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Part 0: Overview
— Ch1: Introduction

Part 1 Relational Languages
— Ch2: Relational model

— Ch3&4: 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

— Ch10: Big data

— Ch11: Data analytics

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

— Ch13: Data storage structures
— Ch14: 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,
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ID name dept_name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | El Said History 60000
45565 | Katz Comp. Sci. | 75000
98345 | Kim Elec. Eng. 80000
76766 | Crick Biology 72000
10101 | Srinivasan | Comp. Sci. | 65000
58583 | Califieri History 62000
83821 | Brandt Comp. Sci. | 92000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
76543 | Singh Finance 80000
Instructor

course_id | title dept_name credits
BIO-101 Intro. to Biology Biology 4
BIO-301 Genetics Biology 4
BIO-399 | Computational Biology Biology 3
CS-101 Intro. to Computer Science | Comp. Sci. 4
CS-190 Game Design Comp. Sci. 4
CS-315 Robotics Comp. Sci. 3
CS-319 Image Processing Comp. Sci. 3
CS-347 Database System Concepts | Comp. Sci. 3
EE-181 Intro. to Digital Systems Elec. Eng. 3
FIN-201 Investment Banking Finance 3
HIS-351 World History History 3
MU-199 Music Video Production Music 3
PHY-101 | Physical Principles Physics 4
Course
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adwvisor

s_id
iid

o student
» D <
%Dur e id name
ﬁ dept_name
= tot_cred
semester
year
. grade
section course
b course_id < —3 course_id department
-»| sec_id “ ] title dept name
Ly semester P dept name _,—; gdept_nanm
> year < . ] crfdﬁs building
| building time_slot budget
{ | room_no time_slot_id
time_slot_id day
start time
end_time
prereq instructor
classroom L course id D >
|| building | prereq_id name
»| room no dept_name
capacity teaches salary
ID
course_id
sec_id . . - =
semester University DB{&Ez{E]
year
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» XF(Relation)
« KERIUHEENX

— Given sets D4, D,, -+, D,,, a relation r is a subset of D; x D, X ---x D,,, i.e., a set of n-
tuples (ay, a,, -, a,) where each a; € D;(i = 1,...n)

- fouan:
customer_name = {Jones, Smith, Curry, Lindsay}
customer_street = {Main, North, Park}
customer _city = {Harrison, Rye, Pittsfield}
UK

r = {(Jones, Main, Harrison), (Smith, North, Rye), (Curry, North, Rye)}
IS a relation over customer _name x customer_street x customer_city
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lé/l\%g m_gﬂ)%lrigﬂm: A]_; AZ; ey An
B 1&aY1E (Domain)
— the whole set of available and legal values of the attribute

ETERY(E
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Relation schema: R = (4, 4,, ..., 4,)

- Ay, A,, ..., Ayare attributes

- 1r(R) is a relation on the relation schema R
5 : instructor-schema =(id, name, dept_name, salary)

— instructor(instructor_schema) is a relation on instructor-schema

ID name dept_name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | EIl Said History 60000
45565 | Katz Comp. Sci. | 75000
98345 | Kim Elec. Eng. 80000
76766 | Crick Biology 72000
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The current values (i.e., relation instance) of a relation are specified by a table
An element t of relation r is a tuple (3tZB), represented by a row in the table

The order of tuples/attributes in a relation is irrelevant (7o ZE/Y)

Tuples/Rows

Attributes/Columns

ID name dept_name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | El Said History 60000
45565 | Katz Comp. Sci. | 75000
98345 | Kim Elec. Eng. 80000
76766 | Crick Biology 72000
10101 | Srinivasan | Comp. Sci. | 65000
58583 | Califieri History 62000
83821 | Brandt Comp. Sci. | 92000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
76543 | Singh Finance 80000

10
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p HEREIRT (Database Schema)

« A database consists of multiple relations

« Storing all information as a single relation results in

— BUBTUR: repetition of information, e.g., one department has many
students, record the information of both department and student

