Chapter 7’: SQL — Data
Retrieval

Content:

 More features for data retrieval in SQL:
Aggregation, more joins and case.

Next:
* Physical data organization: data manipulation
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Aggregates and Grouping

select avg(semester)
from students;

Result

1

7.625

Students
StudNr Name Semester | birthdate
24002 | Xenokrates 12 1989-03-14
25403 Jonas 12 1994-01-14
26120 Fichte 10 1984-05-12
26830 | Aristoxenos 3 1993-06-25
27550 [Schopenhauer 3 1995-11-03
28106 Carnap 3 1990-08-30
29120 | Theophrastos 2 1994-01-14
29555 | Feuerbach 2 1993-07-01




Aggregates and Grouping

select semester, min(birthdate)

from students

group by semester

Result
Semester Semester
12 1989-03-14
10 1984-05-12
3 1990-08-30
2 1993-07-01

Students
StudNr Name Semester | birthdate
24002 | Xenokrates 12 1989-03-14
25403 Jonas 12 1994-01-14
26120 Fichte 10 1984-05-12
26830 | Aristoxenos 3 1993-06-25
27550 [Schopenhauer 3 1995-11-03
28106 Carnap 3 1990-08-30
29120 | Theophrastos 2 1994-01-14
29555 | Feuerbach 2 1993-07-01




Characteristics of Aggregates

SQL creates one result tuple per group

All attributes of the select-clause—except the
aggregated—have to be listed in the group by-
clause

NULL value is an own group
Aggregats avg, max, min, count, sum



Aggregates and Grouping

"Find C4 professors that work for at most 8 hours '
a week on teaching.



Professors Students Lectures
PersNf Name |LevelRoom||StudNr Name Semester]||Lecture Title VI\-’I?)EL!III('LV Given_by
2125 | Sokrates | C4 | 226 || 24002 | Xenokrates 18 Nr
2126 | Russel | c4 | 232 |[ 25403 |  Jonas 12 5001 Grundzlge 4 | 2137
2127 |Kopernikus| C3 | 310 || 26120  Fichte 10 5041 Ethik 4 | 2125
2133 | Popper | C3 | 52 || 26830 | Aristoxenos 8 5043 | Erkenntnistheorie | 3 | 2126
2134 |Augustinus| C3 | 309 || 27550 |Schopenhauer 6 5049 Maeutik 2 | 2125
2136 | Curie | c4 | 36 ||28106| Carnap 3 4052 Logik 4 | 2125
2137 Kant C4 7 29120 | Theophrastos > 5052 |Wissenschaftstheorie| 3 2126
pr— 29555 | Feuerbach > 5216 Bioethik 2 | 2126
StudNr | LectureNr require 5259 Der Wiener Kreis 2 2133
6120 =001 Predecessor| Successor 5022 | Glaube und Wissen | 2 2134
~7e50 Z001 5001 5041 4630 Die 3 Kritiken 4 | 2137
27550 4052 >001 5043 Assistants
28106 5041 5001 5049 PersNr Name Area Boss
28106 5052 2041 5216 3002 | Platon Ideenlehre 2125
28106 5216 2043 5052 3003 | Aristoteles Syllogistik 2125
28106 5259 2041 5052 3004 | Wittgenstein|  Sprachtheorie | 2126
29120 5001 2052 5259 3005 | Rhetikus | Planetenbewegung | 2127
29120 5041 test 3006 Newton Keplersche Gesetze | 2127
29120 5049 StudNr|LectureNrPersNK Grade |3007 Spinoza Gott und Natur 2126
25403 5022 28106 | 5001 | 2126 | 1
29555 5022 25403 | 5041 |2125] 2
29555 5001 27550 | 4630 | 2137 | 2




Aggregates and Grouping

"Find C4 professors that work for at most 8 hours
a week on teaching.

select persNr, name, sum (weeklyHours)
from Lectures, Professors

where givenby = persNr and level = 'C4’
group by persNr, name

having sum (weeklyHours) <= 8;
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Example Execution

In the following slides we step through the
(logical) execution of the following query:

select persNr, name, sum (weeklyHours)
from Lectures, Professors

where givenby = persNr and level = 'C4’
group by persNr, name

having sum (weeklyHours) <= 8;

31-Mar-21 Database System Concepts for Non-
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1. Cross Product

from Lectures, Professors

Lecture Title Weekly| Given_by |PersNr| Name |[Level|Room
Nr Hours

5001| Grundzige | 4 2137 2125 |Sokrates| C4 | 226

5041 Ethik 4 2125 2133 | Popper | C3 | 52

4630 |Die 3 Kritiken| 4 2137 2137 | Kant C4 7

| Next: where-clause




2. Where Filtering

where level = 'C4'

