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1. Introduction

1.1. About SQL

SQL stands for ‘Structured Query Language’. It originated from IBM and is now an ANSI standard interface language for relational database management systems (RDBMS).

SQL contains a data definition language (DDL) to define the database structures, and a data manipulation language (DML) to add to, update and query the data within the database.

1.2. About Oracle

Oracle
 is the name of the particular DBMS around which these exercises are built.  It is a full “industrial strength” DBMS,  not a cut-down academic version.  Oracle is popular with many users of large and medium-sized database applications.  The DBMS uses an extended version of SQL called SQL*Plus, but we will be concentrating on standard SQL which, since it is a defined international standard, is a common standard adopted by many RDBMS.  To distinguish elements of the extended language from standard SQL we will refer to the former as Oracle commands and the latter as just SQL.   Oracle commands are generally not portable from one DBMS to another, whereas SQL to a large extent is, although the detailed implementation of even standard SQL varies from one DBMS to another.

1.3. About Windows NT

Windows NT is the operating system under which the Oracle  DBMS has been set up to run for you.  As well as learning to communicate with Oracle through Oracle commands and SQL you will need to be able to operate Windows NT.  In particular you will need to be proficient at such standard skills as:

· WIMP handling (pointing, clicking, dragging etc. with the mouse, pull-down menues and so on) 

· familiarity with the directory structure of Windows NT, and the Windows NT explorer

· editing under Windows NT (ctrl C, ctrl V, etc.)

· navigating hypertext documents (hyperlinks, indexes, bookmarks) for help

You also need to know a little about the Department of Computing network which you are using, since you will be using file servers as well as local disc drives.

If you are uncertain about your proficiency in these areas please ask your tutor before starting the exercises

You are responsible for maintaining your own Windows NT filespace.  Think carefully before you delete, move, copy or edit files, and don’t clutter your filespace with unneccessary files.

1.4. About the exercises. 

These exercises are designed to be followed as part of a taught unit on relational databases which includes lectures to explain the theory of relational databases and how this relates to the practice of using Oracle on a DEC server with a PC client, both operating under Windows NT.


Where an exercise suggests that you do something, then do it!  For new activities you will normally be given an example in a box like this:

SQL> SELECT   PROJ_NO,    PROJ.DEPT_NO,    DEPT_NAME 

2  FROM    PROJ,    DEPT

3  WHERE    PROJ.DEPT_NO    =    DEPT.DEPT_NO  ;

If so, then type in exactly what appears in the box.  But note that each line starts with a prompt such as SQL> or 2 or 3 which the computer displays and which you don’t type.  Be sure to press the Return key at the end of each line of input.

Don’t allow yourself to fall behind.  Each set of exercises should take an average student about 3-5 hours to complete, so it is essential that you take some of your own time outside timetabled classes to keep to the schedule.  Note the schedule of work in your unit guide.

Don’t miss out exercises.  Some sections only work if preceeding exercises have been completed.

Within some exercises you will be asked questions. Write your answer in the space provided.  Use these questions, and indeed the exercises themselves, to promote discussion with your colleagues and tutors.

1.5. Getting Help. 

1.5.1. Use the documentation provided. 

Read this book carefully.  Many problems can be avoided by using this book carefully in the manner intended.  Read the text carefully and do the exercises as you go along.  You may wish to make your own notes as you go along.  As well as this several guides are available.

An ‘SQL Syntax Guide’ accompanies these exercises - see Appendix A. 

Appendix B lists the contents of the database tables when they are first set up.  A Data Model in the form of an Entity-Relationship Diagram (ERD) is provided as Appendix C, and Appendix D explains the notation used in the ERD.  The contents of Appendices B – D  are reprinted on the ‘Reference Card’ available separately.

Solutions are available for you to check your answers to exercises and to consult if you are completely stuck.  They are in the directory P:\PUBLIC\DB\SCRIPTS and each solutions file has a name of the form Solutionsn.doc, where n represents the number of the chapter concerned.

It is essential that you know how to use these guides.
1.5.2. Use the on-line documentation
Each PC client has its own copies of on-line help files.  Explore these yourself on the PC you are using.  If you have any difficulties then ask your class tutor.

1.5.3. Don’t panic if things go wrong
In case your database should become corrupted and there is no simpler way of putting things right, recovery files are provided in the form of SQL scripts.  Running one of these files by means of the command

SQL> @RECOVERn
where n again represents a chapter number, restores the database to the state that it should be in at the start of Chapter n.

1.5.4. Use class time wisely
Help is available from academic staff during timetabled classes.  Make the most of these opportunities.  Do some work in your own time and bring questions, problems and comments to these sessions.  If you are in difficulties, if you don’t understand what you’re doing………..

Ask!  Ask! Ask!  Staff are there to help you.

1.6. Starting and ending a session

At the start of a session you must log in to Windows NT using your ID and password as issued by the Department of Computing.  Start Oracle for Windows and enter your database ID and password.  If you do this correctly you will be presented with a database window and the SQL> prompt.

At the end of a session type:

SQL> exit

The window will close automatically.

You can then continue with other work or log out from your Windows NT ID.

· Don’t close this window without exiting the database first.

· Never leave a computer unattended while it is logged in to your Windows NT ID.

1.7. Chapter Summary

You should now how to :

· Sign on to Oracle

· Sign off

· How to use this book

· Where to get help

2. Getting started 

2.1. Setup

During these exercises you will create a small relational database using an SQL script file called SETUP.SQL.  This script also inserts data into the tables, sometimes called “populating the database”.  In the course of these exercises, as well as running queries and updataing the data,  you will add to it by INSERTing some more.  You will then add another table to the database and populate it with data.

2.1.1. Exercise

Before proceeding, check the on-line help facility.  It is not suggested that you explore all the topics now, but note that extensive help is available when you need it.

2.1.2. Exercise

At the “SQL>” prompt, run the script file SETUP.SQL to create a small database of 3 tables, and populate it with some test data, as follows :

SQL> @SETUP

You should see a series of SQL commands being displayed, and various responses from SQL. The SQL prompt will return when it is finished.

A copy of the file has been included as an appendix.  Note that lines beginning with REM are remarks which are not executed.  They are there to annotate the file. 

Other things to note:

· You should need to run this exercise only once. Once the database is set up it will remain permanently in your filespace until you decide to delete it.

· @ is your first Oracle command (not standard SQL!).  It stands for “run file”.

· The file extension .SQL is not used in the run command.  Oracle assumes that if you use the filename SETUP then you are referring to a file called SETUP.SQL.
2.1.3. Exercise

You can check the contents of the database using :

SQL> DESCRIBE USER_CATALOG

SQL> DESCRIBE    table name           

(for each table)
SQL> SELECT    *    FROM    table name ;      
(for each table)

Only the last of these is an SQL statement.  You will be using SELECT frequently.  Note that most SQL statements start with an SQL verb and  require a semicolon (;) at the end. If you get a 2 prompt (asking for the second line of input) then you may have forgotten the semicolon!

All data in relational databases is stored in ‘tables’. Each table consists of rows and columns. The rows correspond to records, and the columns to fields within the records.

The contents of the tables in the database, and an entity-relationship diagram showing how they are related, are included in the ‘Reference Card’.

2.2. 
Simple Queries

Queries are made using the SELECT command. See the SQL syntax guide. The basic form of a SELECT is :

SELECT   <select list>   FROM   <table list>   WHERE   <predicate>

The ‘select list’ is a list of the columns to be displayed, each column separated by a comma. e.g. 




SELECT   EMP_NO,   EMP_NAME   ... 

If any of the column names appears in more than one table in the ‘table list’, then it must be qualified by prefixing the required table name separated from the column name with a full stop,  e.g.




SELECT   DEPT.DEPT_NO   ...

The ‘table list’ is a list of the tables in which the columns are held. e.g. 




SELECT   ...   FROM   EMP,   DEPT   ... 

The ‘predicate’ is any condition or combination of conditions which evaluates to “true” or “false”.  A predicate may be used to limit the rows selected for display. e.g.




SELECT   ...   WHERE   EMP_NAME  =  `Brown` ;


or :




SELECT   ...   WHERE   EMP_NO   =   MANAGER_NO ;

2.2.1. Exercise

Find the on-line help for queries :

Explore the Format and Argument options within Help for Select_expressions

2.2.2. Exercise

There are many features of SELECT which you will explore in further SQL exercises. For example try:

SQL> SELECT   *   FROM   EMP ;

SQL> SELECT   EMP_NO,  EMP_NAME   FROM   EMP ;

SQL> SELECT   EMP_NAME,  SALARY   FROM   EMP   WHERE   EMP_NO  =  `E7` ;

Look at the format of the query.  Work out which bits are part of the SQL vocabulary and which  are names of things in the database.  Compare it to the SQL syntax guide.

Q. Pick out the SQL vocabulary from the queries above.

Q. What are “EMP_NO”  “EMP_NAME”  and “SALARY” ?  What is “EMP”?

Q. Underline the predicate in this query:

SELECT   EMP_NAME,  SALARY   FROM   EMP   WHERE   EMP_NO  =  `E7` ;




2.2.3. Exercise

Write SQL statements to answer the following queries:

a) List all details of departments from the DEPT table.

b) List the the department number and name of each department.

c) List the name and manager number of department `D5`.

Check the last of these by selecting all rows from the department table.

2.2.4. Exercise

If you want to repeat a command, or you need to correct it, you have several methods at your disposal. Try repeating the above query by using the EDIT command.

You may also repeat a command by cutting and pasting.  Try repeating the above query using CTRL C, CTRL V.

Now try again using the pull-down edit menus.

2.3. Data and Meta-Data

2.3.1. Exercise

Write SQL statements to answer the following queries:

a) List all details of the PROJ table

b) List project numbes and start dates

c) List details of projects which are run by departrment `D1`

Consider your answers to the above exercises..

Q How did you interpret the word “details” in each case?  Did you think it meant information about the table, or the data which it contained?


Do this:

SQL> DESCRIBE EMP ;

Then this

SQL> SELECT   *   FROM   EMP ;

DESCRIBE  is an Oracle command.  It tells you general information about the table.  Technically this is called meta-data.   Meta-data is stored in the Data Dictionary of the DBMS.

SELECT is an SQL verb.  It tells you the data contents of the table.  The data in a table represents facts about the real world.  Sometimes we call this real-world data to be make the distinction clearer.

· Don’t mix up Oracle commands and SQL statements.

