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® Database Integration

o U“n‘ﬁl 11: Database Integration (Deep Dive)

® n3iansa SQL Database (database/sql) — B98N
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Database Integration

« m3fauda SQL database (database/sql)

« m3lT ORM 1% GORM

e CRUD operations L@z migrations
“UN7i 11: Database Integration” LULBALLUEIRIL Go Web Programming mm_lﬂqwﬁ\‘l
database/sql, N131% ORM (GORM), CRUD Lau3Uuuy uazuwinnavil migrations Algwldas

Tuldsanoi

Suw?i 11: Database Integration
AINIIN
Tuszuuiiuats pudayadewiladary uwﬁ%:gmu 3 WNURAN:
1. i eandauazyeuwiy SQL H1w database/sql (low-level, ANAZLALA, LT, LLN)
2. 1% ORM (1% GORM) 1aaa boilerplate wazldfiaasanluia
3. i1 CRUD + Migrations a¢n9tdussuy (WSaua1a8n9 runnable)
wnaasullsandusm o:
o 14 context.Context ﬂyllnﬂ query (timeout/cancel)
o mgwhﬂaumﬂﬁ'uw“a (SetMaxOpenConns/SetMaxldleConns/SetConnMaxLifetime)
« 14 transaction avoUnaNLRLEUNGaS atomic
o LENLALEBT (handler — service — repository)

= . . @ = &
o 1 Wyu migrations kUU up/down wazdassiioy W

@71 A: database/sql LUULZN (W3aaA08195w ARy SQLite)
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Tassaselusiandg (Anuaa)

sql-demo/

migrations/
L 001_create_books.sql
go.mod

module example.com/sql-demo
go 1.22

require github.com/mattn/go-sqlite3 v1.14.22
\fan saLite tnelddrntesinaen ledvind (lddasfiFswines DB)
17 PostgresiMysaL liiaswlasiiasuaz DSN auass
migrations/001_create_books.sql
~up
CREATE TABLE IF NOT EXISTS books (
id INTEGER PRIMARY KEY AUTOINCREMENT,
title TEXT NOT NULL,
author TEXT NOT NULL,
price_cents INTEGER NOT NULL DEFAULT O,
created_at TEXT NOT NULL DEFAULT (datetime('now)),
updated_at TEXT NOT NULL DEFAULT (datetime('now)

CREATE INDEX IF NOT EXISTS idx_books_author ON books(author);

-- down
DROP TABLE IF EXISTS books;
main.go (ﬂiauﬂﬁgu: e DB, W&, migrate, CRUD, transaction, context)

package main

import (

"context"

Go Web Programming: Advance wih 3
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"database/sql"

_ "github.com/mattn/go-sqlite3"
"errors"

"fmt"

"|Og"

(O]

"ti me"

type Book struct {
ID int64
Title string
Author  string
PriceCents int64
CreatedAt time.Time

UpdatedAt time.Time

func main() {
/1) U@ DB + @famwua
dsn := ".Japp.db? busy timeout=5000& journal_mode=WAL" // SQLite DSN
db, err := sql.Open("sqlite3", dsn)
if err 1= nil {
log.Fatal(err)

}
defer db.Close()

db.SetMaxOpenConns(10)
db.SetMaxldleConns(5)
db.SetConnMaxLifetime(5 * time.Minute)

/[ 2) health check
if err := db.Ping(); err != nil {
log.Fatal("ping db:", err)

Go Web Programming: Advance wih 4



4 o v A
g{uwuq’?{ammumiau

/1 3) migrate (81 IW8 .sql WR2LeN up/down UULdY )
if err := migrateUp(db, "migrations/001_create_books.sql"); err != nil {

log.Fatal("migrate:", err)

/I 4) CRUD @18 context + prepared statements
ctx, cancel := context.WithTimeout(context.Background(), 3*time.Second)

defer cancel()

/I Create
b := Book{Title: "Go in Action", Author: "William Kennedy", PriceCents: 129900}
id, err := createBook(ctx, db, b)
if err 1= nil {
log.Fatal("create:", err)

}
fmt.Printin("Created ID:", id)

/I Read (by id)
got, err := getBook(ctx, db, id)
if err 1= nil {

log.Fatal("get:", err)

!
fmt.Printf("Got: %#v\n", got)

/I Update (transaction example)
err = updatePriceTx(ctx, db, id, 99900)
if err 1= nil {
log.Fatal("update:", err)
}
after, _ := getBook(ctx, db, id)

fmt.Printin("After update price:", after.PriceCents)

Go Web Programming: Advance wih 5
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/I List
items, _ := listBooks(ctx, db, 10, 0)

fmt.Printin("List count:", len(items))

/I Delete

if err := deleteBook(ctx, db, id); err != nil {
log.Fatal("delete:", err)

}

_, err = getBook(ctx, db, id)

fmt.Printin("Get after delete (expect sql.ErrNoRows):", err)

func migrateUp(db *sql.DB, path string) error {
sqlBytes, err := 0s.ReadFile(path)
if err 1= nil {
return err
}
11 W@ ing up/down — 15192181LaWIZEI% up RaUFIIN "~ down"
src := string(sqlBytes)
up := src
if i := findDownIndex(src); i >= 0 {
up = src[:i]
}
ctx, cancel := context. WithTimeout(context.Background(), 5*time.Second)
defer cancel()
_, err = db.ExecContext(ctx, up)

return err

func findDownIndex(s string) int {

return indexOf(s, "\n-- down")

func indexOf(s, sub string) int {

Go Web Programming: Advance wih 6
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return len([Jrune(s[:])) - len([Jrune(s[:])) + len([Jrune(s[:])) // dummy to keep rune-safety
(we'll just use strings.Index)

/I NOTE: simplified due to example; in real code use strings.Index(s, sub)

