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Outline of the Course

= Part O: Overview - Part 3 Data Storage & Indexing
- Lect. 1(Feb. 29) - Chl: Introduction - Lect. 7 (Apr. 25) - Ch12/13: Storage
. tems & structures
Part 1 Relational Databases 5YS . .
- Lect. 2 (Mar. 7) - Ch2: Relational model - Lect. 8 (May 3 -> Apr. 28) - Ch14: Indexing
(data model, relational algebra)  Part 4 Query Processing & Optimization
- Lect. 3 (Mar. 14) - Ch3&4: SQL - Lect. 9 (May 10) - Ch15: Query processing
(Introduction and intermediate) - Lect. 10 (May 17 ) - Ch16: Query
- Lect. 4 (Mar. 21) - Ch5: Advanced SQL optimization
Par'f 2 Database Design * Part 5 Transaction Management
Lect. 5 (Mar. 28) - Ch6 Database design - Lect. 11 (May 24) - Ch17: Transactions
based on E-R model - Lect. 12 (May 31) - Ch18: Concurrency
- Apr. 4 (Tomb-Sweeping Day): no course control
- Lect. 6 (Apr. 11) - Ch7: Relational database - Lect. 13 (Jun. 7) - Ch19: Recovery system
design

Part 6 DB Systems & Course Review

Midterm exam: Apr. 18 - Lect. 14 (Jun. 14)

Final exam: 13:00-15:00, Jun. 26
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Data is a set of values of qualitative or quantitative variables.

- The results of describing or quantifying anything
- R/ ENEMRIFS/HFCR

Data is collected, stored and analyzed. It can be visualized using
graphs, images and other analysis tools.

Data has been described as the new oil of Digital Economy (B{F4&55%).

Data, information, knowledge, intelligence, and wisdom are closely
related concepts, but each has its own role in relation to the others,
and each term has its own meaning.



Data related concepts and technologies

Data related concepts and technologies
Data acquisition, Data modeling, Data structure

Data integrity, Data maintenance, Data management
Data processing, Data analysis, Data mining, Data visualization
Data publication, Data protection, Data privacy

Big Data, Data science

Data resources
- Experimental / biological / environmental / transportation ... data

Data set, Datasheet, Database, Data mart (Z3EEm) |, Data

warehouse (FHEGZE) |, Data lake (8#EiH), Data lakehouse (BEH G
), Data middle office (BUEFE)
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Data warehouse vs. Data lake
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Data warehouse vs. Data lake
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Data warehouse, Data lake, Lakehouse
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+ TIt's said that the term "Big data” in its current use was
coined by Roger Magoulas @ O'Reilly Media

+ There is not a consensus as to how to define big data

(“Big data exceeds the reach of commonly used hardware R
environments and software tools to capture, manage, and process it
with in a tolerable elapsed time for its user population.”

\_ Teradata Magazine article, 2011 )

. - c )
“Big data refers to data sets whose size 1s beyond the ability of typical

database software tools to capture, store, manage and analyze.”
.- The McKinsey Global Institute, 2011

_/
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The Vs of Big Data

+ 3Vs model
- high-volume, high-velocity, and/or high-variety
* Gartner (2012) .
4Vs models Big
- Volume, velocity, variety and virtual
« Courtney Lambert (2012)

- Volume, velocity, variety and veracity
- IBM (2012)
- Volume, velocity, variety and value Complete
* DataStax (2012)
5Vs model

- Volume, velocity, variety, veracity and value

11
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Information & Information Retrieval

Information
- Data with meaning or semantics

- Provide the answer to a question of some kind or resolves uncertainty. It
is thus related to data and knowledge, as data represents values
attributed to parameters, and knowledge signifies understanding of real
things or abstract concepts.

Information retrieval (IR)

- The activity of obtaining information from a collection of information
resources. Searches can be based on full-text or other content-based

indexing.
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Knowledge = knowledge base + inference engine = Expert System

*  Knowledge
- Information with value

- Familiarity, awareness, or understanding of someone or something, such
as facts, information, descriptions, or skills. Knowledge is acquired through
experience or education by perceiving, discovering, or learning.

- In philosophy, the study of knowledge is called epistemology (GAIRiIE). Theories of
knowledge, Communicating knowledge, Situated knowledge, Partial knowledge,
Scientific knowledge, Religious meaning of knowledge.

-ail Carrier =

Sam“eh“”“ "Knowledge is of two kinds: we know a subject
E_

ourselves, or we know where we can find information

CLI | upon it."
THE POETS

R

[

Samuel Johnson (1709-1784)
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Data, Information and Knowledge
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Intelligence VS. Artificial Intelligence

The ability to acquire and apply knowledge and skills

Intelligence has been defined in many ways to include the capacity for logic,
understanding, self-awareness, learning, emotional knowledge, reasoning,
planning, creativity, and problem solving. It can be more generally described
as the ability to perceive or infer information, and to retain it as knowledge
to be applied towards adaptive behaviors within an environment or context.

Artificial intelligence (or AI) is both the intelligence of machines and the
branch of computer science which aims to create it, through "the study and
design of intelligent agents” or "rational agents”, where an intelligent agent
is a system that perceives its environment and takes actions which maximize
its chances of success.

16



Intelligence vs. Artificial Intelligence

General intelligence or strong AT
Intelligence like human's intelligence
Adaptive to environment, creativity
has not yet been achieved, but some great advances have made (e.g. ChatGPT)

Researchers have been trying to make machines exhibit reasoning,
planning, learning, communication, perception, and the ability fo move
and to manipulate objects, closely simulating human brain.

DeepMind: AlphaGo, Alphafold?, ...

OpenAI: ChatGPT/GPT4/5, SORA, ...

17



Intelligence vs. Wisdom

Intelligence is the ability to learn and acquire and apply knowledge
— deals more with practical facts.

Wisdom is intelligence garnered through experience. We learn
through our experiences and we use this knowledge to make decisions

— based on right and wrong

Wisdom is high-level intelligence (?)
Wisdom = IQ+EQ (?)