· Don’t mix up meta-data and (real-word) data.
3. Changing Data

There are 3 commands to change the data contents of the database :

INSERT, UPDATE and DELETE

See the ‘SQL Syntax Guide’ for detailled formats .

3.1. Insert

The INSERT command has the format :

INSERT    INTO    table name   ( column name 1  ,   column name 2 , ... ) 


VALUES    ( data value 1 ,    data value 2 , ... ) ;

You may optionally specify the columns to which the data values are to be assigned. There is no need to specify the column names if you want to assign a value to every column, so long as you enter the values in the same order that the columns are declared within the table definition (use DESCRIBE table name to check the order).

However, it is helpful to specify the columns when you wish to enter the data values in a different order, or where you do not want to assign a value to every column. The data values must must be of an appropriate type for  the columns listed.

Note that you can only insert one row into a table at a time.  So each new row needs an INSERT INTO……. statement.  This is often most easily done by way of a script file.

3.1.1. Exercise

Insert details of a new department :

SQL> INSERT  INTO  DEPT  VALUES  ( `D5` , `Personnel` , `E7` , 196000 ) ;

1 row created

Note that data values are case-sensitive - please use the upper and lower case indicated.

Note also that alphanumeric data values must be in single quotes, but numeric data values should not.

Undo this change

SQL> ROLLBACK ;

Repeat the insert, but this time put the query in as two lines (press return at the end of line 1).  Note that Oracle prompts the second line with 2 (you don’t type it!).

SQL> INSERT  INTO  DEPT

2 VALUES  ( `D5` , `Personnel` , `E7` , 196000 ) ;

1 row created

You can allow SQL to flow from one line to another like this as often as you like.  Note that you should press <return> at the end of each line and continue on the next line. The statement (query) does not end until you add the semicolon.  Oracle inserts a new line number every time you perss return.  Choosing line breaks carefully can make the SQL much easier to read.

Check the results of this insert by displaying the contents of the DEPT table.

3.2. Update

The UPDATE command has the format :

UPDATE table name  SET column name 1 = data value 1,                                                  
column name 2  =  data value 2 , ... WHERE .... ;

You can give new values to more than one column within the same UPDATE command.  The WHERE clause allows you to select the rows you want updated, otherwise all rows of the table will be updated; be careful! 

3.2.1. Exercise

Update an employee’s marital status :

SQL> UPDATE  EMP  SET  MARITAL_STATUS  =  `M`  WHERE  EMP_NO   =  `E6`;

1 row updated

Check the contents of the EMP table to make sure this update has worked.

Undo this change

SQL> ROLLBACK ;

Check the contents of the EMP table to make sure that the update has been undone.

Now repeat the update, this time allowing the statement to run over two lines.

3.3. Delete

The DELETE command has the format :

DELETE FROM table name WHERE ....

The WHERE clause allows you to select the rows you want deleted, otherwise all rows of the table will be deleted !  

3.3.1. Exercise

Delete details of project `P6` :

SQL> DELETE  FROM  PROJ  WHERE  PROJ_NO  =  `P6`;

1 row deleted;

Delete works like a SELECT statement except that no select list is required, and of course once selected, the row is deleted!

Check the PROJ table to see if project `P6` has been deleted successfully.

3.4. Making Changes Permanent

Amendments are not made permanent until a  COMMIT statement is issued.  Amendments may be undone using ROLLBACK.  This will undo any changes since the last COMMIT.

After every amendment, check the results using SELECT and if you have made a mistake use ROLLBACK to undo the change, otherwise COMMIT.  Choosing when to COMMIT changes is very important as committed changes cannot easily be undone.

3.4.1. Exercise

Commit the changes just made to make them permanent :

SQL> COMMIT;

Commit completed

3.4.2. Exercise

Now make some other change to the data in your database - e.g. insert, update or delete, check the results, but undo the changes using ROLLBACK :

Check the table contents as you make changes.

SQL> ROLLBACK;

Rollback completed

Check the table contents again to make sure the changes were reversed.

If at any time you make some changes to the database and COMMIT them in error, you may recover by making the opposite changes ‘manually’ - i.e. inserting to reverse a delete etc., or recover the data automatically - see ‘Help and Trouble Shooting Guide’ item 9 ‘How can I recover to a particular exercise ?’.

Now make the following changes to the data in your database (remember to check the results as you go and use COMMIT or ROLLBACK accordingly) :

3.4.3. Exercise

Department D3 has a manager number `E9` but there is no such employee, so use the INSERT command to add details for a new  employee :

EMP_NO  :


`E9`

EMP_NAME :

`Fletcher`

SALARY  :


12000

MARITAL_STATUS :
`S`

Note the use of uppercase for the data values - data values are case sensitive and ‘e9’ does not equal ‘E9’. Also note that alphanumeric data must be in single quotes, but numeric data should not.

3.4.4. Exercise

Change the name of employee E8 to `McNally` using the UPDATE command.

3.4.5. Exercise

Increase all employee salaries by 10%.

3.4.6. Exercise

Employee E3 is leaving the organisation. 

Remove him/her as manager of any department s/he is manager of (set the value of MANAGER_NO to NULL). 

Delete the employee record itself.

3.5. NULL values

A NULL value occurs where an item of data has no value at all.  This is quite different from spaces or zero which although they don’t seem to amount to much, are indeed values.  NULL is used to show that no value has been assigned yet (which is quite different from having a value of zero or spaces).  A value of NULL has important characteristics e.g. it affects how a comparison, say in a predicate is evaluated.

You can let a column take a NULL value by either :

a) giving a value of NULL, e.g.


INSERT ... VALUES (... , NULL , ...)

b) not including that column within the INSERT command, e.g.


INSERT  INTO  PROJ  (PROJ_NO,  DEPT_NO)  VALUES  (‘P1’, ‘D1’);

3.5.1. Exercise

Add details of a new project :

PROJ_NO :       
`P5`

START_DATE :
`8-OCT-1995`

DEPT_NO :

`D4`

DEADLINE :

NULL 
(i.e. deadline has not been set yet)

Note the date format - dates must be entered in this format, in quotes. Also note that NULL is a reserved word (see below) and should not be in quotes; ‘NULL’ will be treated as the letters N,U,L,L !

3.6. Adding a new table

Employees and Projects are related because employees are allocated to work on projects and projects are staffed by employees. This relationship has been shown on the data model (see Reference Card) by the ALLOC entity type. ALLOC links employees to projects in a many-to-many relationship.

To implement this in our database we need to create a new table for ALLOC.

3.6.1. Exercise

Now, following the examples in the SETUP.SQL command file and the SQL syntax guide (see appendices) use the CREATE command at the SQL> prompt to create a new table to record details of allocations of employees to work on projects. 

The new table should be called ‘ALLOC’ and have two columns : EMP_NO (as in the existing EMP table) and PROJ_NO (as in the existing PROJ table). 

Make this table permanent using COMMIT.

Check what you’ve done by DESCRIBEing the table.

3.6.2. Exercise

Use the INSERT command to add data to the new ALLOC table, to record employees working on projects as follows :

Employee E1 works on projects P1 and P2

Employee E2 works on projects P1 and P5

Project P4 is worked on by employees E4, E5, E6 and E9

Employees E5 and E7 work on project P3

Note the non-tabular format of this data - this is not in a suitable format for a relational database and you must convert it into rows and columns of data before inserting one row at a time into the database! 

Be careful to use uppercase E and P, and get the right values in the right columns !

3.6.3. Exercise

List the contents of the new ALLOC table.

What facts does the ALLOC table represent about the real-world? 

Why is EMP_NO in both the EMP and ALLOC tables ? 

Why is PROJ_NO in both the PROJ and ALLOC tables ?

Why can we not just store PROJ_NO in the EMP table, or EMP_NO in the PROJ table to link employees to the projects they work on ?

4. SIMPLE QUERIES and PREDICATES

During these exercises you will explore many of the common uses of the SELECT command to query the database that you set up previously.  There should be no need to recreate the database - it should still be there, ready to continue these exercises. Please consult the tutor if you are having any problems.

4.1. Simple queries

The SELECT command was introduced in Exercises 2. Use the notes and examples given there and the on-line help facility when producing your answers. 

4.1.1. Exercise

List the contents of each table in your database.

4.1.2. Exercise

List all employee names and their marital status (without listing the other columns of the EMP table). Remember to separate column names with a comma.

4.1.3. Exercise

List just the values used for marital status. Avoid duplication of values using the DISTINCT keyword :

SQL> SELECT  DISTINCT  MARITAL_STATUS  FROM  EMP  ;

4.1.4. Exercise

List the DEPT_NO of every department that runs one or more projects.

4.2. Predicates

A predicate is a logical condition which can be evaluated as TRUE or FALSE. To list some, but not all, rows of a table requires a WHERE clause employing a predicate is added to the SELECT command. Use the WHERE clause in the following queries :

4.2.1. Exercise

List all details of employee E5 only. In this example the predicate is “EMP_NO = `E5`”.

SQL> SELECT *  FROM  EMP  WHERE  EMP_NO  =  `E5` ;

4.2.2. Exercise

List all employees with a salary of £13200 ;

Note that numeric values do not need quotes.

4.2.3. Exercise

As well as = for equals, you can use the other comparison operators :  

<>  
not equal to;  

<  
less than;  

>  
greater than;  

<= 
less than or equal to (not greater than);               

>=  
greater than or equal to (not less than).

Use these operators to list all employees with a salary not equal to £13200, less than £13200, and greater than £13200, etc.

4.2.4. Exercise

Note that Oracle dates take the form ‘dd-mmm-yy’, e.g. ‘01-JAN-85’.

List all projects starting 

a) on 21st January 1995 ;

b) before 21st January 1995 ;

c)  after 21st January 1995 ;

4.2.5. Exercise

List all employees whose name comes after `Jones` using EMP_NAME  >  `Jones` note that data values (ASCII) are case sensitive, so `JONES` <  `Jones` !

You can combine basic predicates together into complex predicates using AND and OR (see SQL Syntax Guide).

4.2.6. Exercise

List all employees whose names are `Smith` OR `Jones` (note  the use of upper and lower case in these data values). 

Q. What happens if you use AND ?

You can use WHERE NOT to reverse the meaning of a predicate.

E.g. WHERE  EMP_NO  =  `E1` is the same as WHERE  NOT  EMP_NO  <> `E1`

4.2.7. Exercise

List all employees who are not married (i.e. marital status is not ‘M’), using :

a) WHERE  NOT  ...  =  ...     

b) WHERE  ....  <>

4.2.8. Exercise

Repeat the queries in 2.2.3. above, using WHERE NOT and the inverse operator (e.g. the inverse of = is <>).