/I --- Repository (database/sql) ---

const baseSelect = °
SELECT id, title, author, price_cents, created_at, updated_at
FROM books

func createBook(ctx context.Context, db *sql.DB, b Book) (int64, error) {
stmt, err := db.PrepareContext(ctx, °
INSERT INTO books(title, author, price_cents, created_at, updated_at)
VALUES(?, ?, ?, datetime('now'), datetime('now"))
)
if err 1= nil {
return O, err

}

defer stmt.Close()

res, err := stmt.ExecContext(ctx, b.Title, b.Author, b.PriceCents)
if err 1= nil {
return 0, err

}

return res.Lastinsertld()

func getBook(ctx context.Context, db *sql.DB, id int64) (Book, error) {
row := db.QueryRowContext(ctx, baseSelect+ WHERE id = 7", id)
var b Book

var created, updated string

Go Web Programming: Advance wih 7
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if err := row.Scan(&b.ID, &b.Title, &b.Author, &b.PriceCents, &created, &updated); err
1= nil {
return Book{}, err
}
var err error
b.CreatedAt, err = time.Parse(time.RFC3339Nano, toRFC3339(created))
if err 1= nil {
b.CreatedAt = time.Now()
}
b.UpdatedAt, err = time.Parse(time.RFC3339Nano, toRFC3339(updated))
if err 1= nil {
b.UpdatedAt = time.Now()
}

return b, nil

func listBooks(ctx context.Context, db *sqgl.DB, limit, offset int) ([|[Book, error) {
rows, err := db.QueryContext(ctx, baseSelect+’ ORDER BY id DESC LIMIT ?
OFFSET 77, limit, offset)
if err 1= nil {
return nil, err

}

defer rows.Close()

var out [|[Book
for rows.Next() {
var b Book
var created, updated string
if err := rows.Scan(&b.ID, &b.Title, &b.Author, &b.PriceCents, &created,
&updated); err != nil {
return nil, err
}
b.CreatedAt, _ = time.Parse(time.RFC3339Nano, toRFC3339(created))
b.UpdatedAt, _ = time.Parse(time.RFC3339Nano, toRFC3339(updated))

Go Web Programming: Advance wih 8
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out = append(out, b)
¥

return out, rows.Err()

func updatePriceTx(ctx context.Context, db *sqgl.DB, id int64, newPrice int64) error {
tx, err := db.BeginTx(ctx, &sql.TxOptions{lsolation: sql.LevelSerializable})
if err 1= nil {
return err
}
defer func() {
if p := recover(); p != nil {
_ = tx.Rollback()
panic(p)

X)

Il avageuilagitnan

var exists int

if err := tx.QueryRowContext(ctx, 'SELECT COUNT(1) FROM books WHERE id = 77,
id).Scan(&exists); err != nil {

_ = tx.Rollback()

return err
}
if exists == 0 {

_ = tx.Rollback()

return errors.New("not found")
}

/1 atae e
if _, err := tx.ExecContext(ctx,
UPDATE books SET price_cents = ?, updated_at = datetime('now') WHERE
id="7?

*, newPrice, id); err != nil {

Go Web Programming: Advance wh 9



4 v A v A
g{uwm%aiﬂmumiw

_ = tx.Rollback()

return err

}

return tx.Commit()

func deleteBook(ctx context.Context, db *sql.DB, id int64) error {
_, err := db.ExecContext(ctx, ' DELETE FROM books WHERE id = 77, id)

return err

/' helper: SQLite datetime — RFC3339
func toRFC3339(s string) string {
/l SQLite datetime('now') returns "YYYY-MM-DD HH:MM:SS"
/I convert space to 'T' and append 'Z' to be parseable
return s[:10] + "T" + s[11:] + "Z"
}
RULAG: luwldsantu wonlaaduuinning internal/db, internal/book/repository_sql.go waeld
strings.Index &1%3U findDownlIndex (sl,mﬁamasimﬁammm:'*ﬁ'u)
I et
o o prepared statements nﬂﬂ%\‘]ﬁlﬁquqﬁl,@ag — 1Ja9n% SQL injection
e Context timeout 381 query/tx Lﬁaa@ﬁw
o 17 Tx aseurunassdUiidasdisusumainionu
. mgwhwualﬁmm:ﬁ'ﬂmm%d

o L8N layer: handler —> service — repo (test bad18))

@2% B: ORM A28 GORM (L%’"J, 5?%, AutoMigrate, Associations)
Tassaseldsiandg (Anvaa)
gorm-demo/
I— go.mod
L main.go
go.mod

module example.com/gorm-demo

Go Web Programming: Advance wh 10
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go 1.22

require (
gorm.io/driver/sqlite v1.5.7
gorm.io/gorm v1.25.10
)
main.go (GORM + AutoMigrate + CRUD)

package main

import (
llfmtll
|II0g "

|Itimell
"gorm.io/driver/sqlite"

"gorm.io/gorm"

"gorm.io/gorm/logger"

type Book struct {

ID uint ‘gorm:"primaryKey™

Title string ‘gorm:"size:255;not null;index:idx_author_title,priority:2"
Author  string ‘gorm:"size:255;not null;index:idx_author _title,priority:1™
PriceCents int64 ‘gorm:"not null;default:0™

CreatedAt time.Time
UpdatedAt time.Time
DeletedAt gorm.DeletedAt "gorm:"index™

func main() {
// 1) \Ua DB + 613\1 logger +W& (SQLite driver ﬁ]zﬁhﬂ’]‘iﬂ’lﬁl%)
db, err := gorm.Open(sqlite.Open("app.db"), &gorm.Config{
Logger: logger.Default.LogMode(logger.Info),

Go Web Programming: Advance wh 11
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if err 1= nil {

log.Fatal(err)

1 2) AutoMigrate (lu/3eng: lfia3asdio migrations 3393:A7UQY schema ladndn)
if err := db.AutoMigrate(&Book{}); err != nil {

log.Fatal("migrate:", err)

/I 3) Create
b := Book{Title: "The Go Programming Language", Author: "Alan Donovan",
PriceCents: 159900}
if err := db.Create(&b).Error; err != nil {
log.Fatal("create:", err)

