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Loi mé dau

Chao ban, va cam on ban da doc ebook nay ctia minh.

Minh 1a Huy, mét Developer v&i trén 10 ndm kinh nghiém qua nhiéu doanh nghiép nhuw
ViettelPost, Giaohangtietkiem, CBTW ... Ebook nay hy vong cé thé chia sé t&i cac ban
nhirng kinh nghiém xwong mau cdia minh trong hanh trinh lam viéc véi CSDL quan hé
trong cac hé thdng tir vira t&i “hoi” Ién mét chut, giup ban “dé thé” hon trong cdng viéc

hang ngay ciing nhu khi phdng van.

Néu ban 1a developer va dang doc ebook nay, kha ndng cao ban da tirng gap tinh
huéng thé nhw sau: query chay ngon lanh trén local véi vai trdm record, nhung lén
production v@i vai triéu record thi... cham khéng twédng. Ban Google "how to make SQL
query faster", thdy moi nguoi bao "thém index di", ban thém index, nhwng van cham.
Hoac té hon, database khong thém dung cai index ban vira tao.

Van dé khoéng phai ban kém. Van dé |a hiu hét tai liéu vé indexing hodc qua so sai (chi
ndi "tao index trén cot WHERE"), hodc qua han lam (viét cho DBA vé&i hang trdm trang
vé B-tree internals). Khéng cé may tai liéu nao vira da sau, vira da thue té cho
developer.

Cudn ebook nay ra doi vi ly do dé. Muc tiéu la gitp ban hiéu indexing mét cach co hé
théng, déng thdi trang bi thém céac ky thuat database thwc chién ma developer nao
cling nén biét.

Ban sé hoc dworc gi:

Cach index thwc sy hoat déng (khdng dao qua sau vao thuat toan B-tree)
B&n nguyén tac cbt 16i dé tao index hiéu qua cho moi query

Tai sao database doi khi "ph&t 10" index cua ban va cach xtr ly

Céc tips & tricks thwc chién khi lam viéc véi database hang ngay

Hay doc tir d4u dén cubi 1an dau tién, vi cac chwong sau xay dwng trén kién thirc clia
chwong truéc. Sau dé ban cé thé dung tirng chuwong nhw mét tai liéu tra clru doc 1ap.



Nén tang: Hiéu Index tir goc ré

B+ Tree: Khong can hiéu chi tiét, chi can hiéu y twéng

Moi cubn sach vé database déu bat dau bang viéc giai thich chi tiét ciu tric B+ tree:
leaf nodes, internal nodes, thuat toan insert, delete, rebalance... Thanh that ma nai, ban
khéng can biét tat ca nhirng thir d6 dé tao dwoc index tét. S6 ngudi thwe sw can hiéu
chi tiét kj thuat B+ tree la rat nho, va ban khéng phai mét trong sé dé. Kién thirc qua chi
tiét vé& internal tham chi con gay hai, vi ban s& mac ket trong cadm giac "minh chwa hiéu
da" va khéng dam ap dung.

Thay vao dé, hay nhé hai diéu cbt 16i vé B+ tree:
Index la mét danh sach da dwoc sap xép (sorted list) + bang tém tat phan cap

Hay twéng twong ban cé moét cudn tir dién day 2000 trang. Ban mudn tim i
"performance”. Ban sé:

e Nhin vao phan gay sach — thay P nam khoang trang 1200
e Lat dén trang 1200, nhin header — thay "PER" bat dau tir trang 1245
e Lat dén 1245, scan vai trang — tim thay "performance”

Ban chi can 3 budc thay vi doc 2000 trang. Index trong database hoat dong y hét:

e Leaf nodes (tdng dwdi cuing) = cac trang ti dién, chira danh sach gia tri da
sorted

e Internal nodes (cac tang trén) = phan gay/header sach, chiva "tom tat pham vi"
dé nhay nhanh

e K& ca bang c6 hang ty row, sd buwéc nhady qua internal nodes ciing chi khodng
3-4 1an (vi méi tAng phan chia di¥ liéu ra hang tram/hang nghin nhanh)

Tw day ban c6 thé hinh dung don gidn: index = sorted list + bang tém tét giip nhay
nhanh. Khéng can phirc tap hon thé.

Database tw quan ly index hoan toan

Mbi khi ban INSERT, UPDATE hay DELETE mdt row, database ty déng cap nhat tat ca
cac index lién quan:

e Thém row — tao entry mai trong index, dat dung vi tri sorted
e Xoba row — xo6a entry twong wrng trong index



e Sira row — x0a entry cii, thém entry méi (chi khi cot trong index bi thay déi). Néu
ban chi update mét cot khdng nam trong bat ky index nao, index khéng bi anh
hwédng gi.

Diéu nay dan dén mét trade-off quan trong: cang nhiéu index — write cang cham (vi
méi lan ghi phai cap nhat nhiéu index hon). D& ban hinh dung cu thé:

Bang users cb6 5 index:

- INSERT 1 row — database phdi thém entry vao CA 5 index

- UPDATE c6t email (ndm trong 2 index) — 2 index bi cdp nhat

- UPDATE cb6t bio (khéng nadm trong index nao) — 0 index bi cdp nhat
- DELETE 1 row — xbéa entry khdi CA 5 index

Nhwng dirng lo 1dng qua: trong thwe té, hau hét 'ng dung doc nhiéu hon ghi rat nhiéu
(ty 1& read:write thworng 14 90:10 hodc cao hon), va méi bang thwdng chi can 3-7 index.
Chi phi write thém cho index hadu nhu khéng dang ké so véi loi ich read ma né mang
lai.

Cau héi hay gap: "Vay tao bao nhiéu index la qua nhiéu?" Khéng cé con sé ¢b dinh,
nhwng néu bang c6 hon 10 index va ban thay write performance gidm dang ké, dé la
lc nén review lai. Dung query kiém tra unused index (s& hoc & Phan 5) dé tim va x6a
index thira.



C6 sap xép hay khéng: Chuyén cua Primary Key
Vi index la sorted list, vi tri insert entry méi &nh hwédng dén performance:

e Thém vao cudi (gia tri luén tdng): nhanh, vi vi tri cudi luén dwoc cache trong
memory

e Thém vao gilra (gia tri random): cham hon, vi phai tim vj tri dung, cé thé phai di
chuyén entries xung quanh, va trang chtra vi tri d6 c6 thé khéng nam trong
memory

Pay la ly do lwa chon kiéu primary key quan trong:

Loai PK Gia tri mau Thir tw insert Téc dd
Auto-increm 1,2,3,4.. Ludén tdng — cudi ~ Nhanh
ent list nhéat
UuIDv4 a3f8b2cl-... (random) Random — gilra Cham

list nhéat
UuIDv7 / 019abc12-. .. (time-based) Gan nhw tang — Nhanh
ULID gan cubi
Snowflake ID  142506829879. .. Ludn tang — cudi Nhanh
(time-based) list

Dé ban hinh dung mirc d6 anh hwéng: trén mét bang MySQL véi 10 triéu row, insert Vi
UUIDv4 c6 thé cham hon 3-5 Ian so véi auto-increment. Khodng cach nay cang 1&n khi
bang cang to, vi index khéng fit trong memory nira va méi random insert cé thé trigger
disk 1/0.

Lwu y quan trong: Van dé random key anh hwéng nghiém trong nhat véi MySQL
(InnoDB) vi né dung Clustered Index (PK = table, xem phan tiép). V&i PostgreSQL
(Heap Table) thi &nh hwéng nhe hon vi div liéu bang append vao cubi bat ké PK la gi:
chi secondary index bi anh hwdng. Nhwng néu bang c6 hang triéu row va insert lién tuc,
ban nén dung sorted key cho ca hai.



Hai cach lwu trir khac nhau: Heap Table va Clustered
Index

Day la kién thirc nén quan trong ma nhiéu developer bd qua, nhwng né anh hwéng truc
tiép dén cach ban thiét ké schema va chon primary key. C6 hai cach database Iwu triy
di liéu trén disk:

Heap Table (PostgreSQL mac dinh)

D liéu dwoc append vao cudi file, khdng quan tam thir tw. Ban insert row theo thr tw
nao, nd nam & vij tri d6 ludn: ké ca PK = 999 dwoc insert trwdc PK = 1. Tt ca index (ké
cé primary key) déu lwu "dia chi vat Iy" (physical location: goi 1 tuple ID hodc ctid trong
PostgreSQL) ctia row.

INDEX (email) TABLE (heap)

Page 2: [bob, 35, ...]
Page 7: [charlie, 22,..]

bob@. .. -~ row & page 2|
charlie@. .- row & page 7|
|

[ [ ]
| | |
| alice@... - row & page 5| | Page 5: [alice, 28, ...]|
| I |
| | |
| | |

Primary key index clng hoat déng y hét: chi khac la cbé UNIQUE constraint.

Diém quan trong: vi tat ca index déu binh dang (déu tré dén vi tri vat ly), khéng cé sw
khéac biét performance gitra lookup bang PK hay bang secondary index: ca hai déu can
1 bwédc nhay tir index vao table.

Clustered Index (MySQL/InnoDB mac dinh)

O day moi thir khac han. Primary key chinh la bang: di liéu row dwoc lwu ngay trong
leaf node clia primary key index, sap xép theo thir tw PK. Khéng cé "bang heap" riéng.

PRIMARY KEY INDEX = TABLE

[ 1
| I
| I
| PK=1 - [alice, alice@..., 28, ...] |
| I
| I
| |

PK=2 - [bob, bob@..., 35, ...]
PK=3 - [charlie, charlie@..., 22, ...]
A

| (tim PK=2 - c6 ngay dit 1liéu, khdéng can budc nao thém!)



Con secondary index thi khéng tré dén vi tri vat ly (vi khéng c6 heap), ma tré dén gia tri

primary key:

SECONDARY INDEX

bob@. .. — PK=2

I

|

|

| alice@... - PK=1
|

| charlie@..- PK=3
|

(email)

L]

PK=2 -
PK=3 -

PRIMARY KEY INDEX = TABLE

[bob, ...]

|
|
|
[alice, ...] |
|
[charlie, ...] |

|

Secondary index lookup = 2 budc: tim PK trong secondary index — tim row trong

PK index

So sanh hai cach tiép can:

PK lookup

Secondary index
lookup

Insert random PK

PK size anh
huwdng?

Hé qua thwc té cho MySQL (Clustered Index):

Hé qua 1: KHONG dung UUIDv4 lam primary key!

Heap Table
(PostgreSQL)

2 budce: PK index —
heap table

2 budce: sec. index —
heap table

Nhanh (append vao
heap)

it (chi anh huwéng PK
index)

Clustered Index (MySQL)

1 buédc: PK index = table

2 buéce: sec. index — PK
index

Cham (phai insert dung vi tri
trong sorted PK)

Nhiéu (PK copy vao MOI
secondary index)

Vi table = PK index (sorted), mdi row m&i véi UUIDv4 random phai insert vao mot vi tri
random trong tree. V&i béng Ién khong fit trong RAM, méi insert cé thé trigger doc disk

— insert cham gép 3-10 1an so v&i auto-increment.



Hé qua 2: Primary key size anh hudng toan b database
PK value dwoc copy vao mdi secondary index entry. Tinh toan cu thé:

Bang: 1 triéu row, 5 secondary index

PK = BIGINT (8 bytes): 5 index x 1M x 8 bytes = 40 MB overhead

PK = ULID string (26 bytes): 5 index x 1M x 26 bytes = 130 MB overhead
Chénh léch: 90 MB: chi cho MOT bang!

V&i 50 bang tuong tu: chénh 1léch 4.5 GB
- CO6 th€ la khac biét gilta "fit trong RAM" va "phai doc disk"

Thuec tién: Dung auto-increment integer hoac UUIDv7/ULID (binary format, khéng phai
string) lam primary key la Iwa chon an toan nhat. Néu dung ULID/UUIDv7, hay lwu dang
BINARY (16) thay vi cHAR (36) dé tiét kiém space.

Hé qua 3: PK lookup cwc nhanh: tan dung cho CRUD apps

Néu app chi yéu 1a CRUD (tim user theo ID, lay order theo ID...), clustered index cho
performance tuyét v&i vi data cé sén ngay khi tim thay PK entry. Day 1a ly do
MySQL/InnoDB 1a Iwa chon phé bién cho web applications.



C6 index chwa chac query nhanh: Hiéu 1am phé bién
nhat

Pay la diéu nhiéu nguoi khéng nhan ra: dung index khédng ddm béo query nhanh. Cam
giac "tdi da tao index rdi ma van cham" xuét phat ti viéc khéng hiéu quy trinh thuc té.

Quy trinh khi database dung index:

1. Tim matching entries ~ Index giup budc nay nhanh

|
|
trong index |
|

I
| (danh sach row IDs / PK values)

\4

]
2. Load tung row tu table| « CHAM néu qua nhigu row!

(random I/O) | M&6i row & vi tri khadc nhau trong file
|
I
v
]
3. Check thém céc diéu | —~ L&ng phi néu nhigu row bi loai

kién KHONG trong index|
|

Budc 2 va 3 chinh 1a noi query cé thé cham. Hay xem mét vi du thuc té:

-- Bang orders: 5 triéu rows
-— Index: chi cé trén (status)

SELECT * FROM orders

WHERE status = 'pending' -- index loc: 5M - 200,000 rows
AND region = 'southeast' -- KHONG trong index
AND total > 1000000; -- KHONG trong index

-— Chuyén gi xay ra:

-- 1. Index tim 200,000 entries cé6 status = 'pending' — nhanh

-— 2. Load 200,000 rows t¥ table (random I/O) — CHAM!

-- 3. Check region = 'southeast' - con 15,000 rows ~ l&ng phi 185,000
lan doc

-- 4. Check total > 1000000 — con 500 rows — l&dng phi thém
14,500 lan

-- K&t qua: chi can 500 rows nhung d& load 200,000 rows!



Giai phap: Tao index bao pht nhiéu diéu kién hon:

-- Index tét hon: (status, region, total)

-- 1. status = 'pending' - fast lookup

-- 2. region = 'southeast' - tiép tuc loc trong index (khdédng can load row)
-- 3. total > 1000000 — scan range trén index (van khéng load row)

-- 4. Chi load ~500 rows thuc su can — nhanh hon RAT NHIRU

-- Ho3dc thém chi index-only néu chi can vai coét:
—-- Index: (status, region, total) INCLUDE (order id, customer id)
-- - Khéng can load row tu table nao ca!

Quy tac thwe hanh: Sau khi tao index, luén chay exepratn (PostgreSQL) hodc expraIn
anaryze (MySQL) dé& xac nhan database thwc sy dung index do, va kiém tra sb row phai
load twr table (rows examined/filtered). Néu sb row examined >> sé row tra vé, index
chwa du tét.



