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Recap Lecture 1

• „Nutty Nuggets“ Example
• The database characteristics – „DB in a nutshell“
• Datatabase management systems
• The relational model
• Pros- and cons- of database use
• Products and big players
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Learning objectives L2

ü Gain a first overview of Structured Query Language (SQL), 
the standard language for relational DBMS.

ü You will learn the basic SQL language for:
ü Querying tables,
ü Modification of tables,
ü Modification of data in the tables.

ü You will understand the role of primary and foreign keys
ü You will learn about views and will be able to create them.
ü You will be able to link multiple tables through joins.
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Individual initiative!

• This lecture only provides an overview of the basics of SQL!
• For the exercises, you will need to build SQL queries on 

your own! Check the Resources
– http://www.geo.uzh.ch/microsite/geo874/
– Ramez A. Elmasri / Shamkant B. Navathe (2014), 

Ch4: Basic SQL, Ch5: More SQL, 82-147.

• SQL day in three parts
– Part 1: Lecture
– Part 2: Demo [later, during lab]
– Part 3: Exercise (self-correct) [later, during lab]

http://www.geo.unizh.ch/microsite/geo874/
http://www.geo.unizh.ch/microsite/geo874/
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SQL – the language for relational databases

1. SQL-Intro
2. Data types
3. SQL concepts: database, schema, table
4. Data Definition Language (DDL)
5. Data Manipulation Language (DML)
6. Data Query Language (DQL)
7. Definition of Views
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SQL-Intro

Structured Query Language (SQL) in 
relational DB allows:
1. Creating tables (relations)
2. Loading data into tables
3. Modifying data in the tables
4. Querying data in the tables
5. Deleting data 
6. Modifying table structures
7. Deleting tables
8. Management of access and data 
protection

Motivation

| SQL-Intro

SQL Editor
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Characteristics of SQL

• Ad hoc – a statement, not a full program

• Descriptive – what I want, not how to get it

• Set oriented - Work on collections of data records

• Isolation – the result of a query is complete on its own
– and can also serve as input for any other queries (nested queries)

• Efficiency – efficient execution of operations – optimized by 
the SQL engine (query optimizer in DBMS)

| SQL-Intro

Expanded in: https://en.wikipedia.org/wiki/Codd%27s_12_rules

https://en.wikipedia.org/wiki/Codd%27s_12_rules
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SQL - Overview
• SQL (    /ˈɛs kjuː ˈɛl/ or     

/ˈsiːkwəl/) 
• has a mathematical 

foundation
• Standard (ANSI/ISO SQL)...
• But rarely implemented 

entirely and often enriched 
with additions (oracle 
dialect, MySQL dialect, 
PostgreSQL dialect, ...)

• The SQL standard 
continuously refined

Ü http://en.wikipedia.org/wiki/SQL

We focus on principles, not implementations
BUT

We use PostgreSQL in this course – some actual SQL 
code is shown and may differ in other DBMS. 
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SQL is a comprehensive database language

DDL: Data Definition Language – defines the structure of the database.
DML: Data Manipulation Language – modifies data in the database
DQL: Data Query Language – retrieves data from the database
DCL: Data Control Language – manages user permissions and access
TCL: Transaction Control Language – handles transactions & ensures 
data integrity

SQL: 
• Provides pre-defined data types
• Allows the definition of Schemas & Views
• Handling of rights of access

DDL
• CREATE
• ALTER
• DROP

DML
• INSERT
• UPDATE
• DELETE

DQL
• SELECT

DCL
• GRANT
• REVOKE

TCL
• COMMIT
• ROLLBACK

SQL
Column Row Row Metadata Metadata
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SQL – the language for relational databases

1. SQL-Intro
2. Data types
3. SQL concepts: database, schema, table
4. Data Definition Language (DDL)
5. Data Manipulation Language (DML)
6. Data Query Language (DQL)
7. Definition of Views
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SQL General Data types

http://www.w3schools.com/sql/sql_datatypes_general.asp

However, different DBMS 
offer different choices for 
the data type definition.

• Same data types 
might have 
different names 
in different 
DBMS. 

• And even if the 
name is the 
same, the size 
and other details 
may be different! 

• Always check the 
documentation!

http://www.w3schools.com/sql/sql_datatypes_general.asp
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Comparison of SQL Data type implementations

http://www.w3schools.com/sql/sql_datatypes_general.asp 

Blob

Beware!

http://www.w3schools.com/sql/sql_datatypes_general.asp
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PostgreSQL SQL-Data types

https://www.postgresql.org/docs/12/datatype.html

Users can add new types in 
PostgreSQL using the 
CREATE TYPE command.