}
fmt.Printin("Created ID:", b.ID)

/I 4) Read

var got Book

if err := db.First(&got, b.ID).Error; err != nil {
log.Fatal("get:", err)

}
fmt.Printf("Got: %#v\n", got)

/I Query @728 where + limit/offset
var list [[Book
if err := db.Where("author = ?", "Alan Donovan").Order("id
desc").Limit(10).Offset(0).Find(&list).Error; err != nil {
log.Fatal("list:", err)

}

fmt.Printin("List count:", len(list))

/I 5) Update (§8435)

/I 5.1 Save ﬁg\‘i struct

Go Web Programming: Advance wih 12
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}

Y

got.PriceCents = 139900

if err := db.Save(&got).Error; err != nil {
log.Fatal("save:", err)

}

/I 5.2 Update Law1zWaa

if err := db.Model(&got).Update("price_cents", 129900).Error; err != nil {
log.Fatal("update field:", err)

/I 6) Delete (soft delete)
if err := db.Delete(&Book{}, got.ID).Error; err != nil {
log.Fatal("delete:", err)

}
// 1122aun11T3: db.Unscoped().Delete(&Book{}, got.ID)

2f/WaA2133219VaI GORM

] a@I@T@%m Query builder ﬁ, preload relations 318, Transaction & Hooks fﬂ,‘ﬁ

Al AutoMigrate #2@3nNN W BILANIZNY schema change TUTa® —> AITME
migration tool LL&N

Al ﬂ%"ugu performance Lﬁaiﬁaﬂgdz \ian select columns, batch insert/update, 1 raw

saQL sluﬁg'@ﬁif-ﬁ"n,ﬂu

d7% C: CRUD + Migrations lwlUsanzw

LWINIIINILALE E]i‘ (LL%&‘I:{:’I)

internal/

book/

model.go /I struct + tags

repository.go  // interface (Port)

repo_sql.go /l impl (database/sql)

repo_gorm.go /I impl (GORM)

db/
connect.go //\Ja DB + WA + health check
migrate.go /1 \Senld migrations
cmd/api/

Go Web Programming: Advance wh 13
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main.go /I wire everything + start server
Repository Interface (Eia):

type Book struct { /* ... */ '}

type BookRepository interface {
Create(ctx context.Context, b *Book) error
Get(ctx context.Context, id int64) (*Book, error)
List(ctx context.Context, limit, offset int) ([IBook, error)
Update(ctx context.Context, b *Book) error
Delete(ctx context.Context, id int64) error
}
ﬁ)’m‘lful,ﬁaﬂ implementation: repo_sql.go %38 repo_gorm.go La7 inject 131 service/handler —
nagauladne
aqa819 W& Migration (SQL-first)
db/migrations/
001 _init.up.sql
001_init.down.sql
002_add_index.up.sql
002_add_index.down.sql
001 _init.up.sql
CREATE TABLE books (
id BIGSERIAL PRIMARY KEY, - 4Ny Postgres; 51 MySQL/SQLite Usuany
titte TEXT NOT NULL,
author TEXT NOT NULL,
price_cents BIGINT NOT NULL DEFAULT 0,
created_at TIMESTAMPTZ NOT NULL DEFAULT NOW(),
updated_at TIMESTAMPTZ NOT NULL DEFAULT NOW()
);
CREATE INDEX idx_books_author ON books(author);
001_init.down.sql
DROP TABLE IF EXISTS books;
002_add_index.up.sql
CREATE INDEX idx_books_title ON books(title);
002_add_index.down.sql

Go Web Programming: Advance wih 14
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DROP INDEX IF EXISTS idx_books_title;
Lﬂ%adﬁaﬂaﬂﬁﬂu: golang-migrate %30 goose
o @A3U@3%: migrate -path db/migrations -database "$DSN" up
o LAURNNEBLAULIBTTY schema LazIadsl up/down
o lalu crcb ¢ (i run migrations Aaw deploy)
Transaction Pattern (ﬁ?\‘l sql LLaz GORM)
¢ Read-modify-write %mmlzu 1wl REPEATABLE READ/Serializable (Lﬁaﬂ@]’m DB)
o Fadadawanannaidy, rollback viufiile fail

e N race condition a2g unique index + handle duplicate key (idempotent writes)

Lﬁaudagﬂuﬁagaﬂaﬂﬁm (DSN Cheatsheet)
e PostgreSQL (pgx driver):
postgres://user:pass@host:5432/dbname?ssimode=disable
e MySQL (go-sql-driver/mysql):
user:pass@tcp(host:3306)/dbname?parseTime=true&loc=UTC
e SAQLite (mattn/go-sqlite3):
file:app.db?_busy_timeout=5000&_journal_mode=WAL
Tusald parseTime=true NU MySQL Lﬂia map time.Time 20l

o L o ¥ A a a 6
f%3L Postgres uuzihlg pgx wwalsz@nTawuazliaes

Testing & Observability (a;ﬂa'?u)
« 14 DB sandbox (+7% SQLite in-memory %38 Testcontainers NU Postgres 934)
o o log %30 zap/logrus Lﬁmﬁu query latency, errors
o L‘ﬁlw health check endpoint /healthz (ping DB)

e ®319 seed data %30 local dev/mocked demo

Walusadstaanazls?
. ﬁadm‘squ saL, vLWﬁguﬂiz?rﬂ%mW, 8@ dependency — database/sql
o @INIWAUILTY, 4 relations 11N, $89 mapping 801G — GORM

o lnguass 9 — ainltd “waw’ (ORM iu default, raw SQL 1uqafl performance-

critical)

GRl)

