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WHAT IS SQL?

SQL—Structured Query Language—is a special-purpose language designed for querying and
managing data in relational databases.

SQL is an ANSI (American National Standard Institute) standard.

SQL is supported by all relevant relational database management systems (RDBMS).

Jan Kudlicka (jan.kudlicka@bi.no): Structured Query Language




A SIMPLE SELECT

SELECT attribute [, ...]
FROM table_reference [, ..
[WHERE where_condition]

[NCRN

> attribute - specifies a column in the result,
> table_reference - the name of the table,
» where_condition - a condition that the selected rows (tuples) must satisfy.

No WHERE clause means all rows (= WHERE TRUE).

The condition might use attributes not included in the result.

Notes: Insignificant white spaces (like new lines) are ignored. The keywords are case insensitive (so SELECT is the same as select). Some RDBMSs might require a semicolon at the
end of a query.
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SIMPLE EXAMPLES INVOLVING A SINGLE TABLE

Relation employee(id, first_name, last_name, hour_salary, department_id).

SELECT first_name, last_name
> FROM employee

SELECT first_name, last_name
FROM employee
3 WHERE department_id = 3

~

It is possible to use = instead of explicitly writing all attributes:

SELECT =
> FROM employee
3 WHERE last_name = 'Smith'
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SIMPLE EXAMPLES INVOLVING A SINGLE TABLE, CONT'D

We can also use expressions:

i SELECT first_name, last_name, hour_salaryx176
> FROM employee

We can rename a column in the result by adding AS and the new name after the attribute name or
the expression:

+ SELECT first_name, last_name, hour_salary*176 AS salary
> FROM employee

Note: The AS keyword can be omitted.
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SELECT DISTINCT

Which departments have employees with hour salary higher than 230?

1+ SELECT department_id
> FROM employee
3 WHERE hour_salary > 230

To remove duplicate rows from the result, we can use SELECT DISTINCT:

+ SELECT DISTINCT department_id
> FROM employee
3 WHERE hour_salary > 230
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WHERE CLAUSE

Logical connectives AND, OR and NOT can be used to create more complex conditions.

1+ SELECT first_name, last_name

> FROM employee
5 WHERE (hour_salary*76 < 30000 OR hour_salary IS NULL)

AND department_id = 2
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IS [NOT] NULL

Some special operators (in addition to =, <, <=, >, >=, <>):

» IS NULL
the value is not specified/known, e.g., hour_salary IS NULL

» IS NOT NULL
the attribute has a concrete value

Never use = NULL nor <> NULL!!
1 SEEECTF—
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OTHER OPERATORS

» [NOT] BETWEEN ... AND ...
the value is [not] between the given values, e.g. hour_salary BETWEEN 100 AND 200

» [NOT] IN (...)
the value is [not] in the given set, e.g. department_id IN (1, 2, 3)

> [NOT] LIKE pattern
the value does [not] match the given pattern with wildcards:

» _=any character
> %= any substring
For example, last_name LIKE 'K%' matches all rows where the last name starts with K

Note: This is not an exhaustive list.
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ORDER BY CLAUSE

Order of rows in the result can be specified by adding the ORDER BY clause:

1 SELECT select_expr [, ...]

> FROM table_reference [, ...]

5 [WHERE where_condition]

. [ORDER BY order_expr [ASC | DESC] [, ...]1]

order_expr can be an attribute, a column alias or an expression with attributes.

The default order is ascending (ASC).
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ORDER BY CLAUSE, EXAMPLES

Sort by the last name, in descending order:

1 SELECT =
> FROM employee
; ORDER BY last_name DESC

Sort employees first by their last name, and then by their first name:

SELECT id, first_name, last_name, hour_salary
> FROM employee
; ORDER BY last_name, first _name
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RELATIONAL PRODUCT BY AN EXAMPLE

A A B B

A A By B 1T 2 a p
1 2 X a B = 1 2 ~ 9
3 4 vy 0 3 4 a f
3 4 v 46
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RELATIONAL PRODUCT BY AN EXAMPLE