Bon nguyén tac vang khi str dung Index

Day |a phan quan trong nhat cia ca cudn ebook. Bédn nguyén tac nay 1 tat ca nhirng gi
ban can dé tao index t6t cho bat ky query nao. Khi ban gap mét query cham, hay vé ra
gidy (hoéc hinh dung trong d4u) cach query d6 map vao index theo 4 nguyén tac nay:
do 1a cach tét nhat dé xac dinh index can tao.

Nguyén tac 1: Tra clru nhanh: Nhay thang den vi tri can
tim

Thao tac co ban nhét cta index: tim mét gia tri cu thé gan nhw tire thi bang cach nhay
qua cac tang internal node, thay vi scan t&» dau dén cudi.

SELECT * FROM movies WHERE release year = 2019;

Hinh dung index trén release vear la mot cubn sach sorted:

Index summary (internal nodes) :
[... | 2015-2017 | 2018-2020 | 2021-2023 | ...]

v
Leaf nodes: [2018 | 2018 | 2019 | 2019 | 2019 | 2020 | 2020]
A
Database nhdy thing dén day!

Database khéng can doc qua 2015, 2016, 2017, 2018... N6 nhdy thdng dén khu vuc
2018-2020 trong index summary, réi tim chinh xac 2019 trong leaf nodes.

Hiéu nhAm phd bién: "Index cang Ié&n thi query cang cham"

Chuwa chac! Hay nh¢ index 1a cAu tric cay (tree), khéng phai danh sach phang. Méi
tang internal node chia di¥ liéu thanh hang trd&m nhanh. Két qua:

S6 rows S6 bwéc nhay (tree depth)
1,000 ~2

1,000,000 ~3



1,000,000,00 ~4
0

Tw 1 nghin |1én 1 ty row, chi thém 2 bwdc nhady. D6 la sirc manh cua O(log n). Index da
duoc tdi wu héa sudt hang chuc ndm cho dung use case nay: dng lo lang vé kich
thwoce.

Nguyén tac 2: Quét theo mét hwéng

Sau khi nhay d&n mét vi tri trong index (bang Fast Lookup), database cé thé tiép tuc
doc lién tuc theo mét huwdng (ascending hoac descending). Vi leaf nodes cua B+ tree
duoc lién két véi nhau (linked list), viéc di chuyén sang entry tiép theo la cwc ky nhanh.

SELECT * FROM users WHERE age >= 35 ORDER BY age ASC LIMIT 3;

Index (age):
[18 | 22 | 25 | 28 | 30 | 35 | 37 | 42 | 48 | 55 | 61]

A
Fast Lookup: age >= 35

I

— 35 (1&y)

F— 37 (1&8y)

F— 42 (1&y, dd 3 — DUNG!)

| 48, 55, 61... (khéng can doc)

Twong ty v&i hwéng nguoc lai:

SELECT * FROM users WHERE age <= 35 ORDER BY age DESC LIMIT 3;
-- Fast lookup dén 35, scan ngudc: 35 — 30 - 28 — DUNG!

Strc manh thwe sw khi két hop véi LIMIT:

Khong c6 index, query WwHERE age >= 35 ORDER BY age ASC LIMIT 3 trén bang 10 triéu
row phai: scan toan bd 10M rows — filter — sort — 14y 3. V&i index, chi can: nhay dén
35 — doc 3 entries — xong. Chénh I&ch c6 thé ti vai gidy xubng dwdi 1ms.

Nhwng nhé: Scan chi di mot hwéng. Khéng thé vira scan ascending vira scan
descending cuing ltc trong mot index traversal. Néu query can sort theo 2 cot v&i
hwéng khac nhau (vd: oRDER BY score DESC, created at Asc), ban can tao index véi
dung thir tw sort d6 (xem thém & Phan 3 - ORDER BY).



Nguyén tac 3: Tir trai sang phai: Nguyén tac "Phéu" cho

index nhiéu cét

DAy la nguyén tac quan trong nhét va ciing dé hiéu sai nhat. Single-column index don
gian, nhwng multi-column index (composite index) m&i la noi mang lai cai thién
performance I&n nhét: va ciing |a noi dé sai nhat. Hay hinh dung multi-column index
nhw mét cai phéu (funnel) loc di¥ liéu tir trai sang phai.

Cach multi-column index dwoc sap xép:

Index trén (country, lastname, firstname) Sép Xép di¥ liéu theo nguyén tac: sort by
country trwée, trong mdi country sort by lastname, trong méi lastname sort by firstname.

Index (country, lastname, firstname):

I T T 1
| country | lastname |firstname |
| | | |
I I I 1
| JP | Sato | Kenji |
| Jp | Suzuki | Yuki |
| JP | Tanaka | Hiroshi |
| us | Johnson | Emily |
| Us | Smith | Alice |
| us | smith | Bob |
| vN | Le | Minh |
| vN | Nguyen | an | «~ target
| VN | Nguyen | Huy | ~ target
| VN | Tran | Duc |
| | | |

Ban c6 thé thay: trong méi country, cac lastname dwoc sorted. Nhwng nhin toan bd cot
lastname, n6 KHONG sorted (Sato, Suzuki, Tanaka, Johnson, Smith...). Day chinh 1 ly
do tai sao ban phai di ti trai sang phai.

Phéu hoat déng thé nao:

WHERE country = 'VN' AND lastname = 'Nguyen' AND firstname = 'Huy'
Budc 1: country = 'VN' — Phé&u thu hep: 4 entries (VN block)
Budc 2: lastname = 'Nguyen' — Phé&u thu hep: 2 entries (An, Huy)
BuSc 3: firstname = 'Huy' — Phé&u thu hep: 1 entry (chinh xac!)

Mbi budc "that" phéu lai, gidm sb entries phai xét. Rat hiéu qua!



Cac query dung dwoc index nay:

-— Dung 3/3 buéc phéu
WHERE country = 'VN' AND lastname = 'Nguyen' AND firstname = 'Huy';

-- [ pbung 2/3 budc phdu (firstname bi bd - van OK, chi kém t&i uvu hon)
WHERE country = 'VN' AND lastname = 'Nguyen';

- Dung 1/3 budc phéu
WHERE country = 'VN';

-— X KHONG dung dugc! (bd qua country: cdt dau tién)
WHERE lastname = 'Nguyen';
-— Vi: lastname 'Nguyen' ndm rdi rac & JP, US, VN... khéng ndm lié&n nhau

- )( KHONG dung dugc! (bd qua cd country va lastname)
WHERE firstname = 'Huy';

Cau than cha: "Tw trai sang phai, khéng bd qua cot": hay khéc cau nay vao dau.
Hiéu nhdm phd bién: "Dat cot selective nhat 1&n dau"

Ban sé& thay nhiéu ngudi khuyén rang: "dat cot cé nhiéu distinct values nhat (selective
nhat) Ién dau index". Hay xem tai sao né chwa chéc da luén dung:

Gia s ban déi tho tl_J’ index thanh (lastname, firstname, country) vi lasthame ¢c6
nhiéu gla tri nhét. Query WHERE country = 'VN' AND lastname = 'Nguyen' AND
firstname = 'Huy' van dung dwoc toan bd phéu: vi dung dua 3 cot. Sé budc phéu gibng
nhau, selectivity & day khéng tao ra khac biét.

Nhwng bay gid, query WHERE country = 'vn' (rAt phd bién trong app multi-tenant) hoan
toan khéng dung dwoc index nay! Vi country & vi tri cudi.

Céch dung: Thir tw cot nén duwoc quyét dinh béi tap hop cac query ma app ban chay,
nham ti da héa sé query duwoc phuc vu béi cing mét index:

-- App chay cac query nay:

-— Ql: WHERE country 'VN' (r&t thudng xuyén)
-— Q2: WHERE country 'VN' AND lastname 'Nguyen' (thusng xuyén)

-- Q3: WHERE country 'VN' AND lastname = 'Nguyen' AND firstname = 'Huy' (it
hon)

-- Index (country, lastname, firstname) - phuc vu CA 3 query

-— Index (lastname, firstname, country) — chi phuc vu Q3 tét, Q1 khdéng dung
dugc

-- Index (firstname, lastname, country) — chdng phuc vu tét query ndo & trén



Bd qua cot gitra: Van dung dwoc, nhwng kém hiéu qua:
-- Index: (firstname, lastname, country)

-— Query: WHERE firstname = 'Huy' AND country = 'VN'
-— (bd qua lastname & gita)

Database van dung index nay! Nhwng cach né hoat dong kém tbi wu hon:

Budc 1: firstname = 'Huy' — Fast Lookup, tim dugc block entries cho 'Huy'
Budc 2: lastname bi bd qua - KHONG th& dung phéu tiép
Bu&c 3: Scan TOAN BO entries cé6 firstname = 'Huy',
ki€m tra TUNG entry xem country = 'VN' khdéng
Index entries cho firstname = 'Huy':
[Huy | Le | JP ] - country != 'VN' X (bd)
[Huy | Nguyen| US ] — country != 'VN' )( (bd)
[Huy | Nguyen| VN ] - country = 'VN' (gi@)
[Huy | Tran | JP ] - country != 'VN' )( (bd)
[Huy | Tran | VN ] — country = 'VN' (gitt)

— Scan 5 entries, git 2

So sanh: index hoan hdo (firstname, country) chi can scan 2 entries (dung entries
can). V&i bang lén, "firstname = 'Huy™ cé thé match hang trdm nghin entries — scan tat
ca dé filter country 14 rat lang phi.

Tuy nhién, skipping a column van t6t hon khéng cé index: vi it nhat database gi¢i han
dwoc pham vi scan (chi entries c6 firstname = 'Huy'), va c6 thé filter trén country ngay
trong index ma khéng can load row ti table.

Index trung lap: Don dep index thira:

Mbi index phai dwoc cap nhat khi write, nén index thtra = tén tai nguyén vé ich. Quy
tac:

ﬂ' Index (country, lastname, firstname) BAO GOM chic ndng cta:
- (country)
- (country, lastname)
- Xba 2 index don/ddéi nay di néu tén tai

X Nhung KHONG BAO GOM:
- (country, lastname, telephone) - cdt cudi khéc
- (lastname, country) — thi tu cbét khéc
— Pay la cac index déc lap, khéng th&€ thay thé

Vi du thwc té don dep:



Bang users hién cb6 4 index:
idx 1: (tenant id)

idx 2: (tenant id, email)

idx 3: (tenant id, created at)
idx 4: (email)

Phan tich:

idx 1 bi bao gém bdi idx 2 (cung prefix) — XOA idx 1
idx 2 va idx 3 cé prefix gidng nhung coét 2 khac — GIU cad hai
idx 4 phuc vu query WHERE email = '...' (khdng cé tenant id) - GIU

Két qua: git idx 2, idx 3, idx 4. Xdéa idx 1.



Nguyén tac 4: Quét khi gap diéu kién pham vi: Diéu kién
pham vi "phéa vé" phéu

Day |a nguyén tac hay bi bd sét nhat, nhwng lai &nh huwdng performance rat Ion. Khi
gap range condition (>, <, >=, <=, BETWEEN), database chuyén sang ché dé scan: va tw luc
do, phéu khéng thé thu hep thém bang cac cot phia sau.

Tai sao range condition "pha v&" phéu?
Hay nhin index (country, age, married) VOI query:
WHERE country = 'VN' AND age > 28 AND married = 'yes'

Index (country, age, married):

[ I [ ]

| country | age | married |

| I | |

| VN | 25 | no |

| VN | 27 | yes |

| vN | 29 | no | < age > 28 bt dau scan tu day

| vN | 29 | yes | <« married = 'yes'

| vN | 31 | no | < married = 'no' X (vin phai doc!)
| vN | 31 | yes | <~ married = 'yes'

| VN | 35 | no | — married = 'no' Y (vAn phai doc!)
| VN | 42 | yes | — married = 'yes'

| | | |

Sau khi age > 28 bat dau scan, cac entry CO married = 'no' V@ married = 'yes' Xen ké
nhau. Database khéng thé "nhady qua" cac entry married = 'no': né phai doc tirng entry
va check. Poc 6 entries nhwng chi gitr 3.

Gio doi the tw: index (country, married, age):



Index (country, married, age):

[ I I ]

| country | married | age |

| } I I

| VN | no | 25 |

| VN | no | 29 | —~ married = 'no' - bd qua toan bd block!

| VN | no | 31 |

| VN | no | 35 |

| VN | yes | 27 |

| VN | yes | 29 | — Fast lookup dén day: country='VN',
married='yes', age>28

| VN | yes | 31 | ~ scan

| VN | yes | 42 | ~ scan

| |

Bay gi®: Fast Lookup qua 2 bwédc phéu (country — married) — scan ti age > 28. Chi
doc 3 entries thay vi 6! Va khéng can filter thém gi.

Anh huéng thuc té: Véi bang nhd, chénh Iéch khdng dang ké. Nhuwng hay twéng twong
bang 10 triéu users:

e Index sai (country, age, married): SCan 500,000 entries cho age > 28, filter ra
250,000 — doc gap dbi can thiét

e Index dung (country, married, age):scan dung 250,000 entries — khéng lang
phi

Khi c6 NHIEU range condition:

WHERE country = 'VN' AND age > 25 AND salary > 20000000

Chi mét cot range c6 thé hwdng loi tlr index scan. Cot range thi hai chi dung dé filter:

-— Index: (country, age, salary)
-- country — phéu, age > 25 - scan, salary > 20M - filter (KHONG gi&i han scan)

—-— Index: (country, salary, age)
-- country — phéu, salary > 20M - scan, age > 25 - filter

-- Chon cdt nao dit trudc? Co6t nao filter dugc NHIREU row hon!
-— Néu 90% users cbd age > 25 nhung chi 10% cbé salary > 20M
-- - bat salary trudc: (country, salary, age)



Ngoai Ié: Loose Index Scan / Skip Scan

Mot s6 database co thé "nhay qua" entries trong trwdng hop dac biét (thwong 1a
GROUP BY min/max):

e MySQL: Loose Index Scan
e Oracle / SQL Server: Skip Scan
e PostgreSQL: chwa hb tro

Nhwng day 1a tdi wu dac biét, khdng phai hanh vi mac dinh. Dirng thiét ké index dua
trén no.

Quy tidc vang can nho:

=

Equality columns trwéec, Range columns sau
Néu cé nhiéu range conditions, dit cét filter dwoc nhiéu nhat truéc
3. Sau cét range dau tién, céc cét tiép theo chi dung dé filter (van hiku ich,

N

nhwng khéng gi¢i han scan range)



Index hoat déng thé nao vé&i tirng thao tac SQL

B&n nguyén tdc & Phan 2 1a nén tdng. Gid chang ta s& xem chung hoat déng thé nao
v&i cac SQL operation phirc tap hon. Mét diéu quan trong can nhé: thi tw thue thi SQL
khéng giéng thir tw ban viét. Database thuc thi theo the tu:

FROM / JOIN — WHERE — GROUP BY - HAVING - SELECT - ORDER BY — LIMIT

Diéu nay anh hwéng truc tiép dén cach xay dwng index: cot WHERE phai ndm truéc
c6t ORDER BY trong index, c6t GROUP BY phai nam trué'c cot SELECT aggregate,
V.V.