More than one predicate may be used and linked together with AND or OR :

4.2.9. Exercise

List all employees whose marital status is ‘M’ or whose salary is less than or equal to £13200 :

SQL> SELECT  *   FROM   EMP

2  WHERE   MARITAL_STATUS  =  `M`   OR   SALARY  <=  13200 ;

4.2.10.  Exercise

Now repeat the previous query but include employees whose marital status is `M` AND whose salary is less than or equal to £13200.

When using NOT to join predicates the effects of AND and OR are reversed depending on where the NOT is used :

 
  NOT ( <predicate 1> AND <predicate 2> ) 

 


is the same as 

( NOT <predicate 1> )  OR  ( NOT <predicate 2> )

This is known as de Morgan’s theorem.

4.2.11. Exercise

Now repeat the previous 2 queries but using NOT and the inverse operators.

4.2.12. Exercise

List all employees with employee number between E4 and E7 inclusive, using :

a)
>=  ...  AND  ...  <=  ;

b)
WHERE  EMP_NO  BETWEEN  ‘E4’ AND  ‘E7’ ;
4.2.13. Exercise

List details of employees E1, E4 and E8 using :

a)
=  ...  OR  ...  =  ... ;

b)
WHERE  EMP_NO  IN  (`E1`,`E4`,`E8`) ;
4.2.14. Exercise

List all departments whose name contains the letter ‘n’ using;


……. WHERE  DEPT_NAME  LIKE  ‘%n%’ ;

4.2.15. Exercise

List all departments where the department name starts with ‘A’, using the LIKE clause.

Note that LIKE is case-sensitive. However, you can use the UPPER function with LIKE. Be careful with your queries !

4.2.16. Exercise

List all employees whose name starts `Mc`.

4.2.17. Exercise

Use the NULL predicate to test for departments that do not have a manager. (see also 1.6).

The following attempts at producing this result will not work. Try it. Make a note of the result.

SQL> SELECT DEPT_NO  FROM  DEPT  WHERE  MANAGER_NO    =    NULL ;

SQL> SELECT DEPT_NO  FROM  DEPT  WHERE  MANAGER_NO    =    `NULL` ;

Q What were the results?

The correct way to approach this query is given below.

SQL> SELECT DEPT_NO  FROM  DEPT  WHERE  MANAGER_NO  IS  NULL ;

4.2.18. Exercise

List details of any projects with a NULL deadline.

4.3. Functions

For our purposes there are five important functions : AVG, SUM, MIN, MAX and COUNT.

4.3.1. Exercise

Try this example of a function :

SQL> SELECT   AVG(SALARY)   FROM   EMP ;

4.3.2. Exercise

Find the sum of the salaries for all employees.

4.3.3. Exercise

Find the maximum and minimum salaries.

4.3.4. Exercise

Find the average salary for all married employees.

4.3.5. Exercise

Count the number of employees, using :

SQL> SELECT  COUNT (*)  FROM  EMP ;

4.3.6. Exercise

Count the number of married employees.

4.3.7. Exercise

Count the number of different salary scales :

SQL> SELECT  COUNT  (DISTINCT  SALARY)  FROM  EMP ;

4.3.8. Exercise

Count the number of different marital status types.

4.3.9. Exercise

Find the total and average department budget.

4.4. Sorting

The order that data is displayed can be changed by the ORDER BY clause.

4.4.1. Exercise

Display all department data in department name order :

SQL> SELECT  *   FROM   DEPT   ORDER   BY   DEPT_NAME ;

4.4.2. Exercise

Display department data in manager number order. List the data for each department as manager number, department number and then department name.

4.4.3. Exercise

Display department data in descending budget order, i.e. with the department with the highest budget displayed first :

SQL> SELECT  *   FROM   DEPT   ORDER   BY   BUDGET   DESC;

4.4.4. Exercise

List employee names and salaries in descending order of salary, where the salary is not less than £13200. 

4.4.5. Exercise

List employee names, up to and including ‘Jones’, in name order. List employee names and salaries in descending order of salary, where the salary is not less than £13200. 

5. Joining tables

The preceding queries use only a single table in the table list.  There is a limit as to how much use such simple queries are.  Much of the time we wish to “pull together” related data from more than one table.

A relational database links together rows by using common data values.

	DEPT_NO
	DEPT_NAME
	MANAGER_NO
	BUDGET

	D1
	Production
	NULL
	100000

	D2
	Sales
	E5
	250000

	D3
	Accounts
	E9
	95000

	D4
	Admin
	E8
	156000

	D5
	Personnel
	E7
	196000




	EMP_NO
	EMP_NAME
	SALARY
	MARITAL_STATUS

	E1
	Smith
	9900
	W

	E2
	Jones
	13200
	M

	E4
	Evans
	16500
	S

	E5
	Brown
	27500
	S

	E6
	Green
	13200
	M

	E7
	McDougal
	17600
	D

	E8
	McNally
	12100
	M

	E9
	Fletcher
	13200
	S


Similarly the rows of the ALLOC table link employees to projects, showing which employees work on which projects:   EMP_NO links EMP to ALLOC and PROJ_NO links ALLOC to PROJ.

See the Entity-relationship Diagram included in the Reference Card material.

We may use such links to join together data from one table to another. For this we use a JOIN query.   We must specify which columns from each of the two tables are to be used to form the link..  If you do not join them like this, SQL will make every possible combination of rows.  This is called the Cartesian Product and is generally meaningless nonsense!  You can usually recognise a Cartesian Product since it produces far more rows than expected.

In these exercises we will look at four different kinds of join:

INNER JOIN: 
Includes data from both tables only where appropriate data in the rows from each table match. 

LEFT (OUTER) JOIN 
Like the inner join but also includes unmatched data from the left-hand table (the one mentioned first in the predicate). 

RIGHT (OUTER) JOIN 
Like the inner join but also includes unmatched data from the right-hand table (the one mentioned second in the predicate).

FULL (OUTER) JOIN
Like the inner join but also all unmatched rows from both tables. 

The three outer joins “pad out” the result table with NULL values where no matching data can be found.




5.1. Inner Join

5.1.1. Exercise

Try this join of DEPT and EMP which lists departments and their managers. Note the manager name is found in the EMP table as EMP_NAME, and the tables are linked by the common data values in EMP_NO and MANAGER_NO.  This query lists both MANAGER_NO and EMP_NO to show that they do indeed contain the same value.

SQL> SELECT   DEPT_NO,    MANAGER_NO,    EMP_NO,    EMP_NAME 

2  FROM    DEPT,    EMP   

3  WHERE    EMP_NO    =    MANAGER_NO ;

Q. Why do we need to equate ‘EMP_NO’ and ‘MANAGER_NO’ and what is the significance of the information produced ? (i.e. explain in plain English what the result tells us about the “real world”)

Q. What happens if you miss out the WHERE clause ? 

5.1.2. Exercise

Try another query:

SQL> SELECT   PROJ_NO,    PROJ.DEPT_NO,    DEPT.DEPT_NO,    DEPT_NAME 

2  FROM    PROJ,    DEPT     

3  WHERE    PROJ.DEPT_NO  =  DEPT.DEPT_NO  ;

Note the use of a prefix consisting of the table name and a full-stop e.g. “PROJ.” and “DEPT.” - this is used to distinguish between columns in different tables but with the same name (the column DEPT_NO is in both the PROJ and DEPT tables). This query lists both DEPT_NO columns to show you that they occur in both tables and to show that the values have been equated.




Q. What is the significance of this query ? (i.e. explain in plain English what the result tells us about the “real world”)

Q. Why is DEPT_NO in both tables ?

5.1.3. Exercise

Try this example :

SQL>SELECT   EMP.EMP_NO ,   EMP_NAME ,   PROJ_NO


2 FROM    EMP ,    ALLOC


3 WHERE    EMP.EMP_NO  =  ALLOC.EMP_NO ;

What does the result of this query tell you ? What does the data mean ?  (i.e. explain in plain English what the result tells us about the “real world”)

5.1.4. Exercise

Now list details of projects and employees who work on them. List project number and start date, together with the employee number. You only need to link the PROJ and ALLOC tables to do this.

5.2. Outer Joins

5.2.1. Exercise

Try this INNER JOIN

SQL> SELECT   DEPT_NAME, EMP.EMP_NO ,   EMP_NAME


2 
FROM    DEPT,EMP


3 
WHERE    MANAGER_NO = EMP_NO;

Now try a similar LEFT OUTER JOIN.

SQL>
SELECT   DEPT_NAME, EMP.EMP_NO ,   EMP_NAME

2 
FROM    DEPT,EMP


3  
WHERE    MANAGER_NO = EMP_NO(+);

What is the difference between the results of these two queries?

Why are the results different?

Now try a similar RIGHT OUTER JOIN.

Compare ALL of these results.

What information does the result from the RIGHT JOIN  contain that the INNER JOIN doesn’t?

What information does the result from the LEFT JOIN  contain that the INNER JOIN doesn’t?

What information does the result from the LEFT JOIN contain that the RIGHT JOIN doesn’t?

And vise versa?

The FULL OUTER JOIN is not implemented directly in Oracle.  See subsequent exercises for a way of achieving full outer join.

Make sure you remember the differences between one kind of join and another!

5.3. Practising Joins

5.3.1. Exercise

Using a left join, list all department names, with manager number, manager name and manager’s salary. 

5.3.2. Exercise

Now repeat the last query but use a right join to get exactly the same answer.

5.3.3. Exercise

Use various forms of join of DEPT and PROJ to list department number, (department) budget, project number and start date of all projects.

In the last query does it matter if you use an INNER or an OUTER join?

Explain.

5.3.4.  Exercise

List employee number, project number and start date for all allocations of employees to projects. Hint - you only need to join 2 tables.

5.3.5.  Exercise

Repeat the last query for projects starting on or after the 11th of December 1995.

5.4. Joining more than two tables

5.4.1. Exercise

Now join 3 tables together : EMP, ALLOC and PROJ to list employee number and name and the project number and start date for all projects they are allocated to work on.

You will need 2 predicates, one for each of the joins from EMP to ALLOC and from ALLOC to PROJ

 WHERE  <predicate1>  AND  <predicate2>

Refer to the data model and table contents in the Reference Card for inspiration with this one !

5.4.2. Exercise

Now include the DEPT table to the last query to add the number and name of the department running the project. List the data with related fields together - i.e. list employee number and name, project number and start date, department number and name.  Choose the kind of join carefully.

