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How do you think about database? 
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But these use database too 
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http://www.technologyreview.com/news/530296/cell-phone-data-might-help-predict-
ebolas-spread/	
Spring'2017 



So, what is a database system? 

•  Oxford Dictionary: 
– Database: an organized body of related 

information 
– Database system, Database Management 

System (DBMS): a software system that 
facilitates the creation and maintenance and 
use of an electronic database 
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What do you want from a DBMS?  

•  Keep data around (persistent)
•  Answer questions (queries) about data 
•  Update data 
•  Example: a traditional banking application 

–  Data: Each account belongs to a branch, has a number, an owner, 
a balance, ...; each branch has a location, a manager, ... 

–  Persistency: Balance can’t disappear after a power outage 
–  Query: What’s the balance in Homer Simpson’s account? What’s 

the difference in average balance between Springfield and 
Capitol City accounts? 

–  Modification: Homer withdraws $100;charge accounts with lower 
than $500 balance a $5 fee 
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DBMS Examples 

DBMS Type Primary market
Access Relational Desktop
SQL Server Relational Enterprise
MySQL Relational Open Source
Oracle Object-Relational Enterprise
DB2 Object-Relational Enterprise
MongoDB Document-Oriented Open Source
CouchBase Document-Oriented Enterprise/Open Source
… … …
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Relational data model 

•  A database is a collection of relations (or tables)
•  Each relation has a set of attributes (or columns)
•  Each attribute has a name and a domain (or type)

–  Set-valued attributes are not allowed
•  Each relation contains a set of tuples (or rows)

–  Each tuple has a value for each attribute of the 
relation

–  Duplicate tuples are not allowed
•  Two tuples are duplicates if they agree on all attributes
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Example 
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uid name age pop 

142 Bart 10 0.9 

123 Milhouse 10 0.2 

857 Lisa 8 0.7 

456 Ralph 8 0.3 

… … … … 

gid name 

abc BookClub 

gov StudentGovernment 

dps DeadPuttingSociety 

… … 

uid gid 

142 dps 

123 gov 

857 abc 

857 gov 

456 abc 

456 gov 

… … 

Ordering of rows doesn’t matter
(even though output is
always in some order)

User Group

Member
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Designing the Database 

•  Data model: is a diagram that represents the 
entities in the database and their relationships.
– Entity: is a person, place, thing, or event about 

which information is maintained.
– Attribute: is a particular characteristic or quality of a 

particular entity.
– Primary key: is a field that uniquely identifies a 

record.
–  Secondary keys: are other field that have some 

identifying information but typically do not identify 
the file with complete accuracy.
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Entity-Relationship Modeling 

•  Database designers plan the database 
design in a process called entity-
relationship (ER) modeling.

•  ER diagrams consists of entities, attributes 
and relationships (1-1, 1-M, N-M)
– The role of relationships may be indicated.
•  Ex: relationship between 2 persons may be: 

parent, child, friend, classmate,…
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Entity-Relationship Diagram Model 
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Normalization 

•  Normalization is a method for analyzing and 
reducing a relational database to its most 
streamlined form for:
– Minimum redundancy
– Maximum data integrity
– Best processing performance

•  Normalized data is when attributes in the 
table depend only on the primary key.
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Non-Normalized Relation 
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Normalizing the Database (part A) 
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Normalizing the Database (part B) 

Spring'2017 Cao Tien Dung, PhD 15 



Normalization Produces Order 
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Querying data 

•  Data is extracted by operations
– Selection
– Projection
– Cross product
– Join (with condition)
– Union
– Difference
– …
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SQL: Structured Query Language 
•  SQL is a standard language for accessing 

and manipulating relational databases.
•  What Can SQL do?
– execute queries against a database
–  retrieve data from a database
–  insert records in a database
– update records in a database
– delete records from a database
– create new databases, new tables, stored 

procedures and  views in a database
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Examples 

•  Select a table: SELECT * FROM User;
–  Single-table query, so no cross product here
–  WHERE clause is optional
–  * is a short hand for “all columns”

•  Selection and Projection
–  Name of users under 18: SELECT name FROM User WHERE 

age<18; 
–  When was Lisa born? SELECT 2015-age FROM User WHERE 

name = 'Lisa';
–  SELECT list can contain expressions
–  Can also use built-in functions such as SUBSTR, ABS,etc.
–  String literals (case sensitive) are enclosed in single quotes
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Join example 

•  ID’s and names of groups with a user whose name 
contains “Simpson”
SELECT Group.gid, Group.name FROM User, Member, Group
WHERE User.uid = Member.uid
AND Member.gid = Group.gid
AND User.name LIKE '%Simpson%’;
–  LIKE matches a string against a pattern
–  % matches any sequence of 0 or more characters
–  Ok to omit table_name in table_name.column_name if 

column_name is unique
•  More syntax: https://www.w3schools.com/sql/

default.asp
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XML: eXtensible Markup Language 

•  Text-based
•  Capture data (content), not presentation
•  Data self-describes its structure
– Names and nesting of tags have meanings!
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<bibliography>
 <book>

<title>Foundations of Databases</title> 
<author>Abiteboul</author>
<author>Hull</author> 
<author>Vianu</author> 
<publisher>Addison Wesley</publisher> 
<year>1995</year>

</book>
<book>...</book> </bibliography>



JSON vs XML 

•  XML & JSON are a way of structuring data … 
Both are a data format.
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<Book> 
    <Title>Parsing Techniques</Title> 
    <Authors> 
        <Author>Dick Grune</Author> 
        <Author>Ceriel Jacobs</Author> 
    </Authors> 
    <Date>2007</Date> 
    <Publisher>Springer</Publisher> 
</Book>

{ 
    "Book":  
        { 
            "Title": "Parsing Techniques", 
            "Authors": [ "Dick Grune", 
"Ceriel Jacobs" ], 
            "Date": "2007", 
            "Publisher": "Springer" 
        } 
}



Comma-separated values (CSV) 

Year,Make,Model,Description,Price 
1997,Ford,E350,"ac, abs, moon",3000.00 
1999,Chevy, "Venture Extended Edition","",4900.00 
1999,Chevy, "Venture Extended Edition, Very Large", ,5000.00 
1996,Jeep, Grand Cherokee, "MUST SELL! air, moon roof, 
loaded",4799.00
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•  Store a table data in text file
– Each line is a data record
– Data fields is separated by comma, tab, 

colon or semi-colon.


