
Wolf -Tilo Balke,

Hermann Kroll and Stephan Mennicke

Institut für Informationssysteme

Technische Universität Braunschweig

www.ifis.cs.tu-bs.de

Relational

Database Systems 1



ÅSQL data definition language

ÅSQL data manipulation language
(apart from SELECT)

ÅSQL SQL

ÅSome advanced SQL concepts
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9 SQL 2



ÅLast week, you learned how to query an

existing relational database

SELECT<attribute, function, scalar subquery>

FROM<table, table subquery>

[WHERE<condition>]

[GROUP BY <attribute list>]

[HAVING<condition>]

[UNION/ INTERSECT/ EXCEPT <query>]

[ORDER BY <attribute list>]
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9.1 Recap



ÅWhatõs missing?

ïhow to create schemas, tables, ...

ïhow to drop schemas, tables, ...

ïhow to alter schemas, tables, ...

ïhow to insert new tuples into existing tables?

ïhow to delete tuples from existing tables?

ïhow to update tuples in existing tables?
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9.1 SQL DDL

DDL

DML



ÅCREATE SCHEMA creates a new schema

with a given name for a given owner

ïif no schema name is provided, the current username is used

ïif no explicit owner is provided, also the current user is used 

ÅExample
ïCREATE SCHEMA heroes AUTHORIZATION batman
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9.1 SQL DDL: Schemas

CREATE SCHEMA

schema name

AUTHORIZATION user name

schema name AUTHORIZATION user name

Χ



ÅCREATE TABLE creates a new table with a 

given name

ïcontains column definition for each column

ïcontains additional table-specific

structural constraints
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9.1 SQL DDL:  Tables

CREATE TABLE name column def( )

table constraint
Χ

,



ïeach column has a name and a data type

ïeach column may have multiple column options

ïexample 

ÅCREATETABLE person (

name VARCHAR( 200) , 

age INTEGER

)
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9.1 SQL DDL:  Tables

column def
column name data type

column option
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9.1 SQL DDL:  Tables
data type

SMALLINT

INTEGER

DECIMAL

( )precision

scale,

CHAR

(                    )length

VARCHAR (                    )length

FLOAT

DATE

TIME

TIMESTAMP

Χ
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9.1 SQL DDL:  Tables

Name Syntax description

Integer INTEGER Integer value depending on system

Float FLOAT Floating point number of approximate 

precision (the supported precision is 

implementation-dependent)

Numeric NUMERIC(p,s) A decimal number with p digits. (p-s) 

before the decimal point  and sdigits 

after the decimal point

Character CHAR(x) A textual string of length x

Character 

varying

VARCHAR(x) A textual string of length at most x

Date DATE Year, month, and day

Time TIME Hours, minutes, and seconds

Timestamp TIMESTAMP A date and a time
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9.1 SQL DDL:  Tables

column option
NOT NULL

DEFAULT NULL

constant

Χ

PRIMARY KEY

column def
column name data type

column option

CHECK( )check condition

reference clause

Χ

CONSTRAINT const. name

UNIQUE



ïNOT NULL:

the NULL value is not allowed for the column

ïexample

ÅCREATETABLE person (

name VARCHAR( 200) NOT NULL,

age INTEGER NOT NULL

)

ïDEFAULT:

defines the default value if a value is not explicitly set

Åusually a constant or NULL

Åif omitted, NULL is the default 
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9.1 SQL DDL:  Tables



ÅColumn constraints

ïrestricts possible values for the current column

ïmay have a unique name indicated by
CONSTRAINT<name>
Åif name is omitted, system creates a default name

ïCHECK:  user-defined constraint.
To be valid, values have to satisfy the condition.

ïexample
ÅCREATE TABLE person (

name VARCHAR( 200 ), 

age INTEGER CONSTRAINT adult 

CHECK (age >= 18)

)
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9.1 SQL DDL:  Tables



ïUNIQUE: no duplicate values are allowed within
this attribute

Åthis option can only be used if the uniqueness constraints 
concerns only a single attribute

Åfor multi-attribute uniqueness constraints,
there is a different option (later)

Åimplies NOT NULL

ïnote: in DB2,  NOT NULLhas to be specified nevertheless ...

ïexample
ÅCREATETABLE person (

name VARCHAR( 200) NOT NULL UNIQUE,

age INTEGER NOT NULL

)
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9.1 SQL DDL:  Tables



ïPRIMARY KEY: each table may have a primary key 

(optionally, but recommended) made up of at least 

one column

Åthis option can only be used if the primary key consists

of only one column

Åfor multi-column primary keys, you need a different option 

(later)

Åimplies NOT NULLand UNIQUE

ïagain, DB2 needs an explicit NOT NULL

ïadditionally,  a referential clause may 

be specified (see next slides)
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9.1 SQL DDL:  Tables



