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RECAP: The Relational Model

From a mathematical point of view, we can model

a relational database D as follows:


D = ( R, sch, dom, val )


—  R is a finite set of relation names


—  for every r in R, sch(r) is a list of (pairwise distinct) attributes  (“the schema of r”)


—  If sch(r)=(A1,…,Ak) then dom(r, Ai) is a set of values for every i=1…k

                                                        (“the domain of Ai in r”)


                   and val(r) is a relation over dom(r,A1), …, dom(r,Ak)


i.e., val(r) ✓ dom(r, A1)⇥ · · ·⇥ dom(r, Ak).

A database

consists of


four things!




There are Tables in RDBMSs that 

do not correspond to relations in the Relational Model.

For exactly two reasons:


Tables in RDBMSs may contain


1.)  duplicates 


2.)  NULL values.


NULL means: there is a value here, but we do not know it!


—  we will never design tables that contain duplicates.

—  try to avoid NULL values whenever possible!!!



RECAP: General Thumb Rules

1.)  in every table choose a PRIMARY KEY

      (in the ‘worst case’ consisting of all attributes)


2.)  use FOREIGN KEYs where appropriate


3.)  for every attribute, forbid nulls by appending NOT NULL

CREATE Table Book(ISBN VARCHAR(40) PRIMARY KEY,
                  Title VARCHAR(100) NOT NULL);
CREATE Table Author(Name VARCHAR NOT NULL, 
                    TaxNo VARCHAR PRIMARY KEY);
CREATE Table writtenBy(ISBN VARCHAR(40) REFERENCES Book,
                       TaxNo VARCHAR REFERENCES Author,
                       PRIMARY KEY (ISBN, TaxNo));

—  attributes of PRIMARY KEYS may not contain NULLs by default



NULL means: there is a value here, but we do not know it!


—  we will never design tables that contain duplicates.

—  try to avoid NULL values whenever possible!!!



NULL means: there is a value here, but we do not know it!


—  we will never design tables that contain duplicates.

—  try to avoid NULL values whenever possible!!!

—  good: there is a PRIMARY KEY

—  good: there are FOREIGN KEYs


—  not so good: there are no NOT NULL constraints

NOT NULL



NULL means: there is a value here, but we do not know it!


—  we will never design tables that contain duplicates.

—  try to avoid NULL values whenever possible!!!

—  super-bad: NULL values, but they were inserted as empty strings!



—  super-bad: NULL values, but they were inserted as empty strings!


Solutions: 


1.)  change empty strings into NULL values (not so good)


2.)  better:  a2m: pid mid   am2c: pid mid asc Now there

are no

NULLs!



—  super-bad: NULL values, but they were inserted as empty strings!


Solutions: 


1.)  change empty strings into NULL values (not so good)


2.)  better:  a2m: pid mid   am2c: pid mid asc Now there

are no

NULLs!

around 3.6% of the table have NULL in the ascharacter column.





directors2movies table:   86% EMPTY STRINGS in the addition-column.



12Tables

→  DELETE FROM T1;   -   delete all rows from table T1 
  
→  DELETE FROM T1 where c3=1;  -  delete rows with c3-value equals 1 
  
→  DROP TABLE T1;  -  remove table T1 

→  ALTER TABLE T1 ADD COLUMN col1 int;  -  adds a column to table T1 

→  ALTER TABLE T1 DROP COLUMN col1;  -  removes a column from table T1 

  
→  DESCRIBE T1;  -  lists the fields and types of table t1  (MySQL, not SQL!) 
     (in sqlite3 this is done via “.schema t1” or “PRAGMA table_info(t1)”) 
  
→  SHOW tables;  -  lists tables of your database  (MySQL, not SQL!) 
     (in sqlite3 this is done via “.tables”) 

—     \d       lists all tables in PostgreSQL

         \d tablename   shows schema of the table

RECAP: Altering Tables
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Which value should be / is inserted?
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→  DELETE FROM T1;   -   delete all rows from table T1 
  
→  DELETE FROM T1 where c3=1;  -  delete rows with c3-value equals 1 
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→  SHOW tables;  -  lists tables of your database  (MySQL, not SQL!) 
     (in sqlite3 this is done via “.tables”) 

—     \d       lists all tables in PostgreSQL

         \d tablename   shows schema of the table

RECAP: Altering Tables

Which value should be / is inserted?