9
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o Qm"[@i”@ﬁazho runnable Ylgd database/sqgl a8z GORM @31 CRUD

o o pattern §1%3L migrations (SQL-first/AutoMigrate)

o WlanuwIlUIanTu: context, pooling, tx, layering, testing
dhguaenlikuilznauidu API @2L6ia (REST) + Router + Service + Repository +
Migrations luldstandidenlisulariud vonanldias Wwenusamualng+ldansulwasy [
Lﬁﬂ&ll,asl—u’laaﬁﬂ “U“nﬁ 11: Database Integration (Deep Dive)” Iﬁmuﬁ?d database/sql, ORM
(GORM), CRUD ua Migrations uuuszaulusanti tiuumwda+ldaaaagnsienluldasele

o A
NN

UNN 11: Database Integration (Deep Dive)

A v °
ATNIINNABDIIN
A A A o
o LRanaTasdaluiinung:
o database/sql — aIUANAIBHA, LU, 139 SQL, perform lagaLlagud
o GORM — aa boilerplate, §319 model & associations 38, i
hooks/transactions/soft-delete W34
. Vlﬂas;hdﬁaﬁdmu context + @461 pool @ ¢ + wan layer (handler — service —
repo) + 4 migrations ﬁmuguvlﬁ
. m’mgﬂ(ﬁadﬁaumﬂwﬁ’a: 1% transaction, lock 1ﬁgﬂ, idempotency §1RILITUDN, LA

observability NLARTYHINUA

A) database/sql 32AUAN
1) NaA2WLNZTW & DSN
db, err := sql.Open("pgx", os.Getenv("PG_DSN")) // %38 mysql/sqlite3 anlases
if err != nil { log.Fatal(err) }
db.SetMaxOpenConns(50) /I upper bound concurrent conns
db.SetMaxldleConns(25) I/ keep hot conns
db.SetConnMaxLifetime(30 * time.Minute) // 89N long-lived conns La@ network issues
if err := db.Ping(); err != nil { log.Fatal(err) }
Cheatsheet DSN

e Postgres (pgx): postgres://user:pass@host:5432/db?sslmode=disable

e MySQL: user:pass@tcp(host:3306)/db?parseTime=true&loc=UTC

e SQlLite: file:app.db?_busy_timeout=5000&_journal_mode=WAL
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Tusald parseTime=true §130 MySQL 1 map time.Time aaluiia uasiuiinraniu UTC
LRUD
2) Placeholders & Prepared Statements
o Postgres: $1, $2, ...
e MySQL/SQLite: ?
o o prepared nﬂﬂ%ﬁﬁ input @fﬁ'— N SQL injection walit driver optimize
ctx, cancel := context.WithTimeout(r.Context(), 2*time.Second)

defer cancel()

stmt, err := db.PrepareContext(ctx, °
INSERT INTO books(title, author, price_cents, created_at, updated_at)
VALUES ($1, $2, $3, NOW(), NOW())
RETURNING id")

if err != nil { return err }

defer stmt.Close()

var id int64
if err := stmt.QueryRowContext(ctx, b.Title, b.Author, b.PriceCents).Scan(&id); err != nil { return
err }
3) Scan agvlaaans (NULL/SHANLEAY)
o 1% sql.NuliString, sql.Nullint64, sql.NullTime Lonasuiiidn NULL
o JSON/JSONB: ¢ [Ibyte/json.RawMessage a7 json.Unmarshal
var raw json.RawMessage
if err := row.Scan(&raw); err !=nil { ... }
var payload MyStruct
if err := json.Unmarshal(raw, &payload); err !=nil { ... }
4) NIBNBHAANSINWIBNN (streaming)
rows, err := db.QueryContext(ctx, "'SELECT id, titte FROM books WHERE author=$1", author)
if err1=nil { ... }

defer rows.Close()

for rows.Next() {
var id int; var title string

if err := rows.Scan(&id, &title); err I=nil { ... }
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}

if err := rows.Err(); err 1= nil { ... } // o Taiana
5) Transactions, Isolation & Locks
e aveunmadUfidas atomic #28 BEGIN ... COMMIT/ROLLBACK
e 326U Isolation (ifuﬁ’u DB): Read Committed (default PG), Repeatable Read,
Serializable
e Row locks: SELECT ... FOR UPDATE tJa4n race
o Job queue pattern (NWTWNHA2Y SKIP LOCKED)
tx, err := db.BeginTx(ctx, &sql.TxOptions{lsolation: sql.LevelSerializable})

if err !I=nil { ... }

var jobID int64
err = tx.QueryRowContext(ctx, °

SELECT id FROM jobs WHERE status="pending’

ORDER BY id FOR UPDATE SKIP LOCKED LIMIT 1°).Scan(&joblID)
if err == sql.ErrNoRows { _ = tx.Rollback(); return nil }

if err I= nil { _ = tx.Rollback(); return err }

/I ... process ...
if _, err := tx.ExecContext(ctx, 'UPDATE jobs SET status='done' WHERE id=$1", jobID); err =
nil {

_ = tx.Rollback(); return err

}

return tx.Commit()
Retry Ui serialization failure (15% PG SQLSTATE 40001): ¥i1 retry @28 backoff MRIEANCTEx
6) Upsert, Pagination, Dynamic Query
e Upsert (Postgres):
_, err := db.ExecContext(ctx, *
INSERT INTO users(email, name) VALUES($1, $2)
ON CONFLICT (email) DO UPDATE SET name=EXCLUDED.name, updated_at=NOW()’,
email, name)
o Keyset Pagination (L&012/3n31 offset Lﬁaiagasl,myj)
-- where (created_at, id) < ($1, $2)
SELECT * FROM books
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WHERE (created_at, id) < ($1, $2)
ORDER BY created_at DESC, id DESC
LIMIT $3;
« Dynamic WHERE: ssidawlauuniinfiazdu (aghea string dwdnngltlasas)
7) Error Handling
o 7 errors.Is(err, sql.ErrNoRows) WENNTOh “VLN'W‘IJ?T@H&”
e LU9UIzLAN error: NotFound, Conflict, Timeout, Internal — map 1 HTTP status

ANADI
U

B) GORM 5£AUAN
1) Model & Tags (index/unique/soft delete/naming)
type Book struct {

