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Part 0: Overview
— Ch1: Introduction

Part 1 Relational Languages
— Ch2: Relational model

— Ch3&4: SQL
— Chb5: 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
— Chl12: 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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ID name dept_ name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | El Said History 60000
45565 | Katz Comp. Sci. | 75000
08345 | 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 table

|_ID [ name | dept name |iot cred |
00128 Zhang Comp. Sci. 102
12345 | Shankar Comp. Sci. 32
19991 Brandt History 80
23121 Chavez Finance 110
44553 Peltier Physics 56
45678 | Levy Physics 46
54321 Williams Comp. Sci. 54
55739 Sanchez Music 38
70557 Snow Physics 0
76543 Brown Comp. Sci. 58
76653 Aoi Elec. Eng. 60
98765 Bourikas Elec. Eng. 98
98988 Tanaka Biology 120

Student table
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aduvisor

s_id
— iid

takes student
D P 1D <
course_id name
sec id — dept_name
semester toi_cred
year
. grade
section course
W course_id < ¥ course id department
Ly| sec_id < ™ title —> 4
ept_name
—>| semester < dept_name [ > building
> year < 2 credits
| building time_slot budget
| | room_no time_slot id
time_slot_id day
start_time
end_time
prereq instructor
classroom course id D
Ly building prereq_id name
p| TOOMm 10 dept_name
capacity teaches salary
ID
course_id
sec_id
semester
year

Database Design

Storage &
Indexing

Query & SQL

Transactions
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> R ERFAIR =

- BRI A—HME (dataredundancy and inconsistency)

— Multiple file formats (different programmers/languages/structures), duplication of information in different files

- EEIBEEME (difficulty in accessing data)

— Need to write a new program to carry out each new task

- HURIMIZ (dataisolation)

— Multiple files and formats
o  SSEMMRE (integrity problems)
— Integrity constraints (e.g., account balance > 0) become “buried” in program code rather than being stated explicitly
— Difficult to add new constraints or change existing ones
-  [FEFMHMERE (atomicity problem)
— Failures may leave database in an inconsistent state with partial updates carried out
+ E.g., transfer of funds from one account to another should either complete or not happen at all
- FHERIBBEIKE (concurrent-access anomaly)

— Concurrent access is needed for better performance but uncontrolled concurrent accesses can lead to
inconsistencies

- R (security problems)

— Difficult to provide user access to some, but not all, data
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Information world

Machine world

Real Word

Conceptual Model

Data model supported
by DBMS

Abstraction

Real world = Conceptual model
Database Designers

Conceptual model egpLogical model
Database Designhers

Logical model =2 Physical model
DBMS

13
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- MEE (View level)

— Users only need to access a part of the MEE
database. The view level simplifies the
interaction with the system

— Views can hide info (e.g., an employee’s
salary) for security purposes

RElL RE2 <o EIn

- iBSHE (Logical level) ‘

— Describe what data stored in database, and
the relationships among the data iR

- ¥IEE (Physical level) ‘

— Describe how a record is stored on storage
devices

ML=

14
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#2530 (Schema): EERIZEHS

— f5l40: the database contains the information about instructors and students, and the
relationship between them

- =R :
 External schema(9M&EZ{/FHET,): define at the app level
« Logical schema (i SRz (B EIRETU/HET): design at the logical level
« Physical schema(JIEt&E=/ETC/IFMEET): design at the physical level
sEffll(Instance)
- SENAYEEESIREEP ERRIES TR IEUEER— LA

RIVMISEHIZ BIRIR RS RIEE S P ERRENES AR ER
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PIREEIRIZ I (Physical data

independence) R AER1 MAER2 RIFEtER3
— The ability to modify the physical \/ /
schema without changing the sMESEA yMEStB
logical schema
ZEEEEM M (Logical data %ﬁiﬁ/ﬁ;ﬁ% /@vﬁ/ﬁﬁwz@s
independence) .
— The ability to modify the logical
schema without changing the I =TV RTURY S
external schema Mtz
Sz

16
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HIEIREY: URWAIAHN. T8, BN KEGRERIN—ERA. SIFITE
— RZEIEB!(Relational model)

» Record-based model, use tables as relations to represent data and their relationships

— SC{B-BXZ{EBY(Entity-Relationship data model)
« Mainly for database logical design

— EREEERREIEEBY(Semi-structured data model)
« JSON, XML, etc.

