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Part 0: Overview
— Ch1: Introduction

Part 1 Relational Languages
— Ch2: Relational model

— Ch3: Introduction to SQL
— Ch4: Intermediate SQL
— Ch5: Advanced SQL

Part 2 Database Design
— Ch6: Database design via E-R model

— Ch7: Relational database design

Part 3 Application Design &
Development
— Ch8: Complex data types

— Ch9: Application development

Part 4 Big Data Analytics
— Chl10: Big data

— Chl1: Data analytics

Part 5 Storage Management & Indexing
— Ch12: Physical storage systems

— Ch13: Data storage structures
— Chl4: Indexing

Part 6 Query Processing & Optimization
— Ch15: Query processing

— Ch16: Query optimization
Part 7 Transaction Management
— Ch17: Transactions
— Ch18: Concurrency control
— Ch19: Recovery system
Part 8 Parallel & Distributed Database
— Ch20: Database system architecture
— Ch21-23: Parallel & distributed storage, query
processing & transaction processing

Advanced topics
— DB Platform: OceanBase, MongoDB, Neo4J
— RAG, Multimodal retrieval, ... 2
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 IBM Sequel language is developed as part of System R project at the IBM
San Jose (Z1A]ZE) Research Laboratory in the early 1970s

« Renamed Structured Query Language (SQL, &8 EiTiE5

+ ANSI CEEERINEFS) and 1ISO (EFFMRHEELR) standard SQL
— SQL-86
—~ SQL-89
— SQL-92
— SQL-99
— SQL: 2003, 2006, 2008, 2011, 2016
« Commercial systems offer most SQL-92 features, plus varying feature sets
from later standards and special proprietary features
— 3¥E: Not all examples here may work on particular DBMS systems
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- HIBRENIES (Data definition language, DDL)
— Relation schemas
— Integrity constraints
— View
— Authorization

- HRIEYNEE (Data manipulation language, DML)
— Queries
— Insertion
— Deletion
— Updates
— Transaction processing
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« char(n)

— fixed length character string with user-specified length n
« varchar(n)

— variable length character strings with user-specified maximum length n
* int

— Integer, a finite subset of the integers that is machine-dependent
« smallint

— small integer, a machine-dependent subset of the integer domain type
 numeric(p, d)

— fixed point number (FEf2%), with user-specified precision of p digits, and with d digits

to the right of decimal point

— E.g., numeric(3,1) allows 44.5 to be stored exactly, but neither 444.5 nor 0.32 can be
stored exactly
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« real, double precision

— floating point and double-precision floating point numbers, with machine-dependent
precision

« float(m)
— floating point number with user-specified precision of at least n digits
 null value

— allowed in all domain types. Declaring an attribute to be not null prohibits null values
for that attribute
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* In SQL-92, we can create user-defined domain types
— create domain person_name char(20) not null
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Relation is defined using the create table command:
create table r(4, D;,A, D,, ..., A, D,,
(integrity_constraint,), ..., (integrity_constraint;))
- r:the relation name
- A;: an attribute name in the schema of relation r
- D;: the data type of attribute A4;

f5]: EliEdepartmentxE&E

create table department(
dept_name varchar(20),
building varchar(15),
budget numeric(12, 2),
primary key (dept_name));

10
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« not null

« primary key (44, ..., 4;)

« foreign key (A1, Agy ..., Axy) references s
« check (P), where P is a predicate

create table instructor(

ID char(5),

name varchar(20) not null,
dept_name varchar(20),

salary numeric(8, 2),

primary key (ID),
foreign key (dept_name) references department,
check (salary >=0));

i¥&: Primary key declaration on an attribute automatically ensures not null and unique in SQL-92
onwards, but needs to be explicitly stated in SQL-89

11
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— drop table: deletes all information about the dropped relation from the
database

e
— alter table: add attributes to a relation or drop attributes from a relation
alter tableradd A D
« All tuples in the relation are assigned null as the value for the new attribute

alter table r drop A
Dropping of attributes is not supported by some databases

13
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-  HAPSOLERZEY:
select A, A,, ..., A,
fromry, ry, .., Iy
where P

« The result of an SQL query is a relation and each query is equivalent to the
relational algebra expression:
4, 4,4, (0p(r1 X 15 X - X 1))

for each tuple 7, in relation r,
for each tuple 7, in relation r,

for each tuple 7,, in relation r,,
Concatenate 7, 1,, ..., 1, into a single tuple ¢
Add ¢t into the result relation

15
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« The select clause lists the attributes desired in the result of a query