DEFAULT 0;

Now the default value is 0.


Otherwise it is NULL!



2.)  Introduction to SQL



2.)  Introduction to SQL

Developed in the 1970’s at IBM by Chamberlin and Boyce

       (originally “SEQUEL” = Structured English Query Language”)


—  June 1979  first commercial version by Relational Software Inc  (later Oracle)

 

—  ANSI standard in 1986

 

—  ISO standard in 1987, important releases 1992, 1999, 2003, 2008, 2011, 2016

 

—  MySQL attempts to comply with 2008 standard

 

 

 

 

→   Despite the existence of the SQL standards, most SQL code 

       is not completely portable among different database systems 

       without adjustments  :-(
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SQL—Structured Query Language

By far the most important query language today is SQL.

Structured Query Language

Originally meant to be used by end users ©

Today supported by virtually any database system

SQL operates on relational data:

Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

Real databases may contain 100s or 1000s of tables, sometimes
with billions of rows (also: tuples).
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Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95
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+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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General Form of a SQL Query:

SELECT   list of attributes
FROM     list of tables
WHERE    condition over attributes
GROUP BY list of attributes
HAVING   condition over aggregates
ORDER BY list of attributes
LIMIT    number

aggregate functions:


COUNT
SUM
AVG
MAX
MIN

VARIANCE
STDDEV
BIT_OR
BIT_AND
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subqueries:


—  where a table name may be placed, we may

      also place a query (which produces a table!)



General Form of a SQL Query:

SELECT   list of attributes
FROM     list of tables
WHERE    condition over attributes
GROUP BY list of attributes
HAVING   condition over aggregates
ORDER BY list of attributes
LIMIT    number

aggregate functions:


COUNT
SUM
AVG
MAX
MIN

VARIANCE
STDDEV
BIT_OR
BIT_AND

subqueries:


—  where a table name may be placed, we may

      also place a query (which produces a table!)


—  where a value may be placed, we may 

      also place a query which produced one value. 







List the ingredients that have 

                                the highest (=maximum) alcohol value.







Which movies made the most profit?



Which movies made the most profit?

profit in millions



Which movies made the most profit?



Are these numbers correct, wrt our IMDB-movie database?



Are these numbers correct, wrt our IMDB-movie database?



Are these numbers correct, wrt our IMDB-movie database?



Are these numbers correct, wrt our IMDB-movie database?



matches any string

matches any character
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      FROM Ingredients
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      FROM Ingredients
    WHERE Alcohol=0;

Alcohol

    0.0  
    0.0   
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SELECT Alcohol         
      FROM Ingredients
    WHERE Alcohol=0;

Alcohol

    0.0  
    0.0   

This is not a table

as we want them

(contains duplicates)!!
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SELECT Alcohol         
      FROM Ingredients
    WHERE Alcohol=0;

Alcohol

    0.0  
    0.0   

This is not a table

as we want them

(contains duplicates)!!

Note:


— result tables are not like

    ordinary DB tables

— they may contain duplicates

— they may be ordered in

     a particular way
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Imagine there were hundrets of entries with Alcohol=0.


Typically we would rather count them.


—>  show each distinct Alcohol value, 

                 together with the number of ingredients that have that Alcohol value
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Imagine there were hundrets of entries with Alcohol=0.


Typically we would rather count them.


—>  show each distinct Alcohol value, 

                 together with the number of ingredients that have the Alcohol value


—>  this is precisely what you can do with 

                  GROUP BY  (we will learn more about this later)
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   SELECT Alcohol,count(*) AS c        
FROM Ingredients         
GROUP BY Alcohol       

?



Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49
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+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price
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   SELECT Alcohol,count(*) AS c        
FROM Ingredients         
GROUP BY Alcohol       

Alcohol

    0.0  
   25.0
   37.5   

c

  2      
  1
  1   



Data in Multiple Tables

Cocktail ingredients are sold by various suppliers (for a certain price),

which could be represented as

SoldBy

Ingredient Supplier DelTim3 Price

Orange Juice A&P Supermarket 1 2.49

Orange Juice Shop Rite 3 2.79

Campari Joe’s Liquor Store 2 14.95

Bacardi Liquor’s & More 5 13.99

Mineral Water Shop Rite 3 1.89

Bacardi Joe’s Liquor Store 2 14.99

3Delivery time in days.
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many-to-many relationship!



When multiple tables are reference in the FROM clause, this is interpreted

as the Cartesian product of the referenced tables:4

SELECT *
FROM Ingredients, SoldBy

Ingredients SoldBy

Name Alcohol InStock Price Ingredient Supplier DelTim Price

Orange Juice 0.0 12 2.99 Orange Juice A&P Supermarket 1 2.49

Orange Juice 0.0 12 2.99 Orange Juice Shop Rite 3 2.79

Orange Juice 0.0 12 2.99 Campari Joe’s Liquor Store 2 14.95

Orange Juice 0.0 12 2.99 Bacardi Liquors & More 5 13.99

Orange Juice 0.0 12 2.99 Mineral Water Shop Rite 3 1.89

Orange Juice 0.0 12 2.99 Bacardi Joe’s Liquor Store 2 14.99

Campari 25.0 5 12.95 Orange Juice A&P Supermarket 1 2.49

Campari 25.0 5 12.95 Orange Juice Shop Rite 3 2.79

Campari 25.0 5 12.95 Campari Joe’s Liquor Store 2 14.95

Campari 25.0 5 12.95 Bacardi Liquors & More 5 13.99

Campari 25.0 5 12.95 Mineral Water Shop Rite 3 1.89

Campari 25.0 5 12.95 Bacardi Joe’s Liquor Store 2 14.99

Mineral Water 0.0 10 1.49 Orange Juice A&P Supermarket 1 2.49

Mineral Water 0.0 10 1.49 Orange Juice Shop Rite 3 2.79

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

.

4Use * in the SELECT clause when you simply want to choose all columns.
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4Use * in the SELECT clause when you simply want to choose all columns.
c� Jens Teubner · Information Systems · Summer 2018 34

Poll

how many tuples (rows)

are in this result table?
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These should be equal!



Queries over Multiple Tables

In practice, you rarely want to see this Cartesian product in the final

result.

! Use a WHERE clause to select only semantically related data.

SELECT Name, InStock, Supplier
FROM Ingredients, SoldBy
WHERE Name = Ingredient

#
Name InStock Supplier

Orange Juice 12 A&P Supermarket

Orange Juice 12 Shop Rite

Campari 5 Joe’s Liquor Store

Mineral Water 10 Shop Rite

Bacardi 3 Liquors & More

Bacardi 3 Joe’s Liquor Store
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Queries over Multiple Tables

In practice, you rarely want to see this Cartesian product in the final

result.

! Use a WHERE clause to select only semantically related data.

SELECT Name, InStock, Supplier
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#
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This type of query is very common and is called a JOIN.


We will learn a lot about JOINS:

—  NATURAL JOIN

—  THETA JOIN

—  SEMI JOIN

—  OUTER JOIN

etc.