— BFHURIYEUEIEBY(Object-based data models)

« Extend the E-R model with the notions of encapsulation(¥1%£), methods(/5;%), and object
identity (RIFRIFIR)

- E{thEiERs

* Network model (e.g., Honeywell IDS, 1963)
» Hierarchical model (e.g., IBM IMS, 1968)

17
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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 Flec. 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

(a) The instructor table

«— Rows

18
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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

(a) The instructor table

deptname | building | budget
I Comp. Sci. || Taylor 100000
Biology Watson 90000
Elec. Eng. | Taylor 85000
Music Packard | 80000
Finance Painter | 120000
History Painter 50000
Physics Watson 70000

(b) The department table

19
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FUETENIES (Data-definition language, DDL)
— Specify the database schema and various constraints
FUEIRYNIES (Data-manipulation language, DML)
— Express database queries and updates

SQLERTEZDDLFIDML

23
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DDL: M #UHEFERT

— f5lan: create table department (
dept_name char(20),
building char(15),
budget numeric(12,2));

DDL compiler generates a set of tables stored in a data dictionary (£{E=81)

Data dictionary contains metadata (i.e., data about data)
— Database schema
— Data storage
» specify the storage structure and access methods
— Consistency constraints
« domain constraints

 referential integrity (reference constraints in SQL)
 authorization

24
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— also known as query language
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«  FFREIRIDML
— Procedural DML -- specify what data are needed and how to get those data.

— Declarative DML -- specify what data are needed without specifying how to get
those data.
 also referred to as non-procedural DMLs
+ easier to learn and use than procedural DMLs

25
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SQL: Structured Query Language, widely used non-procedural language
E.g., find all the instructors in the department of Computer Science

select instructor.name

from Instructor
where instructor.dept_name = ‘Computer Science’

E.g., find the IDs of all the instructors from those departments with a budget larger
than 95000

Select instructor.ID

from  instructor, department
where instructor.dept_name = department.dept_name and

department.budget > 95000

N FRtERF B &R R
— Embedded SQL
— Application program interface (e.g., ODBC/JDBC)

26



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

(a) The instructor table

dept_name building | budget
Comp. Sci. | Taylor 100000
Biology Watson 90000
Elec. Eng. | Taylor 85000
Music Packard | 80000
Finance Painter 120000
History Painter 50000
Physics Watson 70000
(b) The department table

27
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BLE3agit(Conceptual design): Decide what should be covered and their relations
» Use the entity-relationship (E-R) model

2%t (Logical design): Decide the database schema, find a “good” collection of
relation schemas (GR&IRI)
* Business decision — What attributes should be recorded in the database?

« Computer science decision — What relation schemas should we have and how should the
attributes be distributed among the various relation schemas?

— employ a set of algorithms (collectively known as normalization) that takes as input the set of all
attributes and generates a set of tables

¥IE8igit(Physical design): Decide the physical layout of the database

29
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— SE{F(Entity): a “thing” or “object” that is distinguishable from other objects

» Described by a set of attributes
— XZ(Relationship): an association among two or more entities

date
|
instructor : student
D @ D
name name
salary tot_cred

30
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course_id

course_dept

department

instructor
D
name
salary
course
course id sec_course
title
credits

prereq

prereq_id

dept_name
building
budget

section

classroom

building
room_number
capacity

stud_dept

student

D
name
tot_cred

sec_time_slot

time_slot

time_slot_id

{ day
start_time
end_time

l

31
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- {FEEIEEE(Storage manager)

— Minimize the need to move data between disk and main memory

- EFAMEEE(Query processor)

— Translate updates and queries written in a non-procedural language, at the logical
level, into an efficient sequence of operations at the physical level to help the
database system to facilitate the access to data

- ZRSZSEIEEE(Transaction manager)

— Ensure that the database remains in a consistent (correct) state despite system
failures, and that concurrent transaction executions proceed without conflicting

@ R m Az

TONGJI UNIVERSITY

33
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11% MZRAIEFN

The raw data are stored on the disk using the file system provided by the
operating system.

« The storage manager translates various DML statements into low-level file-
system commands.

el
- jz#tiﬁ—/ \

FfigEa)
ECIEASA

34
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— Interprets DDL statements and records the
definitions in the data dictionary.