Phép so sanh khéng bang (!=): Ké giét hiéu suat tham
lang

Diéu kién ! = la mét trong nhirng tht t& nhéat cho index. Hay xem tai sao:

SELECT * FROM payments WHERE status != 'open';

Vi index trén (status), database phai scan toan bd index entries, kiém tra tirng cai
xem cO = 'open' khodng: vi két qué match nam & ca hai phia (trwéc va sau 'open'). Pay
khéng phai range scan (chi scan mét huwéng): ma phai doc tat ca.

Index (status):

[cancelled | cancelled | open | open | open | paid | paid | refunded]
X X X

— Phai doc 8 entries, bd 3, gilt 5

-~ Ché&ng khac gi full table scan!

Té hon: database khéng thé dw doan bao nhiéu row match 1= 'open' (c6 thé 5% hodc
95%), nén cost model khéng danh gia dwoc — thwdng fall back vé full table scan luén,
hoan toan bé qua index.



Cach xuwr ly:

Cdch 1: Két hop thém cét equality thu hep pham vi

Day la cach don gian va hiéu qua nhét:

SELECT * FROM payments

WHERE shop id = 42 AND status != 'open';

-- Index: (shop id, status)

-— Workflow:

-- 1. Fast lookup: shop id = 42 - thu hep xudng vai trdm entries

-- 2. Scan entries cta shop id = 42, filter status != 'open'
-- - Du inequality van phdi scan, pham vi scan d& nhdé hon RAT nhigu!

Quan trong: database gi¢& chdp nhan dung index vi né biét chac upper bound (tat ca
rows clia shop_id = 42) — cost model tinh dworc.

Cdch 2: Chuyén inequality thanh IN(...) néu biét truérc gia tri

-— Néu status chi cdé: 'open', 'paid', 'cancelled', 'refunded'
-- Thay vi: WHERE status != 'open'
-—- Viét: WHERE status IN ('paid', 'cancelled', 'refunded')

-— - Database té&ch thanh 3 equality lookups, hiéu qua hon nhigu!

Cdch 3: Chuyén thanh boolean column/functional index

-- Tao cb6t is open (computed/virtual column)
-- Hodc functional index:
CREATE INDEX payments not open ON payments ((status != 'open'));

-- Sau dé: WHERE (status != 'open') = true — equality check!



NULL: Gia tri dic biét can dac biét chay

NULL trong SQL nghia l1a "khéng biét" (unknown), khéng phai "réng" hay "zero". Va né cé
hang loat behavior ky la anh hwédng dén index.

Behavior quan trong:

NULL = NULL — NULL (khéng ph&i TRUE!)

NULL != NULL — NULL (khéng phai TRUE!)
NULL > 5 — NULL
NULL + 10 - NULL

-- B&t ky phép tinh nao v8i NULL dé&u trd vé NULL
-- Trong context WHERE, NULL dudc coi nhu FALSE

NULL va Index:

SQL standard khéng quy dinh NULL ding trwée hay sau trong sort order: méi database
tw quyét:

e MySQL: NULL drng trwéc (nhd nhat)
e PostgreSQL: NULL dng sau (I&n nhat)

Diéu nay anh hwéng dén vi tri NULL trong index. Nhwng quan trong hon:

e 15 nuLL hoat déng gibng equality check. Database nhay thdng dén block NULL
entries — moi nguyén tac index ap dung binh thwdng:

-- Tim nhdn vién chua cé supervisor (supervisor id = NULL) tén Huy

SELECT * FROM employees

WHERE supervisor id IS NULL AND name = 'Huy';

-- Index: (supervisor id, name) - Fast lookup NULL - tim 'Huy' - hiéu qud!

e 15 nor nuLL hoat ddng gidng inequality: phai scan tat ca entries khac NULL. Cé
thé match qua nhiéu rows — database bé qua index.

-- Tim t&t cd nhan vién CO supervisor

SELECT * FROM employees WHERE supervisor id IS NOT NULL;
-— Néu 95% nhén vién c6 supervisor — match 95% rows — full table scan nhanh hon

NULL trong phép so sanh khéng béng: Cai bay ngam:

Day la bug logic rat phd bién, khéng chi &nh hwéng performance ma ca tinh dung dan
cua két qua:

-— Bang users: cb 1000 rows, trong ddé 50 rows cé6 country = NULL



-- Query: tim t&t cd users KHONG & VN

SELECT * FROM users WHERE country != 'VN';

-- Ban nghi: trd v@ tdt cd& user tru user & VN - 900 rows?
-— Thuc té: trd vé 850 rows! 50 rows NULL bi BO SOT

-— Vi: NULL != 'VN' - NULL - coi nhu FALSE - khdéng cé trong két qua
Cach fix:

-— Céch dai:

WHERE country != 'VN' OR country IS NULL

-- MySQL (ng&n gon) :
WHERE NOT (country <=> 'VN') -- <=> la NULL-safe equality operator

-- PostgreSQL (ngdn gon) :
WHERE country IS DISTINCT FROM 'VN'

NULL trong ORDER BY: Kiém soat vi tri NULL:

-- MySQL: NULL mi3c dinh & dau (ascending)
-— Muén NULL & cudi:
SELECT * FROM customers ORDER BY country IS NULL, country ASC;

-— PostgreSQL: NULL mdc dinh & cudi (ascending)

-- Muén NULL & dau:

SELECT * FROM customers ORDER BY country ASC NULLS FIRST;
-- Muén NULL & cuéi (mdc dinh nhung explicit):

SELECT * FROM customers ORDER BY country ASC NULLS LAST;



cai bay" ky tw dai dién &

LIKE: Tim kiem mau chuéi va
dau

Khi ban viét LTkE 'Nguyéns', database trong ndi bd chuyén thanh range condition:
-- LIKE 'Nguyé&n%' tuong ducng:

WHERE firstname >= 'Nguyé&n' AND firstname < 'Nguyé&o'
-- (Nguyé&o = ky tu ké& tiép sau 'n' trong bdng mi)

Vi la range condition, né tuan theo Nguyén tac 4: LIKE column nén d&t sau cac equality
columns trong index, va cac cét phia sau LIKE chi dung dé filter.

-- Query: Tim customer cé tén bit dau bing 'Nguyén'
SELECT * FROM contacts
WHERE type = 'customer' AND firstname LIKE 'Nguy&n$';

-- Index analysis:
-= ﬂl (type, firstname): type equality — phéu, firstname LIKE - range scan
- )( (firstname, type): firstname LIKE - range scan ngay, type chi filter

Wildcard & gilra: LTkE 'Nguyénzs' (bat dau bang Nguyén, két thic bang s) van dung
duoc index: database tim range Nguyén. .NguyZo, roi filter pattern <s trén két qua.
Ky tw dai dién & dau: Khéng dung duoc B-tree index:

.
’

o\

Dn

SELECT * FROM contacts WHERE name LIKE 'S$Nguyén

-- Database KHONG th& ding B-tree index!

Tai sao? Vi 2nguy&ns match bét ct vi tri ndo trong string. Database khong biét phai bat
dau scan tlr dau trong sorted list: 'Nguyén' ¢ thé ndm trong 'Tén téi la Nguyén Van A,
'Anh Nguyén dep trai', 'xNguy@n123'... Chang réi rac khap noi trong index. Database
ciing khéng thé wéc lwong sé rows match — cost model that bai — fallback full table
scan.

Giai phap cho leading wildcard:
PostgreSQL: Trigram Index (pg_trgm)

CREATE EXTENSION IF NOT EXISTS pg trgm;
CREATE INDEX trgm idx ON contacts USING GIN (name gin trgm ops);

-— Gid query nay dung dugc index:
SELECT * FROM contacts WHERE name LIKE 'S$Nguy

o

Dmn

n

’



Céch hoat ddng: text dwoc chia thanh moi chudi con 3 ky tw (trigram):

'Nguy&n Minh' - trigrams: 'ngu', 'guy',
'min', 'inh'

Khi tim '$Minh%':

1. Tach chubi tim ki ém thanh trigram: 'min', 'inh'

2. Tim cédc entry ch@ia TAT CA trigram ndy — danh sach Gng vién

3. Kiém tra lai chinh x&c trén Ung vién (vl trigram cé th&€ khdp sai thi tu)

Uu diém: hé tro ky tw dai dién & bat ky vi tri ndo. Nhuoc diém: index c6 thé rat Ién (mbi
chudi sinh ra nhiéu trigram), va chudi tim kiém phai cé it nhat 3 ky tw lién tuc (khéng cd
ky tw dai dién) d& dung duoc.

MySQL: Khéng cé6 giai phap built-in. Can nhic dung Full-Text Search (vaTch
acaINsT) hoac external search engine (Elasticsearch, MeiliSearch) cho use case search
phtrc tap.



ORDER BY: Tranh bwéc sort bé sung bang moi gia

Index khéng chi gitp tim nhanh: né con giup tré két qua da sorted. Néu ban thém cot
sort vao cubi index (sau cac cot WHERE), database doc tir index ra da dung thr tw —
khéng can sort thém.

-— Query: Hi&n thi bugs nghiém trong nhdt, m&i nhit
SELECT * FROM issues

WHERE type = 'bug'

ORDER BY severity DESC, created at DESC;

-- 4 1ndex: (type, severity DESC, created at DESC)

-— Workflow:

-- 1. Fast lookup: type = 'bug'

-— 2. Scan descending - entries dad sorted theo severity, created at
-— 3. Trd vé& truc tiép — KHONG can sort bd sung!

Tai sao tranh sort b6 sung lai quan trong dén vay?
Khi database phai sort két qué ma index khéng hé tro:

1. T4t c& matching rows phai dwoc load vao memory trwdc
2. Néu fit trong memory — sort nhanh (in-memory sort)
3. Néu KHONG fit (vuot sort buffer size / work_mem) — disk-based sort:
o Ghi data ra file tam trén disk theo tirng chunk
o Sort trng chunk trong memory
o Merge cac chunk sorted — két qua cubi
o Qua trinh I13p lai nhiéu 1an néu data qua I&n

Disk-based sort c6 thé bién query 10ms thanh 10 giay. Ngay ca khi dung SSD.

Tip MySQL: sort buffer size mac dinh 256KB: rat nhd! Tang Ién 4-8MB cho
production. Tip PostgreSQL: work mem mac dinh 4MB. Tang lén 32-64MB néu c6 query
sort nhiéu data. Nhwng can than: setting nay apply per-operation, nén nhiéu concurrent
queries co thé dung hét RAM.

Lwu y quan trong v&i LIMIT: Nhiéu ngwdi nghi orpER BY ... LIMIT 10 $& nhanh vi chi
lay 10 rows. Sai! Database van phai sort toan bdé matching rows truéc, réi méi lay top
10. Index gitip ban tranh sort hoan toan: scan 10 entries dau tién tlr index va ding.



Index giam dan: Khi thi tw sap xép bi "1an 16n":

B-tree index c6 thé scan ca ascending va descending (Nguyén tac 2). Nén orDErR BY
col Asc hay orRDER BY col pEsc déu dung cung 1 index dwgc. Nhwng khi sort nhiéu cot
v&i huwéng khac nhau, ban can tao index matching:

-- Bdng xé&p hang: score cao nhdt trudc, néu badng nhau thi ai tao trudc 1lén
trudc
SELECT * FROM highscores ORDER BY score DESC, created at ASC LIMIT 10;

-- Index mdc dinh: (score, created at) - cd hai ASC
-- Database c6 th€ scan backward cho score DESC... nhung created at cling bi
DESC!

-— - Ph&i sort lai két qua

-- " 1Index dtng:
CREATE INDEX highscores correct ON highscores (score DESC, created at ASC);
-- Scan forward: score giam dan, created at tdng dan - dung order!

Vi du thyc té: Két hop WHERE + ORDER BY:

-— E-commerce: hién thi sa&n phé&m trong category, gid thdp nhdt trudc
SELECT * FROM products

WHERE category id = 5 AND in stock = true

ORDER BY price ASC

LIMIT 20;

-—- Phan tich index:

- )( (category id, in stock): filter OK, nhung phdi sort 50,000 products by
price

-= )( (price) : sort OK, nhung phdi filter TOAN BO products cho category + stock
- il (category id, in stock, price): filter bang ph&u - scan price ascending —
18y 20 — DONE!

- T6ng: chi doc ~20 index entries. TU nhidu gidy xuéng <lms!



GROUP BY & DISTINCT: Thach thirc I&n nhat

GROUP BY va DISTINCT Ia hai operation ma nhiéu developer "quén" téi wu index. Day
la sai lam nghiém trong vi ching thwéorng phai xt ly hang chuc nghin dén hang triéu
row. Thiéu index — performance tham hoa.

DISTINCT = GROUP BY vé mét execution. Database chuyén DISTINCT thanh GROUP
BY ndi bo:

SELECT DISTINCT country FROM users;

-— Database thuc thi giéng hét:

SELECT country FROM users GROUP BY country;

-- Nén moi quy tdc index cho GROUP BY d&u &p dung cho DISTINCT

Cach GROUP BY dung index: Thuat toan "duyét va dém":

Khi cé index phu hop, database dung thuat toan cwe ky hiéu qua: vi gia tri da sorted, n6
chi can scan qua index, dém entries lién tuc c6 cung gia tri, khi gap gia tri méi — két
thac group ci, bat dau group méi.

SELECT is paying, COUNT (*) FROM users GROUP BY is paying;
-— Index: (is paying)

-—- Database scan index:

-— [no | no | no | yes | yes | yes | yes]
— I | | |

-- count = 3 count = 4
-- Hiéu qua: 1 lan scan, khdéng can temporary table, khdng can sort

KHONG c6 index phu hop — database phai:

1. Scan toan b table
2. Tao hash table tam trong memory: key = gia tri group, value = aggregate
3. Né&u hash table qua I&n cho memory — spill ra disk — rat cham

Quy tac tao index cho GROUP BY:

Trwong hop 1: Simple GROUP BY

SELECT is_paying, gender, COUNT (*) FROM users GROUP BY is paying, gender;
-- Index cung cét, cung thd ty: (is paying, gender)



Trwong hop 2: GROUP BY + WHERE

Nh& SQL execution order: WHERE chay trwéc GROUP BY. Nén c6t WHERE dat trudc
trong index:

SELECT is paying, gender, COUNT (*) FROM users

WHERE onboarding = 'yes' GROUP BY is paying, gender;
-- Index: (onboarding, is paying, gender)

-— Workflow:

-- 1. Fast lookup: onboarding = 'yes'

-- 2. Scan: entries da sorted by (is paying, gender) - loop-and-count

Trwong hop 3: GROUP BY + WHERE range — CAN THAN!
Day la noi Nguyén tc 4 (Range breaks funnel) gay ra van dé Ion:

SELECT is paying, gender, COUNT (*) FROM users
WHERE age BETWEEN 20 AND 29 GROUP BY is paying, gender;

Index (age, is paying, gender):
[20|no |F] [20]yes|M] [21|no |[M] [21l|yes|F] [22|no |F]
t is paying va gender bi XEN KE gifita cadc gid tri age!