The following types (or spellings thereof) 
are specified by SQL: 
bigint, bit, bit varying, boolean, char, 
character varying, character, varchar, 
date, double precision, integer, interval, 
numeric, decimal, real, smallint, time (with 
or without time zone), timestamp (with or 
without time zone), xml.

https://www.postgresql.org/docs/12/datatype.html
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integer, smallint, bigint integer (number without decimal point), with 4, 2, and 8 bytes

numeric(p, s)  numbers, opt. can also specify a precision (total number of digits) 
and scale (number of digits to the right of the decimal point)  E.g., 1234567.123 is 
a numeric(10,3) 
numeric(p) integer with p digits (having 0 scale), e.g., 12345 is a numeric(5) 
The types decimal and numeric are equivalent

real 4 bytes, variable-precision numeric types
double precision 8 bytes, variable-precision numeric types

Smallserial, serial, bigserial autoincrementing integer

| Data Types

Selected types: Numeric

https://www.postgresql.org/docs/10/static/datatype-numeric.html
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Character types (e.g., string, text)

Date/time types

| Data Types

Selected (PostgreSQL) SQL-Data types

https://www.postgresql.org/docs/9.5/static/datatype-character.html
https://www.postgresql.org/docs/10/static/datatype-character.html
https://www.postgresql.org/docs/9.5/static/datatype-character.html
https://www.postgresql.org/docs/10/static/datatype-datetime.html
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SQL – the language for relational databases

1. SQL-Intro
2. Data types
3. SQL concepts: database, schema, table
4. Data Definition Language (DDL)
5. Data Manipulation Language (DML)
6. Data Query Language (DQL)
7. Definition of Views
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Database, Schema, Table
• Database structure and organization

– How data is organized in a database (e.g., divided
into DB tables in case of relational DBs)

• PostgreSQL
– Server instance (or database cluster): 

sc02.geo.uzh.ch
– A server instance can have one or more named

databases (e.g., „geodb“).
– A database contains one or more named schemas

(= namespaces), which in turn contain tables.
– Schemas also contain other kinds of named

objects, e.g., views, data types, functions, operations. 
– Three default schemas when creating a database:

• Public: your own tables go unless you specify otherwise
• pg_catalog: contains the system tables and all the built-in 

data types, functions, and operators
• information_schema: standards-conformant „pg_catalog“

| Database organization
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Database, Schema, Table
• Why using schemas:

– To allow many users to use one DB without interfering 
with each other (e.g., each of you have an individual schema),

– To organize DB objects (e.g., tables) into logical 
groups to make them more manageable.

– The same object name can be used in different 
schemas without conflict

• In our lab, we have a database named „geodb“, and 
each student and lecturer is allocated a schema 
(e.g., „user01“) 

• To create or access a table within a schema

| Schemas

SELECT * FROM user01.mytable

SELECT * FROM geodb.user01.mytable
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SQL – the language for relational databases

1. SQL-Intro
2. Datatypes
3. SQL concepts: database, schema, table
4. Data Definition Language (DDL)
5. Data Manipulation Language (DML)
6. Data Query Language (DQL)
7. Definition of Views
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Table Relation

• A table: a collection of records 
(rows)

• Order of records within a table is 
irrelevant.

• SQL terminology: table, row, 
column relate to the concepts of 
Relation, Tuple, and Attribute

• Table names often do not contain 
space, e.g., „customer information“

• In relational DB models data are 
organised in tabular relations

• Sets of Tuples (un-ordered)

• Term often used during 
conceptual DB design

The terms Table and Relation are often used 
interchangeably.

a record/row/tuple

a column/field/attribute

Table: customers
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DDL- Data Definition Language

Operations to Create/Delete and Modify tables
• CREATE
• ALTER
• DROP

| Tables - Data Definition Language

Column_name Type

Surname varchar(25)

First_name varchar(25)

Employee

Name
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Creation of tables

• Table Name (in the format of schema_name.table_name) 
• Attributes & Data types
• Constraints

CREATE TABLE – creation of a new table

| Tables - Data Definition Language

CREATE TABLE user01.Person ( 
 PersNr  numeric(7) PRIMARY KEY,
 Name  varchar(25) NOT NULL,
 FirstName varchar(25) NOT NULL,
 DepartmentID numeric(6) NOT NULL,
 Salary  numeric(7,2) CHECK (Salary >0),
 ZipCode  numeric(4)
)
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Constraints
• Define integrity restrictions on the values of one or more 

attributes and apply to entire columns or even tables.
– If there is any violation between the constraint and the data action, the action 

is stopped by the constraint.
– E.g., In the constraint „CHECK (Salary >0)“, inserting a new record with 

salary as 0 will fail. 