— BUBEIEIR: the need for null values, e.g., represent a student with only a
few courses

« Normalization(#l3&{t) theory (Chapter 7) discusses the ways to design
good relational schemas

W P+ F
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course_id

course_dept

department

instructor
D

hame
salary

course

course_id
title
credits

sec_course

prereq_id

E-R Diagram for University Database

dept_name
building
budget

section

sec id_

classroom

building

capacity

room number

stud_dept

student

D
name
tot_cred

sec_time_slot

time_slot

time_slot_id

{ day
Start_time
end_time

}

Schema for University Database

T student
D ID -
course_id name
secid dept_name
tot_cred
semester
year
grade
section course
course_id course_id department advisor
sec_id — title p sl
semester le—— dept_name ZC 'l[dvnu’mc ﬁi
year | time slot credits uramg —
building = budget
room_no time_slot_id
time_slot_id I— day
rt_time
end_time
prereq instructor
classroom course id D
Ly| building prereq_id name
L—»{ room_no dept_name
capacity teaches salary
ID
L{ course_id
L_{ sec_id
L semester
L year

14
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#8f3(Superkey)

— Let K € R, K is a superkey of relation schema R if the values of K are sufficient to
identify a unique tuple of each possible relation r(R)

— E.g.{instructor_id} and {instructor _id, instructor_name} are the superkeys of

instructor
— Iftuples t; # t,, then t;[K] # t,[K]

{®iEfS(Candidate key)

- K is a candidate key if K is minimal

— E.qg., {instructor_id} is a candidate key for instructor

FEf3(Primary key)

ID name dept_name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000

— A candidate key is chosen by the DB designer to identify tuples within a relation

16
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adwvisor

s_id
i_id

o student
» D <
%}ur e _id e
sec isd dept_name
= tot_cred
semester
year
. grade
section course
w| course_id < __E course_id department
-»| sec_id “ title dept name
Ly semester P dept name _,—; gdept_nanm
» year < = ; crfdﬂ.‘s building
| building time_slot budget
1| room_no time_slot_id
time_slot_id day
start_time
end_time
prereq instructor
classroom L course id D
|| building | prereg_id name
»| room no dept_name
capacity teaches salary
ID
course_id
e EH. 42N 50 ?
semester BE: FNRENRIED?
year
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section (course id, sec id, semester, year, building, room number, time slot id)

course_id | sec_id | semester | year | building | room_number | time_slot_id
BIO-101 1 Summer | 2017 | Painter 514 B
BI10O-301 1 Summer | 2018 | Painter 514 A
CS-101 1 Fall 2017 | Packard 101 H
CS-101 1 Spring 2018 | Packard 101 F
CS-190 1 Spring 2017 | Taylor 3128 E
CS-190 2 Spring 2017 | Taylor 3128 A
CS-315 1 Spring 2018 | Watson 120 D
CS-319 1 Spring 2018 | Watson 100 B
CS-319 2 Spring 2018 | Taylor 3128 C
CS-347 1 Fall 2017 | Taylor 3128 A
EE-181 1 Spring 2017 | Taylor 3128 C
FIN-201 1 Spring 2018 | Packard 101 B
HIS-351 1 Spring 2018 | Painter 514 C
MU-199 1 Spring 2018 | Packard 101 D
PHY-101 1 Fall 2017 | Watson 100 A

18
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*  4MB(Foreign key)
— Avrelation schema R; may include among its attributes the o ;“‘de”* .
primary key of another relation schema R,. This attribute is e e
called a foreign key from R{, referencing R, otcred
— Relation 7y is called the referencing relation (28K %) of the .
foreign key dependency, and r, is called the referenced relation d;p“"’”e'ft advisor ||
. . — 3| dept_name s_id
(#SHBXZ) of the foreign key dependency et — i
.  SHBTELYTR (Referential integrity constraint)
instructor
— The values appearing in specified attributes of any tuple in the oo
referencing relation should also appear in specified attributes of dept_name

salary

at least one tuple in the referenced relation

19
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advisor

s id
i id

takes student
D » 1D <
course_id nane
sec id dept_name
semester tok_cred
year
. grade
section course
w course id < —3| course_id department
Ly sec_id B M title dept_name
—» semester < dent I—! depl_nam
< pe_narme | building
» year < : credits
| building time_slot budget
1| room_no time_slot_id
time_slot_id day
start_time
end_time
prereq instructor
classroom L couree id D
L»| building | prereq_id narme
»| room_mno dept_name
capacity teaches salary
1D
course_id
sec_id
semester
year

