G a ilg,ogo GSo W ,ei aS (Table) Jgas o sy o
23S Sy e b Wi oyl po b ) logT des

Table objects

Cuwloss Joa> ainds Jio SQLAlchemy ;> Table
from sqlalchemy import MetaData, Table, Column, Integer, String, DateTime
from datetime import datetime
metadata = MetaData()

# Jsu> Gy users
users_table = Table('users', metadata,




Column('id', Integer, primary_key=True),
Column('name', String(50), nullable=False),

Column('email', String(100), unique=True),
Column('created_at', DateTime, default=datetime.utcnow)

# Js ol
engine = create_engine("sqlite:///example.db")
metadata.create_all(engine)

users = Table('users', metadata,

# olael

Column('id', Integer),
Column('age', Integer),
Column('salary', Float),
Column('balance', Numeric(10, 2)),

# o
Column('name', String(50)),
Column('bio', Text),

# ole) g gy S
Column('created_at', DateTime),

Column('birth_date', DateTime),

# True/False

from sqlalchemy import Integer, String, Text, Boolean, DateTime, Float, Numeric

#10 ,lac! 2 . al,

# 551 HLS 50 5SS us
# Y ab i

Column('is_active', Boolean, default=True)

# Flask-SQLAlchemy
class User(db.Model):

id = db.Column(db.Integer, primary_key=True)

name = db.Column(db.String(50), nullable=False)
email = db.Column(db.String(100), unique=True)
is_active = db.Column(db.Boolean, default=True)

Column types
:Column Lol glgil

:FastAPI/Flask >




# FastAPI
from sqlalchemy import Column, Integer, String, Boolean
class User(Base):

__tablename__ = "users"

id = Column(Integer, primary_key=True)

name = Column(String(50))

is_active = Column(Boolean, default=True)

Constraints

:Constraint glgsl

from sqlalchemy import ForeignKey, CheckConstraint, UniqueConstraint

users = Table('users', metadata,
Column('id', Integer, primary_key=True),
Column('name', String(50), nullable=False),
Column('email', String(1@0), unique=True),
Column('age', Integer),

# Check constraint
CheckConstraint('age >= 18', name='age_check'),

# Unique constraint
UniqueConstraint('email', 'name', name='unique_email name')

# J,4> orders Lo Foreign Key

orders = Table('orders', metadata,
Column('id', Integer, primary_key=True),
Column('user_id', Integer, ForeignKey('users.id')),
Column('total', Float)

Indexes

lgmins ()dindu Cacyw gl Index

from sqlalchemy import Index

users = Table('users', metadata,
Column('id', Integer, primary_key=True),
Column('email', String(1e0)),
Column('city', String(590)),




Column('age', Integer),

# Index oo lw
Index('idx_email', ‘'email'),

# Composite Index
Index('idx_city_age', 'city', 'age'),

# Unique Index
Index('idx_email_unique', 'email', unique=True)

Schema operations
HE-ECS 9 .)l.?.ﬂ

# Jglu> 4an o lxol
metadata.create_all(engine)

# Jyu> SO hid Slnyl
users_table.create(engine)

#J3|J_.> 4o B>

metadata.drop_all(engine)

# Jy> SO Bl
users_table.drop(engine)

SQL Expression Language

9 id, name, email, age, is_active :loggiw b @i,l> users_table awl a4 Jgaz S @S0 29
id, user_id, total : sloygiw L orders_table Jga>

Select statements
gub o0 03latwl Jolaz 5l wesls (LU g wlxil gl SQLAIchemy ;> SELECT wilygiuws

bedyd) asd Ll

from sqlalchemy import select



stmt = select(users_table) # L» Gy <an oliisl
with engine.connect() as conn:
result = conn.execute(stmt)
for row in result:
print(f"esl5: {row.name}. Juaol: {row.email}")

wold peiw Ll

stmt = select(users_table.c.name, users_table.c.email)
HC obw San

o3lw by b
stmt = select(users_table).where(users_table.c.age > 25)
& -
AND b b, x>
stmt = select(users_table).where(
(users_table.c.age > 18) & (users_table.c.is_active == True)
)

LIKE by

stmt = select(users_table).where(users_table.c.name.like('1o>1%"))

Insert, Update, Delete

031> y3,S adlal - Insert

# Insert _<o
stmt = users_table.insert().values(name="__-', email='ali@test.com")
with engine.connect() as conn:

result = conn.execute(stmt)

print(f"ID .,u>: {result.inserted_primary key}")

# Insert _lsuix

stmt = users_table.insert()

with engine.connect() as conn:
conn.execute(stmt, [




{'name': "..>1", 'email': "ahmad@test.com'},
{'name"': '4abLs", 'email': 'fateme@test.com'}

D

lwyjg,as — Update

stmt = users_table.update().where(users_table.c.id == 1).values(name="'sia>! =)

with engine.connect() as conn:
result = conn.execute(stmt)
print(f"{result.rowcount} b Slw,js 4 5)sS)")

Wi> — Delete

stmt = users_table.delete().where(users_table.c.age < 18)

with engine.connect() as conn:
result = conn.execute(stmt)
print(f"{result.rowcount} .is Gi> o,45,")

Joins

515 5,08 Sy byd S Gulwl p Joaz 2z b go 5l esls plesl gly doin

Inner Join £l

b aidls cdlhs join byuis b Jgaz 93 4o (sloways, aS 215,550 iloy ks | looesls
25103,5 i inylaaww S J8laz aS i, S s (518)5 165,15 Jbe

# Inner Join
stmt = select(users_table.c.name, orders_table.c.total).join(

orders_table, users_table.c.id == orders_table.c.user_id
)
Ioabu‘ogeﬁo
5 9) Uhiylaw Egozxe 9 )5 WleMbl glg> (50
g 50 0315 Giuled 35,15 Gib)lew SO JSlas aS (lp)S hsd sy INner Join
ElS @y 5 elsS aS 0 yakiw users_table.c.id == orders_table.c.user_id b,&

39 (Juog ylaw



g ped 0315 lulad Gilaw 0e il tazxs |
Outer Join (Left Join) E3
Al abla 3929 093 J9az > Gidlhe S i ils)SGep 1) (42) Glel Joaz slowiy) acs

Oygo ol 53 0165,S5 Cud iy lew guo jeid aS logT Li (ol)S ded 18,5 (63,05 JLw
351> NULL )lx80 (orders) pg> Joaz (slovygiaw

# Left (Outer) Join
stmt = select(users_table.c.name, orders_table.c.total).select from(
users_table.outerjoin(orders_table)

:05lw ‘09.3.6.0

(5853 9y Uiyl Egame 9 )5 WleMbl (slo>0 po U

3l il iyl gus HSI Gis (g0 631 il ol)lS aes iy Left Outer Join
Olw 90 G i e B3> (5,015 e laz |
C. ‘09.3.6.0 *

.(columns) Jga=> (sldygian isu C.

.users_table Jg3=> ;| name ¢giw =y Users_table.c.name g oo (5i9

Operators ¢ Functions
SQL g:lg5 — Functions
ILg.))g)lS (SLmJb.o

from sqlalchemy import select, func

# ol ooy LS ol ars
stmt = select(func.count(users_table.c.id))

#0100 LS G (080 e o daaS e

stmt = select(
func.max(users_table.c.age),
func.min(users_table.c.age),
func.avg(users_table.c.age)




# O 0LS dlurd o sgd wlel o b0 S
stmt = select(
users_table.c.city,
func.count(users_table.c.id)
).group_by(users_table.c.city)

: ‘“S¢ ;‘

ol SQL gilgi Jslee func e
S oslaiwl COUNT, MAX, MIN, AVG, SUM (Jie aggregation gilgi 5l (Slgi 0 o

gub o 03wl Jgaz 1 esls aujxi b wuS )5 (gl aS cuwl (=0lgi aggregation e
lo,SLac — Operators

users_table.c.age > 18
users_table.c.name ==
C
C

e
.email.like('%gmail%")
Lid.in ([1, 2, 3])

users_table.
users_table.