— Correspond to the projection (3%%7) operation of the RA (relational algebra)
— E.g., find the names of all departments in the instructor relation

select dept_name
from instructor

- WMAXRLEHFRE:
Maept name (instructor)
— $¥&: SQLiscase insensitive

16
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SQL allows duplicates in relations. To eliminate the duplicates, insert the
keyword distinct after select

— Find the names of all departments in the instructor relation, and remove duplicates

select distinct dept_name
from instructor

— The keyword all specifies that duplicates should not be removed

select all dept_name
from instructor

17
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 An asterisk in the select clause denotes “all attributes”

select =
from instructor

« The select clause can contain arithmetic expressions involving the operation +,
—, *, and /, and operating on constants or attributes of tuples

- E.g,
select ID, dept_name, salary 1.1
from instructor

18
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« The from clause lists the relations involved in the query
— corresponds to the Cartesian product operation of the RA

« f5: find the Cartesian product borrower X loan

select *
from borrower, loan

« {A: find the name, loan number and loan amount of all the customers that
have a loan at the Jiading branch

select customer_name, borrower.loan_number, amount

from borrower, loan

where borrower.loan_number=loan.loan_number and
branch_name= Jiading’

19
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« The where clause specifies conditions that the result must satisfy

— correspond to the selection predicate of the RA

— f5: find the names of those instructors who are with the Department of Computer
Science and have the salary larger than 70000

) P %+ 5
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select name
from instructor
where dept_name = ‘Computer Science’and salary > 70000

Comparison results can be combined using the logical connectives and, or, and not

20
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« SQL includes a between comparison operator

— f5]: find the loan numbers of those loans with loan amount between $90,000 and
$100,000

select loan_number
from loan
where amount between 90000 and 100000

21
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select A4, A4,,..., A,
from r; natural join r, natural join ...natural join r,,
where P;

select name, course_id
from instructor natural join teaches;

select name, title
from instructor natural join teaches, course
where teaches.course_id=course.course_id;

22
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« natural join of instructor and teaches
— (ID, name, dept_name, salary, course _id, sec_id)

e course
— (course_id, title, dept_name, credits)

48 > 48 %

select name, title
from instructor naturgl join teaches, course > sEEj
where teaches.course_id= course.course_id,; ,T

select name, title
from instructor natural join teaches natural join course;

select name, title
from (instructor natural join teaches) join course using (course_id);

23
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The SQL allows renaming relations and attributes using the as clause:
old_name as new_name

Find the name, loan_number and loan_amount of all customers, and rename
the column name loan_number as loan_id:

select customer_name, borrower.loan_number as loan_id, amount

from borrower, loan
where borrower.loan_number = loan.loan_number

25



@) P s+

& TONGII UNIVERSITY

> ERIEH(ER)
© RS ST TEIRIZAID

select T.name, S.course_id
from instructor as T, teaches as S
where T.ID =S.ID

. T%EI;.J%E"F?U%#E’\Jﬁﬁﬁ#ﬁll)ﬂﬁﬁ’ﬂﬁi%, fit{ I TR =D EEBiology RAVHE—{IEK
R T&ES

select distinct T.name

from instructor as T, instructor as S
where T.salary > S.salary and S.dept_name = ‘Biology’

26
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 SQL includes a string-matching operator for comparisons on character strings
— percent (%): matches any substring
— underscore (_): matches any character

 like/not like: FHIERINBFRPE S FEH “Watson"BIFTE R

select dept name
from  department
where building like ‘%Watson%’

- BENFRPEESSHIER, FEEN
like ‘Watson\%’
« “ denote “all attributes” : select instructor.* from instructor
» SQL supports a variety of string operations such as
— concatenation (8EX) (using “||")

— converting from upper case to lower case (and vice versa)
— finding string length, extracting substrings, etc.

@ OB +S
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List in alphabetic order the names of all customers having a loan in Jiading
branch

select distinct customer_name

from borrower, loan

where borrower.loan_number = loan.loan_number and
branch_name = ‘Jiading’

order by customer_name

Specify desc for descending order or asc (default) for ascending order, for each
attribute

select *
from loan
order by amount desc, loan-number asc

28
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« SQL includes a between\not between comparison operator
— {3 find the names of all instructors with salary between $90,000 and $100,000

select name
from instructor
where salary between 90000 and 100000

« Tuple comparison
select name, course _id
from instructor, teaches
where (instructor.ID, dept_name) = (teaches.ID, 'Biology’); \

Sl

select name, course_id /

from instructor, teaches

where instructor.ID=teaches.ID and dept_name= ‘Biology’
29
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« The set operations union, intersect, and except operate on relations and
correspond to the relational algebra operations U, N, —
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« Each set operation automatically eliminates duplicates. To retain all duplicates
use the corresponding multiset versions union all, intersect all and except all

— Suppose a tuple occurs m times in r and n times in s, then, it occurs:
e m+ntimesinr unionall s
e min(m,n) times in r intersect all s

 max(0,m —n) times in r except all s

31
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* Find all customers who have a loan, an account, or both:
(select customer_name from depositor)
union [all]
(select customer_name from borrower)

* Find all customers who have both a loan and an account.