18



Data Mining/Warehousing, Query Processing and Information Retrieval

* Data Mining: finding hidden, nontrivial, previously unknown and
useful knowledge from massive data

- Rules/patterns

Data Warehousing

- The process of building data warehouse

Query Processing
- Extracting desirable data from databases

+ Information Retrieval
- Searching the matching information from unstructured textual data

19



Data Processing Flow

Data Data In 120:2 tio Data Vis?:aa;r;a + Decision
Collection Storage g‘ Analysis on Making

“ Warehouse

ETL: Extract, Transform and Load

20
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What Is a Database

An integrated collection of data e i
- The data is structured and interrelated
- The data is integrated

o

Model real-world enterprises or organizations ‘_
- Entities (e.g., students, courses)
- Relationships (e.g. Li is taking Database and OS )

Databases touch various aspects of our lives

- People interact with database from indirect way (printed
report) to direct way (teller machine)

22



Database Applications

» Various applications
- Banking: all transactions
- Ticket systems: 12306
- E-commerce platforms: Toubao, Jingdong, ......
- Airlines: reservations, schedules
- Universities: registration, grades, students
- Sales: customers, products, purchases
- Online retailers: order tracking, customized recommendations
- Manufacturing: production, inventory, orders, supply chain
- Human resources: employee records, salaries, tax deductions

------ 23



Example: University Database

Application scenarios
- Add new students, instructors and courses
- Register students for courses, and generate class rosters (%ZER)

- Assign grades to students, calculate grade point averages (6PA) and
generate ftranscripts

In the early days, applications were built directly on top of file
systems

24



Drawbacks of using File Systems to Store Data

Data redundancy (JTUsR) and inconsistency (A~—%)

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

Difficulty in accessing data

- Need fo write a new program to carry out each new task
Data isolation (f[5=)

- Multiple files and formats

Integrity (522/4) problems

- Integrity constraints (e.g., account balance > 0) become "buried” in
program code rather than being stated explicitly

- Hard to add new constraints or change existing ones

25



Drawbacks of using File Systems to Store Data

Atomicity (JRF1%) of updates

- 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

» Concurrent access (Fr41/ia]) by multiple users
- Concurrent access needed for better performance

- Uncontrolled concurrent accesses can lead to inconsistencies

- E.g., two people reading a balance (say 100) and updating it by withdrawing
money (say 50 each) at the same time

Security (=) problems
- Hard to provide user access to some, but not all, data

26



Database Management System (DBMS)

DBMS
- A software package designed to store and manage databases

Functions of DBMS
- Manages a large amount of data
- Supports efficient and concurrent access to a large amount of data

- Supports secure, atomic access to a large amount of data: two people editing
the same file - last to write "wins"

Advantages of DBMS
- Data independence and efficient access
- Reduce application development time
- Data infegrity and security
- Uniform data administration
- Concurrent access
- Recovery from crashes 27



Is a File System a DBMS?

Pad

-+ Experiment 1:
- You and your partner are editing the same file. ‘-
- You both save it at the same time.
- Whose changes survive?

A) Yours B) Partner's C) Both D) Neither E) ??2?
- Experiment 2:
- You're updating a file.

- The power goes out.
- Which of your changes cannot survive?

A) All B) None C) All since last save D) ???

28



Is a Traditional IR System a DBMS?

+ Traditional IR (Information Retrieval, {SE#Z) system

P

Mainly for data retfrieval, not data update ‘—
Store/manage free structured or semi-structured document

Support semantic-oriented matching (ig X ITER)

Consider no data consistency, and concurrency is easy to be implemented

- DBMS

Support data access and update
Store and manage structured data (RDBMS)
Require declarative (PFRiR1%) query language support

Support data consistency, atomic transaction, concurrency control and failure
recovery

29



Is Web Search Engine a DBMS?

Keyword-based search for pages ‘_
Data is mostly unstructured and untyped
Search only

- can't modify the data
- can't get summaries (i#%iE) , complex combinations of data

Few guarantees provided for freshness of data, consistency across
data items, fault tolerance, etc.

Web sites (e.g., e-commerce BB-Ff55) typically have a DBMS in the
backend to provide these functions

30



Database Systems

+ A Database System (DBS)
contains the following

DATABASE MANAGEMENT SYSTEM

co mpone nTs APPLICATIONS OTHER DBMS
- Hardware platform (PC,
WOPkSTGTion, CIUSTer‘, D finDe,EcTrdSQuefy
Mainframe, etc.) =
- DBMS
- A (number of) database(s) % % % %
- Human interface that is both B B e =

convenient and efficient to use

31



What's the Intellectual Content?

Representing information
- data modeling

Languages and systems for querying data
- complex queries with real semantics over massive data sets

Concurrency control for data manipulation
- controlling concurrent access
- ensuring transactional semantics

Reliable data storage
- maintain data semantics even if you pull the plug

32
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Data Abstraction

Real Word

Real world = Conceptual model
. Database Designers
Information world Conceptual Model

Conceptual model = Logical model
Database Designers

. Data model supported
Machine world by DBMS

Logical model == Physical model
DBMS

34



Levels of Abstraction

*  Physical level
- Describe how a record is stored on storage devices.

* Logical level
- Describe what data stored in database, and the relationships among the data.
- Although implementation of the simple structures at the logical level may involve
complex physical-level structures, the user of the logical level does not need to be
aware of this complexity. This is referred to as physical data independence.

type customer = record
customer_id : string;
customer_name : string.;
customer_street : string;
customer_city : integer.
end;

+  View level
- Many users of the database system do not need all this information; instead, they need to
access only a part of the database. The view level of abstraction simplifies their interaction
with the system.
- Views can also hide information (such as an employee’s salary) for security purposes. 35



View Level

Logical level

Physical level

36



Instances and Schemas

Similar to variables and types in programming languages

Schema (23(): the logical structure of the database

- E.g., the database consists of information about a set of customers and
accounts, and the relationship between them

- Analogous to type information of a variable in a program
- Physical schema (#JI2t&1(): database design at the physical level
- Logical schema ((Z4E1#): database design at the logical level
- External schema (9MZT(): user defined schema at the app level (view level)

Instance (SEf5): the actual content of the database at a particular
point of time, analogous to the value of a variable

37



Instances and Schemas

Schema - the logical structure of the database
- Physical schema: internal schema, storage schema
- Logical schema: schema
- External schema: user's schema, subschema

Physical data independence - the ability to modify the physical
schema without changing the logical schema

- Ingeneral, the interfaces between the various levels and components
should be well defined so that changes in some parts do not seriously
influence others

Logical data independence - the ability to modify the logical
schema without changing the external schema

38



Data Models

A collection of tools for describing data structures, data relationships,
data semantics, and data constraints

Relational model
- Tables as relations to represent data and their relationships
- Record-based model

Entity-Relationship data model (mainly for database design)
- Entity-relationship (E-R) data model

Object-based data models (Object-oriented/Object-relational)
- Extending the E-R model with notions of encapsulation, methods(functions), and
object identity

Semi-structured data model (JSON, XML)

Other older models:
- Network model (e.g. Honeywell IDS)

- Hierarchical model (e.g. IBM IMS) 39



Relational Model

Example of tabular data in the relational model

Columns
P
“

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

«— Rows

40



A Sample of Relational Database

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

41



Object-Relational Data Models

Extend the relational data model by including
- Inheritance (427%)/ encapsulation (%) /methods(functions) /object
identity
Allow attributes of tuples to have complex types, including hon-atomic
values such as nested relations