[8hio L;[:b).iLo.c

# AND

(users_table.c.age > 18) & (users_table.c.is_active == True)

# OR

(users_table.c.city == 'l ;¢3') | (users_table.c.city == '(lLgiol")

- S
OR= |
AND = & o

Sguis 50 03Uianl i (55w sozim sby () 1ike e
G S5 5> Cugiac Gy ()_in e

Subqueries

o5lw Subquery

#.l_})\)dh)\_i_w&_gb}_;'.l)&u_}l)_g‘}u
subg = select(orders_table.c.user_id).distinct()



stmt = select(users_table).where(users_table.c.id.in_(subq))

scalar g alias L Subquery
subg = select(func.avg(users_table.c.age)).scalar_subquery()
stmt = select(users_table).where(users_table.c.age > subq)

EXISTS
from sqlalchemy import exists
stmt = select(users_table).where(
exists().where(orders_table.c.user_id == users_table.c.id)
)
-V VI

=15 (5,565 = Subquery e
G ,lade SO (yls,S;L = ()scalar_subquery o
) S JBlas 39>9 ) = (Jexists e

Executing Statements

Connection execution

=l sloivg,

from sqlalchemy import create_engine, text, select
engine = create_engine("sqlite:///example.db")

# Ly ) Hey Connection

with engine.connect() as conn:
result = conn.execute(text("SELECT * FROM users"))
print(result.fetchall())

# 31 priwae 1Y G,y Engine
result = engine.execute("SELECT COUNT(*) FROM users")
print(result.scalar())




# Lo 1Y Gy, Statement Object (gl o 1 50)4w)
stmt = select(users_table).where(users_table.c.age > 25)
with engine.connect() as conn:
result = conn.execute(stmt)
for row in result:
print(f"esL5: {row.name}")

(Parameterized Queries) (s,13350l,)b

w

with engine.connect() as conn:
# o)L &
result = conn.execute(
text("SELECT * FROM users WHERE age > :min_age"),
{"min_age": 18}

# ooy g

result = conn.execute(
text("SELECT * FROM users WHERE age BETWEEN :min_age AND :max_age"),
{"min_age": 18, "max_age": 65}

(asiso (5259l> SQL Injection) yidun Cuiel icuje |

Result objects

loosls (58,5

stmt = select(users_table)
with engine.connect() as conn:
result = conn.execute(stmt)

first_row = result.fetchone()
print(f" o, LS ool {first_row.name}")

# hw Jis
some_rows = result.fetchmany(5)

# Lo yw 4o
all rows = result.fetchall()




Transactions
093570 L alino bl dos b aS Wllac I glacgozo = (iiSlys #
(5595) 65lw

with engine.connect() as conn:
conn.execute(users_table.insert().values(name="..>1"))
conn.execute(users_table.insert().values(name="__:"))
# Sely oLy Ho with » commit [ Lsos

by

9) w9l 9 d9s 03,5 ;L transaction ; ,S5¢> ,gba; SQLAIchemy (adiw ploi With idg Ll
.aiS e commit

.o rollback ;5365 g 4y LGSl o3 &) s> s )565 (s>l g )5 3]

2093520 b (e 0533 dod b b )=l with Soly 215 aS (les,565 ploli iz

D
conn = engine.connect()
trans = conn.begin()
try:
conn.execute(users_table.insert().values(name=".1.>1"))
conn.execute(users_table.insert().values(name="__<"))
trans.commit() # o x5 050
except:
trans.rollback() # o0 s,5,,
finally:
conn.close()
apog

.(Oconn.begin) S o ;L transaction &, Liw> W)yguo @ ¢S Il
. Orollback L ()commit wags> L g, Lol 5l as)
H 2 9> X 6P szl =

9 S s ol by S bung Wio) bl atbls> LIS (59, JolS JiS aS aosV 3By gy ol
(rollback b asw commit (5,.5 eacuas

.o Tollback Wlyusi aes cads commit 51 ez (Cuus Suail po > ol 4



raoMs @
6h9S il=l il «+— Connection

loyhw b )5 9 29,5 385 (5w < Result
wosly S2,LSs 5l wlsebl (sl — Transaction

SQLAlchemy ORM

Declarative Base
SCuums> Declarative Base

CunloJodz iy y2i by LSs g, S

L ol UBd9> SQLAIChemy g auwngiize Vgl UWMS SO ojluy Table Giws Wjgoa el slza
S50 (Map) (basie Gunlivd Joaz &

‘el> Joaz oy =i (sl oly 95 Lo SQLAIChemy >

.2we Joaz (Column) laygiw g Table I eslaiwl L :(Table-based) Liws Gy,

S o iy, |y o Joaz el slowMS jl eslaiwl b :(Declarative Base) [,Ss 4 (g,

Model definition

(SQLAIchemy < 2.0) (0333 g,

from sqlalchemy import create_engine, Column, Integer, String
from sqlalchemy.ext.declarative import declarative_base

# ol
Base = declarative base()

class User(Base):
__tablename__ = 'users'

id = Column(Integer, primary_key=True)
name = Column(String(50))
email = Column(String(100))




3)65) o Uoleo User (wMS jl s yo .05lwe Guwlind > USErs pwl @ Joaz o aS ol
s Joaz )3 ()
(SQLAIchemy 2.0) s3> (b,

from sqlalchemy.orm import DeclarativeBase, Mapped, mapped_column

class Base(DeclarativeBase):
pass

class User(Base):

__tablename__ = "users"

id: Mapped[int] = mapped_column(primary_key=True)
name: Mapped[str] = mapped_column(String(50))
email: Mapped[str] = mapped_column(String(100))

i gye ugb b Bl g ypusly (Mapped]int]) ool Poo aduw ;> aS ayl 8,9

NURSY
Table mapping
ulind Jg3z S 4 gl e S2 13,5 Joeg = Table Mapping
(Olwsy Ubfxuﬂ) odlw el o
rwodls Gl ) @bl o Sig 9 M el g lopgiam 9 Jo3z el idy
class User(Base):
__tablename__ = ‘'users’ # ooy Jgus

id = Column(Integer, primary_key=True) # ;.3 id
name = Column(String(50)) # (siw nName

03 Jrog USErs Jga=> ay User Gulls Ll
o Jog Gtz 3 id giw @ T8> vl 3 id Sh
aligo Jog Guwliz> > NaMe pgiw a 18> wiuly ,> Name Sk
e g )53 il — i S bowl Lizy
(S 58 Wpwl) ilw cll> @



el O9e0 5l 0gRl 595 GleB e bl (waSud juz @y Joaz b opgiw el puanliud 95 o8
IS oSS aylew Mapping el . (3S e laiwl Cadow

class User(Base):

__tablename__ = 'user_accounts' # jraw! goolSos Jyd> user_accounts cwl
user_id = Column("id", Integer, primary_key=True) # (odw id » S35, user_i
full name = Column("name", String(100)) # (sdiw name » 335, full

.G User_accounts yiouwl Guawliud (,=8lg (Jga=>

a1 33 user_id o Givewl el 55 g eyl id el @ Ligiw Guwlios >
.S 50 oslaiwl full_name ;I el )5 Lo «auyl> Nname puwl 4y Gigiuw Gualius 5>
o Juog Lunlind a3 plizzas Lol (e yiblgs gy S (5)0kil A

Primary keys
o5lw
class User(Base):
__tablename__ = "users"”
id = Column(Integer, primary_key=True) # Auto increment
UUID L

import uuid
from sqlalchemy.dialects.postgresql import UUID

class User(Base):
__tablename__ = "users"
id = Column(UUID(as_uuid=True), primary_key=True, default=uuid.uuid4)

(Composite Key) S5

class OrderItem(Base):
__tablename__ = "order_items"
order_id = Column(Integer, primary_key=True)
product_id = Column(Integer, primary_key=True)
quantity = Column(Integer)




Column options

from sqlalchemy import Boolean, DateTime
from datetime import datetime

class User(Base):
__tablename__ = "users"

id = Column(Integer, primary_key=True)

name = Column(String(50), nullable=False) # L. >|

email = Column(String(100), unique=True) # ol sy Wl

is_active = Column(Boolean, default=True)  # o, dj I Lis

created_at = Column(DateTime, default=datetime.utcnow) # cslw lo)
updated_at = Column(DateTime, onupdate=datetime.utcnow) # . . x5 Lo}
city = Column(String(50), index=True) # Syl

status = Column(String(20), server_default="active") # ,, w caw 4o

Sessions

$ > Session @

Al 9 gl 35 g GbLl 2 So

e pleul Session (§,b 1 (H3le> (B3> i (3938]) ORM (slo)lS dosd sy
Coi S Gualiod 5 iz Jcommiit aS i8g G o)ls e a5 g, wlyuss Session

9) L.JI).U.QJ Lg).SJ ro.»o.-a.: eI pT)) aS Cuwsd uSgo u.uub)b c\>)a9) LS.J L}inSession ] *
S S by S 0y