(select customer _name from depositor)
intersect [all]
(select customer_name from borrower)

* Find all customers who have an account but no loan.
(select customer _name from depositor)
except [all]

(select customer_name from borrower)

32
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It is possible for tuples to have a null value, signifying an unknown value or a
value that does not exist

The predicate is null can be used to check for null values

select loan_number
from loan
where amount is null

The result of any arithmetic expression involving null is null
— E.g., 5+ null returns null

34
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Calculate the sum of all loan amounts
select sum (amount)
from loan
— Above statement ignores null amounts
— Result is null if there is no non-null amount
All aggregate operations except count(*) ignore tuples with null values on the
aggregated attributes

35
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p BREE[EI(Aggregate Functions)

« These functions receive as input a set of values, and return a value
— avg: average value
— min: minimum value
— max: maximum value
— sum: sum of values
— count: number of values

37
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i Computer Science REUMAINY T

select avg (salary)
from instructor
where dept_name= ‘Computer Science’

2018 F R HIRRAVHN /S L

select count (distinct ID)
from teaches

where semester = ‘Spring’and year=2018

38
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Find the number of depositors for each branch

select branch_name, count (distinct customer_name)

from depositor, account

where depositor.account_number = account.account_number

group by branch_name

yEE: Attributes in select clause outside of aggregate functions must appear in

group by list

[*erroneous query*/

select dept_name, ID, avg(salary)
from instructor

group by dept_name

branch

account

depositor

customer

branch-name

account—number

s

branch—city

assets

branch—name
balance

customer—naime
account—number

customer—name

customer—street
customer—city

loan

borrower

loan—number

branch-name
amount

D

customer—name
loan—-number

39
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« Attimes, it is useful to state a condition that applies to groups rather than to

tuples
« f5: find the names of all branches where the average account balance is more

than $1,200

select branch_name, avg (balance)
from account

group by branch_name

having avg (balance) > 1200

==
° /E,'-fr,'\-
— predicates in the having clause are applied after the grouping operation
— predicates in the where clause are applied before forming groups

40
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f5: find the average balance for each customer who lives in Shanghai and has at least
three accounts

select depositor.customer_name, avg (balance)

from depositor, account, customer

where depositor.account_number=account.account_number
and depositer.customer_name=customer.customer_name
and customer_city= ‘Shanghai’

group by depositor.customer_name

having count(distinct depositor.account_number) >=3

branch account depositor customer
branch-name {—I_ account—number <—|_ customer—name customer—name
branch—city branch-name account—number customer—street
assets balance customer—city

loan borrower

loan—number <—|— customer—name
branch-name loan—number
amount

41
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« A subquery is a select-from-where expression that is nested within another
guery in the where clause or from clause
« A common use of subqueries is to perform
— tests for set membership (M{E& KR EIR)
— make set comparisons ((2&LEHER)
— determine set cardinality (I EESEZL)

43
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Find all customers who have both an account and a loan at the bank

select distinct customer_name

from borrower

where customer_name in (select customer _name
from depositor)

Find all customers who have a loan but do not have an account at the bank

select distinct customer_name

from borrower

where customer_name not in (select customer _name
from depositor)

select distinct name
from instructor
where name not in ("Mozart’, 'Einstein’);

44



&=’ TONGII UNIVERSITY

p SEEZEE)

« Find all customers who have both an account and a loan at the Jiading branch

select distinct customer_name
from borrower, loan
where borrower.loan_number=loan.loan_number and
branch_name=‘“Jiading” and
(branch_name, customer_name) in
(select branch_name, customer_name
from depositor, account
where depositor.account_number=account.account_number)

45
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Find all branches that have greater assets than some branch located in Brooklyn

select distinct T.branch_name
from branch as T, branch as S
where T.assets > S.assets and S.branch_city = ‘Brooklyn’

Same query using >some clause

select branch_name
from branch
where assets > some
(select assets
from branch
where branch_city = ‘Brooklyn’)

46
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e E<comp >somer & 3t €rsuchthat (E < comp > t), where
<comp>canbe: <, <,>,2,=,#

0)

(5< some

5
6
(5< some 0 |

(5 = some

(5 # some

5
0
5

) = true (read: 5 < some tuple in the relation)

) = false (= Some) — in

However,

) = true (# some) # not in, why?