Table employee: Table department:
id last_name  first_name  department_id id title
1 Alnes Bernt 1 1 Planning
2 Feldal Mads 1 2 Production A
5 Nymo Ingvar 2

department_id is a FK referencing department(id)

1 SELECT =
> FROM employee, department

id last_name  first_name  department_id id title

1 Alnes Bernt 1 1 Planning

1 Alnes Bernt 1 2 Production A
2 Fjeldal Mads 1 1 Planning

2 Fjeldal Mads 1 2 Production A
5 Nymo Ingvar 2 1 Planning

5 Nymo Ingvar 2 2 Production A




INNER JOINS

We want to show the id, first name, last name and department’s title for all employees.

Idea: Do the relational product and take only the rows where employee’s department_id is equal to

department’s id (a “join condition”):

+ SELECT employee.*, department.title
> FROM employee, department
3 WHERE employee.department_id = department.id

id last_name first_name  department_id title

1 Alnes Bernt 1 Planning

2 Fjeldal Mads 1 Planning

5 Nymo Ingvar 2 Production A
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TABLE ALIASES

If an attribute’s name is not ambiguous, the table reference can be dropped:

SELECT employee.x, title
FROM employee, department
3 WHERE department_id = department.id

N

Tables can be referenced by using aliases:

SELECT e.*, d.title
FROM employee AS e, department AS d
3 WHERE e.department_id = d.id

Note: AS can be dropped for table aliases.

If a query joins a table with the same table, using aliases is the only way how to reference the
tables!

1 kudlicka@bi.no): Structured Query Language



ALTERNATIVE SYNTAX FOR JOINS

o

Alternative syntax for joins:

SELECT employee.*, department.title
FROM employee
JOIN department ON employee.department_id = department.id

Conditions not specifying how the join is performed remain in the WHERE clause:

SELECT employee.*, department.title
FROM employee

; JOIN department ON employee.department_id = department.id
» WHERE employee.last_name LIKE 'K%'
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SET OPERATIONS - UNION

i SELECT ...
> UNION [ALL]
5 SELECT ...

UNION combines the result sets from two (or more) SELECT queries.
Duplicated rows are removed unless UNION ALL is used.

The result sets of the queries must have the same number of columns and compatible data types
for each column.

The result might be ordered by adding an ORDER BY clause.
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SET OPERATIONS - INTERSECT

1 SELECT ...
> INTERSECT
3 SELECT ...

The query returns distinct rows that are present in both result sets.

Notes: Not used very often. There is also INTERSECT ALL.
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SET OPERATIONS - EXCEPT

1 SELECT ...
> EXCEPT
s SELECT ...

The query returns distinct rows from the first result set which are not present in the second result
set.

Note: Not used very often. There is also EXCEPT ALL.
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AGGREGATE FUNCTIONS

» Aggregate functions (e.g., count, sum, avg, min, max) can be used to calculate summary
statistics based on rows selected by a WHERE clause.

» The parameter of an aggregate function might be an attribute or an expression, count can
also use  as the parameter to count the number of rows.

» |t is also possible to calculate statistics based on distinct values, e.g.
count(DISTINCT department_id).

» If you use an aggregate function in an SQL query (without grouping), all columns in the result
must be aggregates.
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AGGREGATE FUNCTIONS, CONT'D BI

Aggregate functions only consider non-null values (with exception of count(*) which returns the
number of matched rows).

Example: Suppose that SELECT salary FROM ... returns rows:
45,36, 40, 45, 50, NULL, 73, 40, NULL, 46
» count(x) =10
Number of rows is 10.

» count(salary) =8
45, 36, 40, 45, 50, NULL, 53, 40, NULL, 46

» count(distinct salary) =6
45,36, 40, 45, 50, NULL, 53, 40, NULL, 46
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AGGREGATE FUNCTIONS, EXAMPLES

The number of employees and the average salary:

1 SELECT count(*), avg(hour_salary)
> FROM employee

The number of employees and the average salary in the department with ID 1:

1 SELECT count(*), avg(hour_salary)
> FROM employee

5 WHERE department_id = 1
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GROUPING

We can divide selected rows into groups based on the value of one or several attributes (or
expressions) and calculate summary statistics (aggregates) in each group.