3950 0315 Zwdgi aelsl > 30,5 olidl Cuge ;> Session L I, SQLAIchemy ,> Session ¢yl

Session lifecycle
Session (Session Lifecycle) d>,> ¢

Session Factory slxl

from sqlalchemy.orm import sessionmaker

Session = sessionmaker(bind=engine)

.Session wslw "6l 5" iy ol

Session slul



session = Session()

Session ;| 6slasiuwl

user = User(name="..>1")
session.add(user)

(Uuatius 5> 6,053) Commit

session.commit()

Session ¢yiuw

session.close()

configuring sessions ¢ Creating

Session = sessionmaker(
bind=engine,
autoflush=False, # 51 Jos @oes query gy ol juass flush sy
autocommit=False, # o pogex commit s
expire_on_commit=False # ;| u.x, commit i Jblo Laooslo

b aldld (g idn S B oS e Cauw g) Wleuasi ¢l La)LS)gro.g)é))ygm »

Session states

session = Session()

# 1. Transient (LLus,1 )
user = User(name="..>1")

# 2. Pending (Ll o)
session.add(user)
print(user in session.new) # True




# 3. Persistent (coL3)
session.commit()

print(user in session) # True
print(user.id) # YL> ID 5,1

v

# 4. Detached (ouws | 4>5)

session.expunge(user) # ;I Gi> session

print(user in session) # False

# 5. Deleted (oud &i>)
session.delete(user)

print(user in session.deleted) # True

rollback ¢ Committing

.L)u*gUﬂ))) C)bﬂ#ﬁj(gb)s qhg$5 K:ornnnﬁ

(b 6309l iny s ,S1) Olyuss aes (ail5)3, Rollback

session = Session()

try:
userl =
user2 =

session.
session.

except:

session.

finally:

session.

User(name=".1.>1")
User(name=" __lc")
add_all([userl, user2])
commit()

rollback()

close()

with Session() as session:

user =

session.
session.

User(name="..>1")

add(user)
commit()

o

(oolgsiins Ubg,) Context Manager ;I oslazwl

Lo @i LU > (393> Session (gshil #

SQLAIchemy / ORM > Session Ell : LG WIS

Lo iiSl)s 9 puwliod L bl)l o e 158



Ll osld lgs g > (Giulg 00> Johuo

rollback b ¢péw commit Guwlios @ Oluss aS &S e JyiS

Transient, Pending, Persistent, Detached, Deleted :6)l5 0 a5 g, oSl Cusisbg

o pll session ues G,b | o555 g ORM Wildac dos taxyws (4

(Flask, FastAPI, Django) laS)900,9 ;> Session €

g 5Ll g 0abpSY )5 Sy e D)8

e 0,5 Session (ggi token b user_id Jio LileMbl (adiuo 3)lg 5,5 L8y Vgaze

s locuwlgs)s u GleMbl 6,055 Context SO aSl s Juog Luwlios @ Session ¢l
.o 03ly server-side session store L cookie b Vgoso Flask/FastAPI >

.o 6,u>3 cache b Guwlivs J3Is wleMbl g 636 <y s Django: session s

(Flask/FastAPI/Django) «Sjgp4 8 SQLAIchemy ORM Session gg;

25 CleMbl / Cogo >l Cy e oseliad b bLS)l o e Yao

user_id, token, login state lo Sy ,0Object states Joli

Lo request ¢ )5 Vgb request ,o (sl Ygoso «aooligS e Jgb

set/get/remove. check login add, commit, rollback, query o Whilac

cache (uuliu> ,cookie ol (ol akbll> 0,13 Y=o
eSS e

A Jio WolS 900 ,8 Session g SQLAIchemy Session

S)yop2,9 9 wodl> L 5 sl SQLAIchemy Session :iS eslaiwl 95 ;o I plojod igi e
)5 Cu e gl Session

Basic Queries

U oaso LiUSol Cugs SESSION . 5jise 6,505 Luwliod 69, !> Moc (iS e LIS Session U idg
WS 3930 g (S Wi (S a8 (g g esls

Query objects

(99 s+b) Query Objects

‘5w Query Object ay Jgl «(5,5%0 g, Woosls slg> 0 (389 @



session = Session()

# SO aslw Query Jyus> sl o User
query = session.query(User)

print(type(query))
# .>5,5: <class 'sqlalchemy.orm.query.Query'>

'S b=l vgl 69, Igie A . Cawoslel JB 4y Jie Query Object ¢l

users = query.all() # <.» User L

first _user = query.first() # ., User
user_count = query.count() # 1S ol a=x5

one_user = query.one() # ol S Lindy aoly

Filtering

oS oolaswl filter_by L filter ;I S(g,.% o, oosls I Lindw ay had slg> 0
# Jlw 18 sY Lo ol y 81 4o
adult_users = session.query(User).filter(User.age >= 18).all()

#JLXJQ‘)_;J[J‘LAJ&
active_users = session.query(User).filter_by(is_active=True).all()

(PR PP e e byb i @

query = session.query(User).filter(
User.age >= 18,
User.is_active == True,

User.city == "I ¢35’

L ygilyl A

session.query(User).filter(User.name.like('w>1%")) # ol Lo g4 0
session.query(User).filter(User.email.contains('@gmail')) # .l @gmail
session.query(User).filter(User.id.in_([1, 2, 3])) #oowo ) g1




session.query(User).filter(User.age.between(18, 65)) # 65 , 18 (.
session.query(User).filter(User.phone.is_(None)) # NULL

oS slobyd ¢

from sqlalchemy import and_, or_, not_

# AND

session.query(User).filter(and_(User.age >= 18, User.is_active == True))

# OR

session.query(User).filter(or_(User.city == "I ;o35', User.city == '"lLeinl'))
# NOT

session.query(User).filter(not_(User.is_deleted))

Ordering

(Ordering) (s;lwessyo

# SO gRw0
users = session.query(User).order_by(User.name).all()

LIPS TR
users = session.query(User).order_by(User.created at.desc()).all()

H oOsbw L

users = session.query(User).order_by/(
User.city,
User.name.desc()

).all()

iy A

from sqlalchemy import func

# plo Job wlul o
session.query(User).order_by(func.length(User.name))

# 8o Las
session.query(User).order_by(func.random()).limit(5)




# NULL L 37 e
session.query(User).order_by(User.phone.nullslast())

Limiting

‘21> Pagination ¢l sl . slg> 05 9, Wodl> aos L8y Ll

# 5)45) 10 Lis
users = session.query(User).limit(10).all()

#30 L3520 5,45, 5
users = session.query(User).offset(20).1imit(10).all()

# 5,035 o7

latest_users = session.query(User)\
.order_by(User.created_at.desc())\
.limit(5)\
.all()

Advanced ORM 4 Relationships

Relationships

lyz iy abuly a5 @050 Wb eu)ld o3z Mz iy

(One-to-Many) ail aibls (i)lew iz digie ,)5 S, o
(Many-to-One) o)l> (@l )5 SO W had Gi)lw S, o

(One-to-0ne) o)l> Jaldg ;S )5 ;o @

(Many-to-Many) GuSey g il aily Calizo loGinds (igie oy)ls

a$y> J93z 2)95) @ &S (g .abiog J93= 0935 @ 3)95) ol aSue Luwliud g5« ForeignKey e
Q.lSL,.JO O)l.&i)l

S5 ol b @bl awyiwd e 503565, 4l 6ase o5l Cagy el o5 — relationship e
(% JOIN plyo aSiul s> @ .cuws (Django ORM L SQLAIchemy Jio) ORM (oga%0
One-to-Many



class User(Base):
__tablename__ = "users"
id = Column(Integer, primary_key=True)
name = Column(String(50))

orders = relationship("Order", back_populates="user") # LagLiw ]

class Order(Base):
__tablename__ = "orders"
id = Column(Integer, primary_key=True)
total = Column(Float)
user_id = Column(Integer, ForeignKey("users.id")) # So,,LS pousS Jlo oy liw

user = relationship("User", back populates="orders")

