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NOi dung

0 Index la gi?

O Index database dung dé lam gi?
0 Cau truc cua index

O Cac kiéu index

[0 Dung index database nhu thé nao cho
hiéu qua?




Why Indexing is important?

Un-Indexed Datahase
INDEXED Database




Index la gi?

00 MOt cau tric dif liéu dudec dung dé dinh
vi va truy cap nhanh nhat vao di liéu
trong cac table hoac view.

[0 Mot cach tang hiéu suat truy van
database bang viéc giam lugng truy cap
vao bo nhd khi thuc hién truy van

[0 SQL Server cung cap 2 loai index
B Clustered
B Non-clustered




Index database dung dé lam gi?

1 Truy van: SELECT * FROM student WHERE
last nhame = 'May'

1 Néu khong co index cho cot last_name, thi
hé thong sé quéet qua tat ca cac row cua
bang student dé so sanh va |8y ra row
thoa man

student
student_id first_name last_name dob gender address note clazz_i
1234 Cravid Beckham 12211997 Male Londan, UK 1
12338 Theresa May 0a/06M99s8 Female London, LK 1
1452 David Cameran oyo6Maay Male Bangor, LK 1
1497 Tony Blair 03/01/1999 Male Bath, UK 2
1516 John Major 03/01/M19498 Male Bradford 2
1542 Margaret Thatcher 05/0&8/M1997 Female Cambridge 2




[0 Index tro tdi dia chi dir liéu trong mot
bang, tuong tu muc luc ctia quyén
sach, giup truy van tré nén nhanh
chong

O Index cé thé dugc tao cho mdt hoac
nhiéu cot trong bang. Index thudng
dugc tao mac dinh cho primary key,
foreign key. Ngoai ra, cling co thé tao
thém index cho cac cot néu can.




Cau truc cua index

[0 Index gom:
B CoOt Search Key: chira ban sao cac gia tri
cua cot ducc tao Index
B Cot Data Reference: chUa con tro tro dén
dia chi cua ban ghi cé gia tri cot index
tuong Ung

Data
Reference

Search Key

Structure of an index




Cac kiéu index

[1 B-tree
[J Hash




B-tree

[0 Thong thudng, khéng chi ro loai index
thi mac dinh la st dung B-Tree.

0 Cu phap:
B Tao index

CREATE INDEX id _index ON table name

(column_name|[, column_name...]) USING
BTREE;

ALTER TABLE table_name ADD INDEX
id_index (column_name[, column_name...])

B Xo0a index
DROP INDEX index _name ON table name




B-tree

[0 Cac dac diém cua B-Tree Index:

m D{I liéu index dudc to chirc va Iuu tri theo
dang tree, tuc la co root, branch, leaf.

B Gia tri clia cac node dudc td chirc tang dan
tu trai qua phai.

B B-tree index dudc s dung trong cac biéu
thic so sanh dang: =, >, >=, <, <=,
BETWEEN va LIKE. = Co thé tot cho cau
|l&nh ORDER BY
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B-tree

B Khi tim kiém di liéu, sé khong scan toan
bd bang dé tim di liéu. Viéc tim kiém trong
B-Tree la 1 qua trinh bat dau tu root node
va tim kiém tdi branch va leaf, dén khi tim
dudc tat ca dir lieu thoa man vdi diéu kién
truy van thi dung lai.
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Hash

0 Hash index dua trén giai thuat Hash
Function (ham bam). Tuong ung Vvai
moi khoi dir' lieu (index) sé sinh ra mot
bucket key(gia tri bam) dé phan biét.

0 Cu phap:

B Create index

CREATE INDEX id_index ON table_name
(column_name|[, column_name...]) USING
HASH;

ALTER TABLE table_name ADD INDEX
id_index (column_name[, column_name...])

USING HASH; 12



Hash

[0 Cac dac diém cua Hash Index:

B Hash index chi nén s dung trong cac biéu
thic toan tur la = va <>. Khong su dung
cho toan tu tim kiém 1 khoang gia tri nhu
> hay < .