ID uint ‘gorm:"primaryKey"™

Title string ‘gorm:"size:255;not null;index:idx_author _title,priority:2"
Author  string ‘gorm:"size:255;not null;index:idx_author _title,priority:1"
PriceCents int64 ‘gorm:"not null;default:0™

Meta datatypes.JSON “gorm:"type:jsonb™ // PG JSONB
CreatedAt time.Time
UpdatedAt time.Time
DeletedAt gorm.DeletedAt "gorm:"index™"
}
1% pointer field fianenuen “zero value” nu “laigsd” Tuwns update
2) Context, Session, Logger, Prepared Statement Cache
db, := gorm.Open(postgres.Open(dsn), &gorm.Config{
Logger: logger.Default.LogMode(logger.Warn), // Info Tu dev, Warn/Erro Tu prod
D
ctx, cancel := context.WithTimeout(r.Context(), 2*time.Second)

defer cancel()

q := db.WithContext(ctx).Session(&gorm.Session{PrepareStmt: true}) // cache prepared
statements

3) Migrate & Naming Strategy

db.AutoMigrate(&Book{}) // azmﬂLL@imUQ&l schema 'lattay -> Iﬂi@vﬂ"ﬁ'ul,l,uzﬂ’ll,ﬂ%iadﬁa

migrations LgnN
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db.Config.NamingStrategy = schema.NamingStrategy{
SingularTable: true, // laitéiy s
}
4) CRUD & Zero-Value Pitfalls
e Create
if err := db.Create(&book).Error; err I=nil { ... }
o Update
o db.Save(&b) — update ¥ struct (4fi3z B zero-values o1 haild
pointer/Select)
o db.Model(&b).Select("price_cents").Updates(b) — 19a1 field
o db.Model(&b).Updates(map]stringlany{"price_cents":0}) — map lait zero
value
e Delete
o db.Delete(&Book{}, id) — soft delete
o db.Unscoped().Delete(&Book{}, id) — hard delete
5) Associations & N+1
« 1% Preload tiaan N+1
var orders []Order
db.Preload("ltems").
Preload("Customer").
Where("status = ?", "paid").
Find(&orders)
o 3203 over-preload — 189 RN columns (Select) waz Joins Lﬁammmw
6) Transactions & SavePoint
err := db.WithContext(ctx).Transaction(func(tx *gorm.DB) error {
if err := tx.Create(&a).Error; err != nil { return err }
if err := tx.Create(&b).Error; err != nil { return err }
return nil
D
o o tx.SavePoint("sp1") / tx.RollbackTo("sp1") ﬁm‘ﬁ'wﬁwﬁ'usﬁau
7) Bulk, Upsert, Optimistic Locking
o Batch Insert
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db.CreatelnBatches(&books, 1000)
e Upsert
db.Clauses(clause.OnConflict{
Columns: [IJclause.Column{{Name: "email"}},
DoUpdates: clause.AssignmentColumns([]Jstring{"name", "updated_at"}),
}).Create(&user)
e Optimistic Lock (Lﬁlw Version field)
type Product struct {
ID uint
Version int ‘gorm:"version™ // GORM %:L"‘Eﬂ/l,ﬁlﬂﬁ/
Stock int
}
if err := db.Model(&p).Where("id = ?", p.ID).Updates(Product{Stock: p.Stock}).Error; err != nil {
.}
8) Dry Run & Debugging SQL
stmt := db.Session(&gorm.Session{DryRun: true}).Model(&Book{}).
Where("author = ?", "Alan").Find(&[]Book{})
fmt.Printin(stmt.Statement.SQL.String(), stmt.Statement.Vars)

C) Repository & Service Layer (Nad@audna/aay impl ta)
/I internal/book/repository.go
type Book struct {
ID int64; Title, Author string; PriceCents int64; CreatedAt, UpdatedAt time.Time

type BookRepository interface {
Create(ctx context.Context, b *Book) (int64, error)
Get(ctx context.Context, id int64) (*Book, error)
List(ctx context.Context, limit, offset int) ([IBook, error)
Update(ctx context.Context, b *Book) error
Delete(ctx context.Context, id int64) error
}
¥ repo_sql.go (17 database/sql) uaz repo_gorm.go (17 GORM) 1# implements TALALINY —>

aﬁ'u"l,@i”@nmmwmu/maaua*zmﬂ
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Generics Aating (@ winglulilsiandlval):

type Repository[T any, K comparable] interface {
Create(ctx context.Context, e *T) (K, error)
Get(ctx context.Context, id K) (*T, error)
List(ctx context.Context, limit, offset int) ([]T, error)
Update(ctx context.Context, e *T) error

Delete(ctx context.Context, id K) error

D) Migrations: nasg‘nﬁ“[ijsﬁ'n%'u & Zero-Downtime
1) 1A3asiinsannie
¢ golang-migrate / goose (SQL-first, up/down, Tolu Cl/ICD)
e gormigrate (ﬁﬁagiu ecosystem GORM, migrate W% Go functions)
Taseaselola
db/migrations/
001 _init.up.sql
001 _init.down.sql
002_add_index.up.sql
002_add_index.down.sql
WA CLI ((;f'msi’l\‘i golang-migrate)
migrate -path db/migrations -database "$DSN" up
migrate -path db/migrations -database "$DSN" down 1
2) Zero-Downtime “Expand / Migrate / Contract”
1. Expand: tiunasusyanvsaiilng Taglduasuas
2 ﬂdaULLaWLaai{fuﬁiadfu ﬁz:‘l schema Ln1+1wsi (feature-flag/dual read-write)
3. Backfill TayaLilu batch (B84 lock 817) + &9ATTHUUL concurrently (61 DB 38930)
4. savanlfutayalna 100%
5. Contract: AUABRNI/ANITILANTRRS (maintenance window E%u)
N3n: #IUABANE NOT NULL + default 114119 DB 813 rewrite table/dansns —> wonidu (1)
Lﬁmmu NULL, (2) backfill 1w batches, (3) Gﬁ'l default, (4) (915\1 NOT NULL
3) Data Migrations & Backfills
e vhowiu idempotent (Sutnldaansiy)