There should be 10-12 rows returned for this query. If you get enormous numbers of rows listed, you have got the joins wrong !

6. Further queries and views

At the end of these exercises you will be able to use some further clauses of the SELECT statement, including the use of GROUP BY, UNION and ALIAS. You will also be able to set up views and use them to access and update the database.

6.1. Group queries

Some useful queries can be made using GROUP BY and HAVING. These clauses group the rows of a table together by some specified attribute. The clause indicates the column names that SQL uses for partitioning an intermediate result table. The partitions between groups of rows with the same value are also called control breaks.

6.1.1. Exercise

SQL> SELECT   *   FROM   EMP  GROUP   BY   MARITAL_STATUS ;




Each group is treated as the source for a single row in the output table (in this case one for each distinct marital status). Therefore, only those columns specified in the GROUP BY clause may be selected for display. This is because there may be more than a single value for these other columns (E.g. there are 3 values of EMP_NAME for MARITAL_STATUS = `M`). 

For this reason SQL displays only MARITAL_STATUS even though we said SELECT *. 

However you can ask SQL to calculate a single value for a group of rows (E.g. the average salary for MARITAL_STATUS). 

Exercise

To find the number of employees for each different marital status :

SQL> SELECT   MARITAL_STATUS ,   COUNT(*)   FROM   EMP

2 
GROUP   BY   MARITAL_STATUS ;

6.1.2. Exercise

To list those marital status for which there is only one employee add the clause :

SQL> SELECT   MARITAL_STATUS ,   COUNT(*)   FROM   EMP

2 
GROUP   BY   MARITAL_STATUS 

3 
HAVING   COUNT(*)   =   1;

6.1.3. Exercise

Count the number of employees on each project.

6.1.4. Exercise

Count the number of projects each employee is working on.

6.1.5. Exercise

List the employees, and the number of projects they are working on, where the number is greater than one.

6.2. Union

Union allows the results of 2 or more queries to be merged together. This is a useful way of answering some complex queries with one results table. The syntax is :

<select expression>  UNION  <select expression>

The individual select expressions are done separately and the results of each are merged (union’ed) to give one results table. 

6.2.1. Exercise

E.g. suppose we want to know which employees are married and which employees work on project P1. Answer this query using 2 separate selects. You should find that employees E2,E6 and E8 are married, while E1 and E2 work on P1. So the answer is E1,E2,E6 and E8.

6.2.2. Exercise

Now get the answer in one query using UNION :

SQL> SELECT  EMP_NO   FROM   EMP   WHERE   MARITAL_STATUS   =   `M`

2  
UNION

3       SELECT  EMP_NO   FROM   ALLOC   WHERE   PROJ_NO   =   `P1` ;

Exercise

Answer the above query without UNION but using a join of EMP and ALLOC instead. 

6.2.3. Exercise

Use UNION to find the project numbers of projects which have a deadline before 1-Jan-1998 or are staffed by employee E2.

6.2.4. Exercise

Now use UNION to list employees who either manage department D4 or work on projects run by department D4

6.2.5. Exercise

This exercise introduces the AS clause which allows you to change the headings shown in the results table.

SQL> SELECT  MANAGER_NO   AS   EMPLOYEE_NO   FROM   DEPT ;

6.2.6. Exercise

Now use the AS clause in the query for exercise 3.2.5 to display employee numbers under the heading EMPLOYEE_NO

6.2.7. Exercise

Now use UNION and AS to display in one list department numbers with their budgets and employee numbers with their salaries. Department numbers and employee numbers are to be listed under the heading COST_CENTRE and budget and salary under the heading AMOUNT.

Could this exercise be done without using UNION ?

6.3. Full Outer Join

Recall that an INNER join includes data from the joined tables only where data in the joined columns matches.  A LEFT OUTER join includes rows from the leftmost table even if they don’t match any rows from the other table.  Similarly a RIGHT OUTER join includes rows from the rightmost table even if they don’t match any rows from the other table.  A FULL OUTER join is like a combination of a left and right join.  It combines data from both tables where rows match, but it also includes rows from either table even if they have no match in the other.  We can achieve this by combining a left and a right join with UNION.




6.3.1. Exercise

Repeat this join:

SQL>
SELECT   DEPT_NAME, EMP.EMP_NO ,   EMP_NAME

2 
FROM    DEPT,EMP


3  
WHERE    MANAGER_NO = EMP_NO(+);

Now repeat this join.

SQL>
SELECT   DEPT_NAME, EMP.EMP_NO ,   EMP_NAME

2 
FROM    DEPT,EMP


3  
WHERE    MANAGER_NO(+) = EMP_NO;

Carefully compare the results

Which is the left join and which the right?

What does the first tell you that the second doesn’t?  And vise versa?

Now combine them:

SQL>
SELECT   DEPT_NAME, EMP.EMP_NO ,   EMP_NAME

2 
   FROM    DEPT,EMP


3  
   WHERE    MANAGER_NO = EMP_NO(+)

4 UNION 

5     SELECT   DEPT_NAME, EMP.EMP_NO ,   EMP_NAME

6       FROM    DEPT,EMP

7       WHERE    MANAGER_NO(+) = EMP_NO;

Carefully compare this with the previous results.

Make sure you remember the differences between one kind of join and another!

You may wish to try to work out how to achieve a full outer join by employing a right join twice, or a left join twice.

6.4. Alias

This facility allows you to use an alias in place of the normal table name.   This can be useful in

two ways :

1. you can shorten the table name - e.g. use the alias `D` instead of DEPT etc.


2. you can refer to a table in different ways within the same query - this allows complex queries which need to access the same table more than once - e.g. refer to DEPT once as `Da` and again as `Db`, etc.

The syntax is :  

<table/view list>  =  <table/view name>  alias, ...etc.

6.4.1. Exercise

Try this query in which DEPT is given an alias of `D` and PROJ is given an alias of `P` :

SQL> SELECT  D.DEPT_NO ,   DEPT_NAME ,   PROJ_NO

2 
FROM   DEPT   D ,   PROJ   P

3 
WHERE   D.DEPT_NO  =  P.DEPT_NO

4 
ORDER  BY   D.DEPT_NO ;

In the following exercises, you will find it useful to refer to the data model (entity-relationship diagram) shown opposite, and to the table contents given in the appendices.

These will help you to navigate your way around the tables, joining them in meaningful ways according to the relationships and the foreign keys (common data values) which implement these relationships.

E.g. to join DEPT to EMP, note the relationship ‘Department may be managed by an Employee’ and that this relationship is implemented by the inclusion of MANAGER_NO in the DEPT table to link to EMP_NO in the EMP table.

6.4.2. Exercise

List details of projects staffed by employee E1 - use an alias for each table.

6.4.3. Exercise

Join DEPT, EMP and ALLOC to display a list of department numbers with the manager number and manager name of each department, and the numbers of the projects which the manager is allocated to, using an alias for each table.

6.4.4. Exercise

Next, using aliases again, add to the previous query the department number of the departments which run the projects that the managers are allocated to.

6.4.5. Exercise

Still referring to the DEPT table once and using a single alias `D`, extend the above query to join PROJ to DEPT and add the name of the departments which run the projects that the managers are allocated to. i.e.

SQL> SELECT D.DEPT_NO,   MANAGER_NO,   EMP_NAME,   P.PROJ_NO,

2 

  P.DEPT_NO, DEPT_NAME

3 
FROM DEPT   D,   EMP   E,   ALLOC   A,   PROJ   P

4 
WHERE   ....... etc.  (you can complete the query)

What does the result of this query show?(i.e. what information does it give us about the real-world?) Have you listed all the projects that managers work on or only some ?

6.4.6. Exercise

Now answer the same query but refer to the DEPT table twice in the table list- once as the starting point of the query, and a second time to find the name of the departments which run the projects that the managers are allocated to. Use 2 aliases for DEPT - ‘Da’ and ‘Db’ to distinguish between these 2 roles.







What does the result of this query show?(i.e. what information does it give us about the real world?)

Why is it necessary to refer to the DEPT table twice with different aliases in this query?

6.5. Views

Views are also known as ‘virtual tables’ because they look like tables, but do not have a ‘real’ existence.

Essentially they are stored definitions of queries which allow a query to be run again and again without typing in the whole SELECT command.

Many PC-based system development tools such Access, FoxPro, Paradox etc. use views extensively as the basis for screen form and report design.

Views can be created which are identical to the base tables, or show sub-sets of a table, or join data from more than one table. Data may be reformatted e.g. by renaming or totalling.




6.5.1. Exercise

For example, suppose we wish to allow a user to see Department data with the name of the manager added :

SQL>  CREATE   VIEW   DEPT_MGR_VIEW

2 
  (DEPT_NO, DEPT_NAME, MANAGER_NO, MANAGER_NAME)

3 
AS

4 
 SELECT  DEPT_NO,  DEPT_NAME,  MANAGER_NO,  EMP_NAME

5 

FROM  DEPT,  EMP

6 

WHERE  MANAGER_NO  =  EMP_NO ;

SQL> COMMIT ;

Now check that the view has been created using DESCRIBE, and use it :

SQL> SELECT   *   FROM   DEPT_MGR_VIEW ;

Note, however, that we have not added any new physical records or tables to the database : we have merely stored a query as a view, so that it may be re-run at any time.

The results table of a query looks like any other table and we can make further queries on it ... so we can treat views just like a ‘real’ table (or ‘base’ table) !

6.5.2. Exercise

Create a view, PROJ_DEPT_VIEW, that lists project numbers and the number and name of the department that runs them.

6.5.3. Exercise

Create a view called ALLOC_NAME_VIEW to show project numbers and the number and name of employees who work on them.

6.5.4. Exercise

Create a view, EMP_NAME_VIEW, of employee data that shows only the employee number and name (i.e. excluding the ‘confidential’ data of salary and marital status) .

6.5.5. Exercise

Create a view, DEPT_NAME_VIEW, of department data that shows only the department number, department name and manager number (excluding the ‘confidential’ data of budget).

6.5.6. Exercise

Display a list of department numbers, with department name, manager number and manager name using a join of the 2 views :

EMP_NAME_VIEW and DEPT_NAME_VIEW.

Don’t forget to use COMMIT to save your views.

A view can be used not only to display data but also to update it, provided that the view is a subset of one table and does not join data from two or more tables :




6.5.7. Exercise

Change the name of employee E8 back to ‘McEnemy’ using the view EMP_NAME_VIEW.

Has this update worked ? Where has the data been changed ?