Schema diagram for the university database

21



» & E(Schema Diagrams) R i # %

TONGIJI UNIVERSITY
branch accotint depositor customer
: branch-name account-number customer-name > customer—name
Schema Di agram for the branch-city {—I— branch-name <—|— account-number customer—street
bankin g database assets balance customer—city

loan borrower
loan-number <—|_ customer-nanie
branch-name loan-number

amount

branch (branch_name, branch_city, assets)

customer (customer_name, customer_street, customer_city)

. . ] account (account_number, branch_name, balance)
Relations in banking

database loan (loan_number, branch_name, amount)

depositor (customer _name, account_number)

borrower (customer name, loan_number)

22



> B=R

< TONGIJI UNIVERSITY

REEUEZHIZE
SRR

g

fRzVE
XRERIES
RECE

23



p XEEHES

« Relational query language: used to request information from the
database

— Procedural (3F2=)/EREL
 Relational Algebra (X(Z{0)
— Non-procedural/Declarative (FEISFEIN/FRATC)

- SQL (LU EEES
« Tuple Relational Calculus* (JTAXZES)
« Domain Relational Calculus* (IfX&K/EH)

(@) P [+ F

” TONGII UNIVERSITY
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« A procedural language consisting of a set of operations that take one
or two relations as input and produce a new relation as the result

. AMEFRME (I —TEE, Hit: “TEH)

7\l

Select (i%1%)

Project (1&%7)

Union (&%)

Set difference (E&E)
Cartesian product (E5K/RFH
Rename (Efp1R)

26
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* Notation: op(r) = {t|t € r and P(t)}
- P is the selection predicate(15E3¥181a]) consisting of A(and), v(or), —(not),

= # <>, <, >
— 51
Al B|c|D
T.0117 A|B| C| D
a| B| 5|7 a|lal|l |7
gl pliz| 3 Bl pl23|10
gl pla3|10
relation r Oa=p A D>5(T)

27
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f5: select those tuples of the instructor relation where the instructor is
in the “Physics” department

— Query
Gdept_name = “Physics” (In structor )
Result
‘ ID ‘ name ‘ dept_name ‘ salary ’
22222 | Einstein | Physics 95000
33456 | Gold Physics 87000

1D name dept_name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | El Said History 60000
45565 | Katz Comp. Sci. | 75000
98345 | Kim Elec. Eng. 80000
76766 | Crick Biology 72000
10101 | Srinivasan | Comp. Sci. | 65000
58583 | Califieri History 62000
83821 | Brandt Comp. Sci. | 92000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
76543 | Singh Finance 80000

Instructor relation

28
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Combine multiple predicates into a larger predicate by
using the connectives: A (and), v (or), — (not)
— {4l: find the instructors with a salary greater $90,000 in
Physics Department

Odept_name=“Physics””/\ salary > 90,000 (instructor)

The select predicate may include comparisons
between two attributes

— f5: find all departments whose names are the same as
their building names:

Gdept_name=building (dep artment )

student

ID

A

naime
dept_name
tot_cred

department

dept_name
building
budget

instructor

D
name

dept_name
salary

advisor

s id
— i_id

29
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ﬁ%: HAl,Az,,Ak (r)

- A4, Ay, .

that are listed

— Duplicate rows are removed from the result, since relations are sets

A

B

Cc

.., A;, are attribute names and r is a relation name
— The result is defined as the relation of k columns obtained by selecting the columns