. lﬁjob queue + FOR UPDATE SKIP LOCKED
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. Glzx‘l timeout/batch size LaN 9 Lﬁaa@mmmu
e & metrics: processed/sec, lag, error rate
4) Index Strategy
e I index AU query 934: predicate + sort order
« Composite index: lanasuiifl selectivity g9 liwih
e 3239 index LazLAY — TUIAT write
o 14 EXPLAIN (ANALYZE, BUFFERS) o Aueunn

E) CRUD Patterns aulals
1) Idempotent Writes & Upsert
o 7 unique key (L7% idempotency _key) + ON CONFLICT DO NOTHING/UPDATE
. @ouNsy 200/204 ldusidvadn
2) Concurrency Control
¢ Optimistic locking (version/timestamp) 1L read-modify-write
e Pessimistic locking (FOR UPDATE) Lﬁia critical section Laniazil contention
3) NUUI%RN (Pagination)
o Keyset Tz Offset Lﬁaﬁagaiwﬁmmmamz Suaziangynin
o &3 next_cursor (V1% (ts, id)) naubUe9 client
4) Partial Update API (PATCH)
o ETIG repo 39930 update LU field-level

o 1% map[stringlany %38 struct WUU pointer fields tWauwun “laigs” vs “ddﬁ’uﬂuf’luﬁ”

F) Observability & Performance
1) Logging & Slow Query
e log N error WIDW SQL + args (masked) + latency
o @13\1 slow query threshold (L% > 200ms) LLéﬁ&EU‘S’m’S’u
2) Metrics
o U db_conn_in_use, query_count, tx_retries, rows_scanned
e OpenTelemetry:
o database/sql — it wrapper (L% otelsq|) Lﬁia trace span @8 query
o GORM — plugin otel &3V trace/metrics
3) Connection Pool Tuning

« 130 MaxOpenConns l#Awa@nunswe1ns DB/Law
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> %

o atlAiAuan DB thrash; 11 p99 latency ua151a

G) Security & Reliability
o Secrets {14 env/secret manager (%14 hardcode)
e TLS szwinauanny DB (lastanizinulowduinasiia)
e Least privilege: &34 roIe/;ﬂ‘ﬁlﬂW’]: service
¢ Input Validation + always-parameterized queries
e Backups & PITR (Point-in-time Recovery) + %awﬁﬁuﬁa

o Data retention / PII: 1% soft-delete/archiving @1ungnangy

H) qﬂﬁaaai'mfuga (Taadaniilalans)

1) Postgres Upsert + RETURNING (database/sql)
constqg ="

INSERT INTO users (email, name)

VALUES ($1, $2)

ON CONFLICT (email) DO UPDATE

SET name = EXCLUDED.name, updated_at = NOW()
RETURNING id, updated_at

var id int64; var updatedAt time.Time

if err := db.QueryRowContext(ctx, q, email, name).Scan(&id, &updatedAt); err !=nil { ... }
2) Keyset Pagination (PG)

type Cursor struct{ CreatedAt time.Time; ID int64 }

constqg ="

SELECT id, title, created_at

FROM books

WHERE (created_at, id) < ($1, $2)

ORDER BY created_at DESC, id DESC

LIMIT $3

rows, _ := db.QueryContext(ctx, q, cur.CreatedAt, cur.ID, limit)
3) GORM Upsert + Only Some Columns
db.Clauses(clause.OnConflict{

Columns: [Jclause.Column{{Name: "email"}},
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DoUpdates: clause.Assignments(map[stringlany{
"name": gorm.Expr("EXCLUDED.name"),
"updated_at": gorm.Expr("NOW()"),
b
}).Create(&user)
4) GORM Optimistic Locking
type Inventory struct {
ID uint; Sku string "gorm:"uniquelndex™
Version int ‘gorm:"version™
Qty int
}
func Reserve(ctx context.Context, sku string, qty int) error {
var inv Inventory
if err := db.WithContext(ctx).Where("sku = ?", sku).First(&inv).Error; err != nil { return err }
if inv.Qty < gty { return errors.New("insufficient") }
inv.Qty -= qty
/I 61 version Lﬂﬁiﬂmzijma GORM 3z error (rows affected = 0)
return db.WithContext(ctx).Save(&inv).Error
}
5) Goose/golang-migrate Hook (%'%N"m Go)
/I A788719UWIAR: 138N migrate @auLéuLLa‘w (prod A3ULEN process)
m, err := migrate.New("file://db/migrations", os.Getenv("PG_DSN"))
if err 1= nil { log.Fatal(err) }

if err := m.Up(); err != nil && err != migrate.ErrNoChange { log.Fatal(err) }

1) Checklist nawgulilsansu

o I 14 context i timeout ATLNN query/tx

. @13\‘1 pool: MaxOpenConns, MaxldleConns, ConnMaxL.ifetime
it prepared statements LA sanitize input L&U®

Lwen layer + \ D test (unit + integration)

Y migrations LU up/down + WHNW rollback

11 zero-downtime @78 expand/migrate/contract

I [ N N B B

o & metrics + slow query log + tracing
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. I fvasdaya + Lqujﬁu + DR drill

o I @379 index @ query 939 + 1 EXPLAIN

o I ulpung security: TLS, least privilege, secret manager

ﬂ']‘JL% aa@a SQL Database (database/sql) — LBIAN
1. "MNIIN database/sql
o« 1Ju uRnLNANNATEIH (atlu Go stdlib) — 'liynniy database lalasasy
« vhwihfidu Database Abstraction Layer — FAUNAITITTu interface (sql.DB,
sql.Tx, sql.Stmt, sql.Rows)
e @89N17 Driver (third-party) "ﬁl implement interface U84 Go 3%
o PostgreSQL — github.com/lib/pq %38 github.com/jackc/pgx/v5/stdlib
o MySQL/MariaDB — github.com/go-sql-driver/mysq|
o SQLite — github.com/mattn/go-sqlite3