• Constraints can be specified when the table is created (inside the 
CREATE TABLE statement):
– Column-level definition: The constraints can be specified immediately after 

the column definition.
– Table-level definition: The constraints can be specified after all the columns 

are defined
• Or after the table is created (inside the ALTER TABLE statement)

• Constraints available in PostgreSQL: not null, default, unique, check, 
primary key, foreign key

| Tables - Data Definition Language
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Constraints: NOT NULL

• By default, a table column can hold NULL values

• The NOT NULL constraint enforces a column to NOT accept 
NULL values.
– It enforces a field to always contain a value.

• A not-null constraint is always written as a column constraint 
(immediately after the column definition).

| Tables - Data Definition Language

CREATE TABLE user01.Person ( 
 PersNr numeric(7) NOT NULL,
 Name  varchar(25) NOT NULL,
 FirstName varchar(25) NOT NULL
)
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Constraints: DEFAULT

• The DEFAULT constraint is used to insert a default value 
into a column.

• The default value will be added to all new records, if no 
other value is specified.

| Tables - Data Definition Language

CREATE TABLE user01.Person ( 
 PersNr numeric(7) NOT NULL,
 Name  varchar(25) NOT NULL,
 FirstName varchar(25) NOT NULL,
 DepartID numeric(5) DEFAULT 12345
)
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Constraints: UNIQUE

• Unique constraints ensure that the data contained in a column, or 
a group of columns, is unique among all the rows in the table.
– Valid for a column or combination of columns. A single entry value is unique 

in the entire column or combination of columns
– multiple UNIQUE constraints are possible in a table

– Column-level definition

– Table-level definition (a unique constraint for a group of columns)

| Tables - Data Definition Language

CREATE TABLE user01.Person ( 
 PersNr  numeric(7) NOT NULL UNIQUE,
 Name  varchar(25) NOT NULL,
 FirstName varchar(25) NOT NULL 
)

CREATE TABLE user01.grades ( 
 StudentID numeric(7) NOT NULL,
 CourseID  numeric(7) NOT NULL,
 Grade  numeric(3) NOT NULL,
        UNIQUE (StudentID, CourseID)
)
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Constraints: CHECK
• The CHECK constraint is used to limit the value range that can be 

placed in a column.
• If you define a CHECK constraint on a single column it allows only 

certain values for this column.
• If you define a CHECK constraint on a table it can limit the values in 

certain columns based on values in other columns in the row.

– Column-level definition

– Table-level definition

| Tables - Data Definition Language

CREATE TABLE user01.student( 
 StudentID numeric(7) NOT NULL UNIQUE,
 Name  varchar(50) NOT NULL,
 BirthYear numeric(4) NOT NULL CHECK (BirthYear<2005)
)

CREATE TABLE user01.student( 
 StudentID numeric(7) NOT NULL UNIQUE,
 Name  varchar(50) NOT NULL,
 BirthYear numeric(4) NOT NULL,
 Gender  char (1),
 CHECK (BirthYear<2005 AND gender in (‘M’, ‘F’))
)
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PLZ Location
6330 Cham
9000 St. Gallen
8002 Zürich
6300 Zug
8400 Winterthur
8003 Zürich
3000 Bern
8001 Zürich
8051 Zürich

| Tables - Data Definition Language

Key attributes
• Some Attributes can serve as KEYs
• Primary key: defines a column or combination of columns that uniquely 

identifies each row in the table (i.e., having UNIQUE and NOT NULL)
– There may be multiple candidates for PK, only one is selected.
– A PK might contain one or more columns (e.g., combinations of StudentID, 

CourseID for the grades table)
– Theoretically, a relation does not have to have a PK – but better to have one ...

• Examples of PKs: Postcode, AHV Number, Passport Number
– may have semantics attached

Ort CREATE TABLE user01.Person ( 
 PersNr  numeric(7) PRIMARY KEY,
 Name  varchar(25) NOT NULL,
 FirstName  varchar(25) NOT NULL 
)

CREATE TABLE user01.grades ( 
 StudentID numeric(7),
 CourseID  numeric(7),
 Grade  numeric(3) NOT NULL,
        PRIMARY KEY(StudentID, CourseID)
)

Can StudentID 
or CourseID 
take NULL 
values? No!
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PersNr LastName FirstName PLZ
1 Von Gunten Reto 3000
2 Stofer Christian 6330
3 Stofer Silvia 6330
4 Ginzler Christian 9000
5 Burghardt Dirk 8001

| Tables - Data Definition Language

Key attributes
• Foreign key: refers to the value of a primary key in another 

table.
– Values: only from the set of values of the primary key in the 

referenced relation
– Referential integrity: Must be present in the referenced table

Zip Location
6330 Cham
9000 St. Gallen
8002 Zürich
6300 Zug
8400 Winterthur
8003 Zürich
3000 Bern
8001 Zürich
8051 Zürich