GROUP BY CLAUSE

Grouping can be specified by adding a GROUP BY clause:

SELECT select_expr [, ...]

> FROM table_reference [, ...]

5 [WHERE where_condition]

» [GROUP BY group_expr [, ...]]

s [ORDER BY order_expr [ASC | DESC] [, ...]]

The group_expr can be an attribute, an expression or a column alias.

We have already seen a special case: Using aggregates without a GROUP BY clause = one group
consisting of all selected rows.
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GROUP BY CLAUSE, CONT'D

When using a GROUP BY clause, columns in the result must be:

» group statistics (aggregates), or
» grouping attributes (or expressions using these attributes)

If the DBMS supports SQL99's T301, you can also use:

> attributes functionally dependent on grouping attributes
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GROUP BY CLAUSE, EXAMPLES

The minimum and maximum salary per department:

1 SELECT department_id, min(hour_salary), max(hour_salary)
> FROM employee
; GROUP BY department_id

The total number of employees and the average salary per department:

1 SELECT department_id, count(*), avg(hour_salary)
> FROM employee
; GROUP BY department_id
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HAVING CLAUSE

A HAVING clause can be used to choose the groups that will be included in the result

i SELECT select_expr [, ...]

> FROM table_reference [, ...]

s [WHERE where_condition]

. [GROUP BY group_expr [, ...]]

s [HAVING having_condition]

s [ORDER BY order_expr [ASC | DESC] [, ...]

No HAVING clause means all groups.
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HAVING CLAUSE, EXAMPLE

What is the maximum salary in departments with at least 10 employees?

1 SELECT department_id, max(hour_salary) AS max_salary
> FROM employee

5 GROUP BY department_id

+ HAVING count(*) >= 10

Exercise: Why can't count(*) >= 10 be in the WHERE clause?

Jan Kudlicka (jan.kudlicka@bi.no): Structured Query Language




EXAMPLE STEP BY STEP

SELECT city, avg(price) FROM hotel WHERE country='SE'
GROUP BY city HAVING count(*) > 1

name city country price
Akademihotellet  Uppsala SE 696
Alexandra Hotel ~ Stockholm  SE 790
Anker Hotel Oslo NO 885
Best Western Stockholm  SE 1880
Grand Hotel Oslo NO 1580
Nova Park Knivsta SE 2695
Park Inn Uppsala SE 1025
Radisson Blu Uppsala SE 1120
Rival Stockholm ~ SE 1695
Smart Hotel Oslo NO 820
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EXAMPLE STEP BY STEP

SELECT city, avg(price) FROM hotel WHERE country='SE'
GROUP BY city HAVING count(*) > 1

name city country price
Akademihotellet  Uppsala SE 696
Alexandra Hotel ~ Stockholm  SE 790
Best Western Stockholm ~ SE 1880
Nova Park Knivsta SE 2695
Park Inn Uppsala SE 1025
Radisson Blu Uppsala SE 1120

Rival Stockholm ~ SE 1695




EXAMPLE STEP BY STEP

SELECT city, avg(price) FROM hotel WHERE country="'SE'
GROUP BY city HAVING count(*) > 1

name city country price
name city country  price Akademihotellet ~ Uppsala SE 696
Akademihotellet  Uppsala SE 696 Park Inn Uppsala SE 1025
Alexandra Hotel ~ Stockholm  SE 790 Radisson Blu Uppsala SE 1120
Best Western Stockholm  SE 1880 . .

name city country  price
Nova Park Knivsta SE 2605 Alexandra Hotel Stockholm SE 790