=X ™ ] R

10
20
30
40

N = = =

relation r

Al C Al C
a | 1 al| 1
a | 1 Bl 1
Bl 1 8| 2
B| 2

[y (r)

30



> IZFHRE(LE)

P i+ F

TONGIJI UNIVERSITY
« {5i: List the ID, name and salary of each instructor
*  Query:
1_[ID, name, salary (InStI’ uctor )
. Result: 1D name dept_name salary
‘ D ‘ Py— ‘ salar ‘ 22222 | Einstein Physics 95000
— Y 12121 | Wu Finance 90000
10101 | Srinivasan | 65000 32343 | El Said History 60000
12121 | Wu 90000 45565 | Katz Comp. Sci. | 75000
IS1 | Mozart | 40000 98345 | Kim Elec. Eng. | 80000
22222 | Einstein 95000 76766 | Crick Biology 72000
32343 | El Said 60000 10101 Srinivasan | Comp. Sci 65000
;ﬂ‘ : EE p. .
i fg%'?‘ 33456 | Gold 87000 58583 | Califieri History 62000
EESENs? 45565 | Katz 75000 83821 | Brandt Comp. Sci. | 92000
58583 | Califieri 62000 15151 | Mozart Music 40000
76543 | Singh 80000 33456 | Gold Physics 87000
76766 | Crick 72000 76543 | Singh Finance 80000
83821 | Brandt 92000 _
98345 | Kim 80000 Instructor relation

31
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p |~ WI%5s(Generalized Projection)

« Extend the projection operation by allowing arithmetic functions in the projection
list g, f,,..F, (E)
- E is any relational-algebra expression

— Each of F,, F,, ..., E, is a arithmetic expression involving constants and attributes in
the schema of E

» Given relation credit_info(customer_name, limit, credit _balance), find how much
more each person can spend:

chstomer_name, limit—credit_balance (credit_info)

32
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F8:rus={tlterorte€s}
- 1, s must have the same arity ([&7cHY), i.e., the same number of attributes

— The attribute domains must be compatible (fEZHY)
+ E.g., the 2nd column of r has the same type of values as the 2nd column of s

— f5: find all courses in the Fall 2025 semester, or in the Spring 2026 semester, or in

both:

1_[course_id( Osemester= "Fall” A year=2025 (SeCﬁ on )) U 1_[course_id (O-semester= “Spring” A year=2026 (SeCti on ))

A

R

B A| B
1 a| 2
2 Bl 3
1

relations r, s

A| B
a | 1
a| 2
Bl 1
g3
rus

33
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s S :r—s={tlt€randt ¢ s}
— Set difference must be taken between compatible relations, i.e., r and s must
have the same arity and attribute domains

— f5:

A| B A| B
A| B

1 al| 2
1

B |1 s P
r

relations r, s r—s

34



@) P %+ 5

&=’ TONGIJI UNIVERSITY

P SKEE(E)

- f5: find all courses taught in the Fall 2025 semester, but not in the Spring 2026
semester

1_[course_id( Osemester="Fall’A year=2025 (section )) - 1_[course_id (O-semester=“8pring”/\ year=2026 (section ))

35
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c 8:rxs={tq|t€randq € s}
— The attributes of r(R) and s(S) should be disjoint, i.e., RNS =0
— If the attributes of r(R) and s(S) are not disjoint, then renaming is required

A| B | C| D | E
A | B ¢ | b|E a| 1] a|l0] a
a |1 |p 10| a
a | 1 : ;g a «| 1| 5|20 b
B 2 20| b a| 1| y|10| b
B ol Bl 2| al10] a
r 4 Bl 2| pl10]| a
s Bl 2| plao| b
Bl 2| yl10]l b

relations r, s rXxs

36



‘ ID ‘ name dept_name l salary‘

22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | El Said History 60000
45565 | Katz Comp. Sci. | 75000
98345 | Kim Elec. Eng. 80000