Sau range scan trén age, gid tri is paying Va gender khdng ndm lién nhau niva:
database khéng thé dung thuat toan loop-and-count. Né phai tao temporary hash table
dé& group — cham hon.

Giai phap: Chuyén range condition thanh equality (xem Phan 5). Vi du: tao cot
age group = ’twenties'raiWHERE age group = 'twenties'—ﬁ>equa”h/—9 phéU'ﬁéthC
hoat ddng cho GROUP BY.

Trueong hop 4: GROUP BY + Aggregate Function

Khi diing aggregate function (AVG, SUM, MAX...) trén mét cot, cot d6 nén nam cudi
index dé database doc gia tri tr index ma khéng can load row:

SELECT is_paying, gender, AVG(projects cnt) FROM users
GROUP BY is paying, gender;

-= )( Index (is paying, gender): GROUP BY OK, nhung projects cnt phdi load tu
table
- — Néu 500,000 rows match - load 500,000 rows chi &€ doc 1 cot!

-— Y4 1Index (is_paying, gender, projects cnt):
- GROUP BY + aggregate d&u chay trén index — index-only operation



- - 0 rows can load tu table!

Tip viét GROUP BY ngan gon: Khi GROUP BY trén primary key, ban khéng can liét ké
cac cot khac cta cung bang:

-— Thay vi viét dai dong:

SELECT actors.firstname, actors.lastname, COUNT (*)
FROM actors JOIN actors movies USING (actor id)

GROUP BY actors.id, actors.firstname, actors.lastname;

-— Viét gon:
SELECT actors.firstname, actors.lastname, COUNT (*)
FROM actors JOIN actors movies USING(actor id)

GROUP BY actors.id; -- Primary key la da! Database tu thém cac cdt khéac.



JOIN: Phan tach va két hop

Join tréng phirc tap: nhiéu bang, nhiéu diéu kién, kho biét can index gi. Nhwng khi ban
hiéu cach database thyc sw thwe thi join, moi thir tré nén rd rang.

Vong lap 16ng nhau: Cach database thwec thi join

Céch co ban nhat (va phd bién nhat) la nested-loop join: hoat dong y hét vong 1ap
for-each:

SELECT employee.* FROM employee
JOIN department USING (department id)
WHERE employee.salary > 100000 AND department.country = 'NR';

Database thyc thi gibng pseudo-code nay:

# Budc 1: Query bang "driving" (bang dugc chon chay trudc)
results _employee = SELECT * FROM employee WHERE salary > 100000

# Budc 2: VSi MOI row, query bang "driven" (bdng trong vong lip)
for emp in results employee:
result = SELECT * FROM department
WHERE department id = emp.department id
AND country = 'NR'
if result:
output (emp) # Thém vao két qua

Bay gi® ban thay: join = hai query doc 1ap, mét chay 1 1an (driving), mét chay N 1an
trong loop (driven). Méi query can index riéng:

-- Index cho driving table (employee):
CREATE INDEX idx emp salary ON employee (salary);

-- Index cho driven table (department):

-- department id dén tu join condition, country tu WHERE

CREATE INDEX idx dept ON department (department id, country);

-- Hodc (country, department id): cd hai equality nén thd tu khéng quan trong

Thir tw JOIN khéng cb dinh: Tai sao diéu nay lai quan trong:

SQL la declarative language: ban néi mubn gi, database tw quyét lam thé nao. Thi tw
ban viét JOIN trong SQL khéng phai thi tw database thuc thi.



Xem data thuc té:

employee: 10,000 rows téng. 511 rows cd salary > $100k

department: 500 rows t&ng. 2 departments & Nauru (country = 'NR')
Approach Driving table Loop iterations Toéng operations
Employee employee (salary 511 rows — 511 ~512
first > 100k) lookups vao
department
Department department 2 rows — 2 lookups ~3
first (country = 'NR") vao employee

Céch tiép can 2 nhanh hon 170 Ian! Database sé tw chon approach 2 néu:

1. Statistics cho thay 'NR' chi match 2 departments
2. Index phu hop ton tai trén bang employee cho reverse lookup

Néu ban chi tao index cho approach 1 ma khéng tao cho approach 2, database budc
phai dung approach cham hon:

-— Index cho c& hai hudéng:

-— Approach 1 (employee — department) :

CREATE INDEX ON employee (salary);

CREATE INDEX ON department (department id, country);

-- Approach 2 (department — employee):

CREATE INDEX ON department (country);

CREATE INDEX ON employee (department id, salary):;
-- department id tu join condition, salary tu WHERE

Quy tac: Luén tao index hé tro’ join theo moi thi tw ¢ thé. Néu thiéu index cho mot
hwéng, database mét di lwa chon téi wu.

S6 lwong bang join anh hwéng optimizer:

Join 2 bang — 2 th tw cé thé. Join 4 bang — 24 th& tw x sb index = rat nhiéu
permutations. Database khong thé kiém tra hét — c6 thé chon plan khoéng t6i wu. Nén
gitr sb bang join dwdi 6-8 cho performance dy doan duoec.



Lateral Join: Vong lap "cho tirng dong" trong SQL.:

Day 14 tinh n&ng cwc ky manh ma it developer biét dén. Normal JOIN chi link rows dya
trén condition: khéng thé control bao nhiéu rows tir méi nhoém. Lateral Join gidi quyét
diéu nay:

-- Use case: Dashboard hié&n thi mdéi customer + 3 don hang gan nhit
SELECT customers.”*, recent sales.*
FROM customers
LEFT JOIN LATERAL (
SELECT * FROM sales
WHERE sales.customer id = customers.id
ORDER BY created at DESC
LIMIT 3
) AS recent sales ON true;

-- Lateral subquery chay cho MOI customer:
-- Customer 1 — SELECT TOP 3 sales WHERE customer id = 1
-- Customer 2 - SELECT TOP 3 sales WHERE customer id = 2

-— Index can: (customer id, created at DESC) trén badng sales
-- - M&i lateral subquery chi can doc 3 index entries

So sanh véi cach truyén théng (dung ROW_NUMBER):

-- Cach cii: load TAT CA sales, danh s& thd tu, filter
WITH ranked AS (
SELECT ¥*, ROW_NUMBER() OVER (PARTITION BY customer_id ORDER BY created_at
DESC) as rn
FROM sales
)
SELECT * FROM customers JOIN ranked ON ... WHERE rn <= 3;
—-- Ph3i doc TOAN BO badng sales réi m&i filter — cham hon nhigu

Lateral Join cling hoat ddng cho: "lay gia tri m&i nhat cho méi group”, "lay aggregate
cho méi entity", v.v.



Subquery: Khéng cham nhw ban nghi

"Subquery cham" |a mét thién kién kha phd bién. Chung cham vi thiéu index, khéng
phai vi ban chéat cia subquery.

Independent Subquery: chay 1 lan duy nhét, két qua thay thé vao query chinh:

SELECT * FROM products
WHERE remaining > 500 AND category id = (
SELECT category id FROM categories
WHERE type = 'book' AND name = 'Science fiction'
)
-— Index cho subquery: (type, name) trén bang categories
-- Index cho outer query: (category id, remaining) trén bang products

Dependent Subquery: chay lap lai cho méi row, giéng join:

SELECT * FROM products
WHERE remaining = 0 AND EXISTS (
SELECT * FROM sales
WHERE created at >= '2023-01-01' AND product id = products.product id
)
-- Index cho outer: (remaining) trén products
-- Index cho subquery: (product id, created at) trén sales

Tip: Ex1sTs tw ddng dirng sau khi tim thay 1 row match (gibng cé LMIT 1 ngdm). Nhwng
van nén tao index theo nguyén tac range condition dé ti wu.



UPDATE & DELETE: Birng quén t6i wu cho ching

UPDATE va DELETE ciing can tim row trwéc khi thao tac. Phan "tim row" hoan toan
giébng SELECT va can index y hét. Ban c6 thé viét lai thanh SELECT dé test
performance:

-— Thay vi test truc tiép:
DELETE FROM logs WHERE created at < '2024-01-01'";

-- Viét thanh SELECT d€ kiém tra:
SELECT * FROM logs WHERE createdﬁat < '2024-01-01"';

-— Néu SELECT ché&m — DELETE cling chdm — can index trén (created _at)



Tai sao Database khéng dung Index cua toi

Day la cau héi gay bwc boi nhat ma developer hay gap. Index da tao, query ré rang
match: nhwng database van I& tit. Dé debug dwoc, ban can hiéu quy trinh ra quyét dinh
cua database.

Quy trinh thwe thi query: Bén trong "bd nao" cua
database

M®bi query di qua 4 buéc:

1 | ] I ] | ]
1. PARSE  |—| 2. INITIAL PLAN |—| 3. OPTIMIZE |—»| 4. ExecuTE |

[
|
| Phan tich | | Tao plan co ban | | Tim plan t&t hdn| | Chay plan
|
|

cd phap sQL full table scan diung index? tdt nhat
phap | I« ) || (dung ) |
|

Diém quan trong & bwdc 2-3: database ludn bat dau vaéi plan "full table scan" (vi nd
ludn chay dwoc, khdng can index). Sau dé optimizer kiém tra xem cé plan nao tét hon
khong. Néu khoéng tim dwoc plan tét hon — git full table scan. Day 14 Iy do index déi
khi bi "bd qua": khéng phai database khéng thay index, ma né danh gia full scan nhanh
hon.

Céng cu debug: EXPLAIN
Trwée khi tim hiéu tirng ly do, hay biét cach xem database dang lam gi:

—-— PostgreSQL:
EXPLAIN ANALYZE SELECT * FROM users WHERE email = 'test@example.com';
-— K&t qud cho thdy: plan dugc chon, s& row udc tinh vs thuc té&, thdi gian

-— MySQL:

EXPLAIN SELECT * FROM users WHERE email = 'test@example.com';
-— Xem cdt 'type':

—— ALL = full table scan (té)

- index = full index scan

- range = range scan trén index (kha)

-— ref = index lookup (té&t)

-= const = tim ding 1 row qua unique index (tuyét vdi)

Hay tap thdi quen chay EXPLAIN cho moi query quan trong trwéc khi deploy |én
production.



Index khong khép véi query: Ly do phd bién nhat
Bién dbi cot (Column Transformation): Sai 1am #1:

Bét ky phép bién dbi nao ap dung 1&n cot (khdng phai gia tri) déu khién index bj "mu":

-— X Ham trén cét - index trén birthday VO DUNG

SELECT * FROM contacts WHERE YEAR (birthday) = 1988;

-— Database thdy: YEAR (birthday): mét bi&u thiic, khdéng phdi cét birthday
-— Index trén birthday luu '1988-03-15', '1990-07-22'... khéng phai 1988,
1990...

-- — Khéng map dugc!

-—— ¥4 viét lai: dung range condition trén cot gdc

SELECT * FROM contacts

WHERE birthday >= '1988-01-01"' AND birthday < '1989-01-01";

-— Gid database thdy: cbdt birthday, range condition — dung index!

Tai sao database khong tw dong rewrite? Vi sé phai x& ly moi t6 hop ham co thé: cuc
ky phtrc tap va dé sai. Nén nguyén tac dwoc gitr don gidn: bién ddi cot = khéng dung
index. Khéng ngoai lé.

Cac trvdng hop hay gap:

- x Phép tinh trén cdét
WHERE col + 5 < 20 - WHERE col < 15

-- X N&i chudi trén cot

WHERE CONCAT (first, ' ', last) = 'Huy Nguyen'
- WHERE first = 'Huy' AND last = 'Nguyen'

-- X Ep kidu trén coét (MySQL - type juggling)
WHERE varchar col = 12345 - WHERE varchar col = '12345'

-= x Ham ngay trén cot
WHERE DATE (created at) = '2024-01-15"
- WHERE created at >= '2024-01-15"'" AND created at < '2024-01-16'

-- XK Lower/Upper trén cét

WHERE LOWER (email) = 'test@example.com'
- Dung functional index (xem Pha&n 5.1)

Tht ty cdt khdng khép:

Index (firstname, lastname, country) kh()ng dL‘mg dU’Q’C cho wHERE country = 'VN'
néu query khdng cé diéu kién trén £irstname (Nguyén tac 3).



Index &n (Invisible Index): MySQL:

Dai khi index ton tai nhwng bi danh d4u "invisible". Mot s6 tool hién thj chiing binh
thworng ma khéng cho biét ching dang an. Kiém tra:

-- MySQL: xem index nao bi invisible

SELECT INDEX_NAME, IS_VISIBLE FROM INFORMATION_SCHEMA.STATISTICS

WHERE TABLE NAME = 'your table';



Full table scan nhanh hon: Khi database diung ma ban
sai

Pay la trvdng hop hay gap nhat nhwng it dwoc hiéu: index hoan toan match query,
nhwng database van chon full table scan. Va database dung!

Hiéu vé Cost Model:

Database Iwu trir thong ké (statistics) vé méi cot: cé bao nhiéu gia tri khac nhau (distinct
values), phan phéi gia tri ra sao (histogram), tdng sé row, v.v. Dya trén thdng ké nay, né
tinh chi phi wéc tinh cho ting plan:

Vi du don gidn: bang 10,000 rows

Plan A: Full table scan
- boc sequential: 10,000 rows x 0.01 cost/row = 100

Plan B: Dung index, match 5,000 rows
- Index lookup: 5,000 entries x 0.005 cost/entry = 25
- Load rows (random I/O): 5,000 rows x 0.04 cost/row = 200
- Téng: 225

Plan A (100) < Plan B (225) — Full table scan THANG!

Diém méau chét: random I/O dat hon sequential 1/0 rat nhiéu. Khi phai load nhiéu row tir
table (mdi row & vi tri khac nhau trén disk), chi phi nhdy qua nhay lai vwot qua chi phi
doc tuan tw ca bang.

Ngwéng chuyén dbi:

Khi query match khodng 10-30% row tré 1én, full table scan thwdng nhanh hon. Con s
chinh xac phu thuéc vao:

e Loai disk (SSD nhanh hon HDD & random 1/0O)
e Kich thwéc row (row to = it row trén méi page = nhiéu random 1/O hon)
e Bang co fit trong RAM khoéng

Tip PostgreSQL quan trong: Config random page cost mac dinh 1a 4.0: t&i wu cho HDD.
Néu ban dung SSD hodac data fit trong RAM, dbi thanh 1.1:

SET random page cost = 1.1;



Diéu nay khién optimizer "tin twéng" random 1/0O hon — dung index thwéng xuyén hon.
Bang nho (100-200 rows):

Database thwong full scan luén: overhead cua viéc tra clru index (doc internal nodes,
nhay dén leaf, réi nhdy dén table) I&n hon loi ich so véi doc thang 100-200 rows. Day la
hanh vi binh thuwéng, khéng can lo.