Lecture Title Weekly| Given_by |PersNr| Name |[Level|Room
Nr Hours

5001 | Grundzlge 2137 2125 |Sokrates| C4 | 226
5041 Ethik 2125 2125 |Sokrates| C4 | 226

4630 |Die 3 Kritiken| 4 2137 2137 | Kant C4 7

{ Next: join condition




3. Join Condition

where givenby = persNr

Lecture Title Weekly|Given_by|PersNri Name |Level|Room
Nr Hours

5001 Grundzlge 4 2137 | 2137 Kant C4 7

5041 Ethik 2125 | 2125 | Sokrates | C4 | 226

5043 | Erkenntnistheorie 2126 | 2126 | Russel C4 | 232

5049 Maeutik 2125 | 2125 | Sokrates | C4 | 226

4052 Logik 2125 | 2125 | Sokrates | C4 | 226

5052 |Wissenschaftstheorie 2126 | 2126 | Russel C4 | 232

5216 Bioethik 2126 | 2126 | Russel C4 | 232

SAINITW|PAINIW] A

4630 | Die 3 Kritiken 2137 | 2137 Kant C4 7/

| Next: group by




4. Grouping

group by persNr, name

Le?\ltgre Title W:;'j'rz Given_by |PersNr| Name | Level |Room
5041 Ethik 4 2125 2125 | Sokrates | C4 226
5049 Maeutik 2 2125 2125 |Sokrates | C4 | 226
4052 Logik 4 2125 2125 |Sokrates | C4 | 226
5043 | Erkenntnistheorie | 3 2126 2126 | Russel C4 | 232
5052 |Wissenschaftstheo.| 3 2126 2126 | Russel C4 232
5216 Bioethik 2 2126 2126 | Russel C4 | 232
5001 Grundzuge 4 2137 2137 | Kant C4 7

4630 | Die 3 Kritiken 4 2137 2137 | Kant C4 7

{ Next: having filtering




5. Having Filtering

having sum (weeklyHours) <= 8;

Lecture Title Weekly) Given_by |PersNri Name |Level | Room
Nr Hours
5043 | Erkenntnistheorie 3 2126 2126 Russel C4 232
5052 | Wissenschaftstheo,| 3 2126 2126 Russel C4 232
5216 | Bioethik 2 2126 2126 Russel C4 232
5001 | Grundzlge 4 2137 2137 Kant C4 7
4630 |Die 3 Kritiken 4 2137 2137 Kant C4 7
{

Next: Select aggregation (sum) and

projektion




Result

select persNr, name, sum (weeklyHours)

sum
PersNr Name (WeeklyHours)
2126 Russel 8
2137 Kant 8




Maximum / Minimum

Student with the highest StudNr

select StudNr, Name

from Students

where StudNr =
(select max(StudNr)
from Student);

NOT
select Name, m r
f ents;



Example

Find students who attend more than two lecture.

StudNr Name Number_of Lectures
28106 Carnap 4
29120 | Theophrastos 3




Example - Solution

select s.StudNr, s.Name, count(*) as Number_of_Lectures
from Students s, attend a

where s.StudNr = a.StudNr

group by s.StudNr, s.Name

having count(*) > 2;

StudNr Name Number_of Lectures
28106 Carnap 4
29120 | Theophrastos 3




Example - Instead of having, a
Sub-Query could be used

Iselect tmp.StudNr, tmp.Name, tmp.Number_of_Lectures

from (select s.StudNr, s.Name, count(*) as Number_of_Lectures
from Students s, attend a
where s.StudNr=a.StudNr
group by s.StudNr, s.Name) tmp

where tmp. Number_of_Lectures > 2;

StudNr Name Number_of Lectures
28106 Carnap 4
29120 | Theophrastos 3




Case Construct

select StudNr, ( case when Grade < 1.5 then
when Grade < 2.5 then
when Grade < 3.5 then

when Grade < 4.0 then

else ‘failed "end)

from test;

“very good”
"good”’
"satisfactory

“sufficient”

First qualifying when-clause is executed



Joins in SQL-92

. (cross join): full cartesian product (notin all DBS!)

 (natural join): equality test on all attributes with
the same names, output of all attributes, those
with the same names only once (not in all DBS!)