H 76766 | Crick Biology 72000
'nStrUCTor 10101 | Srinivasan | Comp. Sci. | 65000

58583 | Califieri History 62000
83821 | Brandt Comp. Sci. | 92000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
76543 | Singh Finance 80000
instructor X teaches
‘ D ‘ course_id ‘ sec_id ‘ semester ‘ year |
10101 | CS-101 Fall 2017
10101 | CS-315 Spring 2018
10101 | CS-347 Fall 2017

12121 | FIN-201
15151 | MU-199
22222 | PHY-101
32343 | HIS-351
Teaches 45565 | Cs-101
45565 | CS-319
76766 | BIO-101
76766 | BIO-301
83821 | CS-190
83821 | CS-190
83821 | Cs-319
98345 | EE-181

Spring 2018
Spring 2018
Fall 2017
Spring 2018
Spring 2018
Spring 2018
Summer | 2017
Summer | 2018
Spring 2017
Spring 2017
Spring 2018
Spring 2017

e S I S R e e e e R e i e S S =y

instructor.ID | name dept_name ‘ salary ‘ teaches.ID | course_id |sec_id | semester ‘ year |
10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-101 1 |Fall 2017
10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-315 1 Spring | 2018
10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-347 1 |Fall 2017
10101 Srinivasan | Comp. Sci. | 65000 | 12121 | FIN-201 1 |Spring |2018
10101 Srinivasan | Comp. Sci. | 65000 | 15151 | MU-199 1 |Spring |2018
10101 Srinivasan | Comp. Sci. | 65000 | 22222 |PHY-101 1 | Fall 2017
12121 Wu Finance 90000 | 10101 |CS-101 1 |Fall 2017
12121 Wu Finance 90000 | 10101 |CS-315 1 |Spring |2018
12121 Wu Finance 90000 | 10101 |CS-347 1 | Fall 2017
12121 Wu Finance 90000 | 12121 |FIN-201 1 | Spring |2018
12121 Wu Finance 90000 | 15151 |MU-199 1 | Spring |2018
12121 Wu Finance 90000 | 22222 |PHY-101 1 | Fall 2017
15151 Mozart Music 40000 | 10101 |CS-101 1 |Fall 2017
15151 Mozart Music 40000 | 10101 |CS-315 1 |Spring |2018
15151 Mozart Music 40000 | 10101 |CS-347 1 |Fall 2017
15151 Mozart Music 40000 | 12121 | FIN-201 1 | Spring |2018
15151 Mozart Music 40000 | 15151 | MU-199 1 | Spring |2018
15151 Mozart Music 40000 | 22222 |PHY-101 1 | Fall 2017
22222 Einstein | Physics 95000| 10101 |CS-101 1 |Fall 2017
22222 Einstein | Physics 95000| 10101 |CS-315 1 |Spring |2018
22222 Einstein | Physics 95000 | 10101 |CS-347 1 | Fall 2017
22222 Einstein | Physics 95000 | 12121 |FIN-201 1 |Spring |2018
22222 Einstein | Physics 95000 | 15151 |MU-199 1 | Spring |2018
22222 Einstein | Physics 95000 | 22222 |PHY-101 1 | Fall 2017
37
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- E.g., 04—c(r X s)

A | B C| D | E
a 1 a | 10| a
p 10| a

gl2 8| 20| b
r y 10| b

rXs Op=c(r X S)
A/ B|C|D|E A| B | C | D|E
@|1)a 10 a a|1|al|10)|a
a | 1 B 10 | a B 2 B 20 a
a| 1|y 10 b
Bl 2| a|10| a
Bl 2| p|10| a
p|l 2| |20 b
p1 2| y[10] b

38
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> HSIRIF(LE)

Oinstructor.id = teaches.id (m structor X teach es))