:05l8%wl

user = session.query(User).first()
print(user.orders) # Legy Liw cu

by (g95 Lol Juasl ¢l < (user_id) au,l> ForeignKey S Order Jga> ;>
05w ad,bg> (galul) slg> ;0 ORM (SQLAIchemy) Ll
user.orders « o i)low Couud @ wyiwd (User Cuouw jl
order.user « i)low wobo @ Gwyiws (0rder Cuow
05>l adbgd Vgomo (Jg (@S0 HI5 Chow oo I gl o, relationship Wb &, has 3l
.(order.user oo 5 user.orders e Ligu i)
&lg )3 9, akuly g9 .akul) €95 Hu=i Gl U amngisS )5 izl gl relationship Lgs 1w &
S o pasiine ForeignKey (ygoo
Many-to-One
{eaiS 5o 055 Li)liw Caouw 1 dd VU Jlio (g0

order = session.query(Order).first()
print(f"s! o ¢,y Liw o1 {order.user.name} cw!™)



One-to-One

1> Jaldgyy So )5 o

class Profile(Base):
__tablename__ = "profiles”
id = Column(Integer, primary_key=True)
bio = Column(String(200))
user_id = Column(Integer, ForeignKey("users.id"), unique=True)

user = relationship("User", back_populates="profile")
class User(Base):

__tablename__ = "users"”

id = Column(Integer, primary_key=True)

name = Column(String(50))

profile = relationship("Profile", back_populates="user", uselist=False)

o Juog 4503 J9az @ pgiw (I ey (FK) )l suls

Sly J9az g digi 0 ,b Sy had user_id jo i=s i3 eo Unique=True :idg

(bl axdl> aigize Jlgy Sy had 5,5 o) One-to-0ne &y aduo Juds abuly (s)9kil taxs &
(sl asibls Jolg, diz digie )5 ) One-to-Many aidue unique=True (g

Sy — user.orders Wio) aig,Sy Szl Ua> daiSeo @S0 ,S8 relationship (o,9 s ,9b @

L @ 65,55 ST ST @y glg> e il (One-to-One) Syausy ahly 38g Jg

g0 03laiwl uselist=False aS Cuwl=l

Many-to-Many

.(o.uLw ).3)[5 ‘L'):‘.“°3I) U.uul.) aiild U.u.o.) .)..a.‘> P 0 l.d)).g)ls

user_roles = Table(
"user_roles", Base.metadata,
Column("user_id", Integer, ForeignKey("users.id")),
Column("role_id", Integer, ForeignKey("roles.id"))

class User(Base):
__tablename__ = "users"
id = Column(Integer, primary_key=True)




name = Column(String(50))

roles = relationship("Role", secondary=user_roles, back_populates="users")
class Role(Base):

__tablename__ = "roles"

id = Column(Integer, primary_key=True)

name = Column(String(50))

users = relationship("User", secondary=user_roles, back_ populates="roles")

Joaz> o 2L Many-to-Many (gabyl, ,> Sau> Many-to-Many ,> secondary=user_roles (.l
.S 0 Joc roles g users ¢ Jo Jio user_roles Joaz Ll )5 paibly asiols il

Back references
back_populates
S 25 WdgS g ally Byl g5 Al

S0 AL (LD g) (L.S)Jg) attribute el
(o iy)lew > p)1S) One-to-Many Jtw

class User(Base):
__tablename__ = "users"
id = Column(Integer, primary_key=True)
name = Column(String(50))

orders = relationship("Order", back_populates="user") # <. User

class Order(Base):
__tablename__ = "orders"
id = Column(Integer, primary_key=True)
total = Column(Float)
user_id = Column(Integer, ForeignKey("users.id"))

user = relationship("User", back_populates="orders") # c.. Order

o i) lw Cuwd «— user.orders @ u,lS Cuow
uylew gl @ bgiye )5 «— order.user @ i)law Cuoww

0% 0Ll g, anes 8485 1 g g,l> relationship b g3 il



backref
0lw0 o) Jlie B)b (bde> sqlalchemy g (iS e iy yei )b SO (HS By yei b 9> aSil sl @
.Cuus shortcut sy

: 501565 Lol Vb (e Jlie

class User(Base):
__tablename__ = "users"”
id = Column(Integer, primary_key=True)
name = Column(String(50))

class Order(Base):
__tablename__ = "orders"
id = Column(Integer, primary_key=True)
total = Column(Float)
user_id = Column(Integer, ForeignKey("users.id"))

user = relationship("User", backref="orders")

6> po V> #

order.user
user.orders

g relationship ,L &G hds g

Lazy Loading vs Eager Loading

Lazy loading patterns

MNPV load 5L uSg ool

user = session.query(User).first() # Jsu> Lis User «ino s, 5.5
print(user.name)

Hoojl5 ¢ S0 wdwd Lxiyl 93, Oorders d4ioo >,
print(len(user.orders))
#=> dioe 00) ou 5S4 Vs




Eager loading (joinedload, selectinload)
I Ngub 0 l0ad =S5 oosls deo

joinedload g selectinload 5,5 ¢

G L3S Uiy g (wale sl s o) loodl> is)) (yime Eager Loading (ly 9> 0 o
G.JSUA

joinedload ¢

S o 053wl Lol (5,595 (ygeo ;5 JOIN

Sle 15,585 s b juzaan

Ll S 651> (389 6,5 Ry yan

Lo 6328 (69U (5,55 031> @il aiils 5,65, Ll (orders Jio) 55,8 Joaz oSl 1 JSuine
‘Jbo #

users = session.query(User).options(joinedload(User.orders)).all()
# SQL: SELECT users.*, orders.* FROM users LEFT JOIN orders ...

selectinload €

o loorders aos (gl 13> (5,595 @ 3= 0yl g, loUser aos Jol

(aingr o) (5595 95 Az
(030 55,8 (53,95, 38 0ig

‘Jbo #
users = session.query(User).options(selectinload(User.orders)).all()
# SQL 1: SELECT * FROM users
# SQL 2: SELECT * FROM orders WHERE user_id IN (list of all ids)

.a9> joinedload «— oS o3l>
.6yidiug selectinload « >bj 63l
N+1 problem

Jbo # .aiv 035 3)05, y0 slp BLSI (5,595 N + adgl (5,595 | 631> acgazo Sy 138)S (slp (389
:(N+1)



users = session.query(User).all() # 1 &5,
for user in users:
print(len(user.orders)) #N lol 5,545 (e !y User 14>)

:(Eager Loading) Jto #

users = session.query(User).options(joinedload(User.orders)).all()
for user in users:
print(len(user.orders)) # o,s5 a5 48l s, 56S

Loading strategies

(akyl, (5,135,L sl ivg,) Loading Strategies
rady dg) 031> jgha S el (90 (IS0 Wi relationship idg
("select” : 6,8 i) Lazy .1

orders = relationship("Order", lazy="select")
# by ks user.orders s 5,5 (i |ao Orders 4io | >

("joined" ) aiiwos Eager .2

‘Jbo # .0)lw JOIN U (User) Lol cusg>go olyos

orders = relationship("Order", lazy="joined")
# by User s 08 45 Lec Orders slis lojon pa

("dynamic") ;L <dg ks .3

-a393,S (50,0 Query object ay i gl @
-G limit g s abl) Yged (59, L
‘Jbo #

orders = relationship("Order", lazy="dynamic")



user = session.query(User).first()
big orders = user.orders.filter(Order.price > 100).2al1()

Load ("noload" ) iw> .4
Lol dg) H5>95 g0
(PR 6595 iwd W9 b lgSy aSl

‘Jbo #

orders = relationship("Order", lazy="noload")
user = session.query(User).first()
print(user.orders) # o5,S o, L=

Advanced Querying

Joins. Subquery. Union: :pey, Saidyuiny sloylul ELaw 1L o i LIS 63l slosbsS o8
.Window Functions: Raw SQL

Complex joins

(paitivme JUasl) Inner Join @
.old 3929 Jga= 95 4 gi aS o)l (uldosl> h8d

result = session.query(User, Order)\
.join(Order)\
.filter(Order.total > 100)\

.all()

(99,4 JLasl) Outer Join @

0)lso 9) Jol 93 2,95, caubls pg> Jgaz )3 631> oS1 i

result = session.query(User)\
.outerjoin(Order)\
.filter(Order.id.is_(None))\
.all()

# ooyl sy L mae 4S8 S ) LS 4




Subqueries
o 03lasunl a5y (5595 @y JS1> aS (slis 3eS

olc Subquery ¢

subg = session.query(Order.user_id)\
.filter(Order.total > 1000)\
.subquery()

rich_users = session.query(User)\
.filter(User.id.in_(subqg))\
.all()