0
5

) = true (since O # b)

47
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E<comp>allr ©Vter(E<comp>t)

10

(B<all| B | ) = false

6
(5< all _166 ) = true (# all) = not in

However,

4 = all) # in, why?
B =al| 5| )= false ( ) # Y
(5 # dll g’ ) = true (since 5 # 4 and 5 # 6)

48
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* Find the names of all branches that have greater assets than all the branches
located in Brooklyn,

select branch_name

from branch

where assets > all
(select assets
from branch
where branch_city = ‘Brooklyn’)

select dept_name

from instructor BE: EBSQLEaINERIAN
group by dept_name aEtta?

having avg (salary) >= all (select avg (salary)
from instructor

group by dept_name); 49
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« The exists construct returns the value true if the argument subquery is
nonempty
— existsrer+0
— notexistsr & r =0

 E.g., find all the customers who have both account(s) and loan(s) at the bank

select distinct customer_name
from borrower
where exists (
select *
from depositor
where depositor.customer _name=borrower.customer_name)

50
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« We can write “relation A contains relation B” as “not exists (B except A).”

 E.g., find those students who have taken all the courses offered by the Biology
Department

select distinet S.ID, S.name
from student as S
where not exists ((select course_id
from course
where dept_name = 'Biology’)
except
(select T.course_id
from takes as T
where S.ID = T.ID));

51
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Find all the customers who have accounts at all branches located in Brooklyn

select distinct S.customer_name
from depositor as S
where not exists (
(select branch_name  /* all branches in Brooklyn */
from branch
where branch_city = ‘Brooklyn’)
except
(select R.branch_name /* finds all the branches at which S.customer_name has an account */
from depositor as T, account as R
where T.account_number = R.account_number and
T.customer_name = S.customer_name))

Note: notexists X —Y)oX-Y =0 XCY

52
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The unique construct tests whether a subquery has any duplicate tuples in its
result

E.g., find all the customers who have at most one account at the Jiading branch

select T.customer_name
from depositor as T /* Better to use from customer. why? */
where unique (
select R.customer_name
from account, depositor as R
where T.customer_name = R.customer_name and
R.account_number = account.account_number and
account.branch_name = Jiading’)

53
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account

depositor

customer

branch-name

account-number

1

branch-city

assets

branch-name
balance

customer-name

account-number

Y

customer-name

customer—street
customer—city

loan

borrower

loan-number

branch-name
amount

customer-name
loan-number
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e FRBTE201 7 RSHE—IXATRIE

select 7.course_id
from course as T
where unique (select R.course_id

from section as R
/ where 7 .course_id= R.course_id and
& Yy R.year = 2017);

select 7.course_id

from course as T

where 1 >= (select count(R.course_id)
from section as R

where 7 '.course_id= R.course_id and
R.year = 2017);

55
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Find all customers who have at least two accounts at the Jiading branch.

select distinct T.customer_name
from depositor T
where not unique(
select R.customer_name
from account, depositor as R
where T.customer-name = R.customer_name and
R.account-number = account.account_number and
account.branch_name = Jiading’)

select 7 .course_id
from course as T

Sf=y 3 =
where not unique (select R.course_id FRRRRTE
from section as R

where 7'.course_id= R.course_id and ',EE\‘%‘ ?l_t:':EF ﬁ‘ﬁT:EEE(H T16E
R.year = 2017); DR IRRGIRIE?

HLLFMETE201 7EZED TR

56
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> MEI(View)

* In some cases, it is not desirable for all users to see the entire logical model,
l.e., all the actual relations stored in the database

« Consider a person who needs to know a customer’s name, loan number and
branch name, but cannot see the loan amount

select customer_name, borrower.loan_number, branch_name
from borrower, loan
where borrower.loan_number = loan.loan_number

« Aview provides a mechanism to hide certain data from the view of certain
users. It's a virtual relation

57
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« Aview is defined using the create view statement
create view v as < query expression >

where v is the view name, and <query expression> is any legal SQL expression
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« Once aview is defined, the view name can be used to refer to the virtual

relation, and the query expression is stored in the database. The expression is
substituted into queries when the view is used.
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« Aview consisting of branches and their customers

create view all_customer as
(select customer_name, branch_name
from depositor, account
where depositor.account_number = account.account_number)
union
(select customer_name, branch_name
from borrower, loan
where borrower.loan_number = loan.loan_number)

« Find all customers of the Jiading branch
select customer_name
from all_customer
where branch_name = Jiading’
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Derived Relations