6.5.8. Exercise

Try to change the name of an employee using the view DEPT_MGR_VIEW.

What is the result of this query ? Why won’t SQL let you do this ?

Note that in theory any view should be usable for updating except where it is logically impossible - e.g. where the view includes a total and any update would not be attributable to the source data values.

6.5.9. Exercise

Check the views you have created using SELECT * FROM USER_CATALOG and DESCRIBE  view name.

7. Primary Keys & Foreign Keys

These exercises introduce you to SQL facilities for defining the ‘key’ aspects of data in a relational database schema. These include :

· Primary keys and entity integrity

· Foreign keys and referential integrity

· Unique constraint

· Not Null constraint

There are three main kinds of data definition statement to change the structure of the database :

SQL> CREATE,   ALTER   and   DROP

On-line help is available on these as well as the SQL syntax guide available with these exercises. Study these before proceeding.

Compare these statements with INSERT, DELETE and UPDATE.

Q What is the difference between Create and Insert, Alter and Update, Drop and Delete ?

In the exercises which follow, most of the tests (using INSERT, UPDATE and DELETE) are designed to fail and will need to be ROLLedBACK. Oracle issues an implicit COMMIT before and after each DDL statement so you don’t have to worry about committing CREATE, ALTER and DROP.

7.1.1. Exercise

Change the data type of employee number to CHAR(3)

SQL> ALTER   TABLE   EMP

2 
ALTER  COLUMN  EMP_NO  CHAR(3);

Check the result by :

SQL> DESCRIBE EMP

7.1.2. Exercise

Employee number appears in two other tables.  Amend these to allow for this change of data type.

7.1.3. Exercise

Change project number to allow 3 characters.  Make the change for both occurrences of PROJ_NO in the database.

In each case check the change by using DESCRIBE.

7.2. Constraints

In the exercises which follow, you will be adding various ‘constraints’ to the database. Each constraint, such as a primary key constraint, is given a name within the database as follows:

table name  _  constraint type  _  column name(s)
or:

table name _ constraint type _ identifier
e.g. :  

EMP_PRIMARY_EMP_NO      
(i.e. EMP_NO is primary key of EMP table) 

or : 

ALLOC_FOREIGN1  

(i.e. the first foreign key defined for ALLOC)

The definitions of these constraints may be seen using:

SELECT * FROM USER_CONSTRAINTS.

Constraints may be ‘applied’ by the DBMS either when data is being amended (e.g. when the INSERT, DELETE or UPDATE verb is used) or ‘DEFERRED’ until the COMMIT is made.  The alternative is NOT DEFERRABLE (i.e. evaluate the constraint immediately data is amended). 

To add a constraint to the database it is necessary that the data already in the database does not violate the constraint. So if you get an error message : ‘... violation of constraint ...’ when trying to add a constraint it probably means that your existing data is invalid. In this case check the data content of your tables and correct it as necessary.

Since constraints are automatically committed you can’t rollback mistakes.  If you get a constraint wrong then DROP it and try again.

7.3. Primary keys and formal integrity

The ‘Entity Integrity Constraint’ states that every row of a table must have a non-null value for the primary key.  The ‘Key Constraint” states that every row of a table must have a unique value for the primary key.   Both of these Formal Integrity Constraints are implemented by setting a PRIMARY KEY constraint on a table.

7.3.1. Exercise

To define the primary key for the EMP table, enter :

SQL> ALTER   TABLE   EMP

2 
ADD CONSTRAINT PKEY_EMP PRIMARY KEY (EMP_NO) DEFERRABLE; 

Check the result using 

SQL> SELECT * FROM USER_CONSTRAINTS 




7.3.2. Exercise

Check that SQL does not allow duplicate primary key values by attempting to add details of employee `E1` again. You should get an error message. 

What is the error message ? What does it mean ? 

Now ROLLBACK.

7.3.3. Exercise

Check that SQL does not allow null values for primary keys by attempting to add details of a new employee, but leave the EMP_NO null. Then COMMIT, check the error message, and ROLLBACK.

7.3.4. Exercise

What if the primary key consists of 2 columns or more ? 

Enter:

SQL> ALTER   TABLE   ALLOC

2 
ADD   CONSTRAINT  PKEY_ALLOC  PRIMARY  KEY   (EMP_NO,  PROJ_NO)

3 
DEFERRABLE ;

Check the result by selecting from the view USER_CONSTRAINTS.

Test the new primary key.  Attempt to add a duplicate row.  Then add a null value for either part of the primary key.   For each test try to COMMIT, check the error message, and ROLLBACK.

7.3.5. Exercise

Make DEPT_NO the primary key of the DEPT table. Test it for uniqueness and not null.

7.3.6. Exercise

Make PROJ_NO the primary key of the PROJ table. Test it for uniqueness and not null.

7.4. Foreign keys

Relationships are implemented in a relational database by explicit data values, i.e. by foreign key fields.   E.g. EMP_NO in ALLOC is a foreign key linking ALLOC to EMP.  Oracle calls the related tables the parent table (the one with the Primary key) and the child table (the one with the foreign key).

The ‘Referential Integrity Rule’ states that no data value can be entered in the foreign key field(s) unless that value is already in use in the primary key field.  Departments cannot be managed by non-existent employees!




7.4.1. Exercise

To enforce referential integrity for EMP_NO in the ALLOC table, enter :

SQL> ALTER   TABLE   ALLOC

2 
ADD CONSTRAINT EMP_ALLOC

3 
FOREIGN KEY (EMP_NO) REFERENCES EMP DEFERRABLE;

 List the constraint.

Note that you need not specify the primary key, since a table can be referenced only by primary key.

7.4.2. Exercise

Check the referential integrity rule for EMP_NO in ALLOC by attempting to insert a new row for `e1` to work on `P3` (note the deliberate lower case for `e1`).

7.4.3. Exercise

Make PROJ_NO a foreign key in ALLOC referencing  PROJ, and test the referential integrity rule by attempting to add invalid data.

7.4.4. Exercise

Make DEPT_NO a foreign key from PROJ to DEPT, and test the referential integrity rule by attempting to add invalid data.

7.4.5. Exercise

Make MANAGER_NO a foreign key from DEPT to EMP using :

SQL> ALTER   TABLE   DEPT

2 
ADD   CONSTRAINT  MANAGER FOREIGN  KEY   (MANAGER_NO)

3 
REFERENCES   EMP (EMP_NO)   DEFERRABLE ;

and test the referential integrity rule by attempting to add invalid data.

7.5. Unique constraint

We have seen that the primary key of a table must be unique. It is also possible to make other columns unique.

7.5.1. Exercise

No employee can manage two departments simultaneously, so enter :

SQL> ALTER   TABLE   DEPT

2 
ADD   CONSTRAINT  MANAGER UNIQUE_MANAGER

3 
UNIQUE (MANAGER_NO)  DEFERRABLE;

List the constraint.  

7.5.2. Exercise

Check the new uniqueness constraint by trying to insert a new department `D6` with manager number `E9`.  COMMIT, check the error message, and ROLLBACK.

7.5.3. Exercise

Make DEPT_NAME a unique column. Test the uniqueness.

7.5.4. Exercise

Make START_DATE a unique column. Test the uniqueness.

7.6. Not Null constraint

We have seen that any column which forms part of the primary key cannot have a null value. It is also possible to ensure that other columns cannot have a null value. E.g. foreign keys which implement a mandatory relationship, or any other column which must have a value.

7.6.1. Exercise

Each project must be run by a department.   This is a mandatory relationship as shown by the solid line on the entity-relationship diagram - see Reference Card. 

Enforce the mandatory relationship by making the foreign key NOT NULL :

SQL> ALTER   TABLE   PROJ

2 
MODIFY (DEPT_NO   NOT  NULL);

7.6.2. Exercise

Check the NOT NULL constraint on DEPT_NO in PROJ by attempting to add a new project with a null department number.

7.6.3. Exercise

Ensure that each department must have a (non-null) name. Test this.

7.6.4. Exercise

Ensure that each employee must have a (non-null) name. Test this.

7.7. Adding a new relationship

There is an obvious relationship missing from the database : each employee must be employed by one and only one department and each department may be the employer of none, one or more employees.




7.7.1. Exercise

Q How should this new relationship be implemented ?

Add this new relationship to the SQL_DEMO database.

Check your solution to this exercise with the class tutor before proceeding.

7.7.2. Exercise

Add data to record the department which each employee works for (note that each employee who is a manager of a department, also works for that department) :


EMPLOYEE 
DEPARTMENT



E1

D4



E2

D1



E4

D1



E5

D2



E6

D5



E7

D5



E8

D4



E9

D3

7.7.3. Exercise

Add a suitable constraint to ensure that every employee is recorded as working for a department (note that this constraint cannot be added before the data has been entered as above).

There are now two different relationships between EMP and DEPT in your database :

‘Each employee may be the manager of one and only one department’ 

‘Each department may be managed by one and only one employee’ 

and

‘Each employee must be employed by one and only one department’;

‘Each department may be the employer of one or more employees’

Note how each relationship is described by two statements.




7.7.4. Exercise

Do the following two queries and compare the results :

a) for all employees, display employee number, employee name, and the department  number, department name and manager number of the department they work for;

b) for all employees, display employee number, employee name, and the department  number, dept name and manager number of the department they manage (if any).

How did you answer these 2 queries ?

a)

b)

What is the difference between these 2 queries ?

7.8. Check results

Finally, check the constraints by listing the view USER_CONSTRAINTS.

8. Defaults, Constraints AND Indexes.

These exercises introduce you to further SQL facilities for defining the data characteristics in a relational database schema. These include :

· Default values

· Constraints using CHECK

· Indexes

In the exercises that follow you will need to test the results by inserting, updating or deleting data as appropriate, but please always ROLLBACK any such changes so that the database content remains unchanged.

8.1. Default values

Default values can be specified for columns.

The normal default value is NULL.

8.1.1. Exercise

Give SALARY a default value of £10,000 :

SQL> ALTER  TABLE  EMP

2           MODIFY (SALARY  DEFAULT  10000);

SQL> COMMIT;

8.1.2. Exercise 

Test this new default by adding details of a new employee ‘E10’  but let the salary default:

SQL> INSERT  INTO  EMP  ( EMP_NO, EMP_NAME, DEPT_NO ) 

2 
VALUES  ( ‘E10’, ‘Scott’, ’D1’ );

Check the result and then ROLLBACK so that the database  contents remain unchanged(see note above).

8.1.3. Exercise 

Give EMP_NAME a default value of  `NO NAME`.   Commit. 