# o100 1@@@)1)_“\_13,\_5_36.JJJLL~U4JU_;|)_UIJ

Scalar Subquery ¢
1a39,S o (UsSlo b puSilbe o) ST )lado @y

avg_total = session.query(func.avg(Order.total)).scalar_subquery()

above_avg orders = session.query(Order)\
.filter(Order.total > avg_total)\
.all()

#ohLy S GaSSlee 31 sl S olag Liw

:scalar_subquery xusgi

session.query(func.avg(Order.total)).scalar()

g alax) ()0 OVl aduo )=l 6)595 = (1253 m.uo) ﬁgb)fun)g UJQ.\JLJ e S i9§|9 L')gl ©
(-5S 3Ll Ll (32 slo(5)59S (595 (9300 a503) Sl Guwlind 5l KuSile Hlake

session.query(func.avg(Order.total)).scalar_subquery()

Olgicar 9) (6595505 rl Fie -0 2l punlius 2 jei oS ojlwie (6595005 @ ol T
SQL) (55595, Sl Sy a3 ()scalar_subquery . S oslaiwl ;53,50 (5595 by 1 s
a393,S 0 (EXpression object



Union operations
lixo (5595 Nz 529> Sy sl
Lo g)lS5 e AiS o S g (5995 93 (sazais Union ¢

(Logs,1)S5 wg3y) Union @
young_users = session.query(User).filter(User.age < 25)
old_users = session.query(User).filter(User.age > 65)

all users = young_users.union(old_users).all()

# oo s Lo s s Lol ) LS 4

o) )S5 b aiS e Sy 95 (5,595 93 (sazs Union All »

(s,,S5 ) Union All ¢

all users = young_users.union_all(old_users).all()

Window functions

()1350)loss b (saivass) Jio) ocass) (59, oosls Jud=i glp

iy gl B0 03ue LSy (50)lasd S iy, ;0 4y Row Number @

result = session.query(
User.name,
func.row_number().over(order_by=User.created_at).label('row_num')

y.all()
#oploous ole) wle! s 50) LS s sl wod)y oy led

O3S0 Oy sy (L (s9bwo 2,95, U 95 aSI Jg 640 s, Rank @
:05lw JUo

T ad, « 500 ijlaw < User 1 o

T ag, « 500 b)lew < User 1 e

3 ay, < 300 Liylaw < User 1 o

result = session.query(
Order.user_id,



Order.total,
func.rank().over(
partition_by=0Order.user_id,
order_by=0rder.total.desc()
).label('rank")
).all()
# oo wlel 5o s LS e gy Liw )

Raw SQL integration

(S 03lal sloy punlins UolB SIS I L ably oauzn > 58S 589

el (5595 gl sl text() o
LS e B3 el Wygoas 9, Hinylade aS Cuus placeholder a, pattern
>ayd, ass « fetchall()

>, S his « fetchone()
23,95, sasuiw Slass « fetchmany(5)
(akis ORM (,29,3),iS Joog ORM a g, o> (5,565 a4y (slo> 0 (389 from_statement()

SQL paiiue gh=! ¢

result = session.execute(
text("SELECT * FROM users WHERE name LIKE :pattern"),
{"pattern”: "..>1%"}

).fetchall()

# oo goub Lol Ly gediaw!l 45 51,0y LS dan

ORM b S5 #

users = session.query(User)\
.from_statement(
text("SELECT * FROM users WHERE complex_condition()")

).all()




Advanced Topics

Session Management Patterns

sloghy) Cula,5gS =l 9 guwlius L bl cupse Joiumo SQLAIchemy: Session s

Nigu 0 03wl > S)g00,9 )5 aS oI5 Session Cu e gl elizo

Session per request

D0 Ay Cawle>)d L jl A=y g dgb 0 aislw 3a> Session G HTTP cuwlgs)s o gly

Vg ed abldS Shdl a4 vcunle®)s ¢ lo Session e Cuwl ¢l g zuly g, ol
FastAPI Jt.o

def get_db():
db = SessionLocal() # <o slxo! Session aou>

try:
yield db # 5,5 ooliiwl endpoint
finally:
db.close() # o 4w Session cwl gz gloly 1 dss

@app.get("/users™)
def get users(db: Session = Depends(get_db)):
return db.query(User).all()

Contextual sessions

ell 1) )15 ¢l scoped_session .S eslaswl Session G ;I ab Thread xiz L @b iz o8

1> solaisl Session &G Thread ;o ¢ 3250

from sqlalchemy.orm import scoped_session, sessionmaker
Session = scoped_session(sessionmaker(bind=engine))
def some_function():
user = Session.query(User).first() # (L. Session s! o Thread _l=x:

return user

# oo,8 SLy Session jLS alas! 31 axo
Session.remove()




.Cuwl Session wslw glp (Factory) als) S o sessionmaker o
.(SQLite file L TCP connection aile) Cuwl Guwlius L bLs)l Jgiuo engine o
S, Guwlius elaS b as sl Session ¢l Lisy 513550 bind=engine 89 e

o

engine = create_engine("sqlite:///app.db")
Session = sessionmaker(bind=engine)
session = Session() # I Session 4. "app.db" ol i

Thread-local sessions

39550 Cagpdo Liwd g scoped_session aliw .5)l> alSla> Session Sy ,hdg9s Thread o

import threading
session_registry = threading.local()

def get_session():
if not hasattr(session_registry, 'session'):
session_registry.session = SessionLocal()
return session_registry.session

.(Othreading.local) cuwl Thread o Logae (g3Lwousd sLad o session_registry e

olaiz| Session Sy eul> (()session_registry.session = SessionLocal puwgie 38y
S (50 0)x> g 2 jlw 0 =8 Thread gl

Session events

logging (Jie ¢pad> pll slgxds Whidae Guuliys wlyuei commit/rollback jl a=) b Ju8 @ulgi0

.validation L

from sqlalchemy import event
@event.listens_for(Session, 'before_commit')
def before_commit(session):

print("y1 Ju_s Commit")

@event.listens_for(Session, 'after_commit')




def after_commit(session):
print(" 1 .x Commit")

Olypus (ol 0,055 51 Ju8 — before_commit

Olues (ol 0,053 5l sy — after_commit

Advanced Relationships

90 5d)lgo @ GiZu ol )d ) lodgaz w bulg) (55w sln Lg|d.;_9),\w WLl SQLAIchemy
2o

Self-referential relationships

bl anbls £lol Ghogs @ Blgine Joaz Sy

class Employee(Base):
id = Column(Integer, primary_key=True)
name = Column(String(50))
manager_id = Column(Integer, ForeignKey('employees.id'))

manager = relationship("Employee", remote_side=[id], back_populates="subordinat
subordinates = relationship("Employee", back_populates="manager")

:SQLAIchemy ,> remote_side

Ogiw elaS 1l 3L SQLAIchemy ((Self-referential) 250 £lo)l G393 @ Jgaz Sy i
Ll «abyly 555 Caouw

Polymorphic relationships

5l Cd) o 309 0 SQLAIChemy g 5,5 6.3 Sjyiine LSl S 5 1) 355,8 lowlS ylgie

Polymorphic ;I igi e ¢aSyidine (gdbld()giw pas aS (5)l> Cudgzge g5 x> (5,1 389 @
S oslaiwl
class Person(Base):
id = Column(Integer, primary_key=True)
name = Column(String(50))
type = Column(String(20)) # <> gic o5 4SS 0 gakiie
__mapper_args__ = {'polymorphic_on': type, 'polymorphic_identity': 'person'}

class Employee(Person):



salary = Column(Float)
__mapper_args__ = {'polymorphic_identity': 'employee'}

class Customer(Person):
credit_limit = Column(Float)
__mapper_args__ = {'polymorphic_identity': 'customer'}

mapper_args s .\

Cilyg 9 Joa= U d.:9§.> 080 LMS @ aS cuwl SQLAIchemy ORM oguako (5,isd S ol
vasie il (ewiSe oslaiwl (o Jga> ilyg) Polymorphic Inheritance ;I i8g Logase
polymorphic_on .Y

polymorphic_on: type

)0 4S5 1) 2555 (Type) €95 Joaz wgimw plaS S e Lasuine

.Customer L Employee L cuwl Person G 5,55, ¢l aS 1S 0 o type ¢giw o Jbio 5>

elss SQLAIchemy aS xS0 puusi Giylase pgiaw ol gdbe 0535 Jeaz )d 389 3,65, 0 iy
Ao yobais! T a |y (wMS

polymorphic_identity .W

3,95, MBS e pasiv g S0 0)x>d (Jga=> type (giw ;5 aS Cuwl (g)la80 polymorphic_identity
Ll QoS plsS @) bgyyo

390 Il GuMS b buiye g Llg> Vgazo g (xbl slaid, yo Slgine Hlade ol

Hybrid properties

oslaiwl SQL (5,595 )5 po g 3bb Lawyiws 8 Python )5 eo aS 5)S ayyei (wMS ) (sxie plgie
Y-V

from sqlalchemy.ext.hybrid import hybrid_property
from sqlalchemy import func

class User(Base):
__tablename__ = 'users'
id = Column(Integer, primary_key=True)
first_name = Column(String(30))
last _name = Column(String(30))

@hybrid_property # for python




def full name(self):
return self.first_name +

+ self.last_name

@full _name.expression # for SQL
def full name(cls):
return func.concat(cls.first_name,

' ', cls.last_name)
# oo Lliwl

user = session.query(User).first()

print(user.full_name) # " _Jc sa>1"

SQL @ g, vgl L395> SQLAIchemy (sS oslaiwl (Jorder_by L ()filter ;> full_name ;I slgso idg
raiS 5o J2

users = session.query(User).filter(User.full_name == '_Je aa>1").all()
# 51 Lol @Full_name.expression i o oo Lisw!