Théng ké cii: Ké pha hoai ngam:

Théng ké dworc tinh dwa trén mau (sample) tir bang, va chi dwoc cap nhat khi vwot
nguwdng thay ddi nhéat dinh. Sau bulk operations, thdng ké cé thé sai Iéch nghiém trong:

Thuc té&: 5% rows match query — nén dung index
Théng k& cii: udc tinh 55% rows match — full table scan
— Database dua ra quyét dinh sai!

-- Gi4&i phéap: ludn chay ANALYZE sau bulk changes

-— MySQL:

ANALYZE TABLE users;

-- PostgreSQL (SKIP LOCKED tranh block concurrent queries):

ANALYZE users;



Database chon index khac: Khi ¢6 nhiéu Iwa chon

Nhiéu diéu kién + nhiéu index don I€é:

-— Query: WHERE firstname = 'Huy' AND lastname = 'Nguyen'
-- Index A: (firstname) - udc tinh match 500 rows
-- Index B: (lastname) - ud8c tinh match 200 rows

-— Database chon Index B vi 200 < 500 - it row phdi load hon
-- Gidi phéap t&t nhdt: tao composite index (firstname, lastname)
-- - chi match dung s row can thiét

Xung dét gitra loc va sap xép:

Day la tinh hudng "tién thoai lwéng nan" kinh dién:

SELECT * FROM issues
WHERE type = 'open' ORDER BY created at DESC LIMIT 10;

Database c6 2 lwa chon:

Plan A: Dung index (type)
1. Tim t&dt cd issues type = 'open' - 50,000 rows
2. Sort 50,000 rows theo created at DESC
3. Liy top 10
— Nhanh & budc 1, cham & budc 2 (sort 50k rows)

Plan B: Dung index (created at DESC)
1. Scan tu created at m8i nhdt
2. V&i mdi row, check type = 'open'
3. Khi da 10 rows - dung
—~ N@u issues open ph& bién: chi can scan ~15-20 rows — CUC NHANH
- N@u issues open hiém: phdi scan hang nghin rows — CHAM

Plan C: Dung index (type, created at DESC)  GIAI PHAP TOT NHAT

1. Fast lookup type = 'open'
2. Scan 10 entries theo created at DESC
3. Xong!

— Luén nhanh, bdt k&€ phén phéi di liéu

Bai hoc: Khi query c6 céd WHERE va ORDER BY, index tét nhat bao gom ca hai:
cOt filter truwréc, cét sort sau.



Cam bay va meo nang cao vé Indexing

O cac phan trwdce, ching ta da ndm dwoc cach index hoat ddng, nguyén tac st dung,
va ly do database d6i khi bd qua index. Phan nay 1a "kho vii khi": tap hop cac ky thuat
nang cao, nhirng cai bay thuwéng gap, va cac meo ma developer cé kinh nghiém tich Ity
theo thdi gian. M6i muc déu la mét tinh huéng thwe té ma ban rat co thé sé gap.

2

Index trén biéu thirc: Khi khdng thé viét lai query

O Phan 4, ching ta biét réng khi cot bi bién dbi (vi du: YEAR (birthday) ), index trén cot
gdc sé vo dung. Giai phap dau tién la viét lai query dé tranh bién ddi cot. Nhwng khong
phai lic nado cling viét lai duoec.

Vi du: Tim t4t cd lién hé sinh vao thang 5

SELECT * FROM contacts WHERE MONTH (birthday) = 5;

Ban khéng thé viét lai MoNTH (birthday) = 5 thanh dang birthday BETWEEN ... AND ...
vi thang 5 xuét hién & moi nam. Day chinh Ia lic cin dung index trén biéu thirc.

Cach tao:

-- Tao index trén KET QUA chia ham (luu v cdp ngodc kép bén ngoai)
CREATE INDEX contacts birthmonth ON contacts ((MONTH (birthday))):

Khi query dung dung biéu thirc do, database tw déng nhan dién va sr dung index:

-- Database thdy MONTH (birthday) khép v&i bi&u thic trong index — dung index
SELECT * FROM contacts WHERE MONTH (birthday) = 5;

Minh hoa qua trinh:

Bang contacts (500,000 dong) :

[ I I 1

| id | name | birthday |

| | | |

| I I |

| 1 | Minh | 1990-05-15| «~ MONTH = 5
| 2 | Lan | 1988-03-22| ~ MONTH = 3
| 3 | Hung | 1995-05-01] « MONTH = 5
| 4 | Thu | 1992-12-10| « MONTH = 12
|- |

| | |

Khéng cd index trén bi&u thic:



— Quét toan bdé 500,000 dong, tinh MONTH() cho tung dong
— Chi phi: 500,000 phép tinh + 500,000 lan so sénh

Co6 index ((MONTH (birthday))) :
Index da tinh sin:

~ Tim thdng thang 5, 14y danh sach con trd - nhanh gdp nhiéu lan

[ I I

| month | - row ptr |

| | |

I I |

| 1 | - 112,89,...1]|

| 2 | - 15,67,...1 |

| ... ] ... |

| 5 | - 11,3,...1 | « Nhdy thdng t&i day
| |

[ |

ng dung phd bién khac: tim kiém khéng phan biét hoa thudng:

-— Tao index trén email d& chuyén v& chii thudng
CREATE INDEX users email lower ON users ((LOWER (email)));

-— Query: tim user theo email, khéng phén biét hoa thudng
SELECT * FROM users WHERE LOWER (email) = 'test@example.com';

Néu khéng cé index nay, mdi 1an tim kiém database phai goi Lowzr () cho tat ca email
trong bang réi so sanh. Vé&i index, gia tri da dwoc tinh sn va sap xép: chi can tra ctru
nhanh.

Lwu y quan trong cho MariaDB va SQL Server:

Hai hé quan tri nay khong hé tro tao index trwc tiép trén biéu thirc. Thay vao dé, ban
can tao cot do (virtual/generated column):

-— MariaDB: tao cé6t do ré6i danh index 1én cot doéd
CREATE TABLE contacts (
id BIGINT PRIMARY KEY AUTO_ INCREMENT,
birthday DATETIME NOT NULL,
birthday_month INT AS (MONTH (birthday)) VIRTUAL NOT NULL,
INDEX contacts birthmonth (birthday month)
)

-— Query phai dung tén cdét do (MariaDB khdéng tu nhén dién bi&u thic)
SELECT * FROM contacts WHERE birthday month = 5;



V&i SQL Server, ban ciing tao c6t tinh toan (computed column) twong tw. Diém khac
biét 1a SQL Server c6 thé tw nhan dién biéu thirc MONTH (birthday) trong query va anh
xa toi c6t do: nhwng MariaDB thi khéng, ban phai dung dung tén cét ao.

Quy tdc nhé: Biéu thire trong index phai khép chinh xdc véi biéu thire trong
weERE. Néu index dung MONTH (birthday) ma query dung EXTRACT (MONTH FROM
birthday), hai biéu thirc tuy cung két qua nhwng database sé khéng nhan dién
duorc.



Cot gia tri it (boolean, trang thai): Khi index tr& nén vo
nghia
Day la mét trong nhivng hiéu 1dam phd bién nhat: "Cét nao hay dung trong wxere thi danh

index." Nghe c6 vé dung, nhwng véi cot boolean hoac cbt cé it gia tri phan biét, index
thwdng khéng dwoc dung.

Tai sao?
Hay xem moét bang orders v&i 1 triéu dong va cdt is processed (boolean):

Phan phéi dt liéu:

[ I I 1
| is processed | s& dong | Ty 1é |
| | | |
[ | I |
| TRUE | 800,000 | 80% |
| FALSE | 200,000 | 20% |
| | |

Khi ban query wHERE is processed = FALSE!

Phuong an 1: Dung index
- Index tim dugc 200,000 con trd
- Nhdy t&i 200,000 vi tri KHAC NHAU trén dia (random I/0)
— Chi phi: 200,000 x chi phi random IO = RAT CAO

Phucong &n 2: Quét toan bd bang
- DPoc tuan tu 1,000,000 dong (sequential I/0)
- B& qua 800,000 dong khéng khép
—~ Chi phi: 1,000,000 x chi phi sequential IO = THAP HON
(vi sequential I/0 nhanh hon random I/0 ti 10-100 1an)

- Database chon phuong an 2: BO QUA INDEX

Ngay ca khi thém rim1T 5 thi sao? Database tinh: v&i 20% dong khép, trung binh chi
can doc khodng 25 dong tuan tw la tim da 5 két qua. 25 lan doc tuan tw ré hon nhiéu so
v&i 5 lan nhay qua index réi random /0.

Van dé twong tw véi cac cot trang thai:
Khoéng chi boolean, moi cot cé phan phdi léch déu g&p van dé nay:

Vi du: BAng issues clia hé théng qudn 1y 16i (sau 2 ndm hoat déng)



| I I |

| status | S8 dong | Ty 1lé |

| | | |

[ I I |

| closed | 95,000 | 95% | — Index v& nghia

| open | 3,000 | 3% | < Index CcO THE hitu ich
| wontfix | 2,000 | $ | « Index CO THE hitu ich
| | | |

Tim WHERE status = 'closed' thiindex vé dung (95% dong khép). Nhwng tim wHERE
status = 'open' thiindex c6 thé hiru ich vi chi 3% dong khép: dudi ngwéng nguwéng
chuyén dbi.

Giai phap: Partial Index (chi PostgreSQL)
Thay vi danh index toan bd bang, chi danh index cho nhirng dong ban quan tam:

-- Chi index nhiing dong cé is processed = FALSE
CREATE INDEX orders unprocessed

ON orders (created at)

WHERE is processed = FALSE;

Hinh dung sy khac biét:

Index théng thudng trén (is processed):
— Chtia 1,000,000 entry (toan bd bang)
— Kich thuéc: ~30 MB
— Database thudng bd qua vi qua nhiédu két qud khép

Partial index WHERE is processed = FALSE:
— Chi chtia 200,000 entry (phan chua xi 1y)
— Kich thuéc: ~6 MB
— bugc sdp xép theo created at — 1&y theo thdi gian cuc nhanh
-~ Khi d liéu dugc xt ly xong, entry tu bién m&t khdi index

-— Query dung partial index (PostgreSQL tu nhdn dién khi WHERE kh&p)
SELECT * FROM orders

WHERE is processed = FALSE

ORDER BY created at

LIMIT 100;

-- - Dung partial index, cuc nhanh du badng cé hang triéu dong

Quy tdc nhé: Chi ddnh index cét boolean/trang thai khi tim kiém gid tri hiém (dw&i
vai phan trdm téng sé dong). Véi PostgreSQL, hdy wu tién dung partial index: nhé
hon, nhanh hon, va tw "thu gon" khi di¥ liéu thay doéi.
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n doi diéu kién pham vi: Bién range thanh so sanh

o
-
Q

O Phan 3, ban da biét nguyén tac "Quét khi gap diéu kién pham vi": khi index g&p cot
c6 diéu kién range (>, <, BETWEEN), tAt ca cac cot phia sau trong index khéng thé thu hep
pham vi quét nira. Pay 1a han ché co ban cliia B+ tree.

Nhwng néu ban bién range thanh so sanh bang, han ché nay bién mét.
Vi du: Tim repo TypeScript phd bién, sép xép theo s6 nha tai tro
SELECT * FROM repos

WHERE language = 'TypeScript' AND stars > 1000
ORDER BY sponsors ASC;

Thir xem cac phwong an index:

Phuong an 1: Index (language, stars, sponsors)

[ I I ]

| language | stars | sponsors |

| | | |

I I I ]

| TypeScript | 500 | 2 | ~ bd qua (stars < 1000)
| TypeScript | 800 | 5 | — bd qua

| TypeScript | 1200 | 15 | ~ kh&p, nhung...
| TypeScript | 1200 | 3 | ~ khoép

| TypeScript | 2500 | 1 | — khop

| TypeScript | 5000 | 42 | < khop

| TypeScript | 8000 | 7 | ~ khép

| ] ] |

1 range b3t dau & day
- sponsors KHONG dugc sdp xép lién tuc
— Phdi s3p xép lai sau khi 18y két qud (filesort)

Phuong &n 2: Index (language, sponsors): bd qua stars
- S8p xép dang theo sponsors, nhung khdng loc dugc stars
— Phai quét toan bd TypeScript ré6i loc stars & budc sau

C4 hai phwong an déu khong ly twéng. Nhwng néu ching ta bién dbi diéu kién stars >
1000 thanh mét gia tri boolean?

-- ¥ tudng: thay vi héi "bao nhiéu sao?" — hdi "cé phd bién khédng?" (0 hodc 1)
-— Tao index trén bi&u thic boolean
CREATE INDEX repos search ON repos (

language,

(IF (stars > 1000, 1, 0)), -— boolean: ph& bién hay khdéng



) ;

sponsors -- s8p xXép

-— Query dung duang bi&u thic
SELECT * FROM repos
WHERE language = 'TypeScript'

AND IF(stars > 1000, 1, 0) =1

ORDER BY sponsors ASC;

Bay gi¢ index hoat dong hoan hao:

Index (language, is popular, sponsors):

[ I T ]
| language | is_popular | sponsors |
| | | |
I | I |
| TypeScript | 0 | 1 | ~ bd qua (khéng phd& bién)
| TypeScript | 0 | 3 | ~ bd qua
| TypeScript | 0 | 8 | < bé qua
| TypeScript | 1 | 1 | ~ khép ¢ sponsors = 1
| TypeScript | 1 | 3 | ~ khép ¢ sponsors = 3
| TypeScript | 1 | 7 | < khép v sponsors = 7
| Typescript | 1 | 15 | < khép v sponsors = 15
| TypeScript | 1 | 42 | ~ khép ¢ sponsors = 42
| | | |
equality —! equality — sort —
Phéu hoat déng hoan hdo:
Budc 1: Nhdy t&i language = 'TypeScript' (equality)

Budc 2: Nhdy t8i is popular = 1 (equality)
Bu&c 3: Poc theo thil tu sponsors tdng dan (da sdp xép san!)
— KHONG can filesort

Khi ndo dung ky thuat nay? Khi query c6 ca loc range lan sap xép, va diéu kién range
c6 thé rut gon thanh "cé/khéng" theo logic nghiép vu. Vi du: "gia trén 100k" —
is expensive, "dang ky trén 1 nam" — is veteran, "danh gia trén 4 sao" —

is highly rated.



