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M3B: Relational Databases and Working with SQL (4)

SQL: Operators, Aggregate Functions and Group by
Softcopy of handouts can be found at http://www.clsmss.edu.hk/~whlau/08CA/

List of Reserved Words and Functions for Database (Based on SQL-92)

	Type
	Commands/constants/functions

	Constants
	FALSE, TRUE

	Operators
	(, (, *, /, >, <, (, >(, <(, <>, %, _ , ' , AND, NOT, OR

	SQL
	ABSOLUTE (ABS), AVG, INT, MAX, MIN, SUM, COUNT

	
	ASC, AT, CHAR (CHR), CHAR_LENGTH (LEN), LOWER, TRIM, SPACE, SUBSTRING (SUBSTR/MID), UPPER, VALUE (VAL)

	
	DATE, DAY, MONTH, YEAR

	
	ADD, ALL, ALTER, ANY, AS, ASC, BETWEEN, BY, CREATE, DELETE, DESC, DISTINCT, DROP, EXISTS, FROM, GROUP, HAVING, IN, INDEX, INNER JOIN, INSERT, INTEGER, INTERSECT, INTO, LEFT [OUTER] JOIN, LIKE, MINUS, NULL, RIGHT [OUTER] JOIN, FULL [OUTER] JOIN, ON, ORDER, SELECT, SET, TABLE, TO, UNION, UNIQUE, UPDATE, VALUES, VIEW, WHERE


Operators

1. Operators in SQL

a) The comparison operators are > (greater than), < (smaller than), ( (equal to), >( (greater than or equal to), <( (smaller than or equal to), <> (not equal).  The results of the operators are Boolean values: either TRUE or FALSE.
b) The logical operators are AND, OR and NOT.  They are applied to Boolean values only.

c) The arithmetic operators are + (plus), - (minus), / (divide), * (multiply), and % (modulo).  Modulo returns the remainder of a division of integers. (In MS Access use “mod” instead)
i. Arithmetic operators can be used in the WHERE clauses;

ii. Arithmetic operators can be used in the field list of SELECT statements;

E.g. SELECT name, mark+20 FROM student_score

In all records in the query result, each mark is added 20.


Note that the data in the table is NOT changed (because SELECT only retrieves data).

d) One string operator is || (string concatenation, some uses +)
E.g. 
SELECT name || " (" || sex || ")", mark FROM StudentInfo
Or
SELECT name + " (" + sex + ")", mark FROM StudentInfo
The two fields name and sex are combined together, with brackets enclosing the sex.
E.g. Chan Tai Man (M)
We may also set a field alias to make the query result look better:

E.g. SELECT name + " (" + sex + ")" AS Student, mark FROM StudentInfo
e) The IS operator is mainly used in “IS NULL”, which tests whether a field contains no data:
E.g. SELECT name FROM StudentInfo WHERE address IS NULL
Aggregate Functions and Group by

2. Aggregate functions

a) The following are the common group functions

	Function
	Description

	COUNT( field )
	Count the number of records in which the field is not null

When field is an asterisk (*), this function counts all records.

	SUM( field )
	Sum up the values of the field in the records.  (Number only)

	AVG( field )
	Returns the average value of the field in the records.  (Number only)

	MAX( field )
	Returns the maximum value of the field in the records.  (Number only)

	MIN( field )
	Returns the minimum value of the field in the records.  (Number only)


E.g. SELECT AVG(exam) AS AverageMark FROM score 

The result is a single value, which is the average of all values in the “exam” field.

E.g. SELECT MAX(exam) AS Highest FROM score WHERE class = "1A" 

The result is the maximum of the values in the “exam” field for class 1A.

b) The functions can be used together with other operators. 

E.g. SELECT SUM(exam)/COUNT(*) AS ExamMark FROM score 

(Of course, SUM(exam)/COUNT(*) is the same as AVG(exam))

3. GROUP BY - Group the records

a) By default the aggregate functions are applied to all the records in the table.  To group the records by values of a field before applying the aggregate functions, we use “GROUP BY”.
i. Example 1: Suppose the table “score” holds the marks of students.