ÅRows in tables may refer to rows in other tables 

to capture relationships

ÅOf course, you should not be allowed to refer to 

a non-existing row

ïreferential integrity between primary keys and 

foreign keys ensures that references are correct
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9.1 SQL DDL: Referential Integrity
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9.1 SQL DDL: Referential Integrity

Conceptual ER schema

Example

alias

id

real name

Hero has

power 
strength

Power

id

name

description

(0,* ) (0,* )
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9.1 SQL DDL: Referential Integrity

id real_namehero

hero aliashas_alias

hero power power_strengthhas_power

id name descriptionpower

Tables refer to others by

primary keys and foreign keys
primary key

primary key

foreign key

Resulting tables



ÅReferential integrity can be defined using the
REFERENCESclause 

ïeither used by constraints in column options or 

within table constraints
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9.1 SQL DDL: Referential Integrity 

REFERENCES-

clause
REFERENCES table name

column name

,

( )

ON DELETE NO ACTION

SET NULL

CASCADE

ON UPDATE NO ACTION

CASCADE



ÅExample
ïCREATE TABLE employee(

id INTEGER NOT NULL PRIMARY KEY,

name VARCHAR( 100) NOT NULL

)

ïCREATE TABLE managed_by(

employee INTEGER NOT NULL 

REFERENCESemployee , 

manager INTEGER NOT NULL

REFERENCESemployee

)
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9.1 SQL DDL: Referential Integrity 



ÅOptionally, you may specify what happens if a row that is 
referenced will be deleted or modified
ïON DELETE: if a referenced row is deleted, ...
ÅNO ACTION: ...reject the deletion (that is, it cannot be performed)

ÅSET NULL: ...delete it and set all referencing foreign keys to NULL

ÅCASCADE: ...delete it along with all rows referring to it

ïON UPDATE: if the primary key of a referenced row is modified, ...
ÅNO ACTION: ...reject the modification (that is, it cannot be performed)

ÅCASCADE:  ...change all values of referencing foreign keys

ïdefault
ÅON DELETE NO ACTION ON UPDATE NO ACTION
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9.1 SQL DDL: Referential Integrity 

ON DELETE NO ACTION

SET NULL

CASCADE

ON UPDATE NO ACTION

CASCADE
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9.1 SQL DDL: Table Constraints

CREATE TABLE name column def( )

table constraint
Χ

table constraint

PRIMARY KEY

CHECK(             )check condition

CONSTRAINT const. name

column name

,

( )

FOREIGN KEY column name

,

( ) reference clause

,



ÅTable constraints behave similar to constraints in 

column options

ïif no name is provided, a name is automatically 

generated

ïthe CHECKcondition may contain any

Boolean predicate

ïin contrast to column options, table constraints may 

declare primary keys consisting of multiple attributes

ïforeign keys declare references to primary keys of

other tables

Åsee referential integrity
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9.1 SQL DDL: Table Constraints
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9.1 SQL DDL: Table Example

id real_namehero

hero aliashas_alias

hero power power_strengthhas_power

id name descriptionpower

primary key

primary key

foreign key



CREATE TABLE hero(

id INTEGER NOT NULL PRIMARY KEY, 

real_name VARCHAR( 100 )

) 

CREATE TABLE power (

id INTEGER NOT NULL PRIMARY KEY, 

name VARCHAR( 100), 

description VARCHAR( 255)

) 

CREATE TABLE has_alias (

hero INTEGER REFERENCEShero 

ON DELETE CASCADE

ON UPDATECASCADE, 

alias VARCHAR( 100) NOT NULL, 

PRIMARY KEY (hero, alias)

) 
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9.1 SQL DDL: Table Example

delete alias if hero is deleted

update alias if hero is updated

link has_alias to hero

composed primary key



ÅCREATE TABLE has_power(

hero INTEGER NOT NULL, 

power INTEGER NOT NULL, 

power_strength INTEGER NOT NULL, 

PRIMARY KEY (hero, power ), 

FOREIGN KEY (hero) REFERENCEShero 

ON DELETE CASCADE

ON UPDATE CASCADE, 

FOREIGN KEY ( power ) REFERENCESpower 

ON DELETE CASCADE

ON UPDATE CASCADE

)
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9.1 SQL DDL: Table Example



ÅFor deleting tables, there is the DROP TABLE command

ïif RESTRICT is used, you may only drop empty tables that
are not referenced by any other table

ïif CASCADEis used, all referencing tables are also deleted 
(including all stored rows)
ÅDB2 does not support CASCADEé

ïif neither is used, the table does not have to be empty,
but must not be referenced by another one

ïexample
ÅDROPTABLE hero CASCADE, power CASCADE
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9.1 SQL DDL: Drop Tables

DROP TABLE table name

,

CASCADE

RESTRICT



ÅAfter a table has been created, you may alter it 

by adding/removing columns or constraints
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9.1 SQL DDL: Alter Tables

ALTER TABLE name column def

table constraint

ADD

DROP

COLUMN

PRIMARY KEY

CONSTRAINT

CHECK

FOREIGN KEY

name

column name CASCADE

RESTRICT



ïif you add a new column with a NOT NULL constraint, 
you also need to provide a default value