B Khong thé t6i uu hoa toan tir ORDER BY
bang viéc s dung Hash index bdi vi no
«<héng thé tim kiém dudc phan tu ti€p theo
trong Order.

B Hash cé toc dd nhanh hon kiéu B-Tree.
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Hash

Hash
function Buckets
X
[ ]
id=1, name=John Smith
X
id=2, name=Mary Black
X
id=3, name=John Doe :
[ ]
Ll
L ]
id=4, name=Sandra Dee =
X
" X
id=5, name=Alice White
L]

2 | Mary Black 534-789
5 | Alice White 578-634
1 | John Smith 138-765
v

3 | JohnDoe 432-514
4 | SandraDee 135-478
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Storage Engine

O Viéc chon index theo kiéu B-Tree hay
Hash, ngoai muc dich su dung, thi no
con phu thudc vao Storage Engine co
ho trg loai index dé hay khong.

[0 Storage Engine va cac kiéu index dugc
ho trd
m InnoDB BTREE

MyISAM BTREE

MEMORY/HEAP HASH, BTREE

NDB HASH, BTREE
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Dung Index Database thé nao cho hiéu qua?

Nén index nhirng cot dudc dung trong WHERE,

JOIN va ORDER BY

Khéng dung index trong cac trudng hdp:

Cac bang nho, chlra it dir liéu

Cac bang dudgc update va insert dir liéu thuong xuyén
Cac cot c6 qua nhiéu gia tri NULL

Cac cot thudng xuyén dudc update
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Thuc hanh vai SQL Server

CSDL mau BikeStores

customers (sales) ?L

% customer_id
first_name ™ staffs (sales)
last_name ¢ staffid
phoine first_name
email last_name
street email
city phone
state active
zip_code store_id

B manager_id
P

cateaories (production)

?

category_id

category_name

orders (sales)
v order id stores (sales)
customer_id S| v store_id

store_name

order_status

order_date phone

required_date email

shipped_date street
store_id city
staff id state
zip_code
&

products (production)

?

product_id
product_name

order items (sales)
¢ order_id

7 item_id
product_id
quantity

list_price

discount

brands (production)
¢ brand_id

brand_name

brand_id
category_id
A

model_year
list_price

stocks (production)

@ store_id

= 1 ¢ product_id
quantity
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[0 Tao bang mdi production.parts

CREATE TABLE production.parts(
part_id INT NOT NULL,
part_name VARCHAR(100)

)i

INSERT INTO

production.parts(part_id, part_name)
VALUES

(1,'Frame’),

(2,'Head Tube'),

(3,'Handlebar Grip'),

(4,'Shock Absorber'),

(5,'Fork’);
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Bang parts khong co PK, nén
cac ban ghi dugc luu trir theo
cau truc co thu tu goi la heap
(dong)

Cau lénh tim ban ghicoid la 5
Xem udc luong ké hoach thuc
hién trong SQL Server
Management Studio

B Chon Display Estimated Execution
Plan (nhan Ctrl + L)

SELECT

part_id, part_name
FROM

production.parts
WHERE

part id = 5;
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Hai loai index trong SQL Server

[0 Clustered index
[0 Non-clustered index
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Clustered index

O Luu tr& cac ban ghi trong mot cau truc
dugc sap x€p dua trén gia tri khoda cua
no

0 Moi bang chi c6 mét clustered index vi
cac ban ghi dir liéu chi cé thé dudc sap
Xép theo mot thu tu

[0 Bang co clustered index dudc goi la
clustered table

O Clustered index td chic dit liéu theo
| Y A B_I
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Clustered index




Clustered index

[0 Nut goc va nut trung gian chua cac
trang chi muc dé luu trit cac chi muc
cua cac ban ghi

[0 Nut lIa chlda cac trang diI liéu (data
pages) cua bang.

O Céac trang trong moi cip cua index dugc

lien két theo cau truc danh sach lien két
doi
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Clustered index

Khi tao bang c6 khda chinh PK, SQL Server tu
dong tao clustered index trén cac cot cua PK.