Foreign key PLZ

Primary key Zip

Ort

Person

CREATE TABLE user01.Person ( 
    PersNr    numeric(7) PRIMARY KEY,
    LastName  varchar(25) NOT NULL,
    FirstName varchar(25) NOT NULL,
    PLZ       numeric(4) REFERENCES Ort (Zip) 
)

CREATE TABLE user01.Ort( 
    Zip       numeric(4) PRIMARY KEY,
    Location   varchar(25) NOT NULL 
)
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Exercise 2.1: Course registration

| Excercise

CourseID CourseName

GEO874 DB

GEO800 GIS 1

GEO801 GIS II

Course

StudentID FirstName LastName PLZ Gender

13-888-888 Stofer Christian 8001 M

13-888-889 Ginzler Silvia 8057 NULL

Student

CourseNr StuID RegistratonDate

GEO874 13-888-888 2011-11-10 10:55

Registration Primary Key CourseID

Primary Key StudentID

Foreign Key
StuID

Foreign Key
CourseNr
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Think: What could be the PK for Registration
| Excercise

CourseID CourseName

GEO874 DB

GEO800 GIS 1

GEO801 GIS II

Course

StudentID FirstName LastName PLZ Gender

13-888-888 Stofer Christian 8001 M

13-888-889 Ginzler Silvia 8057 NULL

Student

CourseNr StuID RegistratonDate

GEO874 13-888-888 2011-11-10 10:55

Registration Primary Key CourseID

Primary Key StudentID

Foreign Key
StuID

Foreign Key
CourseNr
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Think: What could be the PK for Registration
| Excercise

CourseID CourseName

GEO874 DB

GEO800 GIS 1

GEO801 GIS II

Course

StudentID FirstName LastName PLZ Gender

13-888-888 Stofer Christian 8001 M

13-888-889 Ginzler Silvia 8057 NULL

Student

CourseNr StuID RegistratonDate

GEO874 13-888-888 2011-11-10 10:55

Registration Primary Key CourseID

Primary Key StudentID

Foreign Key
StuID

Foreign Key
CourseNr

Primary Key (CourseNr, StuID)
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ALTER TABLE – alters the definition of a table
• Definition or removal of a column (Attribute)
• Alteration of a column definition (e.g., data type)
• Definition or removal of constraints

ALTER TABLE user01.Ort DROP COLUMN PLZ CASCADE;

ALTER TABLE user01.Person ADD COLUMN Street varchar(30);

Removes the column PLZ from the table Ort

• Adds the column Street in Table Person
• After creation, all the values in Street are NULL

• Changes in data type definition
• PostgreSQL will attempt to convert the column's existing values (if any) to the new 

type.
• varchar(30) to varchar(32): possible
• varchar(30) to varchar(28): will fail or produce surprising results

| Tables - Data Definition Language

Alteration of Tables

Needed if referential 
constraints have 
been defined

Ü https://www.postgresql.org/docs/12/ddl-alter.html

https://www.postgresql.org/docs/12/ddl-alter.html
https://www.postgresql.org/docs/12/ddl-alter.html
https://www.postgresql.org/docs/12/ddl-alter.html
https://www.postgresql.org/docs/12/ddl-alter.html
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Before you do, beware:
• All associated data, indexes, triggers and constraints will 

also be discarded;
• To drop a table that is referenced by a view or a foreign-

key constraint of another table, CASCADE must be 
specified
– CASCADE will remove a dependent view entirely,
– but in the foreign-key case it will only remove the foreign-key 

constraint, not the other table entirely.
• To only discard DATA, use DELETE * FROM... (see 

later)

DROP TABLE – Discards a table (contents/data and schema)

DROP TABLE user01.Person

| Tables - Data Definition Language

Deletion of Tables
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• RESTRICT – disables the deletion of the 
table if it has dependent objects (default 
setting if not specified)

• Nothing happens, Ort not dropped

• CASCADE – deletes automatically all 
linked dependent views, attributes and 
constraints (but not the tables 
themselves).

• Ort is dropped, incl. FK constraint in 
Person

DROP TABLE user01.Ort RESTRICT;

| Tables- Data Definition Language

Options for dropping tables

DROP TABLE user01.Ort CASCADE;

Zip Location
6330 Cham
9000 St. Gallen
8002 Zürich
6300 Zug
8400 Winterthur
8003 Zürich
3000 Bern
8001 Zürich
8051 Zürich

Ort

PK Zip

PersNr LastName FirstName PLZ
1 Von Gunten Reto 3000
2 Stofer Christian 6330
3 Stofer Silvia 6330
4 Ginzler Christian 9000

5 Burghardt Dirk 8001

Person

FK PLZ
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Exercise 2.2

• Attributes:
– student name, 
– gender,
– card number, 
– starting value, 
– Balance (value left)
– Charge date
– Personal Identification Number (PIN).