Preserve relational foundations, in particular the declarative access to
data, while extending modeling power

Provide upward compatibility ([A_L3%) with existing relational
languages

42



XML: eXtensible Markup Language

Defined by WWW Consortium (W3C, J54EMEXER)

Originally intended as a document markup language not a database
language

The ability to specify new tags, and to create nested tag structures
made XML a great way to exchange data, not just documents

XML has become the basis for various data interchange formats

A wide variety of tools is available for parsing, browsing and querying
XML documents/data

43



XML: An Example

<?xml version="1.0" encoding="UTF-8" standalone="yes"?>
<CDLIST>
<CD artist="Yung Jo Yee, Joey">
<TITLE>Ten Most Wanted</TITLE>
<RELEASE>Feb 26, 2006</RELEASE >
<PRICE>$20</PRICE>
</CD>
<CD artist="Twins">
<TITLE>The Missing Piece</TITLE>
<RELEASE>Feb 20, 2006</RELEASE> Info about one CD
<PRICE>$10</PRICE>
</CD>
<CD artist="Twins">
<TITLE>2006 Concert Live</TITLE>
<RELEASE>Feb 20, 2006</RELEASE >
<PRICE>$10</PRICE>
</CD>
<CD artist="Justin">
<TITLE>No Protection</TITLE>
<RELEASE>March 24, 2006</RELEASE>
<PRICE>$15</PRICE>
</CD>
</CDLIST>

44
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Database Language

A database system provides a data-definition language(DDL) to
specify the database schema and a data-manipulation language (DML)
to express database queries and updates.

Data-definition language (DDL, EURENIES
- Specify the database schema

- SQL provides a rich DDL that allows one to define tables, integrity
constraints, assertions, etc.

Data-manipulation language (DML, EHEIENES

- Express database queries and updates

46



Data Definition Language (DDL)

+ Defining the database schema

- Example: 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

 Data dictionary contains metadata (i.e., data about data)
- Database schema
- Data storage and definition language
- Specifies the storage structure and access methods

- Consistency constraints
+ Domain constraints
* Referential integrity (references constraint in SQL)
- Assertions
* Authorization 47



Data Manipulation Language (DML)

DML is for accessing and manipulating the data organized by the
appropriate data model

- DML also known as query language

- Retrieval/ Insertion/ Deletion/ Modification
Two classes of languages

- Procedural - user specifies what data is required and how to get those data

- Nonprocedural (Declarative, frRiAf4) - user specifies what data is required without
specifying how to get those data

SQL is the most widely used non-procedural query language

48



SQL (Structured Query Language)

- SQL: widely used non-procedural language

- E.g., find all instructors in the department of History
select  instructor.name
from instructor
where instructor.dept_name = 'History'

- E.g., find the IDs of all 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

- Application programs generally access databases through one of
- Language extensions to allow embedded SQL

- Application program interface (e.g., ODBC/JDBC) which allow SQL queries to be

sent to a database
49



* Data, information, knowledge and beyond
* Database system

« Data view

« DB languages

< DB design

- DB engine

Database architecture

DB user and administrator

History of DB

Future directions

50



Database Design

The process of designing the structure of the database:

- Conceptual design
- Decide what should be covered and their relations
- Deciding on the database conceptual schema via ER model
- Business decision - What attributes should we record in the database?
* Logical design -Decide the database schema, find a "good” collection
of relation schemas.

- 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

- Physical design - Decide the physical layout of the database

o1



Entity-Relationship Model

*  Model an enterprise as a collection of entities and relationships
- Entity: a "thing" or "object” in the enterprise that is distinguishable from

other objects
+ Described by a set of attributes
- Relationship (diamond): an association among several entities

date

instructor student

ID ID

name name
tot_cred

salary

52



The Entity-Relationship Model

Represented diagrammatically by an entity-relationship
diagram:

customer_name

d

customer Q}sitor account

account_number balance l
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Relational Model

O Example of tabular data in the relational model

‘/A/Attributes

Customer-id customer-name customer-street customer-city | account-number
192-83-7465 Johnson Alma Palo Alto A-101
019-28-3746 Smith North Rye A-215
192-83-7465 Johnson Alma Palo Alto A-201
321-12-3123 Jones Main Harrison A-217
019-28-3746 Smith North Rye A-201
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A Sample Relational Database

| customer-id | customer-name | customer-street | customer-city |
192-83-7465 Johnson 12 Alma St. Palo Alto
019-28-3746 Smith 4 North St. Ryve
677-89-9011 Hayes 3 Main St. Harrison
182-73-6091 Turner 123 Putnam Ave. Stamford
321-12-3123 Jones 100 Main St. Harrison
336-66-9999 Lindsaw 175 Park Ave. Pittsfield
019-28-3746 Smith 72 North St, Rye
(a) The customer table

custorer-id

account-number |

| account-number | balance |

A-101
A-215
A-102
A-305
A-201
A-217
A-222

192-83-7465 A-1011
500 192-83-7465 A-zm_P
~00 019-28-3746 A-215
400 677-89-O011 A-102
350 182-73-6091 A-305
900 321-12-3123 A-217
750 _(A- _
700 019-28-3746 A-201

(b) The account table

(c) The depositor table

55



Data Manipulation Language

| D | name | deptname | salary | dept name | building | budget
22222 | Einstein Physics 95000 -
12121 | Wu Finance | 90000 Comp. Sci. | Taylor 100000
32343 | ElSaid History 60000 :
45565 | Katz Comp. Sci. | 75000 BIOk)gy Watson 90000
98345 | Kim Elec. Eng. | 80000 Elec. Eng. | Taylor 85000
igig? g-r_mk glologys _ Zéggg Music Packard | 80000
rinivasan omp. oCl. . .
58583 | Califieri | History | 62000 Finance Painter | 120000
83821 | Brandt Comp. Sci. | 92000 History Painter 50000
15151 | Mozart Music 40000 .
33456 | Gold Physics 87000 Physics Watson 70000
76543 | Singh Finance 80000
(a) The instructor table (b) The dep artment table

select instructor.ID, department.dept_name

from instructor, department

where instructor.dept_name=department.dept_name and
department.budget > 95000;

select instructor.name
from instructor
where instructor.dept_name="History”,
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Database engine

- Storage manager
- minimize the need to move data between disk and main memory

* Query processor

- franslate updates and queries written in a nonprocedural language, at
the logical level, into an efficient sequence of operations at the
physical level such that helps the database system to simplify and
facilitate access to data

- Transaction manager

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

58



Storage Management

- Storage manager is a program module that provides the interface
between the low-level data stored in the database and the
application programs and queries submitted to the system.