Queries over Multiple Tables

Resolve ambiguities by prepending column names with their table name:

SELECT Name, InStock, Supplier, SoldBy.Price
FROM Ingredients, SoldBy
WHERE Name = Ingredient
AND SoldBy.Price < Ingredients.Price

#

Name InStock Supplier Price

Orange Juice 12 A&P Supermarket 2.49

Orange Juice 12 Shop Rite 2.79

Bacardi 3 Liquors & More 13.99

Bacardi 3 Joe’s Liquor Store 14.99
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Tuple Variables

. . . or introduce tuple variables for easier reference:

SELECT Name, InStock, Supplier, s.Price
FROM Ingredients AS i, SoldBy AS s
WHERE Name = Ingredient
AND s.Price < i.Price

#

Name InStock Supplier Price

Orange Juice 12 A&P Supermarket 2.49

Orange Juice 12 Shop Rite 2.79

Bacardi 3 Liquors & More 13.99

Bacardi 3 Joe’s Liquor Store 14.99

(The keyword AS is optional; ‘SoldBy s’ would mean just the same.)
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Semantics of SQL SELECT-FROM-WHERE Expressions

Conceptually, the query

SELECT AttList
FROM TableName1,TableName2, . . .
WHERE Condition

does the following:

FROM WHERE SELECT

TableName1

TableName2

.

.

.

⇥ Condition AttList

(But most likely, the database system will choose a better strategy to

actually execute the query.)
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.
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(But most likely, the database system will choose a better strategy to

actually execute the query.)
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Any idea what that 

could be?



Concluding Remarks

SQL is case insensitive; use ’ as a string delimiter.

It is okay to reference the same table multiple times in a FROM
clause (! “self-join”). Use tuple variables then to tell things apart.

� Never, never ever, write queries where the correctness
depends on the current table contents.

E.g., the correct answer to “give me names and prices of all
non-alcoholic ingredients” is not

SELECT Name, Price
FROM Ingredients
WHERE Name = ’Orange Juice’ OR Name = ’Mineral Water’
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Concluding Remarks

SQL is case insensitive; use ’ as a string delimiter.

It is okay to reference the same table multiple times in a FROM
clause (! “self-join”). Use tuple variables then to tell things apart.

� Never, never ever, write queries where the correctness
depends on the current table contents.

E.g., the correct answer to “give me names and prices of all
non-alcoholic ingredients” is not

SELECT Name, Price
FROM Ingredients
WHERE Name = ’Orange Juice’ OR Name = ’Mineral Water’
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Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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Give the name of the ingredients that

have the highest Alcohol value


  SELECT Name 
    FROM Ingredients
   WHERE Alcohol=37.5;



4.)  Aggregate Funtions



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen




4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


e.g. build the sum of all price-values



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


e.g. build the sum of all price-values

Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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  SELECT SUM(Price) 
    FROM Ingredients;



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


e.g. build the sum of all price-values

Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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  SELECT SUM(Price) 
    FROM Ingredients;

If we assume Price is our

selling-price, we may want to

multiply by the InStock value!



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


e.g. build the sum of all price-values

Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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  SELECT SUM(Price*InStock) 
    FROM Ingredients;

If we assume Price is our

selling-price, we may want to

multiply by the InStock value!



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


e.g. build the average of all price-values

Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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  SELECT AVG(Price) 
    FROM Ingredients;



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


e.g. build the average of all price-values

Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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  SELECT AVG(Price) 
    FROM Ingredients;



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


e.g. build the count of all tuples

Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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  SELECT COUNT(*) 
    FROM Ingredients;



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


e.g. build the count of all tuples

Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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  SELECT COUNT(*) 
    FROM Ingredients;

Either one attribute here,

or the star (*).


Same result here, for any of

the four attributes.



DISTINCT keyword

Find the number of directors.


Naive approach:

  SELECT COUNT(director) 
    FROM Movies;

This is the same as just counting 

the number of rows 

in the table Movies.



DISTINCT keyword

Find the number of directors.


Naive approach:


Correct:

  SELECT COUNT(director) 
    FROM Movies;

This is the same as just counting 

the number of rows 

in the table Movies.

  SELECT COUNT(DISTINCT director) 
    FROM Movies;



DISTINCT keyword
Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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select all distinct 

alcohol values



DISTINCT keyword
Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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After DISTINCT we may have several attributes!