• Assumptions:
– The attribute “student name” has max 25 characters.
– The attribute “gender” might not be specified.
– The attribute  “value left” and “starting value” must not be smaller than 0.
– The attribute “card number” can have up to 15 characters.
– The attribute “charge date” consists of a date and a time
– The attribute “PIN” might not be specified, and if specified, it is always 12 digits long.

Assume that the University allows Students to pay with their UZH Card for 
lunches in the mensa. They charge it with a certain amount, and after each 
use the set amount will be deducted. Set up the table Card_Transaction 
with the attributes and their parameters as defined below. Select 
appropriate data types and discuss with neighbour (3 min.)

| Tables- Data Definition Language
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Exercise 2.2
• Assumptions:

– The attribute “student name” has max 25 characters.
– The attribute “gender” might not be specified.
– The attribute  “value left” and “starting value” must not be smaller than 0.
– The attribute “card number” can have up to 15 characters.
– The attribute “charge date” consists of a date and a time
– The attribute “PIN” might not be specified, and if specified, it is maximum12 digits long.

| Tables- Data Definition Language

CREATE TABLE Card_Transaction( 
  Student_Name    varchar(25) NOT NULL, 
  Gender    char(1),
  Card_Number     varchar(15) NOT NULL,
  Starting_Value  numeric(6,2) NOT NULL CHECK (Starting_Value>=0), 
  Value_Left      numeric(6,2) NOT NULL CHECK (Value_Left>=0),
  Charge_Date     timestamp NOT NULL,
  Pin_Number      numeric(12)
); 

Pen & Pencil time: try to fill the blanks. Some blanks can be null.
3 mins
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Solution Exercise 2.2

CREATE TABLE Card_Transaction( 
  Student_Name    varchar(25) NOT NULL, 
  Gender    char(1),
  Card_Number     varchar(15) NOT NULL,
  Starting_Value  numeric(6,2) NOT NULL CHECK (Starting_Value>=0), 
  Value_Left      numeric(6,2) NOT NULL CHECK (Value_Left>=0),
  Charge_Date     timestamp NOT NULL,
  Pin_Number      numeric(12)
); 

| Tables- Data Definition Language
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SQL – the language for relational databases

1. SQL-Intro
2. Data types
3. SQL concepts: database, schema, table
4. Data Definition Language (DDL)
5. Data Manipulation Language (DML)
6. Data Query Language (DQL)
7. Definition of Views
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Data Manipulation Language (DML)

Modification of the data in a table
• INSERT 
• DELETE 
• UPDATE
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INSERT – load data

INSERT INTO user01.Person VALUES(13, 'Niederberger', 'Thomas', 8001);

INSERT INTO user01.Person(PersNr, LastName, FirstName)
VALUES(13, 'Niederberger', 'Thomas');

Insert values for all columns

A subset of columns (needs to specifiy the column names)

INSERT INTO user01.Person(LastName, FirstName)
VALUES('Niederberger', 'Thomas');

A DBMS manages integrity constraints – e.g., checks whether a person
with PK 13 exists (and therefore, this 2nd SQL code will not work)

The following fails to insert into Person as the PK PersNr is not specified
(against NOT NULL constraint)

Modification of data in a table
| Data - Data Manipulation Language
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DELETE – deletes rows in a table

DELETE FROM user01.Person
WHERE LastName=´Niederberger´;

The WHERE clause specifies which row(s) will be deleted

| Data - Data Manipulation Language

Modification of data in a table

UPDATE user01.Person
SET PLZ=8051, street=´Winterthurerstrasse´
WHERE LastName=´Niederberger´;

UPDATE – modifies rows

Changes PLZ and streetname for people with
LastName „Niederberger“
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SQL – the language for relational databases

1. SQL-Intro
2. Data types
3. SQL concepts: database, schema, table
4. Data Definition Language (DDL)
5. Data Manipulation Language (DML)
6. Data Query Language (DQL)
7. Definition of Views
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Basic SQL statement for data querying: SELECT

SELECT <Column1>, <Column2>, …
FROM <TableA>
WHERE <Column1> = …;

SFW-Block

Querying data: SELECT - statement
| Queries - Data Query Language
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SELECT LastName, FirstName
FROM Person
WHERE PLZ = 6330

PersNr LastName FirstName PLZ
1 Von Gunten Reto 3000
2 Stofer Christian 6330
3 Stofer Silvia 6330
4 Ginzler Christian 9000
5 Burghardt Dirk 8001
6 Suter Christoph 8051
7 Meile Rolf 8400
8 Weibel Robert 8003

LastName LastName
Stofer Christian
Stofer Silvia

SELECT Example
| Queries - Data Query Language

Person

set-
oriented

Check one by one. 
What if there are several millions records? 
Will take a long time!!