SELECT class, MAX(exam) AS Highest FROM score 

GROUP BY class

( It lists the maximum exam mark for each of the class found in the table.

ii. Example 2: Suppose the total mark is calculated by total = test*0.4 + exam*0.6

SELECT sex, AVG(test*0.4 + exam*0.6) AS Average

FROM score GROUP BY sex
( It lists the average of total marks for male and female students.

b) HAVING: filtering groups. 

Like the WHERE clause, HAVING filters the query result rows.  However, WHERE filters the rows from the FROM clause, while HAVING filters the grouped rows.  Also, aggregate functions can only be used in the HAVING clause.

i. Example 1: 


SELECT class, AVG(test) AS average FROM score




GROUP BY class HAVING AVG(test) >= 70
Note: you cannot use WHERE clause for this condition.  In the result table, the column of average mark is named as “average”.

ii. Example 2: 


SELECT class, AVG(test) FROM score WHERE test >= 50




GROUP BY class HAVING MAX(test) >= 70
Note: Only records of test >= 50 are used; Records are grouped by class; Only groups with maximum test mark >= 70 are used; The average test mark of each class is listed.

4. Note for using GROUP BY and HAVING
a) Only the field in the GROUP BY clause should appear in the field list of SELECT.
E.g. SELECT xyz, ... FROM table GROUP BY xyz ...
b) HAVING can be used together with WHERE, but
i. WHERE filters records before grouping of records.
ii. HAVING filers groups after grouping of records.
Exercise

Send your answers to isaac@clsmss.edu.hk with email subject “[08CA] M3B-04 Exercise”.
5. The following is a table storing committee members of the Astronomy Club:

	TABLE: ast_club

	Field
	Type
	Description

	cls
	char(2)
	Class

	clsno
	integer
	Class Number

	name
	char(20)
	Student Name

	sex
	char(1)
	Sex

	post
	char(20)
	Post in Committee


Write SQL Statements for the following tasks:

a) Count the number of members (including committee members) in the club. 

b) Count the number of female students in the club.

c) Count the number of male students from class 1A in the club. 

d) List the number of club member (post = “Member”) for each class. 

e) List the number of students of each post. 

f) List the number of students from each class. 

g) List the number of students of each post from each class. 

h) List the number of students of each sex from each class. 

i) List the posts of which there are more than three students. 

j) List the class in which there are more than 10 students in the club. 

6. The following is a table storing the test and examination marks of some students.

	TABLE: score

	Field
	Type
	Description

	cls
	char(2)
	Class

	clsno
	integer
	Class Number

	name
	char(20)
	Student Name

	sex
	char(1)
	Sex

	test
	numeric
	Test Mark

	exam
	numeric
	Exam Mark


Write SQL Statements for the following tasks:

a) List the maximum examination marks for all classes

b) List the average test marks of the female students in class 1A. 

c) List the average test marks of students in form 1 classes (i.e. class 1A, 1B, 1C, 1D, 1E). 

d) Count the number of students who have passed (>=50) both test and examination. 

e) List the name of students who have a total mark (0.3*test + 0.7*exam) greater than 90. 

f) Count the number of students who have a total mark (0.3*test + 0.7*exam) greater than 90. 

g) List the average examination marks for the classes in which all students passing the exam (exam >=50). 

h) List the number of students who have failed in the examination (<50) in each class. 

i) Insert a new column “total” in the table.  The total mark is calculated by 0.3*test + 0.7*exam. (two statements)
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cls�
clsno�
name�
sex�
test�
exam�
�
1A�
1�
John�
M�
70�
88�
�
1B�
13�
Peter�
M�
68�
59�
�
2A�
24�
Mary�
F�
82�
89�
�
1C�
15�
Susan�
F�
91�
80�
�






cls�
clsno�
name�
sex�
post�
�
1A�
1�
John�
M�
Member�
�
1B�
13�
Peter�
M�
Chairperson�
�
2A�
24�
Mary�
F�
Secretary�
�
1C�
15�
Susan�
F�
Member�
�
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sex�
Average�
�
M�
67.5�
�
F�
71.3�
�






class�
Highest�
�
1A�
89�
�
1B�
77�
�
1C�
91�
�






AverageMark�
�
75.5�
�












[07.10.29] CLSMSS/0708/S7CA/M3B(04)

P. 3/4