Best Western Stockholm SE 1880
park Inn Uppsala 5 1025 Rival Stockholm SE 1695
Radisson Blu Uppsala SE 1120
Rival Stockholm ~ SE 1695

name city country price

Nova Park Knivsta SE 2695




EXAMPLE STEP BY STEP

SELECT city, avg(price) FROM hotel WHERE country="'SE'
GROUP BY city HAVING count(*) > 1

name city country price
name city country  price Akademihotellet ~ Uppsala SE 696
Akademihotellet  Uppsala SE 696 Park Inn Uppsala SE 1025
Alexandra Hotel ~ Stockholm  SE 790 Radisson Blu Uppsala SE 1120
city avg(price)
Best Western Stockholm  SE 1880 name city country  price Uppsala 94
. Alexandra Hotel Stockholm SE 790 Stockholm 1455
Nova park Knivsta 5 269 Best Western Stockholm SE 1880 Knivsta 2695
park Inn Uppsala 5 1025 Rival Stockholm SE 1695
Radisson Blu Uppsala SE 1120
Rival Stockholm ~ SE 1695
name city country price

Nova Park Knivsta SE 2695




EXAMPLE STEP BY STEP

SELECT city, avg(price) FROM hotel WHERE country="'SE'
GROUP BY city HAVING count(*) > 1

name city country price
name city country  price Akademihotellet ~ Uppsala SE 696
Akademihotellet  Uppsala SE 696 Park Inn Uppsala SE 1025
Alexandra Hotel ~ Stockholm  SE 790 Radisson Blu Uppsala SE 1120
city avg(price)
Best Western Stockholm  SE 1880 name city country  price Uppsala 94
Nova Park Knivsta SE 2605 Alexandra Hotel Stockholm SE 790 Stockholm 1455
Best Western Stockholm SE 1880
park Inn Uppsala 5 1025 Rival Stockholm SE 1695
Radisson Blu Uppsala SE 1120
Rival Stockholm ~ SE 1695
name city country price

Nova Park Knivsta SE 2695




NESTED QUERIES, MOTIVATING EXAMPLE

Which employees have the lowest hour salary?
Attempt 1:

1 SELECT =

> FROM employee

; ORDER BY salary
+ LIMIT 1

Exercise: Does this work?
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NESTED QUERIES, MOTIVATING EXAMPLE, CONT'D

Which employees have the lowest hour salary?
Attempt 2:

SELECT min(salary)
FROM employee

o

Say that this query returns 12780.

SELECT *
> FROM employee
5 WHERE salary = 12780
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NESTED QUERIES

In the WHERE clause, instead of a constant or a “hardcoded” value we can use a nested query which
returns exactly one value (single column, single row).

Attempt 3:

1 SELECT =*
> FROM employee
5 WHERE salary = (SELECT min(salary) FROM employee)
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NESTED QUERIES, CONT'D

Similarly, instead of a list of constants, we can use a nested query which returns several values
(single column, several rows).

Example: Select departments with employees whose last name starts with K.

1 SELECT =
> FROM department
s WHERE id IN
4 (SELECT department_id
5 FROM employee
WHERE last_name LIKE 'K%')
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CORRELATED NESTED QUERIES

A nested query can also use attributes from the tables used in the main (outer) query.

Such queries are called correlated or synchronized.

Example:

1 SELECT * FROM employee e

> WHERE salary > (

SELECT avg(salary)

FROM employee

WHERE department_id=e.department_id

)
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ANY AND ALL

expr (=]<>|<[<=]>]>=) ANY (nested_query)

True iff expr =, #, <, <, > resp. > any of the values returned by the nested query.

rexpr (=]<>|<|<=]>]>=) ALL (nested_query)

True iff expr =, #, <, <, > resp. > all values returned by the nested query.

expr = ANY (nested_query) is equivalent to expr IN (nested_query)
expr <> ALL (nested_query) is equivalent to expr NOT IN (nested_query).
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[NOT] EXISTS

EXISTS (nested_query) - true iff the nested query returns at least one row.

NOT EXISTS (nested_query) - true iff the nested query does not return any row.

Example: Select the worst paid employees in each department:

1 SELECT =
> FROM employee e
5 WHERE NOT EXISTS
(SELECT =
FROM employee
WHERE department_id = e.department_id
AND salary < e.salary)
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USING THE RESULT OF A NESTED QUERY AS A TABLE

Example: Select the minimum of the average salaries in each department.