Kiéu dir liéu khéng kh&p: Cai bay ngam trong MySQL
Day 1a 16i cie ky phd bién va rat khé phat hién, ddc biét trong cac dw an da chay lau
nam.

Tinh huéng:

-— Schema: cdt payment id ki&u wvarchar (255)
-- (ngudi tao schema khéng chdc ID t¥ cdng thanh todn 1a s& hay chudi)

-— Query tim don hang theo payment ID:
SELECT * FROM orders WHERE payment id = 57013925718;

;
KHONG c6 d&u nhay - ki&u s&

Ban co index trén payment id, nhwng query chay cham khéng twéng. Ly do?

Cét payment id: VARCHAR(255) < ki&u chudi
Gid tri so sanh: 57013925718 « ki&u s6 nguyén

Hai ki&u khac nhau — MySQL phdi chuy&n d8i mdt bén.
Ban nghi MySQL s& chuyé&n s& - chudi? KHONG!

MySQL luén chuy&n CHUOI — SO khi so sanh hén hgp.

K&t qud: MySQL ngam viét lai query thanh:
SELECT * FROM orders WHERE CAST (payment id AS UNSIGNED) = 57013925718;
t cbt bi bién dfi - index vd dung!

Vi ¢ot payment_id bi @p ham cast (), index trén cot géc khdng thé sir dung (dung quy tac
Phan 4). Database phai quét toan bd bang, chuyén dbi tirng gia tri réi so sanh.

Stra rat don gian: thém diu nhay:

-- [4 ptng ki€u: chudi so sanh véi chudi
SELECT * FROM orders WHERE payment id = '57013925718';

t c6 ddu nhdy — ki&u chudi
-- - Ki&u kh8p - index hoat déng binh thudng

Trwdng hep nguoc lai thi khéng sao:

-- C6t age ki&u INT, gid tri so sanh ki&u chudi

SELECT * FROM users WHERE age = '25';

-- MySQL chuy&n '25' - 25 (chuy&n d8i trén GIA TRI, khéng phdi trén COT)
-- - Index van hoat déng binh thudng



Quy tac: Van dé chi xay ra khi cot 1a chudi nhwng gia tri so sanh Ia sb. Chiéu nguwoc lai
(cot sb, gia tri chubi) thi an toan vi phép chuyén dbi xay ra trén gia tri, khéng phai trén
cot.

Meo phong tranh: Khi thdy cét varcrar lwu gid tri tréng giéng sé (ma giao djch,
ma van don, sé dién thoai), hdy luén luén ding dau nhdy trong query. Tét nhat,
kiém tra toan bo codebase xem c6 ché nao truyén sé nguyén vao cét chubi
khéng: dac biét la cac query dwoc sinh tw dong béi ORM hoac query builder.



Truy van chi ttr index: Khéng can cham vao bang dir
lieu

Trong qua trinh binh thwdng, khi database dung index dé tim két qua, no trai qua hai
buwéc: (1) tim con tré trong index, (2) nhay t&i bang dir liéu dé 14y toan bo cot. Bwdc 2
chinh la noi phat sinh random 1/0 tén kém.

Nhwng néu tat ca cac cot can thiét cho query déu nam trong index, database c6 thé bé
qua bwdc 2 hoan toan. Day goi la truy van chi tir index (index-only query).

Vi du don gian:

-- Bang sessions(id, token, user id, created at, data, ...)
-- Index: (token, user id)

-- Query xac thuc: tim user id theo token
SELECT user id FROM sessions WHERE token = 'abcl23';

Ludng théng thudng (KHONG cé index-only) :
Index (token) — tim dugc row ptr
— Nhdy t8i bang sessions
—~ Poc TOAN BO dong (id, token, user id, created at, data, ...)
- Trd vé chi user id
— Lang phi: doc cd cét data (cd th€ rdt 16n) chi d€ 14y user id

Ludng index-only (cé index (token, user id)):
Index (token, user id) - tim dugc token = 'abcl23'
— user id = 42 ndam NGAY TRONG index
-~ Tra vé 42, XONG
— Khéng can cham vao bang
— Nhanh hon dang k&€, dac biét khi bang cbé nhiégu cdt 18n

ng dung tuyét voi nhat: bdng quan hé nhiéu-nhiéu

Bang trung gian (join table) trong quan hé nhiéu-nhiéu la &ng vién hoan hao cho ky
thuat nay:

-- Bang user roles(user id, role id): chi cé 2 cdt
-— Tao 2 index bao pht c& 2 chigu truy van:

CREATE INDEX idx user roles ON user roles (user id, role id);
CREATE INDEX idx role users ON user roles (role id, user id);

Query: "L&y tdt cd vai tro cla user 42"
Yy Yy



SELECT role id FROM user roles WHERE user id = 42;
— Index (user id, role id) ch®a DU théng tin
— Index-only query v

Query: "Ldy tdt cad user cbé vai trd admin (role id = 1)"
SELECT user id FROM user roles WHERE role id = 1;

-~ Index (role id, user id) chda DU théng tin

— Index-only query v

C4 hai query d&u KHONG BAO GIC cham vao badng di liéu.
V&i bang join c¢bé hang triéu dong, day la téi uu cuc ky dang k€&.

Ménh dé INCLUDE trong PostgreSQL: thém cét "di kém" ma khéng anh hwéng cau tric
index:

Doi khi ban mudn query 1ay thém mét vai cot nira, nhwng khéng mudn ching anh
hwdng dén thir tw sép xép hay rang budc duy nhat cta index.

-— PostgreSQL: cét price chi d&€ "doc thém", khéng tham gia lookup/sort
CREATE INDEX ON invoices (customer id, year) INCLUDE (price);

Index binh thudng (customer id, year, price):
— S3p x¢ép theo customer id, réi year, rodi price
— price anh hudéng thit tu index
- N@éu la UNIQUE index: thém price s& thay d8i rang budc duy nhdt!

Index v&i INCLUDE (customer id, year) INCLUDE (price):
- S&p xép CHI theo customer id va year
~ price dugc luu kém nhung KHONG dnh hudng thd tu
— Gi%t nguyén rang budc UNIQUE négu cb
— Va&n cho phép index-only query khi ci&n doc price

-— Query nay trd& thanh index-only nhd INCLUDE:
SELECT customer id, year, SUM(price)

FROM invoices

WHERE customer id = 42

GROUP BY customer id, year;

-- - Khéng ca&n cham bang invoices

MySQL khéng hé tro tncrope. Néu mudn hiéu rng twong tw, ban phai thém cot vao
cudi index binh thuwéng: nhung hdy can than véi rang budc unToUE.

Quy tdc nhé: Dung truy van chi tte index cho nhikng query don gian nhwng chay
rat thwong xuyén: xac thwe phién dang nhap, 4nh xa ma sang tén, bang trung



gian nhiéu-nhiéu. Birng lam dung: thém qud nhiéu cét vao index lam tang kich
thwdec va cham thao tac ghi.



- >

Loc va sap xép khi JOIN: Bai toan khéng giai dwoc
bang index

Day la tinh hudng ma nhiéu developer bbi rbi: da tao index hoan hao cho trng bang,
nhwng query JOIN van cham. Van dé& khéong nam & index: ma & cach thiét ké bang.

Vi du: 'ng dung quan ly cdng viéc

-— Hién thi t&t cd task dang m& cua nhdém,
-- nhung chi tu cdc project dang hoat déng
SELECT tasks.*
FROM tasks
JOIN projects USING (project id)
WHERE tasks.team id = 4

AND tasks.status = 'open'

AND projects.status = 'open';

Trén di¥ liéu test (vai tram dong), query chay tirc thi. Nhwng trén production:

D# 1liéu thuc té:
tasks: 500,000 dong
projects: 10,000 dong

Budc 1: Loc tasks
WHERE team id = 4 AND status = 'open'
— 20,000 dong khS&p (nhém 16n, nhidu task)

Budc 2: JOIN v8i projects
M&i dong trong 20,000 két qud — join v&i bdng projects
- 20,000 lan tra clu project id trong bang projects
— Loc tiép: projects.status = 'open'
-~ Két qud cudi: chi 40 dong (hadu hét project da déng)

20,000 1an JOIN chi d€ 14y 40 dong = lang phi cuc ky!

Phuong &n ngugc: bt dau ti projects:
Budc 1: Loc projects WHERE status = 'open' - 2,000 project
Bu&c 2: MOi project — tim tasks clia team 4
- 2,000 lan JOIN, mdi lan quét tasks
—~ V&n chéam!

Du ban tao index nao, ban chat van dé la théng tin loc nam & 2 bang khac nhau.
Database phai join hang chuc nghin lan trwédc khi biét két qua cudi cuing.



Giai phap: Thay ddi thiét ké bang
C6 hai cach tiép can:

-— Cach 1: Copy trang thadi project vao bang tasks
ALTER TABLE tasks ADD COLUMN project status VARCHAR(20);
-— C4p nhat khi project thay dfi trang thai (trigger hodc logic Ung dung)

-- Gid& query khéng can JOIN:

SELECT * FROM tasks

WHERE team id = 4 AND status = 'open' AND project status = 'open';
-- Index (team id, status, project status) xU 1y hoan héo!

-- Cach 2: banh ddu tasks la "done" khi project déng

-- Khi déng project — UPDATE tasks SET status = 'archived'
-— WHERE project id = ? AND status = 'open'

-- - Loai bd hoan toan nhu cau JOIN

Trwdng hop twong tu: loc moét bang, sép xép bang khac:

SELECT * FROM invoices

JOIN invoices metadata USING (invoice id)
WHERE invoices.tenant id = 4236

ORDER BY invoices metadata.due date
LIMIT 30;

O day, loc trén invoices Nhwng s&p xép trén invoices metadata. Database phai: loc ra
hang nghin héa don — join tAt cd — s&p xép theo due date — lay 30 dong dau. Giai
phap twong tw: dwa due date Va0 bang invoices hodc hop nhét hai bang.

Quy tiac nhé: Khi query can loc/sdp xép trén nhiéu bang khdc nhau va phai join
hang chuc nghin Ian, d6 la tin hiéu can thiét ké lai schema: khéng phai thém
index. Péi khi mét chut dw thira dir liéu (denormalization) mang lai hiéu suat tét
hon han so véi thiét ké "chuan héa hoan hao".



Vwot gi®i han kich thwéc index

Index phai nhé hon dang ké so v&i bang dir liéu dé hiéu qua: néu index to bang bang
thi chang khac gi quét toan bd bang. Khi ban c¢b tao index trén nhiéu cot text dai, sé gap
16i kiéu:

ERROR: index row size 3480 bytes exceeds maximum 2712 bytes

C6 ba ky thuat dé& xt ly:
Ky thuat 1: Index tién t&: Chi index phan dau chubi

-- PostgreSQL: dung bi&u thic cit chudi
CREATE INDEX articles search
ON articles (type, (SUBSTRING(title, 1, 20)));

-— MySQL: cU phép tich hgp, gon hon
CREATE INDEX articles search ON articles (type, title(20));

Cach hoat dong:

Tiéu d& gbéc: "Hudng dén tdi wu hoda database cho ngudi m&i bt dau"
Gid tri trong index: "Huéng din t&i uvu hoéa " (20 ky tu dau)

Tiéu d& gb&c: "Huéng dan t&i uvu hda query vEi PostgreSQL nadng cao"
Gid tri trong index: "Huéng din t&i uvu hoéa " (20 ky tu dau)
+ TRUNG NHAU!

Vi tién t6 co thé trung, query can thém budc loc:

-- PostgreSQL: phai loc 2 lan
SELECT * FROM articles
WHERE SUBSTRING (title, 1, 20) = '..20 ky ty dau..' -- dung index
AND title = '..tiéu d& day da..'; -- loc chinh xéac

-- MySQL: tu déng xU ly: chi can query binh thudng

SELECT * FROM articles WHERE title = '..tiéu dé déy da..';
-- MySQL tu dung prefix index r®i kiém tra lai gié tri day dua

Can can bang: tién t6 qua ngan — nhiéu két qua tring — phai doc nhiéu dong tir bang
dé loc lai. Tién t6 qua dai — index phinh to, mat y nghia.

Ky thuat 2: Index gia tri bam (hash): Cho chuéi rat dai



-— Index trén hash cha tiéu d& thay vi tiéu d& gbéc
CREATE INDEX articles search ON articles (type, (SHAl (title)));

-— Query phdi dung dung ham hash + thém digu kién title d€ tranh trung hash
SELECT * FROM articles

WHERE SHAL (title) = SHALl('..tiéu d& day da..'")
AND title = '..tiéu d& day da..';

Wu diém so véi tién t6: hash gan nhw khéng bao gid triing, nén bwdc loc lai tir bang
gan nhw khéng xay ra. Co thé két hop ca hai kj thuat:
-- Hash + cat ng&n: kich thudc téi uvu nh&t

CREATE INDEX articles search
ON articles (type, (SUBSTRING (SHAl (title), 1, 20)));

Ky thuat 3: Hash Index riéng biét (chi PostgreSQL)

PostgreSQL hé tr mét loai index ddc biét dung bang bam thay vi B+ tree:

CREATE INDEX invoices unigid ON invoices USING HASH (unigid);

So sanh:

[ I |
| B-tree Index | Hash Index |
| | |
| | |
| B8 trg: =, <, >, <, | chi hd trg: = |

| >, BETWEEN, ORDER BY | |
| Kich thuéc: 16n hon | Kich thu&c: nhé hon |
| T6c dd =: nhanh | T6c dd =: nhanh hon |
| ]

Dung hash index khi ¢t chi can tra clru bang (lookup by exact value): vi du: ma giao
dich, token, UUID.



JSON: Panh index trong thé gi&i phi cau truc

Hau hét database hién dai déu hd tro cot JSON, nhwng viéc danh index cho JSON
phirc tap hon nhiéu so véi cot thong thwdng. Index trén ca cot JSON chi gitp tim toan
bd JSON gibng hét: gan nhuw v6 dung. Ban can cac kj thuat chuyén biét.

Cach 1: Cot ao (MySQL)
Téach gia tri JSON ra thanh cot &o, rdi danh index binh thuwong:

CREATE TABLE contacts (
id BIGINT PRIMARY KEY AUTO_INCREMENT,
attributes JSON NOT NULL,
-- Tao cdt do: tu déng tinh tu JSON, khdéng tén dung lugng luu tri
email VARCHAR (255) AS (attributes->>"$.email") VIRTUAL NOT NULL,
INDEX contacts _email (email)

) ;

-— Query dung cbét ao

SELECT * FROM contacts WHERE email = 'admin@example.com';

-— Hodc dung truc tiép bi€u thic JSON (MySQL tu anh xa)

SELECT * FROM contacts WHERE attributes->>"S$.email" = 'admin@example.com';

Hinh dung:

I T T 1

| id | attributes (JSON) | email (cbt &o) |

| | | |

| | | |

| 1 | {"email":"admin@ex.com","age":30} | admin@ex.com |

| 2 | {"email":"user@ex.com","phone":"..."}| user@ex.com |

| 3 | {"email":"test@ex.com"} | testlex.com |

| | ] |
+ dit 1iéu gbc t tu déng tach ra

— danh index binh thudng

Nhwoc diém: méi trwerng JSON can index phai tao thém moét cot do, bang tré nén rdi
khi c6 nhiéu trwdng.