Cau lénh tao bang part_prices co PK gom 2 cot:

+3 production.brands
*2 production.categories

=17 production part_prices CREATE TABLE production.part_prices(

=12 Columns

¥ part_id (PK, int, not null) pa rt_ld II"]tl
? valid_from (PK, date, not null) .
2 price (decimal(18,4), not null) Val Id_fl"Om date’
s price decimal(18,4) not null,
? PK__part_pri__ . .
& Constraints PRI MARY KEY( pa I"t_l d 7 vda l |d_fr0 m )
[+ Triggers ) .
-3 Indexes 4

? PK__part_pri__20299A2BE6E35412 (Clustered)
+3 Statistics

#= production.parts

+ 3 production.products
+ 3 production.stocks
+d sales.customers

[*1 2 sales.order_items
+3 sales.orders

+5 sales.staffs

+ 2 sales.stores

24
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Clustered index

Néu thém khoa chinh vao mot bang da cé mot
clustered index, SQL Server sé bat budc PK sur
dung non-clustered index

= production.categories ALTER TABLE production.parts
Mikpstrgoe ADD PRIMARY KEY(part_id);

=2 production.parts

[=|Ca

* part_id (PK, int, not null) |

& part_name (varchar(100), null)
= Keys
? PK__parts__AOE3FAB926086B37
+/3 Constraints
+= Triggers
-I= Indexes
@ ix_parts_id (Clustered)
* PK__parts_ AOE3FAB926086B37 (Unique, Non-Clustered)
+|3 Statistics

1+3 production.products
[ 3 production.stocks

[+/3 sales.customers

[+/3 sales.order_items
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Clustered index

Tao clustered index

B Trong trucng hgp bang ko co PK

CREATE CLUSTERED INDEX index_name
ON schema_name.table_name (column_list);

CREATE CLUSTERED INDEX ix_parts_id

ON production.parts (part_id);

Truy van

SELECT part_id, part_name
FROM production.parts
WHERE part_id = 5;

JESKTOP-4NVDPI3\SQLEXPRESS (SQL Server 12.0.2000 - sa)
2 Databases
= System Databases
J BikeStores
=i Database Diagrams
= dbo.Diagram_0
=I= Tables
+/= System Tables
+/= FileTables
+2 dbo.t1
+3 dbo.t2
+3 production.brands
+/3 production.categories
+9 production.part_prices
=I5 production.parts
=I= Columns
? part_id (PK, int, not null)
@ part_name (varchar(100), null)
=L Keys
? PK__parts_ AOE3FAB926086B37
= Constraints
+Triggers
=/~ Indexes
4 ix_parts_id (Clustered)
? PK__parts__AOE3FAB926086B37 (Unique, Non-Clustel
s Statistics
+/3 production.products
+3 production.stocks
+3 sales.customers
+ 3 sales.order_items
+9 sales.orders
+3 sales.staffs
+3 sales.stores
# Views
+13 Synonyms
#1= Programmability
#= Service Broker

+/3 Storage
#14 Security

) CompanvSunnlvProduct

~

SISELECT
part_id,
part_name
FROM
production.parts
WHERE
part_id = 5;|

Clustered Index Seek (Clustered)
Scanning a particular range of rows from a clustered

index.
177% ~
Physical Operation
Logical Operation

Query 1: Query costggtimated Execution Mode
SELECT part_id, pa1 Storage

[ Messages i~ Execution plan

Clustered Index Seek
Clustered Index Seek
Row

RowStore

— % Estimated 1/0 Cost 0.003125
C[;:I;:]“‘fl Estimated Operator Cost 0.0032831 (100%)
Cost: 0 3% Cost: - Esti i Subtree Cost 0.0032831

Estimated CPU Cost 0.0001581

i i NI k of E 1
Estimated Number of Rows 1
Estimated Row Size 65B
Ordered True
Node ID 0
Object

[BikeStores].[production].[parts].[ix_parts_id]

Output List

[BikeStores].[production].[parts].part_id, [BikeStores].