- The storage manager is responsible for the following tasks:

- Interaction with the file manager

* The raw data are stored on the disk using the file system provided by the
operating system. The storage manager translates the various DML
statements into low-level file-system commands.

- Efficient storing, retrieving and updating of data
- Issues:

- Storage access

- File organization

- Indexing and hashing 59



Query Processor Components

- DDL interpreter

- Parsing and translation: interprets

DDL statements and records the _
definitions in the data dictionary.  [query | parset and rela;(‘;aels':ilf:bfa
- DML compiler
+-

- Translates DML statements in a
query language into an evaluation query Bt
plan consisting of low-level output
instructions that the query
evaluation engine understands.

evaluation engine

=

data statistics

- Query evaluation engine about data

- Executes low-level instructions
generated by the DML compiler

- Query optimization

60



Transaction Management

Transaction

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

- Atomicity/consistency/isolation/durability (ACID)
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.

Concurrency control manager

- Control the interaction among the concurrent transactions to ensure the
consistency of the database.

Recovery manager
- Failure recovery
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* Data, information, knowledge and beyond
Database system

Data view

DB languages

DB design

DB engine

< Database architecture

« DB user and administrator

 History of DB

* Future directions
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Database Architecture

The architecture of a database systems is greatly influenced by

the underlying computer system on which the database is running:
- Centralized

- Client-server / Browser-server

- Parallel (multi-processor)

Distributed
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Application Architectures

f 1

I! ‘I I I

| | ! |

I I : :

: : client ! |

! application ! | application client :

\o i I\ ________________ /J

network network
P B A} : I R \l
! : | application server !
| |
! | database system ! server ! | |
| | ! database system :
N . L e _ _ )
a. two-tier architecture b. three-tier architecture

*  Two-tier architecture: e.g., client programs using ODBC/JDBC to communicate
with a database

«  Three-tier architecture: e.g., web-based applications, and applications built using
"middleware”
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« Database system

« Data view

« DB languages

« DB design

« DB engine

« Database architecture

< DB user and administrator
 History of DB

* Future directions
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Database Users

-+ Users are differentiated by the way they interact with the system
- Naive users (FEIEFHF)

Use application programs that have been developed previously
E.g., people accessing database over the web, bank tellers, various apps

Application programmers (N FEBFEFR)
Interact with system through DML calls

- Sophisticated users (FEFF)

Form requests in a database query language

Specuallzed users (ZAFF)

Write specialized database applications that do not fit into the traditional data processing
framework

computer-aided design systems, knowledge base and expert systems, systems that store data
with complex data types (e.g., graphics data and audio data), and environment-modeling
systems
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People Working with DBMS

* End users
- Query/update databases through application user interfaces (e.g., Amazon.com,

Bz, ANRA—ALERS, etc.)

- Database designers
- Design database "schema” to model the real world

- Database application developers
- Build applications that interact with databases

- Database administrators (a.k.a. DBA)

- Load, back up, and restore data
- Fine-tune databases for better performance

- DBMS implementors
- Develop the DBMS or specialized data management software

- Implement new techniques for query processing and optimization inside DBMS
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Coordinate all the activities of the database system, and have a good
understanding of the enterprise’s information resources and needs,

Database Administrator (DBA)

as well as DBMS
DBA's duties

Schema definition

Storage structure and access method definition

Schema and physical organization modification

6ranting of authorization for data access

Routine maintenance

Specify integrity constraints

Act as liaison with users

Monitor performance, and respond to changes in requirements
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* Data, information, knowledge and beyond
* Database system

« Data view

« DB languages

« DB design

- DB engine

« Database architecture

« DB user and administrator

<« History of DB

 Future directions
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History of Database Systems

1950s and early 1960s: .

Data processing using magnetic tapes for storage

Tapes provide only sequential access
Punched cards for input

Late 1960s and 1970s: .

Hard disks allow direct access to data
Network and hierarchical data models in widespread use
Edgar F Codd defines the relational data model
Won the ACM Turing Award for this work
IBM Research begins System R prototype .
UC Berkeley begins Ingres prototype

High-performance (for the era) transaction processing

1980s:

Relational prototypes evolve into commercial systems
SQL becomes industrial standard

Parallel and distributed database systems -

Object-oriented database systems

1990s:

Large decision support and data-mining applications
Large multi-terabyte data warehouses
Emergence of Web commerce

2000s

Big data storage systems
Google BigTable, MapReduce, Yahoo PNuts, Amazon
"NoSQL" systems.

Big data analysis: beyond SQL

2010s

Massive distributed database systems

Multi-core main-memory databases

Automated database administration

Streaming, mobile, frusted, uncertain data management
Cloud-native databases

2020s

DB+AI
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Milestones in DBMS History (1)

- Factor out data management
functionalities from applications and
standardize these functionalities

- CODASYL (Conference on Data Systems
Language) standard (circa 1960's)

- Developed the first database management = Charles Bachman
system IDS (Integrated Data Store) (Dec. 11,1924 - July 13, 2017)
Master of Upen

He received the ACM Turing Award in 1973
for "his outstanding contributions to
database technology"

- Charles Bachman got a Turing award in 1973
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http://www.answers.com/topic/turing-award
http://www.answers.com/topic/1973

Milestones in DBMS History (2)

- The relational revolution (1970's) ‘

- A simple data model: data is stored in

relations (tables)

- A declarative query language: SQL

- Provided physical data independence

..}

E. F. Codd
the success of DBMS today (August 23rd, 1923 - April 18th, 2003)

- A Turing Award for E. F. Codd in 1981 Bachelor of Oxford, PhD of Michigan

E. F. Codd, A Relational Model of Data for
Large Shared Data Banks, Communications
of ACM 13, No. 6, June 1970.

The single most important reason behind
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Milestones in DBMS History (3)

Transaction processing in 1980s

Jim Gray got a Turing Award for this work
in 1998

Jim Gray was lost at sea on 28 Jan, 2007

In 2008, Microsoft announced the opening

of Microsoft Jim Gray Systems Lab in

Jim 6ray (1944-2007)
the first CS PhD of Berkeley

Madison, Wisconsin

He received the Turing Award in 1998 “for seminal
contributions to database and transaction processing
research and technical leadership in system implementation."
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Back in 2009, T had a guess......

Who Will Be the Next Turing Award Winner in
Database Field? (1)

O Some information about the three Turing
Award winners in database field

®m Graduate from famous universities

Charles Bachman (Master of Upen)

E. F. Codd (Bachelor of Oxford, PhD of Univ. of
Michigan )

Jim Gray (the first CS PhD of Berkeley)
m All worked for IT industries for a long time

m Active in academy and contributed a lot to database
development

Dept. of €.S. Fudan Univ. 45

Slide from my Database ppt (Lect. 1) in 2009 -



Back in 2009, I had a guess......