ïwhen dropping a column, you must either choose 
ÅCASCADEto also delete any views, indexes, and constraints 

dependent on that column

ÅRESTRICT to allow the drop only if there is no referring column 
(default)

ïif the name of a constraint is auto -generated ,
you need to look it up in the system catalog

ïexample
ÅALTER TABLE has_power DROP power_strength 

ALTER TABLE has_power 

ADD COLUMN since DATE
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9.1 SQL DDL: Alter Tables



ÅSQL data definition language

ÅSQL data manipulation language
(apart from SELECT)

ÅSQL SQL

ÅSome advanced SQL concepts
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9 SQL 2



ÅData definition language (DDL)

ïcreating, changing, altering schemas, tables, ...
ÅCREATE SCHEMA

ÅCREATE TABLE

ÅALTER TABLE

ÅDROP TABLE

ÅData manipulation language (DML)

ïquerying
ÅSELECT

ïadding and updating data
ÅINSERT INTO

ÅUPDATE

ÅDELETE

Relational Database Systems 1 ςWolf-Tilo Balke ςInstitut für Informationssysteme ςTU Braunschweig 30

9.2 SQL DML



ÅNow we have wonderful, empty tables

ÅWe need to put data into them!
ïINSERT INTO statement

ïyou can specify into what columns you want to
insert data
Ådefault:  all columns

ïnew values are stated as a literal table or inline view 
(query)
Åof course the attribute domains have to match

Relational Database Systems 1 ςWolf-Tilo Balke ςInstitut für Informationssysteme ςTU Braunschweig 31

9.2 SQL DML: Insert

INSERT INTO table name

literal table

column name

,

( )

query



ÅA literal table is defined extensionally:
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9.2 SQL DML: Insert

literal table
(VALUES expression

,

)

NULL

expression

,

NULL

Charles Xavier

Jean Grey

James Howlet

VALUES ( 'James' , 'Howlet' )

VALUES ( 'Charles' , 'Xavier' ), ( 'Jean' , 'Grey' )

VALUES 'Wolverine' , ( 'Professor X' ), 'Phoenix'

Wolverine

Professor X

Phoenix

,



Å INSERT INTO hero(id, real_name) VALUES

( 1, 'Charles F. Xavier' ), 

( 2, 'Jean Grey' ) 

INSERT INTO has_alias VALUES

( 1, 'Professor X' ), 

( 1, 'Onslaught' ), 

( 2, 'Phoenix' ), 

( 2, 'Marvel Girl' )
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9.2 SQL DML: Insert

,



ÅOf course, subqueries may also be used in 
INSERTstatements
ïINSERT INTO heroes_starting_with_a (

SELECT * FROM hero 

WHERE real_name LIKE 'A%'

) 
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9.2 SQL DML: Insert



ÅExisting rows can also be changed using the 
UPDATEstatement

ïvery similar to the SELECTstatement

ïupdate finds rows fulfilling a given condition and 

changes some of its rows by assigning new values
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9.2 SQL DML: Update



Relational Database Systems 1 ςWolf-Tilo Balke ςInstitut für Informationssysteme ςTU Braunschweig 36

9.2 SQL DML: Update

UPDATE 

column name

AS

alias name

SET =

NULL

DEFAULT

expression

column name )=

NULL

DEFAULT

expression

(

,

(

(

)

,

query )

WHERE search condition

table name



ÅReplace the real name of each hero with NULL
ïUPDATEhero SET real_name = NULL

ÅMultiply all power_strength values by 10
ïUPDATEhas_power 

SET power_strength = power_strength * 10

ÅChange the name of hero with id 1
ïUPDATEhero 

SET name= 'Charles Francis Xavier'
WHEREid = 1

ÅChange name and id of Jean Grey
ïUPDATEhero 

SET (id, name) = ( '3' , 'Jean Grey - Summers' ) 
WHEREname = 'Jean Grey'

ïChange of id is propagated to other tables when
ON UPDATE CASCADE is used in table definition

ÅAgain, subqueries can be used in the WHEREclause
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9.2 SQL DML: Update



ÅTheDELETEstatement is used to delete rows 
from a table
ïdeletes all rows satisfying a certain search condition

ïexample
Ådelete Jean Grey
ïDELETE FROMhero WHEREname = 'Jean Grey'

Ådelete all heroes
ïDELETE FROMhero
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9.2 SQL DML: Delete

DELETE FROM 

AS

alias name

table name

WHERE search condition



ÅAgain, subqueries can be used here

ïDELETE FROMhero h 

WHERENOT EXISTS(

SELECT * FROM has_alias a 

WHERE a.hero = h.id

)
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9.2 SQL DML: Delete



ÅSQL data definition language

ÅSQL data manipulation language
(apart from SELECT)

ÅSQL SQL

ÅSome advanced SQL

concepts
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9 SQL 2