Indexes can help!

Example: Who lives in PLZ „6330“?
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SELECT
• Specifies the projection list of the resulting schema (list of attributes)
• Integrates also arithmetical operators and aggregate functions

FROM
• specifies tables or views on which the SELECT is applied
• Applies aliases, if specified
• If multiple tables are specified, the result is a cartesian product

WHERE
• Specifies selection conditions
• Specifies linkage conditions to compute JOINs of the mentioned 

cartesian products
• You can nest queries in where clauses – you can have an entire SFW 

block inside a WHERE clause

SFW-Block
| Queries - Data Query Language

SELECT <Column1>, <Column2>, …
FROM <TableA>
WHERE <Column1> = … ;



GEO 874 | Intro to DB | HS25
E. Suel, R. Meile, Uni Zürich  

L2 | SQL
47

SFW-Block

SELECT LastName, FirstName, CityName
FROM Person, City;

SELECT LastName, FirstName, CityName
FROM Person, City
WHERE Person.PLZ = City.Zip;

👉 Every row in Person gets combined with every row in City.
If you had 1,000 people and 500 cities, you’d suddenly have 500,000 rows.
 Cartesian product.

👉 Now it only returns the rows where the PLZ in the person table matches 
the Zip in the city table. This is what we usually want: each person is linked 
to their correct city.
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Qualified names and aliases

SELECT LastName, FirstName
FROM user01.Person
WHERE PLZ = 8003

• Tables can be accessed using qualified names (schema.table). This is 
necessary when accessing tables from a different schema (e.g., 
“user02”):

• Qualified names can be also used to address columns:

SELECT Person.LastName, Person.FirstName
FROM user01.Person
WHERE Person.PLZ= 8003

| Schemas

SELECT p.LastName, p.FirstName 
FROM user01.Person p
WHERE p.PLZ = 8003

Alias: Variable p for
user01.Person
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Relational Algebra: PROJECT (operator)

• PROJECT isolates specified columns from a table

LastName FirstName

Von Gunten Reto

Stofer Christian

Stofer Silvia

Ginzler Christian

Burghardt Dirk

SELECT LastName, FirstName
FROM Person;

5 rows returned

SQL:
SELECT statement!

PROJECTLastName, FirstName (Person) Relational Algebra: 
PROJECT
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Relational Algebra: SELECTION

• SELECTION filters specified rows in the table

SELECT *
FROM Person
WHERE LastName=‘Ginzler’;

1 row returned

SELECTLastName=‘Ginzler’ (Person) Relational Algebra: 
SELECT

SQL:
WHERE clause

PersNr LastName FirstName PLZ
1 Von Gunten Reto 3000
2 Stofer Christian 6330
3 Stofer Silvia 6330
4 Ginzler Christian 9000
5 Burghardt Dirk 8001
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Cartesian product (projection on multiple tables)

• If more than one relation (table) is involved, the Cartesian product will be built

PersNr LastName FirstName PLZ
1 Von Gunten Reto 3000
2 Stofer Christian 6330
3 Stofer Silvia 6330

Code Location
6330 Cham
9000 St. Gallen
8002 Zürich

PersNr LastName FirstName PLZ Code Location
1 Von Gunten Reto 3000 6330 Cham
1 Von Gunten Reto 3000 9000 St. Gallen
1 Von Gunten Reto 3000 8002 Zürich
2 Stofer Christian 6330 6330 Cham
2 Stofer Christian 6330 9000 St. Gallen
2 Stofer Christian 6330 8002 Zürich
3 Stofer Silvia 6330 6330 Cham
3 Stofer Silvia 6330 9000 St. Gallen
3 Stofer Silvia 6330 8002 Zürich

SELECT *
FROM user01.Person,user01.Ort

Person Ort

3 X 3 = 9 rows returned
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• Same as: building a Cartesian product and then applying the filter

PersNr LastName FirstName PLZ
1 Von Gunten Reto 3000
2 Stofer Christian 6330
3 Stofer Silvia 6330

Code Location
6330 Cham
9000 St. Gallen
8002 Zürich

PersNr LastName FirstName PLZ Code Location
1 Von Gunten Reto 3000 6330 Cham
1 Von Gunten Reto 3000 9000 St. Gallen
1 Von Gunten Reto 3000 8002 Zürich
2 Stofer Christian 6330 6330 Cham
2 Stofer Christian 6330 9000 St. Gallen
2 Stofer Christian 6330 8002 Zürich
3 Stofer Silvia 6330 6330 Cham
3 Stofer Silvia 6330 9000 St. Gallen
3 Stofer Silvia 6330 8002 Zürich