Extensions ¢ Customization

Custom types

:JSON (Joo ¢S 0,u23 Guplins 5o d)lastiwl jue slosls 95 pudle> 50 aS iloj sl

from sqlalchemy.types import TypeDecorator, String
import json

class JSONType(TypeDecorator):
impl = String

def process_bind_param(self, value, dialect):
return json.dumps(value) if value else value

def process_result value(self, value, dialect):
return json.loads(value) if value else value

class User(Base):
__tablename__ = ‘'users’
id = Column(Integer, primary_key=True)
preferences = Column(JSONType())

# oo L lw!
user = User(preferences={'theme': 'dark', 'lang': 'fa'})




‘= SQLAIchemy ,> TypeDecorator

sy 05ky 3)lubiwl £95 Sy (59) Wmmoluiiy aS ejluy Hiylaw Guplind E95 Sy plg>0 o @
.a0g9 0 9, ..g INteger g String lads Luwlius S (0,9

:impl

03 )lgw 09l (59) Gl E85 Rl aS Laupln> Glol 65 Gisy IMpl e

Cuns String gges Juol ;> JSONTYpe ¢l oS0 il o

JSON/ (5 ,1iuSy> ay Python (595 (Jg «adinw 6,:>3> VARCHAR/TEXT ay Guwlins 31> Gy @

:process_bind_param

Lo 2l @b ¢l (insert/update) Guwlios (595 Giawpds g) 0315 (slg>0 i ©

:process_result_value
‘e L=l @b ol ((select) (5,050 g 031> Guwlins 5l Lidg o
Validators

D plel Gauawylael 0l 0,055 51 Jud lgie validates@ b

from sqlalchemy.orm import validates

class User(Base):
__tablename__ = 'users'
id = Column(Integer, primary_key=True)
email = Column(String(100))
age = Column(Integer)

@validates('email')
def validate _email(self, key, email):
if '@" not in email:
raise ValueError(" oixols Joas!™)
return email

@validates('age')
def validate age(self, key, age):
if age < @ or age > 150:
raise ValueError(" oiscols (w'")
return age

g0 aid,S Commit jI b oluiisl sloosls ssl> 4



:validates@ ,qil,95>

oS U &U ol 5l Jol cadn 6,055 38 ¢l o 03> asiul 5l (Jud
.(email' Uso) aiinso validate aS (salué ol :key

Lo 0,33 g duiine Feturn adsb Cuw)s a3l 631>
.6jlai0 Exception (ail slisl oSl

&0 S o a8 iz o, lcl

feold A Sz gl @b SO Sigie wle &SI

@validates('email’, 'age')
def validate fields(self, key, value):
if key == 'email':
if '@" not in value:
raise ValueError(" ieols Joasl™)
elif key == 'age':
if value < @ or value > 120:
raise ValueError(" ixols (™)
return value

listeners ¢ Events

‘o> lis isSlg Insertc Update« Delete a; pulgi 0

from sqlalchemy import event
from datetime import datetime

@event.listens_for(User, 'before_insert')
def set_created_at(mapper, connection, target):
target.created_at = datetime.utcnow()

@event.listens_for(User, 'after_update')
def log update(mapper, connection, target):
print(f"User {target.id} updated")

Mixins
LeuS a8lol o do @y g pumngiy pwMS S5 )3 |y Syiine sloShg 9 lopgiw puilgi
class TimestampMixin:

created_at = Column(DateTime, default=datetime.utcnow)
updated_at = Column(DateTime, default=datetime.utcnow, onupdate=datetime.utcnon



class User(Base, TimestampMixin):
__tablename__ = 'users'
id = Column(Integer, primary_key=True)
name = Column(String(50))

Custom loading techniques

Mg (5)135,L Query pis ool az aSiyl S sl

N+1 Query Problem :zul, o

.S query g, Profile  Orders aiBlaz 10,5 1o sy 322 9 (S0 9) VLS S 389
(WS Gl Iaz (5565 o> i il

.>lew Loader L joinedload / selectinload : J>ol,

from sqlalchemy.orm import joinedload

# loader i, Liw
class UserlLoader:
@staticmethod
def full load():
return [joinedload(User.orders), joinedload(User.profile)]

users = session.query(User).options(*UserLoader.full load()).all()

Caudigd Wyguo (pl @ Giwd lgiae e g lgiue pog iy loder <o Eilgiao oo 1SS
FastAPI JoU5 Jto

from fastapi import FastAPI, Depends
from sqlalchemy.orm import Session, joinedload

app = FastAPI()

@app.get("/users/{user_id}/full")
def get_user full(user_id: int, db: Session = Depends(get_db)):
user = db.query(User)\
.options(joinedload(User.orders), joinedload(User.profile))\
.filter(User.id == user_id)\
First()
return user




Optimization ¢ Performance

Performance Tuning

Query optimization
eaS yilad O9il ) A= el 9, Woosly ass 1l ol
S 03kl loosl> 93,5 39320 9 ,ilsd (she SQL 595 1 1) (g,

#J\_x_l_tdu}_x_ngja dx e la oy LS daan uo
all users = session.query(User).all()
active_users = [u for u in all_users if u.is_active]

#oOL p Loy jo pdbiue 1ogs
active_users = session.query(User).filter(User.is_active == True).all()

Index strategies

‘e L H5 3590 3)95) &y «J9az US 0 Brg Bz W — AS e Jac DS Cuwygd Jio GuSil
(03 sS 3l cine S8/ E puw Sbj @S loygiw sl

Jlo ©

class User(Base):
__tablename__ = 'users'
email = Column(String(100), index=True) # ool o) peSail

(e b gt Xig) LaSy puSaigl @

Index('idx_status_date', Order.status, Order.created at)

Connection pooling
030 Guoliud @ b Juog )L ,o
.o 03wl 0,Lg> g (i LS o Jlasl aiue ucl Connection Pool

o o



engine = create_engine(
"postgresql://user:pass@localhost/db",
pool _size=20, # 20 ocolol JlLasl
max_overflow=10, #10 251 Ho Lol Jlasl
pool_timeout=30, # 30 4550 yhide 4L
pool recycle=3600, # c)lwojls celw 1
pool_pre_ping=True # (S cw’ ool w! Jos

)
Bulk operations
0p =50 g, aes — insert/update/delete SO0 sl @
Insert
#
for i in range(1000):
session.add(User(name=f"User{i}"))
session.commit()
# o5
users_data = [{"name": f"User{i}"} for i in range(1000)]
session.bulk_insert_mappings(User, users_data)
session.commit()
:Update <
# oss
session.query(User)\
.filter(User.last_login < old_date)\
.update({"is_active": False})
session.commit()
:Delete

session.query(LogEntry)\
.filter(LogEntry.created_at < old _date)\
.delete()

session.commit()




Caching

@ 505 ()l 5l esly Gloo @ aS (s a=d> U Cuwl albdl> )3 osly Cdge 0,053 Liso @ (S
il iR p Gl 9 eSS aslye Gunlos

23,15 9 IS Elgil

(in-process cache) _ul559,> 65lw S .

Python uuwg s ¢los dbdl> (6,053 J=o

QGbl3S Shidl @ Guwgn 2z b jemw Xz ) g Cunl Guwgy ples by hid (udgixo
-39 05

)30 aS5 | (5,565 s aS 03lw (5S> ) Iegphe Jlie

&b s 6,53 (sl functools.lru_cache x|, oslaiwl

(distributed cache) Syidino Guunly (S .