‘ instructor.ID ‘ name | dept_-name | salary ‘ teaches.ID | course_id ‘ sec_id | semester ‘ year |
10101 Srinivasan | Comp. Sci. | 65000 10101 | CS-101 1 |Fall 2017
10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-315 Spring | 2018
10101 Srinivasan | Comp. Sci. | 65000 | 10101 | CS-347 Fall 2017
12121 Wu Finance 90000 | 12121 |FIN-201 Spring | 2018
15151 Mozart Music 40000 | 15151 |MU-199 Spring | 2018
22222 Einstein | Physics 95000 | 22222 |PHY-101 Fall 2017
32343 El Said History 60000 | 32343 | HIS-351 Spring | 2018
45565 Katz Comp. Sci. | 75000 | 45565 | CS-101 Spring | 2018
45565 Katz Comp. Sci. | 75000 | 45565 | CS-319 Spring | 2018

76766 Crick Biology 72000 | 76766 | BIO-101
76766 Crick Biology 72000 | 76766 | BIO-301
83821 Brandt Comp. Sci. | 92000 | 83821 |CS-190
83821 Brandt Comp. Sci. | 92000 | 83821 |CS-190
83821 Brandt Comp. Sci. | 92000 | 83821 |CS-319
98345 Kim Elec. Eng. [80000| 98345 |EE-181

Summer | 2017
Summer | 2018
Spring | 2017
Spring | 2017
Spring | 2018
Spring | 2017

— DN DN = = e e e e e e e e e

39



F‘) '»‘,h%?g +‘ ,l%

TONGJI UNIVERSITY

p EHZiEE(Rename Operation)

» Allows us to name, and therefore to refer to, the results of relational-algebra
expressions

- E.g., px(E) returns the expression E under the name X

« If arelational-algebra expression E has n attributes

~  DPx(ApA,,..Ay) (E) returns the result of expression E under the name X, and with the
attributes renamed to 44, A4,, ..., 4,
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branch

account

depositor customer

branch-name

account-number <—|_ customer-name

customer-name

Y

branch-city
assets

branch-name

balance

account-number customer—street
customer—city

loan borrower

loan-number <—|— customer—name

branch-name loan-number
amount
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 Find all loans of over $1200

Oamount>1200 (loan)
« Find the loan number for each loan of an amount greater than $1200

I loan_number (aamount> 1200 (loan))

branch account depositor customer
branch-name <—|_ account-number <—|_ customer-name > customer-name
branch-city ™ branch-name account-number customer—street
assels balance customer—city

loan borrower

loan-number <—|— customer-name

branch-name loan—number
amount
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 Find the names of all customers who have a loan, an account, or both, from the
bank

w A4S

TONGJI UNIVERSITY

Meystomer name (borrower) U Meystomer name (depositor)

branch account depositor customer
branch-name {—I_ account-number <—|_ customer-name » customer-name
branch—city branch-name account-nimber cuistomer—street
assels balance customer-city
loan borrower
loan—number <—|_ customer—name

branch-name loan-number

amount
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» Find the names of all customers who have a loan at the Jiading branch

@) P %+ 5
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chstomer_name (Gbranch_name:“J' iading”

(O-bor'r'ower'./oan_number' = Ioan.loan_number'(bor' rower X Ioan)))

* Find the names of all customers who have a loan at the Jiading branch but do
not have an account at any branch of the bank

chstomer_name (Gbr'anch_name = "Jiading”

(Gborrower./oan_number = /oan./oan_number(bor‘r‘ower‘ X loan))) - chstomer_name(depos'Tor')
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Find the names of all customers who have a loan at the Jiading branch
Query 1

chs‘romer‘_name(cbr‘anch_name ="J iading" (

Gbor‘r‘ower'.loan_number‘ = loan.loan_number bOI"I"OWCI" X Ioan)))

Query 2

chs‘romer_name(sloan.Ioan_number = borrower.loan_number
((Gbranch_name = “Jiading"(loan)) X bor'r'ower'))

BE: IMINTEARENFNG? BlIFAEXA?
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Find the largest account balance

Stupid Strategy

— Rename account relation as d so that we can compare each account
balance with all others

— Find those balances that are not the largest

— Use set difference to find those account balances that are not found in
the previous steps

l_Ibalance(acco‘-mt) - 1_[account.balance(cyaccount.ba/ance < d.balance (GCCOUHt X Pd (GCCOUHt)))
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p XFEFIET(Relational Expressions)