SELECT *
FROM user01.Person,user01.Ort
WHERE Person.PLZ = Ort.Code

| Queries - Data Query Language

JOIN = Cartesian product + SELECT-filtering

Person Ort

2 rows returned
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• Join type
– INNER JOIN (a.k.a. JOIN)

• The previous example is an INNER JOIN.
– LEFT OUTER JOIN (a.k.a. LEFT JOIN)
– RIGHT OUTER JOIN (a.k.a. RIGHT JOIN)
– FULL OUTER JOIN (a.k.a. FULL JOIN)

• T1 join_type T2 ON [ join_condition]
– Join condition normally compares two columns, which must be of the 

same data type. (Number = Number, String = String)
– Most often „Foreign Key“ = „Primary Key“

| Queries - Data Query Language

Different types of JOIN

https://www.postgresql.org/docs/12/queries-table-expressions.html

https://www.postgresql.org/docs/12/queries-table-expressions.html
https://www.postgresql.org/docs/12/queries-table-expressions.html
https://www.postgresql.org/docs/12/queries-table-expressions.html
https://www.postgresql.org/docs/12/queries-table-expressions.html
https://www.postgresql.org/docs/12/queries-table-expressions.html
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INNER JOIN
• The INNER JOIN keyword selects all rows from both tables as long as there is 

a match between the columns.

Table: Customers

Table: Orders

SELECT *
FROM user01.Customers INNER JOIN user01.Orders
ON Customers.CID=Orders.CID

results

SELECT *
FROM user01.Customers NATURAL INNER JOIN user01.Orders

SELECT *
FROM user01.Customers JOIN user01.Orders
ON Customers.CID=Orders.CID

SELECT *
FROM user01.Customers, user01.Orders
where Customers.CID=Orders.CID

What happens if no 
matching values are found?  
-- will return 0 row
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LEFT OUTER JOIN
• The LEFT JOIN (LEFT OUTER JOIN) keyword returns all rows from the left 

table (table1), with the matching rows in the right table (table2). The result 
is NULL in the right side when there is no match.

Table: Customers

Table: Orders

SELECT *
FROM user01.Customers LEFT JOIN user01.Orders
ON Customers.CID=Orders.CID

results

SELECT *
FROM user01.Customers NATURAL LEFT JOIN user01.Orders
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RIGHT OUTER JOIN
• The RIGHT JOIN (RIGHT OUTER JOIN) keyword returns all rows from the 

right table (table2), with the matching rows in the left table (table1). The 
result is NULL in the left side when there is no match.

Table: Customers

Table: Orders

SELECT *
FROM Customers RIGHT JOIN Orders
ON Customers.CID=Orders.CID

results

SELECT *
FROM Customers NATURAL RIGHT JOIN Orders
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FULL OUTER JOIN
• The FULL OUTER JOIN (FULL JOIN) keyword returns all rows from 

the left table (table1) and from the right table (table2).
• The FULL OUTER JOIN keyword combines the result of both LEFT 

and RIGHT joins.

Table: Customers

Table: Orders

SELECT *
FROM user01.Customers FULL JOIN user01.Orders
ON Customers.CID=Orders.CID

results

SELECT *
FROM user01.Customers NATURAL FULL JOIN user01.Orders

The FULL OUTER JOIN keyword returns all the rows from the left table 
(Customers), and all the rows from the right table (Orders). If there are rows in 
"Customers" that do not have matches in "Orders", or if there are rows in 
"Orders" that do not have matches in "Customers", those rows will be listed as 
well.
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Exercise 2.3
| Queries - Data Query Language

Table1

A BL

1 2

2 3

Table2

BR C

3 4

4 5

INNER JOIN

A BL BR C

2 3 3 4

FULL OUTER JOIN

A BL BR C

1 2 null null

2 3 3 4

null null 4 5

LEFT OUTER JOIN

A BL BR C

1 2 null null

2 3 3 4

RIGHT OUTER JOIN

A BL BR C

2 3 3 4

null null 4 5

Join condition:
Table1.BL=Table2.BR

?

?

?

?
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• Requires different aliases for the same table
• E.g.,: Person a, Person b

SELECT a.FirstName FN_Asst, 
a.LastName LN_Asst, a.Assistant_of,
b.FirstName FN_Prof, b.LastName LN_Prof
FROM user01.Person a LEFT JOIN
     user01.Person b
ON a.Assistant_of = b.PersNr

PersNr LastName FirstName PLZ Assistant_of
1 Von Gunten Reto 3000 (null)
2 Burghardt Dirk 8001 8
3 Suter Christoph 8051 (null)
4 Meile Rolf 8400 (null)
8 Weibel Robert 8003 (null)

FN_Asst LN_Asst Assistant_of FN_Prof LN_Prof
Reto Von Gunten (null) (null) (null)
Dirk Burghardt 8 Robert Weibel
Christoph Suter (null) (null) (null)
Rolf Meile (null) (null) (null)
Robert Weibel (null) (null) (null)

| Queries - Data Query Language

Self Join

Person
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SQL – the language for relational databases

1. SQL-Intro
2. Data types
3. SQL concepts: database, schema, table
4. Data Definition Language (DDL)
5. Data Manipulation Language (DML)
6. Data Query Language (DQL)
7. Definition of Views
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Views (virtual tables) in SQL

• A view is a virtual table based on the result-set of an SQL 
statement (e.g., a “SELECT statement”).