[production].[parts].part_name
Seek Predicates

@ Query executed successfully Seek Keys[1]: Prefix: [BikeStores].[production].
[parts].part_id = Scalar Operator(CONVERT_IMPLICIT(int,
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Non-clustered index

La cau truc d liéu giup cai thién toc do truy xuat
dir liéu tu cac bang

Khac clustered index: sap x€p va luu trir dir liéu
rieéng biét vai cac ban ghi trong bang.

La ban sao d{I liéu cua cac cot dugc chon tu mot
bang dudgc lién két.

SUr dung c&u tric B-tree dé to chirc dit liéu

MOt bang cé thé céd mdét hodc nhiéu non-clustered
index. Moi non-clustered index c6 thé bao gdm
mot hoac nhiéu cot cua bang.

27



Non-clustered index

Leaf nodes/

data pages

Previous | Next

Il

» Rows Pointers

Previous | Next

——»{ Rows Pointers

»

Previous | Next

Rows Pointers

Previous | Next

i
I

Previous | Next
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Non-clustered index

[0 Bén canh viéc luu tri’ cac gia tri khoa
index, cac nut la cling luu trif cac con
tro tro tdi cac ban ghi coé chira cac gia
tri khoa.

0 Nhirng con tro ban ghi nay con dugc goi
la cac dinh vi hang (row locators)
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Non-clustered index

[@a0 non-clustered index

CREATE [NONCLUSTERED] INDEX index_name
ON table_name(column_list);

customers (sales)

Béng CUStOmerS Ié mét ? customer._id

clustered table vi nd co rename

PK customer id phone
email
street
city

state
zip_code
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Non-clustered index

Tim ki€ém khach hang co dia chi ¢ 'Atwater’

SELECT customer_id, city
FROM sales.customers
WHERE city = 'Atwater’;

Xem udc lugng ké hoach thuc thi, trinh t6i uvu hoa
truy van quet clustered index dé tim cac ban ghi,
do bang customers khong co index cho cot city

GO |Iénh sau, roi xem lai udc lugng

CREATE INDEX ix_customers_city
ON sales.customers(city);
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Non-clustered index

fao non-clustered index cho nhiéu cot
B Tim khach hang co ho la Berg va tén la Monika

SELECT customer_id, first_name, last_ name
FROM sales.customers
WHERE last_name = 'Berg' AND first_name = 'Monika’;

B Xem udc lugng ké hoach thuc thi, réi go 1énh
sau, va chay lai budc trén

CREATE INDEX ix_customers_name
ON sales.customers(last_name, first_name);
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Poi tén index trong SQL Server

Cau lénh s dung thu tuc luu trir sp_rename

EXEC sp_rename index_name, new_index_name, N'INDEX";
Hoac:

EXEC sp_rename @objname = N'index_name', @newname =
N'new_index_name’', @objtype = N'INDEX’;

® Vidu:

EXEC sp_rename
@objname = N'sales.customers.ix_customers_city’,
@newname = N'ix_cust_city',
@objtype = N'INDEX';

EXEC sp_rename

N'sales.customers.ix_customers._city’

N'ix_cust_city' , 33
N'INDEX"';



Poi tén index trong SQL Server

[0 Hoac s’ dung SQL Server Management
Studio, kich chu6t phai,....
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Unique index trong SQL Server

Unique index c6 thé mdt hodc nhiéu cét.

B Néu mot cot, cac gia tri trong cot la duy nhat

B Néu nhiéu cot, su két hgp cac gia tri trong cac
cot nay la duy nhat

Unique index co thé la clustered hodc non-

clustered index

Cu phap:

CREATE UNIQUE INDEX index_name
ON table_name(column_list);
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Unique index

0 Vi du: tao unique index cho cot email

B Trudc hét, kiém tra d& dam bao ko cé 2 dia
chi email trung lap
SELECT email, COUNT(email)
FROM sales.customers

GROUP BY email
HAVING COUNT(email) > 1;

CREATE UNIQUE INDEX ix_cust_email
ON sales.customers(email);
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Unique index

O Thu tao 1 bang co 2 cot, réi tao unique
index trén ca 2 cot do

0 Sau d6, insert d liéu vao

[0 Néu ap dung unique index trén cot co
nhiéu gia tri NULL thi co dudc ko?