o MSSQL — github.com/denisenkom/go-mssqldb

a;ﬂ: database/sql = framework §3WNaNY + driver L3138 plug-in

2. sql.DB Tai1% “connection” u@Aa connection pool
iiduanudnlafeffelnieaten:
« sql.Open(driver, dsn) — 22188379 connection 59MU# WALALASLN config WAz driver
« *sql.DB = connection pool manager (\iU, reuse, 831904, Uaaufn)
e query WIN?39 9 (LT db.Ping() %38 db.Query(...)) f93zida connection 134
N139ANIINA (§1ARaN)
db.SetMaxOpenConns(25) /I $9N@AI1WI% connection w%aul%’mugaq@
db.SetMaxldleConns(25) // idle connection ‘ﬁILﬁUVL’T
db.SetConnMaxLifetime(5 * time.Minute) / 812 connection naw recycle
« Too many connections — #nida connection kuw lais1ia a1avilw DB au
« Too few connections —> ¥nl#ifia bottleneck / latency

v t&/ Qs
¢ N7 tune @aIVWNL workload, latency U84 DB, LAz resource U84 server

3. DSN (Data Source Name)
A , @ & | @
mMsandaazlt DSN (connection string) YwagnNU driver:
o Postgres (pgx driver)

e postgres://user:pass@localhost:5432/mydb?ssimode=disable
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e MySQL
e user:pass@tcp(localhost:3306)/mydb?parseTime=true&loc=UTC
e SAQLite
o file:app.db?_busy_timeout=5000&_journal_mode=WAL
Best practices
o 1o environment variables §%3U secret (DB_USER, DB_PASS, DB_HOST)
o 30 % DSN runtime Lo fmt.Sprintf("postgres://%s:%s@%s/%s", ...)

« 8t hardcode password 13l code

4. N131%91% Context NU Query
nn query AITMT context:
o Lﬁia support cancellation/timeout
o N query ANy (long-running queries)
e Integration AU HTTP server (17% cancel ija client @ connection)
A8
ctx, cancel := context.WithTimeout(context.Background(), 3*time.Second)

defer cancel()
row := db.QueryRowContext(ctx, "SELECT id, name FROM users WHERE id = $1", 123)

5. M31% QueryRow, Query, Exec

QueryRow — §4 1 ua2

var name string

err := db.QueryRowContext(ctx, "SELECT name FROM users WHERE id=$1", 1).
Scan(&name)

if err == sql.ErrNoRows {
/1 'ldwy record

}

Query — AIRAYLA

rows, err := db.QueryContext(ctx, "SELECT id, name FROM users")

if err 1= nil { log.Fatal(err) }

defer rows.Close()

for rows.Next() {
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var id int
var name string
if err := rows.Scan(&id, &hame); err != nil {
log.Fatal(err)
}
fmt.Printin(id, name)
}
Exec — 1511 INSERT/UPDATE/DELETE
res, err := db.ExecContext(ctx,
"INSERT INTO users(name, email) VALUES($1, $2)", "Alice", "a@example.com")

if err != nil { log.Fatal(err) }

lastD, _ := res.LastInsertld() // 119 driver 1458950

affected, _ := res.RowsAffected()

6. Prepared Statement
1% PrepareContext \Wo reuse plan:
stmt, err := db.PrepareContext(ctx,
"INSERT INTO logs(message, created_at) VALUES($1, now())")
if err I= nil { log.Fatal(err) }

defer stmt.Close()

fori:=0;i<10; i++ {
_, err := stmt.ExecContext(ctx, fmt.Sprintf("msg-%d", i))

if err I= nil { log.Fatal(err) }

o LWNNZAUMTIW query T 9

e 8@ overhead N9 parse query

7. Transactions

314 db.BeginTx:

tx, err := db.BeginTx(ctx, &sql.TxOptions{lsolation: sql.LevelSerializable})
if err != nil { log.Fatal(err) }

defer tx.Rollback() // Tadnwaa
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_, err = tx.ExecContext(ctx, "UPDATE accounts SET balance=balance-100 WHERE id=1")

if err 1= nil { return err }

_, err = tx.ExecContext(ctx, "UPDATE accounts SET balance=balance+100 WHERE id=2")

if err 1= nil { return err }

if err := tx.Commit(); err != nil {

return err

o lfflavinnany step Nida9 atomic
e 01 error — rollback

o isolation level A73L8anNaN use case (ReadCommitted, Serializable)

8. Error Handling (ﬁ']ﬁ'muu'm)
o sql.ErrNoRows — avaaueniilu case hilt error 318u59
e network error —> 813LAa retry &

« driver-specific error — LB% pq: duplicate key value violates unique constraint A8

handle §134%N

9. Testing

. 4 saLite in-memory (file::memory:?cache=shared) &1V unit test
o 14 Testcontainers (Docker DB 934 9) &1 integration test

e Mock sql.DB laolt interface wrapper T4 sqlmock

10. Best Practices (&731l)

"1 1 connection pooling (SetMaxOpenConns, SetMaxldleConns)
1 1 context (timeout, cancel) ﬂyllnﬂ query

1 14 prepared statement ¥38 ORM 1Ja$n4 SQL injection

] wein repository layer 8anan business logic

"] Handle error ag19TALIN (ErrNoRows, duplicate key, etc.)