Database Field? (_2)'

Who Will Be the Next Turing Award Winner in

O My guess: Michael Stonebraker (1943-)

m Bachelor (Princeton); Master/PhD (U. of
Michigan)

m Prof. (Berkeley); Adjunct Prof. (MIT)

m His career covers, and helped create, the
majority of the existing relational database
market today. He is also the founder of

‘

and was previously the of

m He has received several awards, including the
IEEE John von Neumann Medal and the first
SIGMOD Edgar F. Codd Innovations Award. In
1994 he was inducted as a Fellow of ACM

Dept. of C.5. Fudan Univ.

46

Slide from my Database ppt (Lect. 1) in 2009
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Milestones in DBMS History (4)

*  Michael Stonebraker (1943-)

- His career covers, and helped create, the majority of the
existing relational database market today. He is also the
founder of Ingres (PostgreSQLAYRIE), Illustra,
StreamBase Systems, Vertica, VoltDB, SciDB and was
previously the CTO of Informix

- He has received several awards, including the TEEE John
von Neumann Medal and the first SIGMOD Edgar F. Codd
Innovations Award. He was inducted as a Fellow of ACM in

1994

- 2014 ACM Turing Award Winner for fundamental Michael Stonebraker (1943-)
contributions to the concepts and practices underlying Bachelor (Princeton);
modern database systems Master/PhD (U. of Michigan)

Prof. (Berkeley);
Adjunct Prof. (MIT)
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Jeffrey Ullman

Jeffrey Ullman

AWARDS & RECOGNITION
ACM Announces 2020 Turing
Award Recipients

ACM has named Alfred Aho(#, Lawrence
Gussman Professor Emeritus at Columbia
University, and Jeffrey Ullman (£, Stanford W.
Ascherman Professor Emeritus at Stanford
University and CEO of Gradiance Corporation,
recipients of the 2020 ACM A.M. Turing Award
for fundamental algorithms and theory
underlying programming language
implementation, and for synthesizing these
results and those of others in their highly
influential books, which educated generations
of computer scientists.

Low PRICE EDITION

The Design
and Analysis of
Computer Algorithms

Aho
Hopcroft
Uliman

CGHEVEE TS50
(1974)

{ The Design and Analysis
of Computer Algorithms)

principles of Compiler Desigr

FERTiE1050000,
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RERTEONA.
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Compilers

Principles, Techniques and Tools
/ s

AMIEEEY

(G FERE Bt IR EE) (1977)
{Principles of Compiler Design » (1977)
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A Slide in My Lecture 1 of Database in 2016

And, the next?

0O The deep learning big guys
m Geoffrey E. Hinton
m Yoshua Bengio
m Yann LeCun

School of C.S. Fudan Univ. 52
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They Got the 2018 Award!l!

Digital Library @ CACM®Z Queue® TechNews®@ Career Center@

Association for . . ; "
Computing Machinery Advancing Computing as a Science & Profession

Join  Volunteer —myACM Q Search

ABOUTACM MEMBERSHIP PUBLICATIONS SIGS CONFERENCES CHAPTERS AWARDS EDUCATION LEARNING CENTER PUBLIC POLICY

Home > Newsletters > ACM Bulletins > 2018 Turing Award Recipients

ACM Announces 2018 Turing Award Recipients
March 27, 2019

ACM has named Yoshua Bengio, Geoffrey Hinton, and Yann LeCun recipients of the 2018 ACM A.M. Turing YoshuaBengio | = Geoffrey Hinton Yann LeCun
Award  for conceptual and engineering breakthroughs that have made deep neural networks a critical
component of computing.
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A Slide in My Lecture 1 of Database in 2016

Then, who will be the next lucky guy?

School of C.S. Fudan Univ. 50
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A Slide in My Lecture 1 of Database in 2016

Then, who will be the next database lucky guy?

0O It is too early to say which database guy will
get the award

0O But, if I'm a member of Turing Award
Committee, I would like to nominate Dr.
Rakesh Agrawal for his contribution to the
techniques and applications of data minining

School of C.5. Fudan Univ. 54
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Alan Turing Award Committee

A. M. Turing Award

Title Name Email 33':?;
Chair Michael Kearns ] @
Member Monika Henzinger ~ @
Member Surajit Chaudhuri 1 @
Member Pat Hanrahan ] @
Member Norm Jouppi = @
Member Stuart Russell ] @
Member Margo Seltzer = @
Member Luca Trevisan = @
Member Manuela Veloso ] @
Member Jeannette Wing 1 @



Major DBMS Today

*  Major commercial DBMS products

- Oracle
- IBM DB2 (from System R, System R*, Starburst)
- Microsoft SQL Server
- Sybase
- Informix (acquired by IBM), ...

Open source DBMS
- PostgreSQL (from UC Berkeley's Ingres, Postgres)
- MySQL

Others

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

422 systems in ranking, September 2023

Oracle: Multi-model

Relational DBMS,
Document store,
Graph DBMS,

RDF store,

Spatial DBMS

Redis: Multi-model

Rank Score

Sep Aug Sep DBMS Database Model Sep Aug Sep
2023 2023 2022 2023 2023 2022
1. 1. 1. Oracle Relational, Multi-model g 1240.88 -1.22 +2.62
2. 2. 2. MySQL Relational, Multi-model & 1111.49 -18.97 -100.98
3. 3. 3. Microsoft SQL Server (3 Relational, Multi-model g 902.22 -18.60 -24.08
4. 4. 4. PostgreSQL 3 Relational, Multi-model @ 620.75 +0.37 +0.29
5. 5. 5. MongoDB Document, Multi-model g 439.42 +4.93 -50.21
6. 6. 6. Redis 2 Key-value, Multi-model g 163.68 +0.72 -17.79
7. 7. 7. Elasticsearch Search engine, Multi-model 138.98 -0.94 -12.46
8. 8. 8. IBM Db2 Relational, Multi-model & 136.72 -2.52 -14.67
9. A 10. A4 10. SQLite Relational 129.20 -0.72 -9.62
10. ¥9. 9. Microsoft Access Relational 128.56 -1.78 -11.47
11. 11. 4 13. Snowflake Relational 120.89 +0.27 +17.39
12. 12. J11. Cassandra Wide column, Multi-model g 110.06 +2.67 -9.06
13. 13. % 12. MariaDB Relational, Multi-model & 100.45 +1.80 -9.70
14. 14. 14, Splunk Search engine 91.40 +2.42  -2.65
15. 4 16. A 16. Microsoft Azure SQL Database Relational, Multi-model g 82.73 +3.22 -1.69
16. ¥ 15. % 15. Amazon DynamoDB Multi-model @ 80.91 -2.64 -6.51
17. 4 18. 4 20. Databricks Multi-model g 75.18 +3.84 +19.56
18. W 17. % 17. Hive Relational 71.83 -1.52 -6.60
19. 19.  18. Teradata Relational, Multi-model g 60.33 -0.98 -6.25

20. 20. 4 24. Google BigQuery 3 Relational 56.46 +2.56

+6.34

Key-value store,
Document store,
Graph DBMS,
Spatial DBMS,
Search engine,
Time Series DBMS,
Vector DBMS

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

OceanBase IStV ERTE B M AR S HIKREERE, €1F72010F, BEEdER
—H. SR, S48, T8 R. SERESQUNEMNERXAEIERE. KA.