  SELECT DISTINCT alcohol, instock 
    FROM Ingredients;

What is the result

of this query?



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


e.g. build the count of all tuples

Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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  SELECT COUNT(DISTINCT Alcohol) 
    FROM Ingredients;

What is the result

of this query?



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


e.g. build the count of all tuples

Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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  SELECT SUM(Price)/COUNT(*) 
    FROM Ingredients;

What is the result

of this query?



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


e.g. build the count of all tuples

Ingredients

Name Alcohol InStock Price

Orange Juice 0.0 12 2.99

Campari 25.0 5 12.95

Mineral Water 0.0 10 1.49

Bacardi 37.5 3 16.98

+

SELECT Name, Price
FROM Ingredients
WHERE Alcohol = 0

=

Name Price

Mineral Water 1.49

Orange Juice 2.99
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  SELECT SUM(Price)/COUNT(*) 
    FROM Ingredients;

What is the result

of this query?

Same as AVG()!



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


COUNT
SUM
AVG
MAX
MIN

VARIANCE
STDDEV
BIT_OR
BIT_AND



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


COUNT
SUM
AVG
MAX
MIN

VARIANCE
STDDEV
BIT_OR
BIT_AND

  SELECT Name 
    FROM Ingredients
   WHERE Alcohol=37.5;



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


COUNT
SUM
AVG
MAX
MIN

VARIANCE
STDDEV
BIT_OR
BIT_AND

  SELECT Name 
    FROM Ingredients
   WHERE Alcohol=37.5;

  SELECT MAX(Alcohol) 
    FROM Ingredients; returns 37.5 for our


Ingredients table.



4.)  Aggregate Funtions
aggregare (lat.)  zusammenhäufen, aufhäufen


COUNT
SUM
AVG
MAX
MIN

VARIANCE
STDDEV
BIT_OR
BIT_AND

  SELECT Name 
    FROM Ingredients
   WHERE Alcohol=37.5;

  SELECT MAX(Alcohol) 
    FROM Ingredients; returns 37.5 for our


Ingredients table.

Return the corresponding names:

SELECT Name from Ingredients
 WHERE Alcohol=(SELECT MAX(Alcohol) 
                  FROM Ingredients);

a nested query 

(returning exactly one value)



We may select any number of AGGREGATES or any

combination of AGGREGATES.



We may select any number of AGGREGATES or any

combination of AGGREGATES.


BUT, we may not mix attributes and AGGREGATES!


SELECT name,min(price) from ingredients; What should be the

semantics of this query??



Careful:


This is an ill-formed (=syntactically wrong) query.

But sqlite3 does not care and produces SOMETHING.

==> not good!!!


Try this on MySQL or PostgreSQL or Oracle.

All of them will produce an ERROR.




5.)  GROUP BY



5.)  GROUP BY
51Aggregation and Grouping

SELECT director, AVG(length) AS avgl 
FROM Movies
GROUP BY director;

→  for each director return the average running time of his/her movies

one group per each director apply aggregate to

the group



5.)  GROUP BY

  SELECT year,count(*) 
    FROM movies GROUP BY year;

What does this query

compute?





5.)  GROUP BY

  SELECT Name,count(*) 
    FROM Cocktails GROUP BY Name;

What is the result

of this query?

Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 



5.)  GROUP BY

  SELECT Name,count(*) AS num
    FROM Cocktails GROUP BY Name;

  Name        | num 
————————————————————————
White Russian | 3      
Black Russian | 2    

Each cocktail, together with its

number of ingredients.

Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 



5.)  GROUP BY

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kaluha |    20.0

  How can we compute for each cocktail  

  its alcohol content?


Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 



5.)  GROUP BY

Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 

How can we compute for each cocktail

its alcohol content?


— idea: multiply each Amount-value by the

             corresponding Alcohol-value,

             sum those values

     and then divide by the total Amount.

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kaluha |    20.0



NATURAL JOIN

Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 

How do we attach to each Ingr-value

the corresponding alcohol value?