Cach 2: Index trén biéu thirc JSON (PostgreSQL)
Gon gang hon: khéng can tao cot do:

-— Tao index truc tiép trén bif&u thic trich xudt JSON
CREATE INDEX contacts email ON contacts ((attributes->>'email'));

-— Query dung dung bi&u thic
SELECT * FROM contacts WHERE attributes->>'email' = 'admin@example.com';



Vé&i MySQL, cach nay phirc tap hon vi phéi xt ly kiéu di liéu va bd dbi chiéu
(collation):
-- MySQL: phdi ép ki&u va chi dinh collation
CREATE INDEX contacts email ON contacts ((
CAST (attributes—>>"$.email" AS CHAR(255)) COLLATE utf8mb4 bin
))
-— Query cling phadi dung dang toéan td ->>" (hai d&u >)
SELECT * FROM contacts WHERE attributes->>"S$.email" = 'admin@example.com';

Cach 3: GIN Index: "Index moi thi*" trong JSON (chi PostgreSQL)

Tao index cho trng trwong JSON thi mét. PostgreSQL co GIN (Generalized Inverted
Index): danh index toan bé ndi dung JSON trong mét Iénh:

CREATE INDEX contacts attrs ON contacts USING GIN (attributes);
Cach GIN hoat déng (don gidn hoda):
JSON gb&c: {"email": "admin@ex.com", "role": "admin", "age": 30}

GIN index tao ra cac entry ngugc (inverted):

Gia tri Xu&dt hién &

[ I 1
| | |
| | 1
| key: "email" | dong 1, 5, 12 |
I key: "role" I dong 1, 3 I
key: "age" dong 1, 7, 9
| val: "admin@ex.com" | dong 1 |
| val: "admin" | dong 1, 3 |
| val: 30 | dong 1, 7 |
| | |

- Tim b&t ky key hodc value nao déu nhanh!

Nhwng GIN yéu cau dung céc toan tir dac biét thay vi =:

-— Tim dong cb6 email = 'admin@example.com' (dung @> : "chwia")
SELECT * FROM contacts
WHERE attributes @> '{"email": "admin@example.com"}';

-— Kiém tra key "email" cé tédn tai khdng (dung ?)
SELECT * FROM contacts WHERE attributes ? 'email';

-- Kifm tra cé BAT KY key nado trong danh sach khéng (dung ?|)
SELECT * FROM contacts WHERE attributes ?| array['email', 'phone'];



-— Kiém tra cé TAT CA key trong danh sach khéng (dung ?&)
SELECT * FROM contacts WHERE attributes ?& array['email', 'phone'];

Index cho mang JSON:

-— PostgreSQL: dung GIN cho mang JSON
CREATE INDEX products cats ON products USING GIN (categories);

-— Tim s&n ph&m thudc ca 2 danh muc:
SELECT * FROM products
WHERE categories @> '["ebook", "printed"]';

-- MySQL: dung multi-valued index (chi hd® trg s& nguyén khéng dau)
CREATE INDEX products cats
ON products ((CAST (categories AS UNSIGNED ARRAY)));

-- Query dung JSON_CONTAINS
SELECT * FROM products
WHERE JSON CONTAINS (categories, CAST('[17, 23]' AS JSON));

Quy tac nhé: Néu chi can index 1-2 trieoong JSON — dung cét do hodc index biéu
thiee. Néu can tim kiém linh hoat trén nhiéu trwong JSON — ding GIN
(PostgreSQL). MySQL hién tai han ché hon nhiéu véi JSON indexing.



Rang budc duy nhat va gia tri NULL: Lo6i bat ng®
Day la mét trong nhirng 16i bay kinh dién ma hau hét developer déu mac it nhat mot lan.

Tinh huéng: Hé théng dat hang san pham giéi han

—-- M&1i khé&ch hang chi dugc 1 don hang chua giao cho mdi sadn ph&m
-- shipment id = NULL khi chua giao, cé6 gia tri khi da giao

CREATE UNIQUE INDEX one pending order
ON orders (customer id, shipment id);

Ban ky vong: néu khach hang 17 da c6 mét don chwa giao (17, nurw), thi khdng thé
tao thém don (17, wurr) nira. Nhwng thue té:

Index chta:

customer id shipment id

17 1, chua giao

NULL < don 2, chua giao: KHONG BAO LOT!
17 1001 ~ don 3, d& giao
23 NULL — don 4, khach khac

~

[ 1
| |
I i
| NULL | « don
| 17 |
| |
| |
| |

Ly do: Trong SQL, NULL # NULL (NULL khéng bang b&t ky gi& tri nao, k&€ ca chinh
no)

- (17, NULL) wva (17, NULL) dugc coi la KHAC NHAU

— Rang budc UNIQUE khéng bi vi pham

— Khach hang 17 c6 th&€ dat vé han don chua giao!

Giai phap cho PostgreSQL: ngan gon va hiéu qua:

-- PostgreSQL 15+: coi t&t cd NULL la giéng nhau trong rang budc UNIQUE
CREATE UNIQUE INDEX one pending order

ON orders (customer id, shipment id)

NULLS NOT DISTINCT;

-- Gig (17, NULL) chi xu&t hién dugc 1 lan - ding nhu mong dgi

Giai phap chung cho moi database:

-- Thay NULL bang gid tri dic biét (vi du: -1)
CREATE UNIQUE INDEX one pending order ON orders (
customer id,
(CASE WHEN shipment id IS NULL THEN -1 ELSE shipment id END)



) ;

Index sau khi sta:

[ I I

| customer id | CASE... |

| | |

[ I |

| 17 | -1 | < don 1, chua giao (NULL - -1)

| 17 | -1 | < 16I! Vi pham UNIQUE v

| 17 | 1001 | < don 3, d@a giao

L | |

-1 = -1 - d4tng - vi pham rang budéc - khéng cho phép — PUNG HANH VI MONG MUON

Lwu y: Vi cot shipment id da bi bién dbi trong index, index nay khéng dung dwoc cho
query tim kiém binh thwong trén (customer id, shipment id).Ban can tao thém mot
index riéng néu can tra clru.



Tim va don dep index khéng str dung

Mbi index ban tao déu cé chi phi: méi lan 1nserT, upbATE, DELETE phdi cAp nhat tat ca
index lién quan. Index thtra = ghi cham hon ma khéng mang lai lgi ich gi cho doc.

Hai loai index thtra can don:

Loai 1: Index trung ldp (overlapping)
Index A: (country, lastname, firstname)
Index B: (country)
— Index B hoan toan thua! Index A d& bao pht moi query ma B phuc vu
— Xb6a Index B

Tucong tu:

Index C: (country, lastname)

Index D: (country, lastname, firstname)
— Index C thua vi D d& bao phua C

- Xba Index C

NHUNG :

Index E: (country, lastname, phone)

Index F: (country, lastname, email)

- KHONG thta! Hai index phuc vu query khac nhau
(E khéng th€ thay thé F va ngudc lai)

Loai 2: Index hoan toan khéng ai dung
- Tao tu lau, query da thay dfi, khdéng ai d€ y xda
- M&1i thao tac ghi dau lang phi tai nguyén cdp nhat index nay

Cach phat hién index khéng str dung:

—-- MySQL: dung performance_ schema
SELECT
object schema AS 'database',
object name AS 'bang',

index name AS 'index',
count star AS 'sd lan sU dung'
FROM performance schema.table io waits summary by index usage
WHERE object schema NOT IN ('mysqgl', 'performance schema')
AND index name IS NOT NULL
AND index name != 'PRIMARY'
ORDER BY count star ASC;
-- Index c6 count star = 0 - Ung vién xdéa

-- PostgreSQL: dung pg stat all indexes



SELECT
schemaname AS schema,
tablename AS bang,
indexrelname AS index,
idx scan AS s8 lan quét,
idx tup read AS s& dong doc
FROM pg stat all indexes

WHERE schemaname NOT IN ('pg catalog', 'information schema')
ORDER BY idx scan ASC;
-- Index c6 idx scan = 0 - Ung vién x0a

Cén than: Théng ké chi tinh tlr 1an khéi ddng lai database gan nhat (ho&c lan reset
stats). Mot index cé thé "khéng dung" trong tuan nay nhwng quan trong cho bao céo
cudi thang. Hay theo déi it nhat 1-2 chu ky nghiép vu day da truéc khi quyét dinh xda.

X6a an toan véi tinh nang an index (MySQL):

-- BuSc 1: An index thay vi xda ngay

ALTER TABLE website visits ALTER INDEX twitter referrals INVISIBLE;
-- Database s& KHONG dung index nay cho query nao niia

-- Nhung index van TON TAI va dugc cdp nhat khi ghi

-- Budc 2: Theo d&i 1-2 tuan
-— Néu khéng cbd6 query nao chdm di - an toan d€ xdba
DROP INDEX twitter referrals ON website visits;

-— Né&u cb6 vdn d& - phuc héi tdc thl (khdéng can rebuild)
ALTER TABLE website visits ALTER INDEX twitter referrals VISIBLE;

PostgreSQL khong hé tro tinh nang an index. Cach an toan nhét 1a: tao index méi truéc
(néu can thay thé), réi xéa index cd.

Meo thuc té: Dat lich nhac nhé (mdi quy hodc nira ndm) kiém tra danh sach index
khéng st dung. Dac biét quan trong véi cac bang co tan suét ghi cao: méi index thira bi
xd6a déu cai thién téc do ghi ngay lap tic.



n "ma": Giip database ma khong thay déi két

«(D>

Diéu ki
qua
Day la ky thuat théng minh khi ban biét logic nghiép vu ma database khéng thé tw suy
ra. Ban thém diéu kién "thwra" vao query: diéu kién nay khéng thay dbi k&t qua nhung
gilp database tan dung index tét hon.

Vi du: Tim kién hang dang mé c6 bdo hiém van chuyén

-- Query géc:
SELECT * FROM shipments
WHERE status = 'open' AND transportinsurance = 1;

Index hién cO: (status, type).COt transportinsurance khOng nam trong index nao.
Database chi dung dwoc status tlr index, roéi quét va 1oC transportinsurance t bang.

Nhwng ban biét rang theo quy tac nghiép vu: chi ¢ kién hang loai 3, 6, va 11 m&i duoc
phép mua b&o hiém van chuyén. Nghia la néu transportinsurance = 1, thi chdc chan
type IN (3, 6, 11).

-— Thém diédu kién "ma": khéng thay d6i két qua:
SELECT * FROM shipments

WHERE status = 'open'
AND transportinsurance = 1
AND type IN (3, 6, 11); -— « diéu kién "ma"

Khéng c6 digu kién "ma":
Index (status, type) — chi dung dugc status = 'open'
~ Quét TAT CA kién hang dang m& (cdé thé&€ hang chuc nghin)
— Loc transportinsurance tu bang — cham

Co digu kién "ma":
Index (status, type) — dung PUGC CA HAI cot!
— status = 'open' AND type IN (3, 6, 11)
— Thu hep pham vi quét xudng codn vai nghin dong
- Loc transportinsurance — nhanh hon nhiéu

Khi nao dung ky thuat nay?

Khi ban biét méi quan hé logic gitra cac cot (vi du: "loai A chi cé thé xuét hién khi trang
thai 1a X") ma database khéng thé tw suy ra. Nhirng méi quan hé nay thwdng dén to
quy tac nghiép vu, khédng dwoc ma hoa trong schema.



Lwu y: Néu quy tac nghiép vu thay déi (vi du: sau nay tat ca loai kién hang déu
dwoc mua bdo hiém), diéu kién "ma" sé loc sai va tra vé thiéu két qua. Hiy dam
bao ghi chu ré rang trong code tai sao diéu kién doé ton tai.



Tim kiém theo vij tri: Khi hai diéu kién pham vi dung
nhau

Nhiéu (rng dung can tim kiém theo vi tri dia ly: nha hang gan day, tai xé quanh khu vuc,
ctra hang trong ban kinh X km. Cach phé bién nhét la dung "hodp gi¢i han" (bounding
box) v&i kinh d6 va vi dé.

-— Tim nha hang trong khu vuc Manhattan

SELECT * FROM businesses

WHERE type = 'restaurant'

AND longitude BETWEEN -74.0083 AND -73.9752
AND latitude BETWEEN 40.7216 AND 40.7422;

VAan dé: ca longitude va latitude déu la diéu kién pham vi. Theo nguyén tac "quét khi
gap range", index chi dung dwoc mét cbt range:

Index (type, longitude, latitude):

BuSc 1: type = 'restaurant' - equality, thu hep tét v
BuSc 2: longitude BETWEEN ... - range, quét v
Bubdc 3: latitude BETWEEN ... — SAU range — khdéng thu hep dugc X

— Ph&i quét t&t c& nha hang cé longitude phu hop,
ré6i loc latitude ting dong mét

V&1 di 1liéu cad nubc: longitude khép = hang triéu dong
— Quét hang triéu dong chi &€ loc latitude — CHAM

Giai phap: Spatial Index (chi muc khéng gian)

Day la loai index dworc thiét ké riéng cho di¥ liéu da chiéu, dung cau tric R-tree thay vi
B+ tree:

-— PostgreSQL: dung ki&u geometry + GIST index
CREATE TABLE businesses (
id BIGINT PRIMARY KEY,
type VARCHAR (255) NOT NULL,
name VARCHAR (255) NOT NULL,
location GEOMETRY (Point, 4326) NOT NULL -- hé toa ddé WGS 84
)
CREATE INDEX search idx ON businesses USING GIST (type, location);

-- Query dung ham khdéng gian
SELECT * FROM businesses
WHERE type = 'restaurant'
AND location && ST MakeEnvelope (
-74.0083, 40.7216, -— gbc dudi trai (kinh, vi)



-73.9752, 40.7422, -— gbébc trén phai (kinh, vi)
4326 --— hé toa db
) i

-— MySQL: cu phédp khdc mbét chiut
CREATE TABLE businesses (
id BIGINT PRIMARY KEY,
type VARCHAR (255) NOT NULL,
name VARCHAR (255) NOT NULL,
location POINT SRID O NOT NULL
) i
-— MySQL: spatial index chi ch@a dugc 1 cbt
CREATE SPATIAL INDEX search idx ON businesses (location);

SELECT * FROM businesses
WHERE type = 'restaurant'
AND ST CONTATINS (
ST MakeEnvelope (
POINT (-74.0083, 40.721¢6),
POINT (-73.9752, 40.7422)

) s
location

) ;

Khac biét quan trong gitra MySQL va PostgreSQL.:

PostgreSQL:
v/ Spatial index h® trg nhiédu coét (type + location trong cung index)
v/ H® trg hé toa d& SRID 4326 (tinh todn theo d& cong trai dat)
v Khoadng céch chinh xac trén bé mdt cau

MySQL:
X Spatial index chi chia 1 cét (phdi loc type riéng)
X Mot s& ham khéng hd trg SRID 4326
X Tinh khodng céach trén mit phing (hoi sai v&i khodng cach 16n)



Tim kiém ky tw dai dién & dau: Trwéng hop dac biét

O Phan 3, ban d3 biét ring L1xe 'abcs' c6 thé dung index (chuyén thanh range scan),
nhwng LIKE '2abes' (Ky tw dai dién & dau) thi khong thé dung index vi database khéng
biét bat dau quét tir dau.