* semi-join: no operator in SQL, expressed with
exists or in or join + select, only keeps
attributes of either side

* outer-join: keeps tuples that do not find a join
partner and fills them with null

* Inner-join: not an outer-join



Joins in SQL-92

* lnner-joins.
* Theta Join (any conditions)
* Equi-join (only equal condition)

Name | StudNr StudNr | LectureNr

Carnap 1 2 Databases

Fichte 2 2 Math




(Inner) Join

select ”
from R, R,
where R,.A=R.,.B;

or alternatively

select *
from R, join R, on R;.A =R..B;



Joins in SQL-92

. left, right or full [outer] join: keeps tuples with '
no join partner

Name | StudNr StudNr | LectureNr

Carnap 1 2 Databases

Fichte 2 2 Math




Outer Joins (left)

select p.PersNr, p.Name, t.PersNr, t.Grade,
t.StudNr, s.StudNr, s.Name

from (Professors p
left outer join test t
on p.PersNr = t.PersNr)
left outer join Students s
on t.StudNr = s.StudNr;



Result

p.PersNrip.Name|t.PersNr| t.Grade | t.StudNr |s.StudNr| s.Name

2126 | Russel | 2126 1 28106 | 28106 | Carnap

2125 |Sokrate| 2125 2 25403 | 25403 | Jonas
S

2137 | Kant | 2137 2 27550 | 27550 |Schopen-

hauer

Curie

null

null

null

null

null

2136




Outer Joins (right)

select p.PersNr, p.Name, t.PersNr, t.Grade,
t.StudNr, s.StudNr, s.Name

from (Professors p
right outer join test t
on p.PersNr = t.PersNr)
right outer join Students s
on t.StudNr = s.StudNr;



Result

p.PersNr| p.Name [t.PersNr| t.Grade | t.StudNr |s.StudNr| s.Name
2126 | Russel | 2126 1 28106 | 28106 | Carnap
2125 |Sokrates| 2125 2 25403 | 25403 | Jonas

2137 Kant | 2137 2 27550 | 27550 [Schopen-
hauer

null

null

null

null

null

26120

Fichte




Outer Joins (full)

select p.PersNr, p.Name, t.PersNr, t.Grade,
t.StudNr, s.StudNr, s.Name

from (Professors p
full outer join test t
on p.PersNr = t.PersNr)
full outer join Students s
on t.StudNr = s.StudNr;



Result

p.PersNrip.Name|t.PersNr| t.Grade | t.StudNr |s.StudNr| s.Name
2126 | Russel | 2126 1 28106 | 28106 | Carnap
2125 |Sokrate| 2125 2 25403 | 25403 | Jonas
S
2137 | Kant | 2137 2 27550 | 27550 |Schopen-
hauer
2136 | Curie null null null null null
null null

null

null

null

26120

Fichte




Example: Null values

Aggregates on a column containing some null values:

select sum(semster), - -
count(semester), --
count(*), - -
avg(semester) - -
from Students

31-Mar-21 Database System Concepts for Non-
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Students
StudNr Name Semester
27550 |Schopenhauer 4
25403 Jonas null
26120 Fichte 10
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Example: Null values

Aggregates on a column containing some null values:

select sum(semster), -- 14
count(semester), -- 2
count(*), -- 3
avg(semester) -- 7

from Students

Students
StudNr Name Semester
27550 |Schopenhauer 4
25403 Jonas null
26120 Fichte 10




Example: Null values

Aggregates on a column containing only null values:

select sum(semster), - -
count(semester), --
count(*), - -
avg(semester) - -

from Students

where stdNr = 25403
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Students
StudNr Name Semester
27550 |Schopenhauer 4
25403 Jonas null
26120 Fichte 10
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Example: Null values

Aggregates on a column containing only null values:

select sum(semster), -- null
count(semester), -- ©
count(*), -- 1
avg(semester) -- null

from Students
where stdNr = 25403

Students
StudNr Name Semester
27550 |Schopenhauer 4
25403 Jonas null
26120 Fichte 10




Example: Null values

Aggregates on a column containing no values:

select sum(semster), - -
count(semester), --
count(*), - -
avg(semester) - -

from Students

where false

31-Mar-21 Database System Concepts for Non-
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Students
StudNr Name Semester
27550 |Schopenhauer 4
25403 Jonas null
26120 Fichte 10
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Example: Null values

Aggregates on a column containing no values:

select sum(semster), -- null
count(semester), -- ©
count(*), -- 0
avg(semester) -- null

from Students
where false

Students
StudNr Name Semester
27550 |Schopenhauer 4
25403 Jonas null
26120 Fichte 10




Exercise SQL

Average Grade of the student Schopenhauer.

Number of given lectures for all professors.

Number of students that a professor knows from lectures.



Exercise SQL (cont.)

select name, avg(grade), count(*)

from students s left outer join test t
on s.studnr = t.studnr

where name = 'Schopenhauer

group by name;

select persNr, name, count(lectureNr) as numLectures
from Professors p left outer join Lectures |
on p.persNr = |.given_by
where level = 'C4'
group by p.persNr, p.name
order by numLectures desc