.Memcached L Redis Jio (gm0 piaw 16,33 J=o
336S eslaswl o 51 aiilgie g mw g dGuwg ) doo
23)S iy el Wesls glp (Lassl yloy) TTL ylgise
.(pickle L JSON) Cuwl osls (g5bwJb juw diojLo

Second-level cache (SQLAIchemy) .

.5)l> session g Jae ghuw 5 LS 9> SQLAIchemy

U dgib0 aiibly a5 pg> mhuw cache ;> o oxilg> Jol Jb aS Guwlios 5l 555, Sy :pggio
S oolaswl |y T Quwlios @ aesle 930 lgi (sa=s Session

SQLAIchemy 51> (iS5l psd ,b i 035lg> Gumlis 51 Jsl b id=T b )15 L esgie Jbio
33,5 00

(las,> Cache) Dogpile.cache .

.e2b35 (8 (Region) LiS sloashie

.,83¢5 invalidation ¢ (Lasl ¢yloy) TTL

.31 dkdl> g (Redis Memcached I ilusisia

IS0 IS )3 el g 1) Flis g JSe Wrap | Las,56S L @ilgi tpgede
..).))ii).g stale data U <uwl 69 ol jusi 5l sy (invalidation) UMS (SJLJ.ULSL)

Query result caching

functools.lru_cache L oslw (S



L azui plad (Guwlind @ 58 9 (g3 a=dd U pu)de oS5 abdl> ;o 1) b SO aulo toal

..).3|.))§).g

from functools import lru_cache

Hou a3 0 gl 31 1y 4y LlS 45 =ols
@lru_cache(maxsize=100) # 5,8 43il o 485 4lhils> yo 4xais 100 5T a>
def get_user by email(email):

print("Querying DB for", email)

return session.query(User).filter(User.email == email).first()

# o0 L w!
userl = get_user_by_email("test@example.com™) # soi. 0 ou5l o5 quuolios 31 Lo ool
user2 = get_user_by_email("test@example.com™) # ssb 0 ouSlos @S 31 Lo (ol

Second-level cache
e aidl a5 (5350 LIS Sy, e Syiie Thread L Session x> ¢ aS loesls (s

wsSession o (S Rl (Cuwl Jled Session glos ;> héd aS) Session goslw LS BUS,.

from sqlalchemy_utils import CacheManager

# 531 .51 01, Cache Manager
cache_manager = CacheManager()

class User(Base):
__tablename__ = 'users'

id = Column(Integer, primary_key=True)
name = Column(String(50))

# Cache Ju.o (ol sl o
cache = cache_manager.cache

# o0 L w!
user = session.query(User).filter(User.id == 1).first() # ;! DB
user = session.query(User).filter(User.id == 1).first() # ;1 Cache

Dogpile.cache integration

TTL ¢ ,155¢5 invalidation Jio )l aid iy WllSel aS (S jogaie ailiuls <



ilvilely 9 wuas

pip install dogpile.cache

from dogpile.cache import make_region

# o5 Region

region = make_region().configure(
'dogpile.cache.memory', # I35 0 ¢ )51 abhil> Redis 5,9 oolidwl pa
expiration_time=600 # 10 i 3o

@region.cache_on_arguments()
def get user profile(user_id):
return session.query(User).filter(User.id == user_id).first()

# o0 L iw!
user = get_user_profile(1) # 31 J,I ,L, DB
user = get_user_profile(1) # @S 51 peo Lo

F U oo 1 amo S (oS S

def update_user(user_id, **kwargs):
session.query(User).filter(User.id == user_id).update(kwargs)
session.commit()

region.delete(f"get_user_profile|{user_id}") # s ;5,5 Sy

s 4
Silwise LIS S 8395 ,9b as (Jcache_on_arguments
33,55 056 6315 b @uiS SU |y (S Lasi> (Liud> Cyal jl as

Advanced Features
Alembic L Migrations

Cpgots Lunlins (iSe Ll Josz b ogiw 4 Win) piS e i (Models.py) close s



Gl gz Jio aiS o Jloel Guwlius (59) 9 il ‘o.\§ D ‘o.)é 9) Whausi aS ay,lpl Migration

Migration basics

wilvilely 9 wuas

pip install alembic

# o3 gond
alembic init alembic

Ao ai>lw /alembic gadgy Sy

(ax> o so angiy ) (530 Lirgs 9, Base.metadata 3L aS Cuus env.py Gidsls

I3 e 9) Lwlind wysT alembic.ini J1s

# a5 alembic.ini
sqlalchemy.url = postgresql://user:pass@localhost/dbname

Auto-generating migrations

(i adlsl User Wio) 3,5 yuu2i Jdo (5idg

alembic revision --autogenerate -m "Add user table"
alembic upgrade head

.65Lw .0 /alembic/versions ,> migration (& <o Jgl jg5uws

S 50 Ll Guwlios (59, 9, Migration gl pg> Hgiws
e S/)? LSI)-.’

alembic downgrade -1 # & migration . 5,5,

.9, UawSey downgrade (aiS o Jlecl upgrade iy
oxubadgi Migration eslw (Jbo



def upgrade():
op.create_table(
'users’,
sa.Column('id', sa.Integer, primary_key=True),
sa.Column('name', sa.String(50)),
sa.Column('email’, sa.String(100))

def downgrade():
op.drop_table('users"')

Manual migrations

L/9 Schema iw> 2L — Cuwws 85 (autogenerate) 5395 389 iy Manual Migration
o s |y esly

J=1> ¢ ("..." alembic revision -m) s5lwe J revision S lud iey Manual Migration
Sagige |y o3V SQL g *.0p slaas (lisgs> ()Jdowngrade ¢ (Jupgrade

migration (& &G LIS LJB e

# versions/xxxx_custom_migration.py
from alembic import op
import sqlalchemy as sa

revision = 'xxxx'
down_revision = 'prev_rev'
branch_labels = None
depends_on = None

def upgrade():
Hooah 1l ol oy Yo pl&e 48 51 yaiwd
pass

def downgrade():

# weSxo upgrade oSyl sl
pass

(650 low 3L Wygo 55 B il 6slw 31 Lis g (Jdowngrade S adiuos 1aiss

Sgidire il Ll 5> i8S 5l gl 5 bS5 oS Gl ol



merging ¢ Branching

lomigration — ol g, (39> Migration aSee LwS;d (S o JI 659, (59, ,H N> 89

:branch c.sLlw

alembic revision -m "Feature A" --branch-label=feature_a

‘migration x> elesl

alembic merge -m "merge features" headl head2

laxsy)U i

alembic history --verbose

:wl‘g) L,Lﬂ-é WQ 0D

alembic current

.l glp git commit Jie Migration

Testing

Testing patterns

Sl pytest.fixture@

ol Gl buzo b cgolio (loodls (gilweslel (gl ol SO pytest. Fixture ;>

el )L SO 1), ¢l Fixture (oglug 031> L Session (o ulajuz 6)Lgd Cuwd o )5 aSiyl slo @
950 (G230 Dl ) 9 A0

fax> =y "scope="session

2l adly calixo yoe Job Mlgi 0 Fixture



LS 5o b, s diges Sy Cuwd o (U8 i) function e
D)l diges SU Cuws wMS o iclass e

Liges S Jojlo o :module e

)1 Syiine aiges U Ll SO locuws (S isession e

Cuwd Setup

fEaiS 50 05wl &y il sl SQLite in-memory ;I

from sqlalchemy import create_engine
from sqlalchemy.orm import sessionmaker
from myapp.models import Base

import pytest

@pytest.fixture(scope="session"

def test_engine():
engine = create_engine("sqlite:///:memory:") # 4khil> ;5 cBe0 o0l o lS oLy
Base.metadata.create_all(engine)
return engine

@pytest.fixture
def session(test_engine):
Session = sessionmaker(bind=test_engine)
session = Session()
yield session
session.rollback() # oob a3l oS5y O juu s des GwS e 1 de
session.close()

)15 Y2135 v s G Olhusi Gag )l 03U Session S s o
Locus S lp ,U SO his engine skl iy SCOpe session
oo oolw Cuwd

def test_create_user(session):
user = User(name="..>1", email="ahmad@test.com")
session.add(user)
session.commit()

assert user.id is not None # .& Uislw LS

assert user.name == ".L.>1"