1+ SELECT min(avg_hour_salary)

2 FROM (

5 SELECT department_id, avg(hour_salary) AS avg_hour_salary
FROM employee

5 GROUP BY department_id

)
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VIEWS

Aview is a named “virtual” table representing the result set of a given SELECT query.

+ CREATE VIEW view_name AS
> SELECT ...

Aview can be used in queries in the same way as regular tables.

The content of this “virtual” table is determined dynamically when such a query is executed.
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VIEWS, EXAMPLE

1 CREATE VIEW employee_and_department AS

> SELECT employee.id, first_name, last_name, title
3 FROM employee, department

+ WHERE department_id = department.id;

¢ SELECT * FROM employee_and_department
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OUTER JOINS

An inner join like

1 SELECT =*
> FROM A
; JOIN B ON B.attr_b = A.attr_a

returns “only” combinations of rows in A and B that match the condition.
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OUTER JOINS, CONT'D

An outer left join

SELECT =
FROM A
5 LEFT JOIN B ON B.attr_b = A.attr_a

~

includes also all rows in A with no matching row in B (using NULL as the value for all attributes of B).

An outer right join

SELECT =
> FROM A
5 RIGHT JOIN B ON B.attr_b = A.attr_a

includes also rows in B with no matching row in A (using NULL as the value for all attributes of A).
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OUTER JOINS, EXAMPLE

Table employee: Table department:
id last_name  department_id id title
1 Nymo 23 23 IT
2 Tveten 24 24 Math
25  Physics

i SELECT d.title, e.id, e.last_name
> FROM department d
5 LEFT JOIN employee e ON e.department_id = d.id

1+ SELECT d.title, e.id, e.last_name
> FROM employee e
5 RIGHT JOIN department d ON e.department_id = d.id

title id last_name
IT 1 Nymo
Math 2 Tveten

Physics ~ NULL ~ NULL
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COMMON TABLE EXPRESSIONS

Common table expressions were introduced in the SQL:1999 revision.

A common table expression (CTE) can be thought of as as a temporary view that exists only during
execution of a single query.

+ WITH cte_name AS (SELECT ...)
» SELECT ... -- uses "cte_name" as a table/view

We can often use CTEs instead of subqueries and views to make queries easier to read and
understand.

Jan Kudlicka (jan.kudlicka@bi.no): Structured Query Lan



ORDINARY CTE, EXAMPLE

Example: Select the minimum of the average salaries in each department.

1 WITH avg_salaries AS (
SELECT department_id, avg(hour_salary) AS avg_hour_salary
FROM employee

4 GROUP BY department_id

5 )

s SELECT min(avg_hour_salary) FROM avg_salaries
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RECURSIVE CTE

+ WITH RECURSIVE cte_name AS (

> SELECT ... -- initial SELECT

3 UNION ALL

« SELECT ... -- recursive SELECT (uses "cte_name" as a table/view)
5 )

6 SELECT ...

The result set of cte_name is determined iteratively:

1. The first (initial) SELECT in the CTE is executed to produce the initial rows.

2. The second (recursive) SELECT is executed to produce additional rows.
cte_name in it refers to the rows being added in the previous iteration.

3. The previous step is repeated until no more rows are being added to the result set.
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RECURSIVE CTE, EXAMPLE

1 WITH RECURSIVE cte AS

2 (

, SELECT 1 AS n

. UNION ALL

s SELECT n+1 FROM cte WHERE n < 5
)

) SELECT + FROM cte

The query returns rows with the numbers from 1 to 5.

Remember to include a condition to terminate the recursion!
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RECURSIVE CTE, CONT'D

Recursive CTEs can be used to traverse trees and graphs stored in relational databases.

Example: Select all employees including their level in the org. hierarchy.

1+ WITH employee_cte AS (
2 SELECT 1 AS Tlevel, * FROM employee
WHERE supervisor_id IS NULL
4 UNION ALL
5 SELECT Tlevel+1l AS level, employee.* FROM employee, employee_cte
6 WHERE employee.supervisor_id=employee_cte.id
)

¢ SELECT * FROM employee_cte
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