— Find the average account balance of those branches which have the average
account balance greater than $1200
select branch_name, avg_balance
from (select branch_name, avg (balance)
from account
group by branch_name)
as result (branch_name, avg_balance)
where avg_balance > 1200

select branch_name, avg (balance)
from account

group by branch_name

having avg (balance) > 1200

— Note: we do not need to use the having clause, since we compute the temporary
(view) relation result in the from clause, and the attributes of result can be used
directly in the where clause
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Find the maximum total balance across all branches
select max(tot_balance)
from (select branch_name, sum (balance)
from account
group by branch_name)
as branch_total (branch_name, tot_balance)
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» With=Fa]

« With clause allows views to be defined locally rather than globally. Analogous
to procedures in a programming language

« {A: Find all accounts with the maximum balance
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with max_balance(value) as
select max(balance)
from account

select account_number

from account, max_balance
where account.balance = max_balance.value
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Find all branches where the total account deposit is greater than the average of

the total account deposits at all branches
with branch_total (branch_name, value) as
select branch_name, sum (balance)
from account
group by branch_name

with branch_total avg (value) as
select avg (value)
from branch_total

select branch_name
from branch_total, branch_total _avg
where branch_total.value >= branch_total avg.value
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Scalar subquery (fr2F&18)) is used where a single value is expected
List all departments along with the number of instructors in each department

select dept_name,
(select count(*)
from instructor
where department.dept_name = instructor.dept_name)
as num_instructors
from department;

Runtime error if subquery returns more than one tuple
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* SQLH#EER

« SQLEHRENX

+ SQLEARIBESEE
- fIMME™ER

- KRiEH

- =(H

- RERM

- BREFEIR
- SRERERYZEY
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> FUEREAYZLY: Deletion

« Delete all the accounts at every branch located in Needham city

delete from account
where branch_name in (select branch_name
from branch
where branch_city = ‘Needham’)
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delete from depositor
where account_number in BE: N ERSFERR?
(select account_number
from branch, account
where branch_city = ‘Needham’
and branch.branch_name = account.branch_name)
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> EEEERYELY: Deletion(£E)

« Delete the records of all accounts with balances below the average at the bank
delete from account
where balance < (select avg(balance)
from account)

* Note: as we delete tuples from account, the average balance changes

* Solution used in SQL:

— First, compute avg balance and find all tuples to delete
— Next, delete all tuples found above (without recomputing avg or retesting the tuples)
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* Add a new tuple to account
insert into account values (‘4-9732°, ‘Perryridge’,1200)
or equivalently

insert into account (branch_name, balance, account_number)
values (‘Perryridge’, 1200, ‘A-9732°)

« Add a new tuple to account with balance set to null

insert into account
values (‘A-777’, ‘Perryridge’, null)
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Provide as a gift for all loan customers of the Jiading branch, i.e., a $200 saving account.
Let the loan number serve as the account number for the new saving account

insert into account
select loan_number, branch_name, 200
from loan
where branch_name = Jiading’

insert into depositor
select customer_name, loan_number
from loan, borrower
where loan.loan_number = borrower.loan_number
and branch_name = Jiading’
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> EURFERYEEN: Updates

* Increase all accounts with balances over $10,000 by 6%, and all other
accounts receive an increase of 5%.
— Write two update statements:
update account
set balance = balance = 1.05

where balance < 10000
I BE: MAREERSEERE?

update account
set balance = balance * 1.06
where balance > 10000

« The order is important
« Can be done better using the case statement (next slide)
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p CaseFwikil

« Same query: increase all accounts with balances over $10,000 by 6%, and all
other accounts receive 5%.

update account case
set balance = when pred,; then result,
case when pred; then result,

when balance <= 10000 then balance *1.05
else balance * 1.06

end end

when pred,, then result,
else result
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— DDL + DML — avg. min, max, sum, count
- DDL — group by, having
- HUEERIL. TEMULRE REFEIH
- SQLEF — E£482%: in. notin

— select¥4]. from=a]. where¥q]

— natural join, join ... using (...)
- SQLIImEHE
- BRzE. FFEEE. HiFrorder by

- ESiEHE
— union, intersect, except
- H

- S5 someF4). alFa.

exists, unique

- HE. SHXAR. withF8, ix&
FEiF

SR RERIZPN

— Deletion, Insertion, Update
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Exercises

— 3.8, 3.9 (EFEEHF—)

— 3.15,3.16, 3.17, 3.21 (EFEEHFTEN)
Submission

— Canvas LIE3Z, H{EENPDF{&
— Deadline: 20265ExHxH
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