• A view contains rows and columns, just like a real table. The 
fields in a view are fields from one or more real tables in the 
database.

• You can use a view like a real table in SQL queries.
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View
• Create/delete a view

• Use a view

CREATE VIEW user01.test1 AS
     SELECT *
     FROM user01.student 
     WHERE Course = ‘Math’

SELECT * FROM user01.test1

A view always shows up-to-date data! The database engine 
recreates the data, using the view's SQL statement, every time a user 
queries a view.

The view is not physically materialized/stored. Instead, the query 
is run every time the view is referenced in a query.

DROP VIEW user01.test1
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Updatable Views
• Simple views are automatically updatable: support INSERT, UPDATE 

and DELETE statements
• A view is automatically updatable if it satisfies all of the following 

conditions:
– The view must have exactly one entry in its FROM list, which must be a 

table or another updatable view.
– The view definition must not contain WITH, DISTINCT, GROUP BY, 

HAVING, LIMIT, or OFFSET clauses at the top level.
– The view definition must not contain set operations (UNION, INTERSECT 

or EXCEPT) at the top level.
– All columns in the view's select list must be simple references to columns of 

the underlying table. They cannot be expressions or functions.
– No column of the underlying table can appear more than once in the view's 

select list.
• If the view is automatically updatable, the system will convert any 

INSERT, UPDATE or DELETE statement on the view back into the 
corresponding statement on the underlying tables.

Details

http://www.postgresql.org/docs/9.5/static/sql-createview.html
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Why views?
| Definition of Views

• In some cases, it is not desirable for all users to see the entire 
logical model (that is, all the actual tables stored in the 
database).

• Consider a user who needs to know an instructor’s name and 
department, but not the salary. This user should see a table 
described, in SQL, by

• A view provides a mechanism to hide certain data from the view 
of certain users.

CREATE VIEW user01.test1 AS
SELECT ID, name, dept_name
FROM user01.instructor
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Summary 2.1
| Summary

SQL-Element SQL-Statement

Data definition CREATE TABLE

DDL

ALTER TABLE
DROP TABLE
CREATE INDEX

DROP INDEX
Data manipulation INSERT INTO

DMLUPDATE
DELETE

Querying data SELECT, JOIN DQL



GEO 874 | Intro to DB | HS25
E. Suel, R. Meile, Uni Zürich  

L2 | SQL
66

Summary 2.2

• SQL is the standard language for the definition, querying 
and manipulation of data in relational databases.

• SQL contains the following sub-languages: Data Definition 
Language (DDL), Data Manipulation Language (DML), Data 
Query Language (DQL), Data Control Language (DCL), and 
Transaction Control Language (TCL).

• Join-Operations allow the combination of tuples from 
multiple relations (Tables) into a single tuple.

| Summary



GEO 874 | Intro to DB | HS25
E. Suel, R. Meile, Uni Zürich  

L2 | SQL
67

Exercises: SQL Tutorial at W3Schools
| Exercises

http://www.w3schools.com/sql/

http://www.w3schools.com/sql/
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Later, in lab

• 10:15-12:00

• Y25-J-09, Y25-J-10

• SQL demo
• SQL Exercise
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Next weeks: More SQL & DB Design

• translation of model to 
implementation
• Validation through 
normalisation

Interview of users, 
study of 
documentation

More SQL & Requirements Analysis

Conceptual DB design

Logical DB design (data model 
mapping)

Physical DB design

Real World

Database Requirements

ER-Model

DB-Schema
(e.g. relational
data model)

Database

Lecture 3

Lecture 5

Lecture 5

Lecture 3/4

Entity types with attributes 
and relationships

Set of relations with attributes 
(incl. data types + value 
domains)

Entities in the real world:
Department head Müller,
Employee Muster,
Project ‘Budget 2014’

Implemented DB design,
Tables (ordered) with rows and 
columns

Description of database 
implementation (HW, indexes, …)

Written concise description of 
requirements (data reqs and 
functional [operations] reqs)

DBMS-specific
DBMS-independent

Ü Elmasri & Navathe (2014)

Text analysis
Entities
Relationships