OceanBaseBEAEEIRIRIT. MHRIRIT. ARIRT. ARERIR. BRUKET. DMNRIT. T
KRG, MERITEFSHRERITIRST I L4,

202045H, OceanBasel:l7.07{Z (707,351,007) tpmC (BDESARFLMRRIFITEAAN
2, transactions per minute, TPC-C) BYEZLEFZAIEMEE, 18 7 OceanBaseH 212019
F108 li&ERY6088TF (60,880,800) tpmCHITPC-CHRLE R (Oracle 7930,249,688),

202056 H8H, BNERS, HFEMEIERE"mOceanBaselXIHITATMLIEIE, BIZH
1HEY100 %A EHREEATICRERE RS, FHISIEFICEOMRRIBFEBRIEEIK.

OceanBaseE— 2582 LRIIRE D B EEERS, LI THTZFICR. HETB
$UE LIS1TISRESS, HEERORG A, 154, DBA, | &, NAHAFER JHEZTHK,
EIRITANSEM OceanBaseAIRHE SR FAF A X SHIDBMSHITNEE, AIUNIREIER. REviews,
HRBERNEEIRAIRIREREIRER L, 2Bl OceanBase TEfFREMEEF—H1E. SEss
RIISRIERS. CEEM. join, HEEERIEEdump. IHSHRSAF
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N openGaussigi?

GaussDB #{EER20194 5 A 15 B hEitmmAEk AR, HFRAZEK

BMATEGERE (AI-Native) ZUEEE.

RIBREIINE, GaussDB EBFFRKEAR S :

- BRI AL BABASGREBIEENLEGEE, UREE. BEE. 8RN, &
[ERIZWIER. T8, fTflRSGEmsE~, EFRiEe, S8FRE
RCFEINBRREE, Bt FIEFH 85%

- BEREHRAFMERT S RIESTHE NS, ENERENRE TPC-DS £, MEE
FEAl FIRTT 487%

2019 9R 19 AEIIEARS L, NEMBHIFEEIEE"R, FFREwm

2 HopenGauss, 2020 F 6 H30HopenGaussEIERERICASIEFFHL.

openGaussE—FTG R REHIEEEERS, XKEARA=SMITFAIEv2&1T.

openGaussIt%ilREPostgreSQL, RERISHITELIEETEZFIIRR, &

SEWVERERFEXK, FEERSEE. FEidopenGausstE2— IR, R#E

HEUREYS, ShittXsaEt. &1F.
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* Data, information, knowledge and beyond
* Database system

« Data view

« DB languages

« DB design

- DB engine

« Database architecture

« DB user and administrator

 History of DB

< Future directions
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A Great Tradition

* Over the last thirty years, small groups of database
researchers, practitioners and opinionated
professionals have periodically 30Ther'ed to assess the
state ofh‘rhe field and propose directions for future
researc

— 1988, 1990, 1995, 1998, 2003, 2008, 2013, 2018, 2023

A final report will come out after each meeting, which
aims to serve various functions: to foster debate
within the database research community, to explain
research directions to external organizations, and to
help focus community efforts on timely challenges
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The Database Meetings

01988 The Laguna Beach Participants

001990 The Palo Alto Report (NSF)

01995 Database research: achievements and opportunities ito 21st century (NSF)
01998 The Asilomar Report on Database Research

002003 The Lowell Database Research Self-Assessment

002008 The Claremont Report on Database Research

002013 The Beckman Report on Database Research

002018 The Seattle Report on Database Research

002023 The Boston Report on Database Research
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2008 Claremont Meeting

Eric A. Brewer, Michael Stonebraker, Joseph M. Hellerstein, Michael J. Franklin
(Berkeley)

Rakesh Agrawal (Yahoo!)

Philip A. Bernstein, Surajit Chaudhuri (Microsoft)
Michael J. Carey (UC Irvine); AnHai Doan (UWM)
Hector Garcia - Molina (Stanford)

Johannes Gehrke (Cornell), Le Gruenwald (OU)
Laura M. Haas (IBM) ,
Raghu Ramakrishnan (Google); AlonY. Halevy (Washington U. /Googlel)

Samuel Madden (MIT); Hank F. Korth (Lehigh U.); Alexander S. Szalay (HJUV)
Roger Magoulas, Tim O'Reilly (O'Reilly Media )

Donald Kossmann (ETH); Anastasia Ailamaki (EPFL)

Gerhard Weikum (MPI for CS); Yannis E. Ioannidis (UOA); Daniela Florescu
(INRIA)

Beng Chin Ooi (NUS), Sunita Sarawagi (IIT Bombay)
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2008 Claremont Meeting: Challenges

Big Data

- the number of communities working with large volumes of data has grown considerably, to
include not only traditional enterprise applications and Web search, but also "e-science”
efforts (in astronomy, biology, earth science, etc.), digital entertainment, natural language
processing, social network analysis, and more

Data analysis as a profit center (Data center / Cloud Computing)
Ubiquity of structured and unstructured data

Expanded developer demands
- Programmer adoption of relational DBMSs and query languages has grown significantly in
recent years
Architectural shifts in computing

- At the macro scale, the rise of “cloud” computing services suggests fundamental changes in
software architecture

- At amicro scale, computer architectures have shifted the focus of Moore's Law from
mcrec}:\smg clock speed per chip to increasing the number of processor cores and threads
per chip

- Instorage technologies, major changes are underway in the memory hierarchy, due to the
availability of more and larger on-chip caches, large inexpensive RAM, and flash memory

- Power consumption has become an increasingly important aspect of the price/performance
metric of large systems
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2013 Beckman Meeting
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2013 Beckman Meeting: Challenges

Scalable big/fast data infrastructures
- How dealing data volume ?
Coping with diversity in the data management landscape
- How dealing data variety ?
End-to-end processing and understanding of data
- How dealing data velocity?
Cloud services
- How deploying Big Data applications in the cloud ?
The roles of people in the data life cycle
- How managing the involvement of people in these applications ?
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2018 Seattle Meeting: Participants

Daniel Abadi, Anastasia Ailamaki, David Andersen
Peter Bailis, Magdalena Balazinska, Phil Bernstein
Peter Boncz, Surajit Chaudhuri, Alvin Cheung