[0 Unique index vs. unique constraint




VO hiéu hoa index trong SQL Server

Trudc khi update trén bang, vo hiéu hoa index
giup tang toc qua trinh nay

ALTER INDEX index name
ON table _name
DISABLE;

V6 hiéu hoa tat ca cac index

ALTER INDEX ALL ON table _name
DISABLE:
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VO hiéu hoa index trong SQL Server

NEéu vO hiéu hdéa mot index, trinh t6i uu sé ko su
dung index d6 dé tao ké hoach thuc hién truy van
Vo hiéu hoda index trén mot bang, SQL Server van
gitr dinh nghia chi muc trong siéu dif liéu va
thong ké index trong cac non-clustered index

VO hiéu hda index trén view, SQL Server sé x0a
tat ca dir liéu index

NEéu vO hiéu hoa mot clustered index cua mot
bang, ko thé truy cép di liéu cua bang s dung
SELECT, INSERT, UPDATE, DELETE cho dén khi
xay dung lai/x0a clustered index.
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VO hiéu hoa index trong SQL Server

O Vi du:

ALTER INDEX ix_cust_city
ON sales.customers

DISABLE; ALTER INDEX ALL
ON sales.customers

SELECT DISABLE;

first_name,

IC?E;_name, SELECT * FROM sales.customers;
FROM

sales.customers
WHERE

city = 'San Jose’;
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Kich hoat index trong SQL Server

0 Sau khi vb6 hiéu hoa index dé€ UPDATE,
can kich hoat lai index
B Can xay dung lai index dé phan anh dir liéu
mdi trong bang
0 S dung mot trong hai Iénh sau
B ALTER INDEX
B DBCC DBREINDEX
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Kich hoat index trong SQL Server

Lénh ALTER INDEX va CREATE INDEX

ALTER INDEX index name
ON table _name
REBUILD;

CREATE INDEX index_name
ON table_name(column_list)
WITH(DROP_EXISTING=0ON)

ALTER INDEX ALL ON table_name
REBUILD;
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Kich hoat index trong SQL Server

Leénh DBCC DBREINDEX

DBCC DBREINDEX (table_name, index_name);

ALTER INDEX ALL ON sales.customers
REBUILD;
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X0a index trong SQL Server

Dung Iénh DROP INDEX

DROP INDEX [IF EXISTS] index_name
ON table_name;

Cau Iénh DROP INDEX ko thé xda cac index dudc
tao bdi PK hoac rang budc unique

B Dé xda cac index lién quan dén cac rang budc nay, sur
dung Iénh ALTER TABLE DROP CONSTRAINT

X0a nhiéu index khoi mot/nhiéu bang, dung Iénh:

DROP INDEX [IF EXISTS]
index _namel ON table _namel,
index _name2 ON table_name2,

lll’
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Filtered index trong SQL Server

Do6i khi, viéc danh index toan b0 cac ban ghi theo
cot nao do ko hiéu qua, do chi truy van mot phan
nao d6 ban ghi cua bang.

Mot filtered index la mot non-clustered index vdi

mot bi€u thic cho phép chi dinh nhiing ban ghi
nao sé dugdc thém vao index

Cu phap:

CREATE INDEX index_name
ON table_name(column_list)
WHERE predicate;
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Filtered index trong SQL Server

Vi du: dung bang customers, cot phone co

nhiéu gia tri NULL

SELECT
SUM(CASE
WHEN phone IS NULL
THEN 1
ELSE O
END) AS [Has Phone],
SUM(CASE
WHEN phone IS NULL
THEN O
ELSE 1
END) AS [No Phone]
FROM
sales.customers;

CREATE INDEX ix_cust_phone

ON sales.customers(phone)

WHERE phone IS NOT NULL;

SELECT
first name,
last_name,
phone

FROM
sales.customers

WHERE phone = '(281) 363-3309';
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Filtered index trong SQL Server

L0 INCLUDE

CREATE INDEX ix_cust_phone

ON sales.customers(phone)
INCLUDE (first_name, last_name)
WHERE phone IS NOT NULL;
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