» A basic expression in the relational algebra consists of either one of the
following:
— relations in the database

— constant relations, e.g., {(22222, Einsteir, Physics, 9500), (76543, Singh, Finance,
80000)}

@) P %+ 5
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«  EEREMNEERIAINEME,, WaJLIERI X AREEREL:
- EyVUE,
- E - E
- E{ XE,
- 0y,(Ey1), P is a predicate on attributes in E;
- II4(Ey), S is a list of attributes in E;
- px(E;y), X is the new name for the result of E;
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> FEINORAIRE
BIINIRIE: BTEtERBRS, FEIMEMKRENLEEIERIFE

— Set intersection ((£532)
— Natural join (B2AIER)
— Outer join (9MNEE)

— Division (fR)

— Assignment (TH{E)
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e {8 :rNns={t|terandt € s}
- 1, s have the same number of attributes
— the attributes of r and s are compatible
- rNs=r—(r-—s)

Relations r,s: |A | B Al| B
o 1 o 2
(04
B | 3
B | 1

rNs: Al B
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f5: find all the courses taught in both the Fall 2025 and the Spring 2026
semesters

1_[course_id (Gsemester=“Fall” N year=2025 (SeCﬁ on )) M 1_[course_id (G semester="Spring” A year=2026 (SeCti on ))
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> BEAEE(Natural Join)

e JB:rXs
 Letr and s be the relations on schemas R and S, respectively. Thenr x s is a
relation on schema R U S obtained as follows
— Consider each pair of tuples t, from r and t; from s

If t,- and t; have the same value on each of the attributes in R N S, add a tuple t to
the result, where

e t hasthesamevalueast,onr

e t hasthe samevalueast;ons

- fl: R=(@4, B, C, D),S=(B,D,E)
— Result schema: (4,B,C,D,E)
- 1 x s is defined as: Hr.A, r.B,r.C,7r.D, S.E(GT.B=S.B Ar.D=s.D (T‘ X S))
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 Letr(R) and s(S) be relations without any attributes in common, i.e., R N
S=0.Then,rxs=rxs
e 0-join
— An extension to the natural-join operation that allows us to combine a selection
and a Cartesian product into a single operation

— Consider relations r(R) and s(S), and let 8 be a predicate on attributes in the
schema R U S. The theta join r ™y s is defined as: r Mg s = gy(r X 5)

c F‘) ';/%\ +‘ ,t%

TONGJI UNIVERSITY
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Relations 7, s:

[a Y S
—

o

o
N N
NONwWwm

o
—
OO0 oD

D WN ~
0o 0 o 01 O

rXs

A B C s BE
al b1 5 bl 3
al b2 6 b2 7
a2 b3 8 b3 10
a2 b4 12 b3 2
bs 2
ARBCSBE
al b1 5 bl 3
al b2 6 b2 7
a2 b3 8 b3 10
a2 b3 8 b3 2

ARBCSBE
al b1 5 b2 7
al bl 5 b310
al b2 6 b2 7
al b2 6 b3 10
a2 b3 8 b3 10

r MC<E S
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> HMEE(Outer Join)

* An extension of the join operation that avoids loss of information

« Compute the join results, and then add tuples from one relation that does not
match tuples in the other relation to the join results

 Use null values:

@) P 5

” TONGIJI UNIVERSITY

— Null signifies that the value is unknown or does not exist
— All comparisons involving null are (roughly speaking) false by definition
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loan-number | branch-name amount | | customer-name loan-number
L-170 Downtown 3000 Jones L-170
L-230 Redwood 4000 Smith L-230
L-260 Perryridge 1700 Hayes L-155

Relation loan

Relation borrower

| loan-number | branch-name | amount [customer-name| | loan-number | branch-name | amount | customer-name
L-170 Downtown 3000 | Jones L-170 Downtown 3000 Jones
L-230 Redwood 4000 | Smith L-230 Redwood 4000 | Smith
L-260 Perryridge 1700 null