Waayl, Cund



def test _user_relationships(session):
user = User(name="__i<")
order = Order(total=100.0)
user.orders.append(order)

session.add(user)
session.commit()

assert len(user.orders) ==
assert user.orders[0].total == 100.0

Fixtures

wa osloiwl Cuuus NS )2 9 rOJ)l.uu oslol lodigas r°*’|9JL:r‘°

@pytest.fixture
def sample_user(session):
user = User(name="cw5 ,,Ls", email="test@example.com")
session.add(user)
session.commit()
return user

Mock strategies

o Cus )b 0 euslgSed Lo gdbie Juaie K> Gmgw b 2> APl 4 b asS 6,8
X5 1o |y =8lg Gug yuw

15,5 0lgB)s asuis aS 6au (glwaud (gadws b =8lg ()3,S el Liss Mock

Database testing
=8l 631> 5L (slocuws
‘S oslaiwl MySQL L (,=8lg PostgreSQL aulgi0

@pytest.fixture(scope="session")
def postgres_engine():
engine = create_engine("postgresql://test_user:test_pass@localhost/test_db")
Base.metadata.create_all(engine)
yield engine
Base.metadata.drop_all(engine)

@pytest.fixture




def postgres_session(postgres_engine):
Session = sessionmaker(bind=postgres_engine)
session = Session()
yield session
session.rollback()
session.close()

.).ngu.o |.)..u SQL U9§|9 WYL c)g.&b.o ‘ol.?.ﬂ U_9§|9 630> oli;b (59) Caud [ jo
Real-world Applications

Design Patterns

Repository pattern

A5S e 03laiwl Repository ol cauuagiy session.query(User) aubiue aSiul slo @ Lisy 394
"y

QY Guiz s 5l panlios Ghie g5lwla>

ldCud ()d,S i)

3S S i 090 pumlind s

:05lw Jbwo

# repository.py
class UserRepository:
def __init_ (self, session):
self.session = session

def get by id(self, user_id):
return self.session.query(User).filter(User.id == user_id).first()

def add(self, user):
self.session.add(user)
self.session.commit()

# o0 Liw!
repo = UserRepository(session)




user = repo.get_by id(1)
repo.add(User(name="A1i"))

.SQLAIchemy L, Session a pudiume @ «Cuwl diunly Repository ay ¢uinSubl JS tazui 4

Unit of Work

Oygo U Olui ded aS dad 0 yluwebl loSession g o yisSli Cupio lp 9§J| S Qw.u?
.3gib rollback L commit =Sy

205l Jbo

class UnitOfWork:
def _init_(self, session_factory):
self.session_factory = session_factory

def __enter_ (self):
self.session = self.session_factory()
return self.session

def _exit_ (self, exc_type, exc_val, exc_tb):
if exc_type:
self.session.rollback()
else:
self.session.commit()
self.session.close()

# oo L idiwl
with UnitOfWork(Session) as session:
user = User(name="Ahmad")
session.add(user) # .il, _lhs ,SI rollback e

S o oolaiwl With I aS (38g Jigii,0 )21 5595 eXit g enter sloxio jago aiSs

9 Mjo luo |, enter Lbsgs> Python uuwgso :with UnitOfWork(Session) as session (idg
A0 loud @ 1) (Session) aswis

Nje o 1) exit (o3g3> Python (ol esls &, s 51 i) d9id 0 pled With SW iy e
(pal03,S Hazio bo eXit J>I> e

(rollback >g; Uns> )31 e

(J)commit 3¢5 Ua> S| o

()close L >g:s,0 aiums SeSSION @o 32) o



Data Mapper

a Python logwMs :Llol oxl .aiSue eslaiwl o3I ¢l 51 Gbse> SQLAIchemy SCuwus
2GS Joe pualios Sl Jiiume W)yg0 ) loGeMlS g B9 Map Guplias glodgs>

o (3o g 35,150 655 031> hdd Lo wlS e

awld6l (5,135,b g (55w s> Joiuwo Session / Mapper e

:05lw Jbo

class User(Base):
__tablename__ = 'users'
id = Column(Integer, primary_key=True)
name = Column(String(50))

# Mapper s 31 |.> User
user = User(name="Sara")
session.add(user)
session.commit()

users Joaz> a |, User LuMS dicuo uisy aS uwl SQLAIchemy ORM 4 Base (.00 Mapper

laiigs SQL Wol lass

o> @y Jlwyl g ... INSERT INTO users & ay User (Juaus (asd 0 plxil ), 2l Mapper
S o b8 bl Gawlios J93z 9 0gial UwMS w oS Cuwl sz wles Mapper Lisy
XS o IS Session g Mapper L hid Guwliud g siws Jdiuwo bod (glo S tasns 4

Active Record considerations

uvd9> wMS Wio 315 365 )3 1) Guwliod Bhie o g 0315 po GWMS T > aS Sl S Tl
A3 ,0 ol |, Delete ¢ Save( Update

i 50 6305 5L Rails L Django ORM 5 ¢3JI (0l

092 dg0 Amogi yiiny Data Mapper Lol >g Active Record auuis lgi e SQLAlIchemy
.J)b (§ HILan Vlhosl

:Active Record-style s5lw Jbo

class User(Base):
__tablename__ = 'users'
id = Column(Integer, primary_key=True)



name = Column(String(50))

def save(self, session):
session.add(self)
session.commit()

# oo L w!
user = User(name="Neda")
user.save(session) # 5,S o 53 1y sols @oas ilS

(5 Ro

Session £}

cowwlod b OMolei desd Cu pse i Glol )5

L Uinda g

(query) loosls (8,5 o

(add, delete) ws)gS, 3,5 Wi> L (y)S aslsl
lo,iuSlys rollback g commit e

(Transient, Pending, Persistent, Detached) loObject cusidg ¢yl 35 o

Cu o g u.u |) U.u.ul.u.) ©9) L_J|).u.9_J loLo)’ aS Cuwl )lS ).\9) kSJ LJ-“° Session U"S )59 UJIQJUO
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Web framework integration (Flask, FastAPI)
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from fastapi import FastAPI, Depends
from sqlalchemy.orm import Session
from database import SessionLocal, User

app = FastAPI()

# Session per Request
def get_db():
db = SessionLocal()
try:
yield db
finally:
db.close()

@app.get("/users/{user_id}")
def get_user(user_id: int, db: Session = Depends(get_db)):
return db.query(User).filter(User.id == user_id).first()

Async SQLAIchemy

Starlette L FastAPl Jio (l0S)901,9 )5 (lojod e ygo @ Guwlius L )5 glp async axuws
g 50 odlaiwl

from sqlalchemy.ext.asyncio import create_async_engine, AsyncSession
from sqlalchemy.orm import sessionmaker
from models import User

engine = create_async_engine("postgresql+asyncpg://user:pass@localhost/db™)
AsyncSessionLocal = sessionmaker(engine, class_=AsyncSession, expire_on_commit=Fals

async def get user(user_id: int):
async with AsyncSessionLocal() as session:
result = await session.get(User, user_id)
return result

|, event loop ¢ad SW sal> g aml cuwlio jluwy Y4 1/0 b loginSabl sl Async taiss 4
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# 55 Engine Lo oo iy 40 sl yo
engine_main = create_engine("postgresql://user:pass@main_db")
engine_logs = create_engine("postgresql://user:pass@logs_db")

SessionMain = sessionmaker(bind=engine_main)
SessionLogs = sessionmaker(bind=engine logs)
# o0 L w!

with SessionMain() as main_session, SessionLogs() as log_session:
user = main_session.query(User).first()
log session.add(LogEntry(message="Fetched user"))
log_session.commit()

Sharding strategies

Sharding (b3¢> SQLAIchemy .53 wbdo sy Gunliod 3> (59) Wedl> @i i=y Sharding
..uSU,o (WERURV.] |)

from sqlalchemy.ext.horizontal_ shard import ShardedSession

#opoolo puolingy 90 aiS ghyd

shards = {
'shard_1': create_engine('postgresql://user:pass@dbl’),
'shard_2': create_engine('postgresql://user:pass@db2")

def shard_chooser(mapper, instance, clause=None):

#oog00 LS 2555y S50l sl saS praal
return 'shard_1' if instance.id % 2 == @ else 'shard_2'

session = ShardedSession(shards=shards, shard _chooser=shard_chooser)
user = User(id=5, name="Ali")

session.add(user) # s., HLS>es shard 5o 0 cwlis
session.commit()
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