Test the default (but rollback any data changes). 

8.1.4. Exercise

Change salary to default to 10000.  Test the effect of this default by adding a new employee with the default salary (rollback the changes). 

Do the same for budget, setting the default to 250,000

8.1.5. Exercise

Default marital status to `?` (i.e. unknown).  Test the effect.

8.1.6. Exercise

Reset the default of EMP_NAME back to NULL :

SQL> ALTER   TABLE   EMP

2 
MODIFY   (EMP_NAME   DEFAULT    NULL);

8.1.7. Exercise

Give START_DATE in PROJ table a default of SYSDATE.

8.2. Domain Constraints using CHECK

You have already added primary key, foreign key and unique constraints to the database.

The other type of constraint is a CHECK on the data values, e.g. a range check. This is properly defined as a `Domain Constraint’, although the CHECK clause is often attached to individual columns rather than to domains.  As Oracle doesn’t implement domains then such checks can only be applied to individual columns. 

CHECK (or domain) constraints may be attached directly to a column either  at the time the table is CREATEd or later by ALTERing it.

8.2.1. Exercise

All employee numbers begin with `E` (this convention is used in these exercises to ensure that they are different from project and department numbers). To enforce this, enter :

SQL> ALTER  TABLE  EMP  

2           ADD  CONSTRAINT E_NO

3 
   CHECK  ( EMP_NO  LIKE ‘E%’ )   DEFERRABLE ;

COMMIT this and test it by trying to add a row with employee number `P11`. 

Check the error message and ROLLBACK.

8.2.2. Exercise

Add a check to ensure that salary is never less than £6000. Test it.

SQL> ALTER  TABLE  EMP  

2           ADD  CONSTRAINT MIN_SAL

3 
   CHECK  ( SALARY  >=  6000 )   DEFERRABLE ;

SQL> COMMIT;

8.2.3. Exercise

Add a check to ensure that marital status is always one of `M`, `S`, `W`, `D` or `?` (the default). Test it. Hint - use the IN predicate.

8.2.4. Exercise

Add a check to ensure that department number begins with `D`. Test it.  Rollback data changes.

8.2.5. Exercise

Add a check to ensure that budget is always greater than zero. Test it. Rollback data changes.

8.2.6. Exercise

Add a check to ensure that project number begins with `P`. Test it. Rollback data changes.

8.2.7. Exercise

Add a check to ensure that a project deadline is always later than the start date. Test it. Rollback data changes.

8.2.8. Exercise

Add a constraint to ensure that an employee’s salary is always greater than zero, and another similar constraint to budget.  Test it.  Rollback data changes.

8.3. Indexes

An index usually aids searching for records.   In our very small database, this is not necessary, as the data can be searched sequentially very fast.   Nonetheless, indexes should always be created for all primary keys, and  probably for secondary keys as well. 

Oracle places restrictions on the type of index employed.  Only B-tree and bitmap indexes are allowed.    B-tree is the default, and unique indexes must be B-tree.   In fact any unique key automatically has a B-index created for it (including primary keys which are by definition unique).  Bitmap may be specified for non-unique (generic) indexes and are recommended for use on very large databases.  

Which columns must already have had indexes created for them?

8.3.1. Exercise

Add a secondary index on employee name :

SQL> CREATE   INDEX   EMP_NAME_INDEX   ON   EMP   ( EMP_NAME ) ;

8.3.2. Exercise

Create secondary indexes for all foreign keys which don’t already have one.  Commit these to the database.

9. mAINTAINING inTEGRITY

Consider the consequences of an employee leaving the company; think of the real world:

Look at the entity–relationship diagram, and in particular the relationships between employee and other entity types.  An employee leaves.  They can no longer be allocated to projects.  If they managed a department then they can no longer do so after leaving.  We need to “disconnect” the employee from these relationships.

9.1.1. Exercise

Add details of employee `E3`, `Roberts`, salary 10,000, marital status `M`, department `D1`.  Make this new employee the manager of department `D1`.  Assign them to work on project `P4`.   COMMIT these changes to the database.

Now try deleting employee `E3` from the EMP table.  ROLLBACK.

Why can you not commit this deletion ? Which integrity constraints prevent this?

What does “child record” mean?

To delete an employee we must “tidy up” their relationships.  Two separate actions take care of this.  In each case an existing constraint interferes with our actions, so it must first be dropped.

9.2. Cascade delete.

Since an allocation record exists only if the corresponding employee exists in the database, so a “cascade delete” tidies up the allocation table when an employee leaves. A cascade delete deletes related child records when a “parent” is deleted.

9.2.1. Exercise

You will need to know the name of the appropriate foreign key constraint on the ALLOC table. If you have forgotten try using  SQL> select * from user_constraints.
SQL> ALTER TABLE ALLOC

 2            DROP CONSTRAINT EMP_ALLOC; 

SQL> ALTER TABLE ALLOC

  2           ADD CONSTRAINT EMP_ALLOC 

  3                   FOREIGN KEY (EMP_NO) REFERENCES EMP

  4                  ON DELETE CASCADE DEFERRABLE; 

SQL> COMMIT; 

Read this carefully.  Make sure you understand what it does.

Why can’t we use a cascade delete for the relationship “manages/is managed by”?

9.3. Triggers

A trigger defines a process which is to be run whenever a given type of amendment is made to the database.  Their use is particularly important in maintaining the integrity of the data in the database.

9.3.1. Exercise

You will need to know the name of the appropriate foreign key constraint on the DEPT table. If you have forgotten try using  SQL> select * from user_constraints.
SQL> ALTER TABLE DEPT

2           DROP CONSTRAINT MANAGER;

SQL> CREATE TRIGGER EMP_DELETE

2
 BEFORE DELETE ON EMP FOR EACH ROW

3
    BEGIN

4
       UPDATE DEPT SET MANAGER_NO = NULL

5
       WHERE MANAGER_NO = :OLD.EMP_NO;

6
    END;

7 /

Commit the trigger.

9.3.2. Exercise

Check the contents of the DEPT and ALLOC tables.  Now try deleting `E3` again. Check the effect on all related tables and rollback.

9.4. Further examples

Look at the entity-relationship diagram for relationships involving projects.

9.4.1. Exercise

Try to delete project `P4`.  Rollback.

Q Why can’t the project be deleted ?

9.4.2. Exercise

Use cascade delete to automatically delete ALLOC rows when the corresponding PROJ is deleted. Remember you will have to drop the foreign key constraint first.  Test it by deleting project `P4`.   Check the results and rollback.

Q Why don’t we need to bother about the other relationship involving projects?

9.4.3. Exercise

In the entity-relationship diagram look at the relationships involving departments.   For department ‘D2’ find the rows in the EMP and PROJ tables which represent these particular instances of those relationships.

SQL> SELECT * FROM DEPT WHERE DEPT_NO = ‘D2’;

SQL> SELECT * FROM EMP WHERE DEPT_NO = ‘D2’;

SQL> SELECT * FROM PROJ WHERE DEPT_NO = ‘D2’;

Q If we change the value of a department number, what else has to change?

9.4.4. 
Exercise

Drop the relevent foreign key constraints

SQL> ALTER TABLE EMP DROP CONSTRAINT EMP_DEPT;

SQL> ALTER TABLE PROJ DROP CONSTRAINT PROJ_DEPT;

Create this trigger

SQL> CREATE TRIGGER DEPT_NO_UPDATE  

2        AFTER UPDATE OF DEPT_NO ON DEPT FOR EACH ROW 

3           BEGIN 

4               UPDATE EMP SET DEPT_NO = :NEW.DEPT_NO

5                       WHERE EMP.DEPT_NO = :OLD.DEPT_NO;  

6               UPDATE PROJ SET DEPT_NO = :NEW.DEPT_NO  

7                      WHERE PROJ.DEPT_NO = :OLD.DEPT_NO;  

8           END; 

9     /

Commit the trigger.

Write out in your own words what this trigger does.  Why are the “old” and “new” qualifiers needed?

9.4.5. Exercise

Now test the trigger by changing  department number ‘D2’ ro ‘D9’.

SQL> UPDATE DEPT SET DEPT_NO = 'D9' WHERE DEPT_NO = 'D2'; 

And check the effects which the trigger has had.

SQL> SELECT * FROM DEPT WHERE DEPT_NO = ‘D2’ OR DEPT_NO = ‘D9’;

SQL> SELECT * FROM EMP WHERE DEPT_NO = ‘D2’ OR DEPT_NO = ‘D9’;

SQL> SELECT * FROM PROJ WHERE DEPT_NO = ‘D2’ OR DEPT_NO = ‘D9’;

Rollback the data changes.

9.4.6. Exercise

Change department `D9` back to `D2`. Check the results again.

9.5. Preventing updates

Try updating a particular instance of the runs/is run by relationship.

9.5.1. Exercise

Update project `P2` to transfer it to department `D5`. Commit.

Now change it back again - i.e. return project `P2` to department `D1`. Commit.

Now suppose that the company wanted to bar this kind of change  i.e. once a project has been set up by a department, it will always be run by that department, and cannot be transferred to another department.  The relationship between DEPT and PROJ is a fixed relationship.

9.5.2. Exercise

Create a trigger which will fix the value of DEPT_NO in the PROJ table, and hence prevent such transfers :

SQL> CREATE   TRIGGER   PROJ_DEPT_FIXED   

2 
BEFORE   UPDATE   OF   DEPT_NO   ON   PROJ

3 
 RAISE APPLICATION ERROR (-20000, “Can’t re-assign projects”);

SQL> COMMIT;

Test the trigger by trying to re-assign a project to a different department.  Note that the error number and the message are chosen by the programmer (within certain restrictions).

9.6. Review

You need to think carefully about including triggers and cascade deletes in your database.  They are very useful and powerful techniques, but they can have very dramatic effects.  An apparently simple update leads to multiple “knock-ons”.    E.g. it would stupid to delete a Department record just because an employee leaves!   Such knock-ons can include invoking other triggers and cascade deletes so think through the consequenses carefully.

Review the updates carried out in this chapter.  Try using SELECT * FROM USER_TRIGGERS.

10. Sub-queries

At the end of these exercises you will be able to use sub-queries within the SELECT statement to make very complex queries on the database. Some of these exercises are difficult but well worth mastering !

A sub-query is a query within a query. There are various forms of sub-query :

· Quantified predicates

· IN

· EXISTS

· ALL

· ANY

· combined sub-queries

10.1. Quantified predicates using sub-queries

We have already met quantified predicates using =, <, > etc. where the comparison is to a data value, but it is also possible to make a comparison with the result of another query - the sub-query. 