Inner Join: loan X Borrower

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

L-170 Downtown 3000 Jonhes
L-230 Redwood 4000 Smith
L-155 null null Hayes

Right Outer Join: loan XC borrower

Left Outer Join: loan _]X| Borrower

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

L-170 Downtown 3000 Jones
L-230 Redwood 4000 Smith
L-260 Perryridge 1700 null

L-155 null null Hayes

Full Outer Join: loan 2X_ borrower
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- FS:r=s
- r and s are relations on schemas R and S, respectively
e R=(A44,....,Apn, By, ..., By)
e S=(By,..,By)

— The result of r = s is a relation on schema R — S = (44, ...

r+s={t|t €llz_s(r) AVu € s(tu € r)}

« Atupletisinr =+ sifand only if both conditions hold:
- tisinIlz_gs(r)
— For every tuple t; in s, there is a tuple t, in r satisfying:
o t[S] = t[S]
e t.[R-S]=t

,Ap), i.e.,
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Relations r, s:

AN

0

XM M Q%W ™R KK

N~ OANWRFRRROWNR

59



> BR(£E)

) P %+ 5

” TONGIJI UNIVERSITY

Definition in terms of the basic algebra operation
— Letr(R) and s(S) be relations, and let S € R

- 1+5=1Ig_s(r) —Ng_s((Tg_s(r) X 5) —z_gs(r))

To see why
- Tlg_ss(r) simply reorders attributes of r

- Mz_s((ITg_s(r) X s) —Nr_ss(r)) gives those tuples t in I1z_g(r) such that for
sometupleu €s,tu é&r
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» Find all the customers who have accounts from both “Jiading” and “Pudong”
branches

* Query1

- ¢y (aBN:Ul-admgvv(depositor > account)) N My (0pN="Pudong"(depositor X account))

— where CN denotes customer_name and BN denotes branch_name

* Query 2
l_[customer_name,branch_name (depOSitor X account) -~ ptemp(branch_name) ({(“]iading")» (“PUdong")})

— Query 2 uses a constant relation
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 Find all the customers who have an account at all branches located in
Shanghai

l_[customer_name,branch_name (dep ositor X account)
Mpranch name (Gbranch_city="Shanghai" (branc h))

W REAS

TONGJI UNIVERSITY
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> IH{EIEE (Assignment)

The assignment operation (<) provides a convenient way to express complex
queries
— Write query as a sequential program consisting of

* a series of assignments
« followed by an expression whose value is displayed as a result of the query

— Assignment must be made to a temporary relation variable
E.g., write r = s as:
- tempy < lp_s(7)

- temp, < lg_g((temp, X s) — lg_g5(1))
- result = temp, — temp,
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%Aﬁﬁ

avg: average value
— min: minimum value
— max: maximum value
— sum: sum of values
— count: number of values

RERYPRIRSEN

- G1,G1,..sGnIF1(A1),F5(A2),...Fn (A7) (E)
e [Eis any relational-algebra expression
e Gq,G,, ..., G, is alist of attributes on which to group (can be empty)

« Each F; is an aggregate function
« Each 4; is an attribute name
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Relation r:

h N

> ™ R R

™ ™ ™ R

w N N O

10

Group relation account by branch _name:

9 sum(c) (r): | Sum(C)
27

| branch_name| laccount_number |

branch_name g sum(balance) (account)

Perryridge
Perryridge
Brighton
Brighton
Redwood

A-102
A-201
A-217
A-215
A-222

balance |
400 |branch_name||  balance |
200 Perryridge 1300
750 Brighton 1500
750 Redwood 700
700
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> REHH(LE)

« The result of aggregation does not have a name
— Use rename operation to give it a name
— For convenience, we permit renaming as part of aggregate operation

branch_name 9 sum(balance) as sum_balance (account)
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- Exercises (R B5E7hR)
— 2.6,2.7,2.8,2.14,2.15 (%EEHIN5E)

e Submission

— Canvas HiB3Z, HEBR/PDFN{&
— Deadline: 2026838 15H
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