Day |a han ché clia B+ tree: khéng c6 cach nao khac phuc. Nhung PostgreSQL c6 mét
giai phap riéng: Trigram Index.

-- Bat extension pg trgm (cob sdn, chi can kich hoat)
CREATE EXTENSION IF NOT EXISTS Pg_trgm;

-- Tao trigram index
CREATE INDEX trgm idx ON contacts USING GIN (name gin trgm ops);

Cach hoat dong:
Tén gb&c: "Nguy&n V&n Minh"

Tach thanh trigram (chudi 3 ky tu):
nngun, nguy", "uyévl, "yén", llén n’ " V", " Va", "van",
"sn ", " m"’ " mivv’ "min", "inh"

M&i trigram dugc danh index riéng (gidéng GIN) :
"min" - dong 1, 45, 289,
"inh" - dong 1, 45, 67,

Query: WHERE name LIKE '$Minh%'
— Tach "minh" thanh trigram: "min", "inh"
-~ Tim giao cha 2 tdp két qua
— Kiém tra lai pattern chinh x&c trén cac Ung vién

Yéu cau: chudi tim kiém phai cé it nhat 3 ky tw lién tiép (khéng tinh ky tw dai dién) dé
trigram index hoat déng hiéu qua. Index trigram c6 thé rat 1&6n vi s lwong trigram tang
nhanh theo dd dai chuéi.

Lwu y: Trigram index chi c6 trén PostgreSQL. MySQL, SQL Server va cac
database khac khéng cé tinh ndng twong dwong tich hop san. Néu can tim kiém
toan van phiec tap, hdy can nhac dung céng cu chuyén biét (Elasticsearch,
Meilisearch, v.v.).



Ky thuat thao tac dir liéu hiéu qua

Tranh chap khéa: Khi b dém bi "nghén c6 chai”

Hay twdng twong mét post Facebook viral: hang nghin like mdi gidy. Méi uppaTE
likes count = likes count + 1 phailock row — céc update xép hang ch® nhau.

Giai phap: B6 dém phan tan

-- Thay vi 1 row, tao 100 row cho mdi counter

INSERT INTO post statistics (post id, fanout, likes count)

VALUES (1475870220422107137, FLOOR(RAND() * 100), 1)

ON DUPLICATE KEY UPDATE likes count = likes count + VALUES (likes count);

-— Khi doc: SUM t&t ca& fanout rows
SELECT SUM(likes count) FROM post statistics WHERE post id =

1475870220422107137;

Throughput tdng gap 100 lan vi 100 row khac nhau cé thé update song song.

Cap nhat dir liéu tir bang khac: JOIN trong UPDATE

-— MySQL:

UPDATE products

JOIN categories USING (category id)

SET price = price base - price base * categories.discount;

—-— PostgreSQL:

UPDATE products

SET price = price base - price base * categories.discount
FROM categories

WHERE products.category id = categories.category id;

Thay vi loop trong application code, mét query duy nhét x( ly tat ca.

RETURNING: LAy dir liéu ngay sau khi thay doi
(PostgreSQL)

DELETE FROM sessions WHERE ip = '127.0.0.1"'
RETURNING id, user agent, last access;
-- Xbéa VA trd vé data trong cung 1 query



-— Hoat déng v&8i DELETE, INSERT, UPDATE

Xéa dong trung lap: Dung CTE thay vi xtr ly & tang trng
dung

—-— PostgreSQL:
WITH duplicates AS (
SELECT id, ROW NUMBER () OVER (
PARTITION BY firstname, lastname, email
ORDER BY age DESC -- gill lai row cb age cao nh&t
) AS rownum
FROM contacts
)
DELETE FROM contacts
USING duplicates
WHERE contacts.id = duplicates.id AND duplicates.rownum > 1;

Thay vi viét logic chunking phtrc tap trong code, mét CTE query gidi quyét gon gang.



Viét query nhw chuyén gia

Phan trang dung cach: Phan trang theo khoéa

Van dé #1: Thir tw sap x&p khong 6n dinh

-— X sai: nhidu user cing firstname cé th€ xu&t hién & 2 page
SELECT * FROM users ORDER BY firstname LIMIT 20 OFFSET 40;

-- [ ptng: thém primary key &€ ddm bdo unique ordering
SELECT * FROM users ORDER BY firstname, lastname, user id LIMIT 20 OFFSET 60;

Van dé #2: OFFSET cham v&i page Ion + data thay dbi

- )( LIMIT OFFSET: page 1000 ph&i skip 999 * 30 = 29,970 rows
SELECT * FROM users ORDER BY firstname, lastname, id LIMIT 30 OFFSET 29970;

-= Keyset Pagination: dung giéd tri row cudi trang trudc

SELECT * FROM users

WHERE (firstname, lastname, id) > ('Huy', 'Nguyen',6 3150)

ORDER BY firstname, lastname, id

LIMIT 30;

-- Nhanh hon RAT nhidu cho page 16n, nhung khédng hd trg nhdy page

FOR UPDATE: Khoa dong & tang database

START TRANSACTION;

SELECT balance FROM account WHERE account id = 7 FOR UPDATE;

-— Row bi lock, khéng ai khéc modify dugc cho dén khi COMMIT

-—- Application x4 1y logic...

UPDATE account SET balance = 540 WHERE account id = 7;

COMMIT;

-- Lock tu déng release khi transaction k&t thic hodc client disconnect

Uu diém so v&i application-level locking: khéng lo quén unlock, khéng lo crash dé lai
lock "treo".



Biéu thirc bang tam (CTE): X ly query phtrc tap

CTE cho phép chia query phtrc tap thanh nhiéu buéc nhé, dé doc va dé debug:

WITH
-- Budc 1: Top 10 s&n ph&dm ban chay nhit
most popular AS (
SELECT products.*, COUNT (*) as sales
FROM products
JOIN orders products USING (product id)
WHERE created at BETWEEN '2024-01-01' AND '2024-06-30"'
GROUP BY products.product id
ORDER BY COUNT (*) DESC LIMIT 10
)
-— Bubc 2: Users du diéu kién tham gia raffle
eligible users AS (
SELECT DISTINCT users.* FROM users
JOIN users raffle USING(user id)
WHERE correct answers > 8
)
-— BuBc 3: Két hgp 2 budc trén
SELECT * FROM eligible users
JOIN orders products USING (user id)
JOIN most popular USING (product id);

Mbi CTE step c6 thé test doc 1ap — debug d& hon han so véi nested subquery.



Cac Tips Query hiru ich khac

Tranh Division by Zero:

SELECT visitors today / NULLIF (visitors yesterday, 0) FROM stats;
-- NULLIF trd v@ NULL néu visitors yesterday = 0 - két qud = NULL thay vi

error

Gap-filling cho Statistical Queries:

-- PostgreSQL: tao chudi ngady lién tuc r6i LEFT JOIN v&i data
SELECT dates.day, COALESCE (SUM(stats.count), 0)
FROM generate series(
CURRENT DATE - INTERVAL 'l4 days', CURRENT DATE, 'l day'
) AS dates (day)
LEFT JOIN statistics stats ON stats.day = dates.day
GROUP BY dates.day;

Multiple Aggregates trong mot query:

—-— PostgreSQL:

SELECT
COUNT (*) FILTER (WHERE released at = 2024) AS released 2024,
COUNT (*) FILTER (WHERE director = 'Nolan') AS nolan movies

FROM movies;

-— MySQL:

SELECT
SUM(released at = 2024) AS released 2024,
SUM(director = 'Nolan') AS nolan movies

FROM movies;

Fast Row Count Estimate:

-- Khdéng can COUNT (*) chinh x&c? Dung EXPLAIN:
-- PostgreSQL: EXPLAIN SELECT * FROM movies WHERE rating = 'R';
-— Doc "rows" estimate tu output

DISTINCT ON (chi PostgreSQL):

-- L&y don hang dit nhdt cta mdi customer trong 2024
SELECT DISTINCT ON (customer id) *

FROM orders

WHERE EXTRACT (YEAR FROM created at) = 2024

ORDER BY customer id ASC, price DESC;



Thiét ké Schema: Nén méng virng chac

UUID vs Auto-increment: Lwa chon Primary Key

Tiéu chi Auto-increment UuIDv4 UUIDv7/ULID

Insert speed Nhanh nhat Cham (random Nhanh
position) (time-sorted)

Size 4-8 bytes 16 bytes 16 bytes

Predictable Dé doan Khong doan Khéng doan

(enumeration attack) = dwoc duoc
Distributed 1D Khoéng Co Co
gen

Khuyén nghi: Dung auto-increment cho internal PK. Néu can expose ra external (URL,
API), thém cét UUID riéng:
—-— PostgreSQL:

ALTER TABLE users ADD COLUMN uuid UUID NOT NULL DEFAULT gen random uuid();
CREATE UNIQUE INDEX users uuid ON users (uuid);

-— Dung auto-increment id cho JOIN, uuid cho API/URL



JSON Column: Khi NoSQL gap SQL

Dung JSON column khi:

e D@ liéu it khi query truc tiép (metadata, settings)
e Thay thé bang EAV (Entity-Attribute-Value) phirc tap
e Gidm sb lweng JOIN cho data seldom-used

Quy tac:

e Van dung relational cho data chinh (foreign key, constraints)
e Tranh deeply nested JSON: query/update sé rat phirc tap
e Can nhac k¥ khi lwu references dén bang khac trong JSON (mét FK constraint)

JSON Schema Validation (MySQL):

ALTER TABLE products ADD CONSTRAINT CHECK (
JSON_SCHEMA VALID (' {
"type": "object",

"properties": {

"tags": {"type": "array", "items": {"type": "string"}}
s
"additionalProperties": false

}', attributes)

Constraint: Hang rao bao vé cudi cuing

—-— Check constraint: checkin phdi trudc checkout
ALTER TABLE reservations
ADD CONSTRAINT start before end CHECK (checkin at < checkout at);

-— Business rule: EU customers phdi cé VAT ID
ALTER TABLE invoices
ADD CONSTRAINT eu vat CHECK (NOT(iS_eu) OR wvatid IS NOT NULL) ;

Application validation c6 thé bj bypass (batch update, manual SQL). Database
constraint luén dwoc enforce.

Rang budc loai trir: Chong chong chéo (PostgreSQL)

CREATE TABLE bookings (
room number INT,
reservation TSTZRANGE,



EXCLUDE USING GIST (room number WITH =, reservation WITH &&)
) ;
-— Tu dbéng ngdn 2 booking trung thdi gian cho cung phong
-- Khéng can application-level locking!

Pwdng dan vat ly héa: Lwu triv cdy don gian

-— PostgreSQL (v8i extension ltree):

CREATE EXTENSION ltree;

CREATE TABLE categories (path LTREE) ;

INSERT INTO categories VALUES ('Food'), ('Food.Fruit'), ('Food.Fruit.Cherry');

-— Tim t&dt cd con clha Food.Fruit:

SELECT * FROM categories WHERE path ~ 'Food.Fruit.*{1l,}';

-— Tim t& tién clha Food.Fruit.Cherry:

SELECT * FROM categories WHERE path @> subpath('Food.Fruit.Cherry', 0, -1);

Partition: X6a data I&n trong tich tac

-- Thay vl DELETE FROM logs WHERE created at < '2024-01-01" (r&t cham)
-- Dung partition theo thang:

ALTER TABLE logs DROP PARTITION logs_2023_january;

-— Xba toan bd partition trong vai gidy, bdt k& cd bao nhiéu row

Bang sap xép trwéc: Toi wu cho quét pham vi

-- MySQL: Dung composite primary key d& sdp xép vat ly
CREATE TABLE product comments (
product id BIGINT,
comment id BIGINT AUTO INCREMENT UNIQUE KEY,
message TEXT,
PRIMARY KEY (product id, comment id)
);
-- Comments ctia cung product ndm lién tiép trén disk - doc nhanh hon

-- PostgreSQL: Dung CLUSTER
CLUSTER product comments USING product comments pkey;



Tinh toan trwéc: Khi index cling khong du nhanh

Khi dashboard query phai aggregate hang tram nghin row, khéng index nao giup dwoc.
Giai phap: lwu sén gia tri da aggregate.

-- Bang pre-aggregated:
CREATE TABLE articles stats (

user id BIGINT,

publish year INT,

total likes BIGINT,

PRIMARY KEY (user id, publish year)
) i

-— Query siéu nhanh:

SELECT total likes FROM articles stats

WHERE user id = 1 AND publish year = 2024;

-— Thay vi SUM(likes) trén hang trdm nghin rows



Lo ket

Ban da doc hét cubn “Database Indexing & Nhirng Diéu Developer Can Biét” ctia minh.
T day long, minh cam on ban rat nhiéu vi da doc dén cudi quyén Ebook nay. Cé thé
cach viét minh con 16n xén, minh mong ban hiéu nhirng tdm huyét ciia minh, va nhirng
mong mdi dwoc chia sé kién thirc dén cong ddng. Lam viéc véi co s& div liéu quan hé
nhu MySQL hay Postgres 1a diéu rat tha vi, nhung ciing tiém an rat nhiéu thir can cén
trong. Néu tan dung tét, n6 sé rdt manh mé, nguwoc lai ching ta cling d& méc nhirng 16i
co ban. Minh hy vong ebook nay sé gitp d& ban phan nao trén con dwéng t6i wu CSDL
cta minh.

Cam on ban rat nhiéu !

Néu ban thich nhirng gi trong cudn sach nay va muén trao déi thém, dirng ngan ngai
lién lac v&i minh qua:

Email: huynt57@gmail.com

Facebook: Tai day

Cubn Ebook nay sé& khéng ton tai néu khéng cé vo minh Dwong Thi Thu Huyén va con
trai minh, ¢ van ti hon Nguyén Dwong Hoang Khéi. Cam on gia dinh da luén bén canh

va ung hd minh.

Happy Coding !


mailto:huynt57@gmail.com
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