Anhai Doan, Luna Dong, Mike Franklin, Juliana Freire
Alon Halevy, Joe Hellerstein, Stratos Idreos

Donald Kossman, Tim Kraska, Sailesh Krishnamurthy,
Volker Markl, Sergey Melnik, Tova Milo, C. Mohan,
Thomas Neumann, Beng Chin Ooi, Fatma Ozcan
Jighesh Patel, Andy Pavlo, Raluca Popa

Raghu Ramakrishnan, Christopher Re

Mike Stonebraker, and Dan Suciu
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2018 Seattle: Challenges

- Data science
- Data governance
- Cloud services

- Database engines
- Data lakes and modern data warehousing applications:
- Leveraging machine learning

- Community
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2023 Boston Meeting: Challenges

*  Cloud-native

Data Federation

Data Marketing, Data Sharing

Data ecosystem

Data compiler e B e

usage
prompt feedback task-specific prompt T feedback pre-trained training
1 model update

. A I / L L M E Prompt Generator l Prompt Generator | [ Privacy-Preserved Framework ]

DB-Specific LLM

non-text embedding

| | Demo Examples| = = - ; ‘;f’:lav
- Control, Compute, Storage po— - IE,"""' °:."' l | d,sm,edl;rl e ,I JMHM

Data y Text Format model model
. . Distribution| |Correlation| *** | Features 4
- Retrieval Augmented Generation E"'.' S : = s =
label = sample <
- LLM Agen‘l‘ Database  Expert Augmented Data Samples Datab Rital
- NL25QL (@) Input Prompt Generation. (b) LLM Fine-Tuning. (c) DB-Specific LLM Pre-Training.

- LLM as Chips/0S
- Future of Database Engines
- Applications, industry, and DB community
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Tompics of DB Meetings

1998

2008

2013

2018

2023

More data types: Image, spatial, time, genetics

Information retrieval

Data mining

Extendible DBMSs, object-oriented DBMSs

Exploit hardware advances

2 | 2| 2] 2| <

Parallelism, scale-up, scale-out

High availability, replication

Workflow models, long transactions, workflow engines

Heterogeneous DBMSs, semantic consistency, data fusion

< | 2] <] 2] 2| <~

<

< | £

Uncertain and probabilistic data, data quality

2 | 2| 2| <

Privacy and Trustworthy

One-Hundred-Year Storage

Real-time DBs, streams, sensor networks, sensor

Schema-less DBs, unify unstructured and structured data

User mnterfaces for DBs

< | 2] 2| 2] <

<

Web, Multimedia, Mobile App

L |2 |2 |2 | 2|2 |2 |=
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Tompics of DB Meetings

1998 | 1990 | 1995 [ 1998 [ 2003 | 2008 [2013 | 2018 [2023
Mobile Applications and Virtual Worlds v V
Federate Database Systems, Declarative Programming \
Human-in-the-loop data management \
Data science pipeline, Data system landscape \
Big data V V
DB engines: AQP \
DB engines: ML \ N
DB engines: benchmark \ N
DB engines: heterogeneous computation \ v
DB engines: data lakes \
Cloud DB: disaggregation, multi-tenancy V \ N
Cloud DB: hybrid cloud V \/
Cloud DB: edge and cloud V \
Data Science: data integration and wrangling \ v
Data Science: data provenance, governance, sharing, ethical \ N
Community: ecosystem, impact, education V \/ N
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Database, database system, DBMS and its benefits
Drawbacks of file system to store data

Levels of abstraction: physical/logical/view levels
Physical/logical independence

Entity-Relational(ER) model/Relational model
DDL/DML (SQL)

Database design: logical/physical design

Database engine: storage/query/transaction manager
Components of storage management

Components of query processor

Transaction manager: Recovery/concurrency-control manager
Architecture of database system

Users of database

Duties of database administrator (DBA)

Differences among database, data mining and information retrieval 102



Database management system (DBMS)

Data system applications
File processing systems
Data inconsistency
Consistency constraints
Data abstraction
Instance

Schema
- Physical schema
- Logical schema

Physical data independence

Data models
- Entity-relationship model
- Relational data model
-  Object-based data model
- Semi-structured data model

Review Terms

Database languages
- Data definition language (DDL)
- Data manipulation language (DML)
- Query language

Metadata
Application program
Normalization

Data dictionary
Storage manager
Query processor

Transactions
- Atomicity
- Failure recovery
- Concurrency control

Two- and three-tier database
architectures

Data mining
Database administrator (DBA)
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Some useful terms

Byte

Kilobyte - 210 bytes (i.e. 1024 bytes)
Megabyte - 220 bytes (i.e. 1024 kilobytes)
Gigabyte - 230 bytes (i.e. 1024 megabytes)
Terabyte - 2% bytes (i.e. 1024 gigabytes)
Petabyte - 20 bytes (i.e. 1024 terabytes)
Exabyte - 290 bytes (i.e. 1024 petabytes)
Zettabyte - 270 bytes (i.e. 1024 exabytes)

Yottabyte - 280 bytes (i.e. 1024 zettabytes)
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Shuigeng Zhou (& K E)

Shanghai Key Lab of Intelligent Information Processing
School of Computer Science
Fudan University

Home

Funding
Publications
Books/Proceedings
Software/Databases
Supervising
Teaching

Patents

Prizes

Services

Others

Shanghai Key Lab of Intelligent Information Processing
School of Computer Science

Room 502, Yifu Building, Fudan University

220 Handan Road, Shanghai 200433, China
Phone/fax: +86-21-55664298

Email: sgzhou AT fudan DOT edu DOT cn

My Google Scholar Profile

My DBLP Records

My Lab Website

Shuigeng Zhou is a full professor (since 2003) at the School of Computer Science, Fudan University,
the director (since Sept. 2018, vice-director from 2004 to Aug. 2018) of Shanghai Key Lab of
Intelligent Information Processing, Fudan University. He also leads the research group of Advanced
Data Mining and Intelligent Systems (ADMIS). He was the Vice Chairman (in charge of research
affairs) of the Department of Computer Science and Engineering, Fudan University, from January 2005 to
May 2008. The CSE Department was merged into the School of Computer Science, Fudan University in
May 2008.