° 13258 d relational-algebra
DML 4RiF=S | | ooreion
— Translate DML statements into an evaluation

plan consisting of low-level instructions that
the query evaluation engine understands. ey

) P %+ 5
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aluation engine
— Query optimization
- HiFHITEIE -
— Execute low-level instructions generated by —
the DML compiler ’ about data

35
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ESZ(Transaction)

A collection of operations that perform a single logical function in a database
application

ACID: Atomicity(JE—F%). consistency(—E1%). Isolation(3IZ14%). durability(
FEAE)

EZEMWEE(Transaction manager)

Ensure that the database remains in a consistent (correct) state despite system
failures (e.g., power failures and operating system crashes) and transaction
failures

HAEIE=HIEIEEE: Control the interaction among the concurrent transactions to
ensure the consistency of the database.

RS EIEZE: Failure recovery

36
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B%?

One transaction that transfers funds from account A to account B could
IS composed of two separate steps:

— debits ({&12) account A,
— credits account B.

Will the execution of these two steps one after the other preserve
consistency?

Are steps A and B transactions?

37
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(ter;lae::se :gmsers's application soph::;iated database
web ;.Jsers) ‘ programmers (analysts) administrators
use write use use

application application query
interfaces rograms tools

administration
tools

AR

MAMIA

corri]_:v“:'iférand DML queries DDL interpreter
HUREER 1
T application
' ) M program DML compiler
object code and organizer

query evaluation J
engine

query processor

and integrity
manager

authorization

transaction
manager

\ indices

‘ data dictionary |

statistical data

p/

storage manager

disk storage

HIEEERRS

LR
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- BMEMRZEI: e.qg., client programs using ODBC/JDBC to
communicate with a database directly

- ZSEIERLEIE: e.g., web-based applications, and applications built
using “middleware”

@) P # + 5
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o e e = = m

! 1
f ]
| [ : :
[ : I [
: | ! |
: | client ! |
I S : |
! application ! | application client |
R B [ I\ _________________ !
network network
A \ I"_ ________________ \|
; | application server !
|
! server | | !
I | |
I | i
|

database system

_________________________________

a. two-tier architecture b. three-tier architecture 41
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— TSR (Naive users)
» Use application programs that have been developed previously
» E.g., people access database over the web, ATMs, various apps
— MEERR(Application programmers)
* Interact with system through DML calls

— BWEFER(Sophisticated users)
» Form requests using a database query language

@) P # + 5

” TONGIJI UNIVERSITY
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- DBARHUEERFHATEEIRIEEENNEE, XWDBMSLIKEWREERIR

M

S RBERIFHIIR R

« DBA's duties

schema definition

storage structure and access method definition

schema and physical organization modification

granting of authorization for data access

routine maintenance

specify integrity constraints

act as liaison with users

monitor performance, and respond to changes in requirements

44
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60s &4 70s 3¢ 80s &E 90s T 00s X&E 10s =i&EiH 20s? ?
o KZREHY Q}Eﬁ e OLTP « OLAP * NoSQL - mR4E
- SQLES - DR
KR
@ ERE
iR P SoR pEa E8El
— _______ Teradata Stazt
i T
e éz iRz
i . System R (SQL)
L owsw U p v UEm
- ....... A B2 S AT
PURBLESIRRE %=
CODASTY ;ziz
BEASHFESKSQL, e, AE. aly EMsR: KV, 8. B s
G | EB&EE
oogle CouchDB Cassandra Neo4)
NoSQL  ig Table MongoDB Redis
HEERES XEE Ethld BIRERS AN —HIEREE

ElR3&Charles Bachman ER3E: Edgar Codd E|R3Z: Jim Gray ElR#&Mike.Stonebraker ER#Z: Leslie Lamport

5 E

(=
Ea Hanlked Codd | # g

Inventor of

)
Relational Model for '% <.’
Database W 4 =
s g
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- FHDBMS

Oracle

IBM DB2 (from System R, System R*, Starburst)
Microsoft SQL Server

Sybase

Informix (acquired by IBM), .

J:FJEDBMS

PostgreSQL (from UC Berkeley’s Ingres, Postgres)
MySQL

E{hDBMS

NoSQL (Not only SQL, for big data): HBase, MongoDB, Neo4J, Redis, Cassandra
NewSQL: OceanBase, openGauss, etc.

48
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Feb
2026

1.

—

Cle (@I Nk~ IN

Rank

Jan
2026

1.
2.
3.
4.

5.

~

©

10.

Feb
2025

1.
2.

3.

4.

5.
7
$6.
13,

DBMS

Oracle

MySQL

Microsoft SQL Server
PostgreSQL
MongoDB

Snowflake

Redis

Databricks

IBM Db2

Elasticsearch

https://db-engines.com/en/ranking

Database Model

Relational, Multi-model |gj
Relational, Multi-model |gj
Relational, Multi-model |gj
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