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kaluha |    20.0



NATURAL JOIN

Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 

How do we attach to each Ingr

the corresponding alcohol value?

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kaluha |    20.0



NATURAL JOIN

Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 

How do we attach to each Ingredient

the corresponding alcohol value?

We don’t need this

column twice.

(not a correct relation!!!)

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kaluha |    20.0



NATURAL JOIN

Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 

How do we attach to each Ingredient

the corresponding alcohol value?

The NATURAL JOIN checks equality on the

common attributes!

The common attributes are listed only once,

as first attributes of the result.

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kahlua |    20.0



NATURAL JOIN

Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 

How do we attach to each Ingredient

the corresponding alcohol value?

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kahlua |    20.0



NATURAL JOIN

Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kaluha |    20.0

How can we compute for each cocktail

its alcohol content?



Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kaluha |    20.0

How can we compute for each cocktail

its alcohol content?

Now we only want to include those cocktails

where the alc-amount ist >25.


5.)  GROUP BY



Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kaluha |    20.0

How can we compute for each cocktail

its alcohol content?

Now we only want to include those cocktails

where the alc-amount ist >25.


5.)  GROUP BY



Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kaluha |    20.0

NOT ALLOWED to have aggregates

in the WHERE-clause!!!

Now we only want to include those cocktails

where the alc-amount ist >25.


5.)  GROUP BY



Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kaluha |    20.0

— use the HAVING keyword

It checks the groups AFTER the grouping!

Now we only want to include those cocktails

where the alc-amount ist >25.


5.)  GROUP BY



Cocktails
  Name        | Ingr        | Amount_cl
———————————————————————————————————————
White Russian | Vodka       |        4
White Russian | Milk        |        4
White Russian | Kahlua      |        4
Black Russian | Vodka       |        8
Black Russian | Kahlua      |        4 

Ingredients
  Ingr  | Alcohol  
——————————————————
  Vodka |    40.0
   Milk |     0.0
 Kaluha |    20.0

How can we give the names of cocktails

that contain no alcohol?5.)  GROUP BY

select name from cocktails natural join ingredients group by name

HAVING sum(alcohol)=0;



5.)  GROUP BY

SELECT name,year,count(*) as cnt
  FROM movies 
       NATURAL JOIN directors2movies 
       NATURAL JOIN persons 
 GROUP BY name,year 
 ORDER BY cnt desc;

What does this query

compute?



5.)  GROUP BY

SELECT name,year,count(*) as cnt
  FROM movies 
       NATURAL JOIN directors2movies 
       NATURAL JOIN persons 
 GROUP BY name,year 
 ORDER BY cnt desc;

What does this query

compute?

Show how many movies each director made in each year

(sort it from largest to smallest number of movies)









General Form of an SQL Query:

SELECT   list of attributes
FROM     list of tables
WHERE    condition over attributes
GROUP BY list of attributes
HAVING   condition over aggregates
ORDER BY list of attributes
LIMIT    number

aggregate functions:


COUNT
SUM
AVG
MAX
MIN

VARIANCE
STDDEV
BIT_OR
BIT_AND



General Form of an SQL Query:

SELECT   list of attributes
FROM     list of tables
WHERE    condition over attributes
GROUP BY list of attributes
HAVING   condition over aggregates
ORDER BY list of attributes
LIMIT    number

aggregate functions:


COUNT
SUM
AVG
MAX
MIN

VARIANCE
STDDEV
BIT_OR
BIT_AND

  More Queries

  E.g:  show movies and directors where 

  the director acted in that movie.


  ==>  formulate interesting queries on your own!     

  ==>  try them on the movies.sqlite3 database!




Sebastian Maneth, Universität Bremen

maneth@uni-bremen.de


Sommersemester 2023


8.5.2023

Vorlesung 3: Introduction to SQL

Kurs 

 Datenbankgrundlagen


und Modellierung


En
d 

of 
thi

s l
ect

ure

mailto:maneth@uni-bremen.de