Shuigeng Zhou received his Bachelor Degree of Engineering from Huazhong University of Science and
Technology (HUST) in July 1988, his Master Degree of Engineering from University of Electronic
Science and Technology of China (UESTC) in March 1991, and his PhD of Computer Science from
Fudan University in July 2000. He served in Shanghai Academy of Spaceflight Technology from
April 1991 to Auaust 1997. as an enaineer and a senior enaineer (since Auaust 1995) respectively. Before

2024/3/8

2024TST I % e R AL 3 2>



Google Scholar Profile

Shuigeng Zhou #

Fudan University
Verified email at fudan.edu.cn - Homepage

Database Bioinformatics Machine Learning

TITLE &3 :

Focusing attention: Towards accurate text recognition in natural images
Z Cheng, F Bai, Y Xu, G Zheng, S Pu, S Zhou
Proceedings of the IEEE international conference on computer vision, 5076-5084

Aon: Towards arbitrarily-oriented text recognition
Z Cheng, Y Xu, F Bai, Y Niu, S Pu, S Zhou
Proceedings of the IEEE conference on computer vision and pattern ...

Cassava genome from a wild ancestor to cultivated varieties
W Wang, B Feng, J Xiao, Z Xia, X Zhou, P Li, W Zhang, Y Wang, BL Maller, ...
Nature communications 5 (1), 5110
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CITED BY YEAR
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Cited by VIEW ALL
All Since 2019

Citations 12387 6220
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End of Lecture 1




	标题
	幻灯片 1
	幻灯片 2: Outline of the Course 
	幻灯片 3: Outline
	幻灯片 4: Outline
	幻灯片 5: Data
	幻灯片 6: Data related concepts and technologies
	幻灯片 7: Data warehouse vs. Data lake
	幻灯片 8: Data warehouse vs. Data lake
	幻灯片 9: Data warehouse, Data lake, Lakehouse
	幻灯片 10: Big Data
	幻灯片 11: The Vs of Big Data
	幻灯片 12
	幻灯片 13: Information & Information Retrieval
	幻灯片 14: Knowledge  knowledge base + inference engine = Expert System
	幻灯片 15: Data, Information and Knowledge
	幻灯片 16: Intelligence vs. Artificial Intelligence
	幻灯片 17: Intelligence vs. Artificial Intelligence
	幻灯片 18: Intelligence vs. Wisdom
	幻灯片 19: Data Mining/Warehousing, Query Processing and Information Retrieval 
	幻灯片 20: Data Processing Flow
	幻灯片 21: Outline
	幻灯片 22: What Is a Database
	幻灯片 23: Database Applications
	幻灯片 24: Example: University Database
	幻灯片 25: Drawbacks of using File Systems to Store Data
	幻灯片 26: Drawbacks of using File Systems to Store Data
	幻灯片 27: Database Management System (DBMS)
	幻灯片 28: Is a File System a DBMS?
	幻灯片 29: Is a Traditional IR System a DBMS?
	幻灯片 30: Is Web Search Engine a DBMS?
	幻灯片 31: Database Systems
	幻灯片 32: What’s the Intellectual Content?
	幻灯片 33: Outline
	幻灯片 34: Data Abstraction
	幻灯片 35: Levels of Abstraction
	幻灯片 36: View of Data
	幻灯片 37: Instances and Schemas
	幻灯片 38: Instances and Schemas
	幻灯片 39: Data Models
	幻灯片 40: Relational Model
	幻灯片 41: A Sample of Relational Database
	幻灯片 42: Object-Relational Data Models
	幻灯片 43: XML:  eXtensible Markup Language
	幻灯片 44: XML: An Example
	幻灯片 45: Outline
	幻灯片 46: Database Language
	幻灯片 47: Data Definition Language (DDL)
	幻灯片 48: Data Manipulation Language (DML)
	幻灯片 49: SQL (Structured Query Language)
	幻灯片 50: Outline
	幻灯片 51: Database Design
	幻灯片 52: Entity-Relationship Model
	幻灯片 53: The Entity-Relationship Model
	幻灯片 54: Relational Model
	幻灯片 55: A Sample Relational Database
	幻灯片 56: Data Manipulation Language 
	幻灯片 57: Outline
	幻灯片 58: Database engine
	幻灯片 59: Storage Management
	幻灯片 60: Query Processor Components
	幻灯片 61: Transaction Management
	幻灯片 62: Outline
	幻灯片 63
	幻灯片 64: Database Architecture
	幻灯片 65: Application Architectures
	幻灯片 66: Outline
	幻灯片 67: Database Users
	幻灯片 68: People Working with DBMS
	幻灯片 69: Database Administrator (DBA)
	幻灯片 70: Outline
	幻灯片 71: History of Database Systems
	幻灯片 72: Milestones in DBMS History (1)
	幻灯片 73: Milestones in DBMS History (2)
	幻灯片 74: Milestones in DBMS History (3)
	幻灯片 75: Back in 2009, I had a guess……
	幻灯片 76: Back in 2009, I had a guess……
	幻灯片 77: Milestones in DBMS History (4)
	幻灯片 78: Jeffrey Ullman
	幻灯片 79: A Slide in My Lecture 1 of Database in 2016
	幻灯片 80: They Got the 2018 Award!!!
	幻灯片 81: A Slide in My Lecture 1 of Database in 2016
	幻灯片 82: A Slide in My Lecture 1 of Database in 2016
	幻灯片 83: Alan Turing Award Committee
	幻灯片 84: Major DBMS Today
	幻灯片 85: DB-Engine Ranking
	幻灯片 86
	幻灯片 87: 蚂蚁金服OceanBase简介
	幻灯片 88: 华为openGauss简介
	幻灯片 89: Outline
	幻灯片 90: A Great Tradition
	幻灯片 91: The Database Meetings
	幻灯片 92: 2008 Claremont Meeting
	幻灯片 93: 2008 Claremont Meeting: Challenges
	幻灯片 94: 2013 Beckman Meeting
	幻灯片 95: 2013 Beckman Meeting: Challenges
	幻灯片 96: 2018 Seattle Meeting: Participants
	幻灯片 97: 2018 Seattle: Challenges
	幻灯片 98: 2023 Boston Meeting
	幻灯片 99: 2023 Boston Meeting: Challenges
	幻灯片 100: Tompics of DB Meetings
	幻灯片 101: Tompics of DB Meetings
	幻灯片 102: Summary
	幻灯片 103: Review Terms
	幻灯片 104: Some useful terms
	幻灯片 105
	幻灯片 106: 先进数据与机器智能系统实验室 Advanced Data and Machine Intelligence Systems (ADMIS) Lab （周水庚实验室）
	幻灯片 107
	幻灯片 108
	幻灯片 109
	幻灯片 110: 先进数据与机器智能系统实验室 Advanced Data and Machine Intelligence Systems (ADMIS) Lab
	幻灯片 111: 研究资助
	幻灯片 112: 研究领域：人工智能
	幻灯片 113: 研究领域：大数据管理与分析
	幻灯片 114: 研究领域：生物信息学与计算生物学
	幻灯片 115: 研究领域：金融信息处理
	幻灯片 116
	幻灯片 117: 欢迎同学们加盟并申报以下计划
	幻灯片 118: End of Lecture 1