10.1.1. Exercise

Try this example of a sub-query to find the details of the department managed by employee `Brown` :

SQL> SELECT *  FROM  DEPT   WHERE   MANAGER_NO    =

2 
( SELECT   EMP_NO   FROM   EMP   WHERE   EMP_NAME  =  `Brown` );

As in this example, the sub-query is placed in brackets within the WHERE clause of the main query. So “SELECT* FROM DEPT WHERE MANAGER_NO = “ is the main part of this query and “SELECT EMP_NO FROM EMP WHERE EMP_NAME = `Brown` “ is the sub-query.

Sub-queries are evaluated or run first to produce a results table. This results table is then used within the main query.

So, in the above example the sub-query is run first to find the value of EMP_NO for employee  `Brown`, and then a search is made of the DEPT table to match MANAGER_NO to the result of this sub-query.

Can you think of a way to make this query without using the sub-query format?

Exercise

List the department name and budget for departments whose budget is less than the average, using a sub-query to find the average budget.

SQL> SELECT  DEPT_NAME,    BUDGET   FROM   DEPT   WHERE   BUDGET   <

2 
( SELECT   AVG(BUDGET)   FROM   DEPT ) ;

Q Is it possible to make this query without using a sub-query ?

10.1.2. Exercise


(a) Which employees have a less than average salary ? 

(b) Which have a greater than average salary ? 

(c)  Do any have exactly an average salary ?

10.1.3. Exercise

(a) Find the details of the employee(s) who has the highest salary. 

(b) Who has the lowest ? 

(c) Who gets paid more than £4,000 more than the lowest salary ?

10.2. Sub-queries - IN

We have already met the IN predicate when used with a list of data values (see exercise 2.2.13). IN may also be used with the set of values resulting from a sub-query.

10.2.1. Exercise

To find details of projects worked on by employee E1 :

SQL> SELECT *  FROM  PROJ   WHERE   PROJ_NO   IN

2 
( SELECT   PROJ_NO   FROM   ALLOC   WHERE   EMP_NO  =  `E1` ) ;

Q How else could this query have been done without using a sub-query?

10.2.2. Exercise

Now find details of projects which are NOT worked on by employee E1

(use NOT IN instead of IN in the above query). 

Q Is it possible to do this query without using a sub-query ?

10.2.3. Exercise

Find details of departments which do not run projects.

10.2.4. Exercise

Find details of employees who do not manage departments.

10.3. Cardinality of results tables

We can test the number of rows in a result table.

10.3.1. Exercise

E.g. suppose we want to know which employees work on exactly one project :

SQL> SELECT *  FROM   EMP   WHERE   1 =

2 
( SELECT  COUNT(*)  FROM    ALLOC

3 

WHERE   ALLOC.EMP_NO   =   EMP.EMP_NO ) ;

Note that we are not interested in the content of the results table of the sub-query, only whether the results table contains a single row or not. I.e. if there is exactly one row in ALLOC for that employee, then the result of the subquery is one row.

Note also that the table(s) listed in the main query are available to the sub-query without being explicitly listed within the sub-query - e.g. EMP is not needed in the table list of the above sub-query.

In this query, the sub-query must be evaluated once for each employee. Because the sub-query refers to a table in the main part of the query (i.e. EMP) the main query must be run first. Then, for each row of the EMP table (E1, E2 etc.), the sub-query is run and the  predicate evaluated for that employee.

10.3.2. Exercise

Find details of departments which run exactly one project.

Sub-queries - EXISTS

The EXISTS predicate tests whether any rows are returned by the sub-query or not.

10.3.3. Exercise

To find details of employees who are managers, we could use :

SQL> SELECT *  FROM   EMP   WHERE   EXISTS  

2 
( SELECT  *  FROM   DEPT   WHERE   MANAGER_NO  =  EMP_NO ) ;

Q  How else could this query have been done without using a sub-query?

10.3.4. Exercise

Now find details of employees who are not managers, using NOT EXISTS instead of EXISTS in the above query.

10.3.5. Exercise

Find details of employees who are not allocated to work on any projects.

10.4. Sub-queries - ALL

The ALL predicate is used with =, <, > etc. and is true if the comparison is valid for all the rows of the results table of the sub-query.

10.4.1. Exercise

To find details of employees whose salary is less than that of all married employees use :

SQL> SELECT *  FROM   EMP   

2 
WHERE   SALARY   <   ALL

3 
    ( SELECT   SALARY   FROM   EMP   WHERE   MARITAL_STATUS  = `M` ) ;

10.4.2. Exercise

Find details of the department which has the maximum budget using >= ALL..

Q How else might this query be done ?

10.4.3. Exercise

Find details of projects which have a start date later than the start date of all of the projects run by department D1.

10.5. Sub-queries - ANY

The ANY predicate is also used with =, <, > etc. and is true if  the comparison is valid  for any of the rows of the results table of the sub-query.

10.5.1. Exercise

Find details of employees who manage a department using :

SQL> SELECT *  FROM   EMP 

2 
WHERE   EMP_NO   =   ANY

3 

( SELECT   MANAGER_NO   FROM   DEPT

4 


WHERE   MANAGER_NO   IS   NOT   NULL ) ;

10.5.2. Exercise

Find details of those employees who are allocated to work on any project run by department D1.

10.5.3. Exercise

List the above details (see previous exercise) for each department :

SQL> SELECT  D.DEPT_NO ,   E.*    FROM   DEPT   D ,   EMP  E

2 
WHERE   EMP_NO   =   ANY

3 
( SELECT   DISTINCT   EMP_NO   FROM    ALLOC   A ,   PROJ   P

4 

WHERE    A.PROJ_NO  =  P.PROJ_NO

5 

      AND   P.DEPT_NO  =  D.DEPT_NO )

6 
ORDER   BY   D.DEPT_NO;

Q What is the significance of “DISTINCT” here?  Is it necessary??

10.5.4. Exercise

Find details of projects which have a start date later than the start date of any one of the projects run by department D1.

How does this query and its result differ from 10.5.3 ?

10.6. Sub-queries - combined

Some examples showing how sub-queries can be combined in complex ways :

10.6.1. Exercise

To find details of employees who work on projects which employee Smith also works on :

SQL> SELECT *  FROM   EMP  WHERE   EMP_NO  IN

2 
( SELECT Ea.EMP_NO   FROM   EMP   Ea ,  ALLOC   Aa

3 

WHERE  Ea.EMP_NO  =  Aa.EMP_NO

4 

AND   PROJ_NO  =  ANY

5 


( SELECT  PROJ_NO  FROM  EMP  Eb , ALLOC  Ab

6 



WHERE  Eb.EMP_NO  =  Ab.EMP_NO

7 



AND EMP_NAME = ‘Smith’ )

 8          
) ;

What does the result of this query tell you ? How does it work ?

10.6.2. Exercise

Find details of employees who do not work on any project which employee ‘Smith’ works on.

10.6.3. 
Exercise

Find details of departments which do not run exactly one project :

SQL> SELECT *  FROM   DEPT   Da   WHERE   Da.DEPT_NO   NOT  IN

2 
( SELECT   Db.DEPT_NO   FROM   DEPT   Db

3 

WHERE 1 =

4 

( SELECT  COUNT(*)  FROM   PROJ   P

5 


WHERE  P.DEPT_NO  =  Db.DEPT_NO )

6 
) ;

10.6.4. Exercise

Find details of departments which run more than one project. This involves repeating the above query but with a join to Project in order to exclude departments which don’t run any projects :

SQL> SELECT DISTINCT  Da.*  FROM  DEPT  Da ,  PROJ   Pa

2 
WHERE   Da.DEPT_NO   =   Pa.DEPT_NO    AND  Da.DEPT_NO  NOT  IN

3 
( SELECT  Db.DEPT_NO  FROM  DEPT  Db

4 

WHERE 1 =

5 

( SELECT  COUNT(*)  FROM  PROJ  Pb

6 WHERE  Pb.DEPT_NO  =  Db.DEPT_NO )

7  );

10.6.5. Exercise

Refer back to exercise 4.3.6. Note that in the result for that exercise, departments with no manager and managers who do not work on any projects were missing (unless you used JOINs).

Now list the same details as in that exercise but this time list all departments including those which do not have a manager, and those whose manager does not work on any projects, but do not use JOIN to do it. 

Hint - combine 3 separate queries using UNION - one query to list departments with managers  who work on projects, another to list departments with no manager, and a third query to list departments whose manager does not work on projects (using a sub-query) !

10.6.6. Exercise

Make up your own complex queries and see if you can answer them !

11. revision and consolidation

We started in Exercises 2 with a very simple database of 3 tables.

There were no views, primary keys, foreign keys, other constraints, indexes or triggers. These were added gradually to introduce each feature in turn.

The purpose of these exercises is to help you to:

· revise the various SQL features used so far;

· appreciate that these features would normally be included in the initial database design.

11.1. Recreating the database

In these exercises you will delete your SQL_DEMO database and re-create it from scratch as at the start of these exercises, including all the various features such domains, primary keys, foreign keys, etc.

11.1.1. Exercise

Obtain a listing of the database structure and content of the database as it should be at the start of this exercise from the file

P:\PUBLIC\DB\SCRIPTS\EX11_DATABASE.TXT


This contains a listing of the database structure, including domains, tables, views and the data content of each table.

11.1.2. Exercise

Delete your database, using the DROP command within SQL.  Each table within the database will need to be DROPped, using the CASCADE CONSTRAINTS option to avoid falling foul of the formal integrity constraints; and each view must also be DROPped explicitly.  Indexes and triggers disappear automatically along with their associated tables.

11.1.3. Exercise

Exit SQL and edit a copy of the file P:\PUBLIC\DB\SCRIPTS\SETUP.SQL which you used in Exercises 2. Amend this file so that it will restore the database to its state at the start of this exercise, referring to the print-out obtained above.

Ensure that all features such as primary keys, foreign keys, domains, constraints etc. are included within the CREATE TABLE statements, not simply added later.

You should not need to use any ALTER TABLE statements except for one of EMP or DEPT.

Tables must be created in the right order so that any REFERENCES clause refers to a table already created. If EMP is created first, then DEPT_NO cannot be immediately referenced to DEPT, but must be altered once DEPT has been created. Similarly, if DEPT is created first, then MANAGER_NO cannot be immediately referenced to EMP, but must be altered once EMP has been created.

Your edited SETUP.SQL file should be a complete, coherent database schema, followed by the insertion of data  into the re-created tables.