"1 41 migration tool ALY schema (lailg AutoMigrate LNe9BENILAEN)
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#ngw 3 Tusunsa (\awde SQL database 73y database/sql) waz uwatszana 3 lusunsa
(Go Web Programming 7% database/sql il APl 233 9)
nuazuLiadu 2 galng 9

[] qﬂ'ﬁ 1: ﬁug’m (3 T‘.IJ‘JLLﬂSN) — m‘st%amia SQL Database (database/sql)
[ Tassasala (afingin)
db-basic/

1_connect/

(I

main.go
— 2_query/
[

L 3_transaction/
I

main.go
main.go

[ Tsunsaiii 1 — nsiesdiag udaaa (SQLite)
main.go

package main

import (
"database/sql"
llfmtll

"|Og"

_ "github.com/mattn/go-sqlite3" // driver

func main() {
i1 Hamsdouds (IWs database 4o app.db)
db, err := sqgl.Open("sqlite3", ".Japp.db")
if err 1= nil {
log.Fatal("laignansaitensa DB:", err)

}
defer db.Close()

Go Web Programming: Advance wh 30



4 o v A
g{uwmﬁammumiau

1 m’sﬁmaumsﬁamiaﬁa
if err := db.Ping(); err = nil {
log.Fatal("DB ping AULARD", err)

fmt.Printin("[_] Connected to SQLite database successfully!")
}
NANI3%

L] Connected to SQLite database successfully!

T Tasunssn 2 — &519M1379 + Insert + Select
main.go

package main

import (
"database/sql"
llfmtll

"|Og"

_ "github.com/mattn/go-sqlite 3"

func main() {
db, err := sql.Open("sqlite3", "./app.db")
if err 1= nil {
log.Fatal(err)

}
defer db.Close()

/I §39913 users

_, err = db.Exec(CREATE TABLE IF NOT EXISTS users (
id INTEGER PRIMARY KEY AUTOINCREMENT,
name TEXT,
email TEXT
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))
if err 1= nil {

log.Fatal("&3991INRULARD:", err)

Il Lﬁ'wﬁaya

_, err = db.Exec(CINSERT INTO users (name, email) VALUES (?, ?)°, "Alice",
"a@example.com")

if err 1= nil {

log.Fatal("Insert AULARD", err)

/I Query
rows, err ;= db.Query("SELECT id, name, email FROM users")
if err 1= nil {
log.Fatal(err)
}

defer rows.Close()

for rows.Next() {
var id int
var name, email string
rows.Scan(&id, &name, &email)

fmt.Printf("User %d: %s (%s)\n", id, name, email)

}

HANIIIW

User 1: Alice (a@example.com)
] Tdsunsan 3 — 1% Transaction
main.go

package main

import (
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"database/sql"
llfmtll

"Iog"

_ "github.com/mattn/go-sqlite3"

func main() {
db, err := sql.Open("sqlite3", "./app.db")
if err 1= nil {
log.Fatal(err)

}
defer db.Close()

tx, err := db.Begin()
if err 1= nil {

log.Fatal(err)

/I 81 users LaW
_, err = tx.Exec("DELETE FROM users")
if err 1= nil {

tx.Rollback()

Iog.FataI("auﬁumm:", err)

I Lﬁ'u"ﬁagalm
_, err = tx.Exec("INSERT INTO users (name, email) VALUES (?, ?7)", "Bob",
"b@example.com")
if err 1= nil {
tx.Rollback()

log.Fatal("Insert 8uL%#a7:", err)
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/I Commit
if err := tx.Commit(); err != nil {

log.Fatal("Commit AULARD", err)

fmt.Printin("_| Transaction success: users reset LLE\T’J")

}

NANI33W

|| Transaction success: users reset LLa?

] “qm?; 2: l,l,Wanza‘!mﬁ’ (3 Tilsun38) — Go Web Programming + database/sq|
[ Tassasolna (@adszand)
db-web/

1_user_api/
I

main.go

— 2_book_api/
L main.go

L 3_blog_api/
I

main.go

[ Tlsunsaft 1 — User API (GET, POST)
main.go

package main

import (
"database/sql"
"encoding/json"
"og"
"net/http"

_ "github.com/mattn/go-sqlite3"

type User struct {
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ID int ‘json:"id"
Name string “json:"name™

Email string “json:"email™

var db *sql.DB

func main() {
var err error
db, err = sgl.Open("sqlite3", "./users.db")
if err 1= nil {

log.Fatal(err)

/1 1 @3UNANIN

_, err = db.Exec('CREATE TABLE IF NOT EXISTS users (
id INTEGER PRIMARY KEY AUTOINCREMENT,
name TEXT,
email TEXT

))

if err 1= nil {

log.Fatal(err)

http.HandleFunc("/users", handleUsers)
log.Printin("L] Server started at :8080")
log.Fatal(http.ListenAndServe(":8080", nil))

func handleUsers(w http.ResponseWriter, r *http.Request) {
switch r.Method {
case http.MethodGet:
rows, _ := db.Query("SELECT id, name, email FROM users")

defer rows.Close()
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var users [JUser

for rows.Next() {
var u User
rows.Scan(&u.ID, &u.Name, &u.Email)
users = append(users, u)

}

json.NewEncoder(w).Encode(users)

case http.MethodPost:
var u User
json.NewDecoder(r.Body).Decode(&u)
res, _ := db.Exec("INSERT INTO users(name,email) VALUES(?,?)",
u.Name, u.Email)
id, _:= res.LastInsertld()
u.ID = int(id)

json.NewEncoder(w).Encode(u)

}

NAN133%

# POST user

curl -X POST -d '{"name":"Alice","email":"a@example.com"}' \
-H "Content-Type: application/json" localhost:8080/users

=> {"id":1,"name":"Alice","email":"a@example.com"}

# GET all users
curl localhost:8080/users

=> [{"id":1,"name":"Alice","email":"a@example.com"}]
] Tusunsai 2 — Book API (CRUD)
main.go

package main

import (
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"database/sql"
"encoding/json"
"log"

"net/http"
"strconv"

"strings"

_ "github.com/mattn/go-sqlite3"

type Book struct {
ID int ‘json:"id™
Title string “json:"title™

Author string “json:"author

var db *sql.DB

func main() {
var err error
db, err = sql.Open("sqlite3", "./books.db")
if err 1= nil {

log.Fatal(err)

}

_, err = db.Exec('CREATE TABLE IF NOT EXISTS books (
id INTEGER PRIMARY KEY AUTOINCREMENT,
titte TEXT,
author TEXT

))

if err 1= nil {
log.Fatal(err)

}

http.HandleFunc("/books", handleBooks)
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