
Review of Lecture 1-1

• Course logistics

• Motivation to DB

• Redundancy and inconsistency, concurrent access

• Database and DBMS

• Schema and instance

• 3 level of abstraction

• Data independence

• DDL and DML

• SQL: both and control

• Limitation of DB
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Lecture 2-1: Today’s Plan

• Relational data model

• Set, simple attribute

• Order of row vs. order of column

• Integrity constraints in relational data model

• Domain

• Primary Key

• Foreign Key
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Chapter Outline

• Relational Model Concepts

• Relational Model Constraints and Relational Database 

Schemas

• Update Operations and Dealing with Constraint Violations
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Suggested Readings

• Textbook Chapter 05
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Why Relational Data Model?
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Relation – Informal Definition

• RELATION:  A table of values

• A relation may be thought of as a set of rows with several columns.

• Each row represents a real-world entity or relationship.

• Each column typically is called by its column name or column 

header

• Called attribute

• The values for each attribute must come from a domain (all 

possible values)

• Each row has a set of values that uniquely identifies that row in the 

table.

• Called primary key or simply key

• Sometimes row-ids or sequential numbers are (automatically) assigned 

to identify the rows in the table.
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Example: A Relation
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Example: Relational Schema
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Example: Instance
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Example: Another Instance
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Important Note

• We can only run a query over an instance to check 

whether the query is wrong, but not whether it is correct.

• If the result is wrong, the query must be wrong

• If the result is correct, the query might be correct, but might be 

wrong as well

• A correct query MUST return the right answers in all 

instances
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Alternative Terminology (FYI)
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Row/Tuple
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Degree and Cardinality
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Terminology Summary

Informal Terms Formal Terms 

Table Relation 

Column Header/Field Attribute

Row/Record Tuple

Possible Values in a 
column

Domain

Table Definition Schema of a 
Relation/Intension

Table Content Instance/Extension
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Relation – Formal Definition
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Relational Database
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Example: Relational Database
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Integrity Constraints (IC)
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ICs in Relational Database

• Domain constraints

• Primary key constraints

• Foreign key constraints
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Domain constraints

• Value for an attribute must be atomic 

• For example, phone number

• Value for an attribute must come from the domain of the 

attribute

• For example, int for int, float for float, string for string etc.
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Primary Key Constraints

• Primary key constraints: each relation must have a 

primary key

• Value for primary key must be unique and non-null (not empty)

• Review question: why PK?
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Primary Keys

• Primary key – minimum set of attributes that is a unique 
identifier for a tuple/row
• sid is primary key for Students

• cid is primary key for Courses

• A table might have several possible PKs. Each is called a 
candidate key and one of them is designated as PK.

• PK is often underlined

• If a table has multiple possible PKs, each is called a 
candidate keys and one will be designated as PK
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Example: Primary Keys
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Exercise: Candidate Key?

• Student(SID, E-mail, Address, Phone, Birthday)

• SID?

• E-mail?

• Phone?

• (SID, Address)

• F20Courses (CID, Title, Time, Location, Cap)
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Why Minimal in PK?

• PK: “Minimal” set of attributes whose values are unique 

for each row

• Its value must be unique and not empty

• Why minimal?

• SID is the PK in the Student table

• Why can’t we make (SID, Name) as the PK?
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Discussion: What is Wrong?
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Foreign Key and Referential Integrity

• Foreign Key:  set of fields in one relation that is used to refer to a 

tuple in another relation

• Often (but NOT always) corresponds to the primary key of the second 

relation like a “logical pointer”.

• The second relation could be the same relation, that is, pointing to itself (Ex. 

the supervisor FK in the employee table).

• E.g. sid is a  foreign key referring  to Students:

- Enrolled (sid: string, cid: string, grade: string)

- If all foreign key constraints are enforced, re ferential integrity 

is achieved, i.e., no dangling references.

- Can you name a data model w/o referential integrity ?

• Links in HTML!
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Definitions of FK Constraints

• Referencing relation (R1): points to (refers to) other 

relation

• For example, the Enrolled relation

• Referenced relation (R2): pointed to (referred to) by other 

relation

• For example, the Students relation

• If FK exists, the value in the foreign key column (or 

columns) of the referencing relation R1 must be either:

• a unique value in the referenced relation R2, or.

• null.

• Note: PK is mandatory but FK is optional
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Example: Foreign Key

NULL     6          9/10/20 100
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Exercise: Foreign Key

NULL     6          9/10/20 100
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Enforcing Referential Integrity
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Example: Enforcing FK

What if Jones is deleted from 
Students table?
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Example: Enforcing FK

What if Jones’s SID is changed 
to 111111?
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Where Does IC Come From?
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Other Types of Constraints

• Semantic Integrity Constraints:

• based on application semantics and cannot be expressed by the 

data model, but at the application level (you need to write code to 

describe it)

• E.g., “the max. no. of hours per employee for all projects he or she 

works on is 56 hrs per week”

• Or, “manager salary must be higher than regular worker salary”

• Or, “A student with average below 80 cannot take more than 5 courses”

• A constraint specification language may have to be used to express 

these

• SQL-99 allows triggers and ASSERTIONS to allow for some of these
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Specifying a  Relation Schema
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Exercise - FK
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Exercise – FK (Answer)
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Exercise – PK and FK

(Consider the following relations for a database that keeps track of student 

enrollment in courses and the books adopted for each course:

STUDENT(SID, Name, Major, Bdate)

COURSE(Course#, Cname, Dept)

ENROLL(SID, Course#, Quarter, Grade)

BOOK_ADOPTION(Course#, Quarter, Book_ISBN)

TEXT(Book_ISBN, Book_Title, Publisher, Author)

Identify the primary keys and foreign keys for this schema.
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Summary of Relational Model I
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Summary of Relational Model II
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Summary of 2-1

• Relational data model

• Integrity constraints in relational data model
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