11.1.4. Exercise

From within SQL, run your edited SETUP.SQL file to restore the database. If there are errors, delete the database (as in 8.1.2) and start again until your database schema is correct.

11.1.5. Exercise

Print a copy of SETUP.SQL to keep for reference.

Ask the tutor to check the contents to confirm that you have understood these exercises.

Appendix A : SQL Syntax guide

This guide gives a small sub-set of the syntax of SQL as implemented in Oracle 8.0.  It includes the constructs that you will need to do the exercises in this book, and that are included in the prewritten SQL files that you will be using.  The SQL Reference file, included in the hypertext Oracle8 Documentation, lists some 92 different statements (or Commands as it calls them), of which only 15 are presented, in a simplified form, here.How to read the guide

Each of the SQL constructs is followed by a box containing details of its makeup:

· CAPITALS denote reserved words (i.e. part of the vocabulary of SQL with particular meaning within the language).

· <Angled brackets> contain the name of a construct described in this guide.

· underlined italics denote the name of some object within the database (e.g. a table or column name), or a numeric or character-string value as appropriate.

·  Character strings or patterns must be enclosed in ‘single quotation marks’. A pattern is similar to a character string but may contain the wild-card characters % (percent) and  _ (underscore).  Character strings are also known as literals or string constants.

· [square brackets] denote an optional item.

· {<option 1> | <option 2> | <option 3>} vertical bars separate alternative items enclosed by braces.   Only one of the alternatives is to be used.  The braces may be omitted where the meaning is clear.

·  [ etc.] indicates that the construct immediately before the square brackets may, optionally, be repeated any number of times. If a separator is required it will be shown like this [ , etc.]
When devising Data Names (e.g. names for tables or columns) remember they must start with a letter, the rest of the name being optionally a mixture of letters,digits and the – (hyphen) and _ (underbar) characters.

SQL statements run continuously until terminated by a semi-colon, but it can be useful to break a statement into several lines to enhance readability.


<sql statement>

<dml statement> | <ddl statement> | <transaction control statement>

<dml statement>

<select statement>   |   <insert statement>   |   <update statement> |

<delete statement>

<select statement>

<select expression>

[UNION  etc.] 

[ORDER BY {<expression> [ ASC | DESC ]} [ , etc.] ] 

[INTO { table-name | variable-name } ];

<select expression>

SELECT [DISTINCT] <select list> 

FROM <table list>

[WHERE <predicate>] 

[GROUP BY {<expression> [HAVING <predicate>]} [ , etc.]]

<select list>

* | {table-name . * | view-name . * | <expression> [AS field-alias] }

[ , etc.]

<table list>

{ { table-name | view-name } [ table-alias ]} [ , etc.]


<predicate>

<comparison> | EXISTS ( <select expression> ) |

<predicate> { AND | OR } <predicate> | NOT <predicate> | ( <predicate> )

<comparison>

<expression> { <comparison operator>

{ <expression> | [ ALL | ANY ] ( <select expression> ) } |

[ NOT ] { BETWEEN <expression> AND <expression> |

IN ( <expression> [ , etc.] ) | LIKE pattern } | IS [NOT] NULL }

<expression>

<database field> | character-string | number | NULL | <function call> |

( <expression> ) | <expression> <arithmetic operator> <expression>

<database field>

[ { table-name | view-name | :OLD | :NEW } . ] column-name [ (+) ]

<function call>

function-name [ ( <expression> [ , etc.] ) ]

<arithmetic operator>

+ | - | * | /

<comparison operator>

=  |  <>  |  >  |  <  |  >=  |  <=


<insert statement>

INSERT INTO table-name [ ( column-name [ , etc.] ) ]

VALUES ( <expression> [ , etc.] ) ;

<update statement>

UPDATE { table-name | view-name }

SET { column-name = <expression> } [ ,  etc.]

[ WHERE <predicate> ] ;

<delete statement>

DELETE FROM table-name WHERE <predicate> ;

<ddl statement>

<create statement>  |   <alter statement>  |  <drop statement>

<create statement>

<create table statement> | <create view statement> |

<create index statement> | <create trigger statement>

<create table statement>

CREATE TABLE table-name ( <column definition> [ ,  etc.]

[ , <table constraint> [ ,  etc.] ] ) ;

<column definition>

column-name <datatype> [ DEFAULT default-value ]

[ <column constraint> [ etc.] ]


<datatype>

INTEGER | DECIMAL ( precision , scale ) | CHAR ( n-of-chars ) | DATE

<column constraint>

{ CONSTRAINT constraint-name { UNIQUE | PRIMARY KEY |

REFERENCES table-name [ ON DELETE CASCADE ] |

CHECK ( <predicate> ) } | NOT NULL } [ DEFERRABLE ]

<table constraint>

CONSTRAINT constraint-name { {PRIMARY KEY | UNIQUE }

( column-name [ , etc.] ) | FOREIGN KEY ( column-name [ , etc.] )

REFERENCES table-name  [ ON DELETE CASCADE ] |

CHECK ( <predicate> ) } [DEFERRABLE]

<create view statement>

CREATE VIEW view-name ( column-name [ , etc.] )

AS <select expression> ;

<create index statement>

CREATE [ UNIQUE ] INDEX index-name ON

table-name ( { column-name [ ASC | DESC ] } [ , etc.] ) ;

<create trigger statement>

CREATE TRIGGER trigger-name { BEFORE | AFTER } <change> [ OR etc.]

ON table-name FOR EACH ROW <block> ; /

<change>

INSERT | DELETE | UPDATE OF column-name


<block>

[DECLARE <declaration> [ , etc.] ]

BEGIN { <DML statement> | <procedure call> } [ etc.] END

<declaration>

variable-name <datatype>  ;

<procedure call>

procedure-name [ ( <expression> [ , etc.] ) ] ;

<alter statement>

ALTER TABLE table-name
{ <modify clause> | <add clause> | <drop clause> } [ , etc.] ;

<add clause>

ADD ( { <column definition> | <table constraint> } [ , etc.] )

<modify clause>

MODIFY ( {column-name [ <datatype> ] [DEFAULT default-value ]

[<column constraint> [ etc.] ] }  [ , etc.] ) 

<drop clause>

DROP CONSTRAINT constraint-name

<drop statement>

<drop table statement> | <drop view statement> | <drop index statement> |

<drop trigger statement>


<drop table statement>

DROP TABLE table-name [ CASCADE CONSTRAINTS ] ;

<drop view statement>

DROP VIEW view-name ;

<drop index statement>

DROP INDEX index-name ;

<drop trigger statement>

DROP TRIGGER trigger-name ;

<transaction control statement>

{ COMMIT | ROLLBACK } ;

Appendix B 
Database contents

Database contents at the end of Exercises 3

SQL> SELECT * FROM DEPT;

    DEPT_NO
DEPT_NAME
    MANAGER_NO
BUDGET


D1
Production

NULL

100000


D2
Sales


E5

250000


D3
Accounts

E9

  95000


D4
Admin


E8

156000


D5
Personnel

E7

196000

    5 rows selected

SQL> SELECT * FROM EMP;

      EMP_NO

EMP_NAME
SALARY
MARITAL_STATUS


E1

Smith

  9900


W


E2

Jones

13200


M


E4

Evans

16500


S


E5

Brown

27500


S


E6

Green

13200


M


E7

McDougal
17600


D


E8

McNally

12100


M


E9

Fletcher

13200


S

      8 rows selected

SQL> SELECT * FROM PROJ;

     PROJ_NO
    DEPT_NO
START_DATE

DEADLINE


P1

D1
  20-APR-1994

 23-FEB-1998


P2

D1
  21-JAN-1995

14-MAY-1997


P3

D2
    2-FEB-1996

  3-MAR-1999


P4

D3
  11-DEC-1995

   1-JAN-1999


P5

D4
    8-OCT-1995

NULL

     5 rows selected

SQL> SELECT * FROM ALLOC;

       EMP_NO
      PROJ_NO


E1

P1


E1

P2


E2

P1


E2

P5


E4

P4


E5

P4


E6

P4


E9

P4


E5

P3


E7

P3

       10 rows selected

EMP table with Dept_no added after exercise 5.7.2

          EMP_NO

EMP_NAME
SALARY
MARITAL_STATUS
DEPT_NO


E1

Smith

  9900


W

D4


E2

Jones

13200


M

D1


E4

Evans

16500


S

D1


E5

Brown

27500


S

D2


E6

Green

13200


M

D5


E7

McDougal
17600


D

D5


E8

McNally

12100


M

D4


E9

Fletcher

13200


S

D3

APPENDIX c: logical data model

Logical Data Model (Entity-Relationship Diagram) for Database
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After exercises 5.7, a new relationship has been added between Department and

Employee, giving 2 relationships between these entity types :

‘Each Department may be managed by one and only one Employee’

‘Each Employee may be the manager of one and only one Department’

‘Each Department may be the employer of one or more Employees’

‘Each Employee must be employed by one and only one department’


APPENDIX D: Notes on Entity-Relationship Diagrams

Entity types are shown by rectangular boxes.

Relationships are shown by connecting lines between the entity types.

A line ending with ‘crows feet’ denotes a to-many relationship (i.e. ‘to one or more’).

A single line with no crows feet indicates a to-one relationship (i.e. ‘to one and only one’).

A dashed line indicates an optional relationship (i.e. ‘may be’)

A solid line indicates a mandatory relationship (i.e. ‘must be’).

Relationships are read in both directions from one entity type to another via the line and relationship name nearest the first entity type.

So the diagram relationships can be read in either direction as :

‘Each <entity type A> { may be / must be } <relationship> { one and only one / one or more } <entity type B>‘

E.g. each department may be responsible for one or more projects; each project must be run by one and only one department.

The primary key of each entity type is shown underlined. E.g. primary key of DEPT is Dept_no.

One-many relationships are implemented in a relational database by ‘foreign keys’. A foreign key is a copy of the primary key of the ‘one’ entity held in the ‘many’ entity. The foreign keys are shown above marked with an *. E.g. *Dept_no is a foreign key in PROJ and it links each project to the department which is responsible for it.

The entity type ALLOC is really a relationship between EMP and PROJ : each employee may work on one or more projects, and each project may be staffed by one or more employees, giving a many-many relationship between EMP and PROJ. However, in a relational database, it is not possible to implement many-many relationships directly. The normal solution, as here, is to create a ‘link entity type’ which connects the original entity types by 2 one-many relationships.

The value “E8” links this row…


………to this one
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