	Stored Procedures :
Andrew Gilfrin, www.mysqldevelopment.com 
 Introduction.

MySQL was first released back in November of 1996 and has grown ever since. It has become the database of choice for web development due to ease of use and support by many ISPs and web hosting companies. AB the company who control and develop MySQL claim it is the worlds most popular open source database. 

However one thing it has had difficulty in the past is convincing 'serious' database developers that it has the capacity to challenge the database market leaders, Oracle, Microsoft's SQL Server and IBM's DB2. There are a number of reasons for this reputation, some justified but others not so. 

One area of functionality that the big players all support is stored procedures within the database, this is something MySQL has lacked. Until now, with the release of MySQL 5.0.1 support has been added for stored procedures within the database. At this early stage it's still limited in capability and has some important parts missing but AB seem to be approaching the subject by getting the basics right first before increasing the functionality. 

For the average web developer the introduction of stored procedures may seem a little bit of an anti climax, they may on the surface seem surplus to requirements with most of the solutions they provide being relatively easy to replicate in PHP or some other web language. But support for stored procedures will be seen as a big step forward in the database community where data is king, rather than a means to maintain data within a web application.

So What Are They?

Stored procedures are sections of code which are stored in the database and executable within the database. They can perform simple changes to single values or undertake large processing tasks. They fall in to two categories, functions and procedures. We will look at the difference between the two later in the tutorials. 

It is in fact possible to use and create functions within MySQL using C but that can be a little complicated and has limited functionality. There are also a number of functions available within MySQL that you may have used before, such as GREATEST() or CONCAT(). 

Getting Going

Unfortunately the setup and installation of MySQL is a big subject and something we don't have room to go into detail about here, but there are plenty of web sites which can give you all the information you need. 

To program with stored procedures in MySQL we need to use version 5.0.1 or above, we recommend you use as high a release as possible, this can be downloaded from the MySQL web site for free. In addition to MySQL we will be using a basic text editor, this is not necessary but will make our life a little easier.

One of the advantages of using stored procedures is that they are run from within the database so any commands we use on one operating system will be available on another. The tutorials have been run under Windows XP but they should run exactly the same on any other operating system you may be using. One final word, if the only copy of MySQL you have is a lower version than 5.0.1 then unfortunately you won't be able to try the examples yourself, but you can still read and learn all about stored procedures from the tutorials. 

Conventions

Finally a word on the conventions we will be using in the tutorials. Any code that you can type in will be displayed in one of two ways

	//This is code seen for the first time.
//Or code you have already seen but is being reference later

	Changes to programs previously created during the tutorial will be shown in bold

	//This is old code here
//This is the line we want you to add 

	You can download a zipped copy of all the sources used in each chapter using the menu. But after each section of code will be a link to the actual source code file that we used. We suggest you try typing in each section of code yourself as this can often help you understand what is actually going on, but if you can't get a particular program to work feel free to use our code. The source will appear as follows.
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source.msp 

	So lets get straight in by having a go at creating a simple procedure, you can click on the HelloWorld link bellow to go to the relevant page or use the menu at the top of this and every page. At any time you can move on to the next section using the link marked > or back to the previous section using the link marked with <.


	Hello World

What better place to start a programming than with the ubiquitous HelloWorld. In this introduction we wont worry too much about the why or the how we will just get straight into the code.

Before we get into writing some code we will set up some data we will be using later in the tutorials. We are using a text editor to create scripts which we run using the source command in MySQL. Here is the contents of the script we have used to set up the test data. 

	drop database if exists pers
\g
create database pers
\g
use pers
\g
create table emps(emp_id int NOT NULL,
             emp_name varchar(30), 
             dept_id int,
             salary decimal(5,2),
             primary key(emp_id)) 
\g
insert into emps (emp_id,emp_name,dept_id,salary)
            values (1,'Roger',1,2000.00),(2,'John',2,2500.00),(3,'Alan',1,2100.00)
\g
select * from emps
\g 
create table dept (dept_id int NOT NULL,
             description varchar(30),
             primary key(dept_id))
\g 
insert into dept (dept_id,description)
            values (1,'Information Technology'),(2,'Sales')
\g
select * from dept
\g

	
setup.myp
 

	If you haven't used source before its a way of writing an SQL script in file and then running it in MySQL. To use source call it in the following way. 

	source c:/mysql/source/setup.myp 

	Of course exchange the path for the one you will be using. One word of warning if your using MySQL on windows, you need to use / rather than \ as MySQL can interpret \ as a call to a special function such as \h which would show the MySQL help. 

	Finally before we begin we need to do one more thing. When creating stored procedures within MySQL we need to use the ; character to terminate a line. However MySQL interprets this as a delimiter character so we need to tell MySQL to use another delimiter when running other code. We will be using //. 

So lets set that now 

	delimiter //

	Lets check this works with a simple SQL statement.

	select 'hello' //
+-------+
| hello |
+-------+
| hello |
+-------+
1 row in set (0.00 sec)

	OK so lets get on to our first program which will be a function. If you have any experience of programming it is likely you will have seen HelloWorld or a program like it before. It won't actually do a great deal but it will work and it will be easy. So lets give it a go. 

	create function helloworld() returns varchar(20)
return "Hello World";
//
Query OK, 0 rows affected (0.00 sec)

	
helloworld1.myp
 

	Hopefully you will see the Query OK message which tells you that the function has been successfully created.

Now we want to call the function so we can see the result. We will talk more about the difference between a function and a procedure in a later section, but for now all we need to mention on the subject is that we call them in different ways. To call a function we do the following. 

	select helloworld() //
+--------------+
| helloworld() |
+--------------+
| Hello World  |
+--------------+
1 row in set (0.02 sec)

	So as you can see calling a function is pretty simple and the results are returned in the same was as a result set from an SQL call. 

Well done that's your first function completed. If you haven't managed to get it working check the syntax for small spelling errors or the odd character missing.

In the next lesson we will look at what we have just written and explain what each section means. 


	Hello World Explained

Now we have written our first function and been able to get some output lets look at what we actually did. Lets look at it word by word and see what each part means. 

create OK so first up its create, which as you can imagine is telling the compiler that we want to create something. We wanted to create a function so we used the function keyword next. This tells MySQL we are going to be creating a function rather than another MySQL object such as a table. We then give that function a name helloworld in our case, after the name we put a set of brackets we won't worry too much about those just yet except to mention that they are there and in fact need to be there. All pretty simple so far, next up is returns , which might not be so obvious. Returns is used to tell MySQL which sort of data type we will be returning from the function. We are returning a VARCHAR which is a variable length character string. We put the (20) in so MySQL knows that the string will be at most 20 characters.

So far we have simply told SQL we want to create a function called helloworld which will return a varchar of 20 characters in length, that's all there is to it. We now have 1 of 2 options, our first is to create a single line program or our second option to create a program with more than one line. In our case it was just a single line so all we had to do was write that line. If your creating a function you must return a value, that's done using the return keyword. We know its going to return a varchar so we just out put a simple string "Hello World".

A few moments ago I mentioned we had 2 options, the second option is to create a function with more than one line, while it is possible to create functions with only a single line they are not particularly useful. If we want to write more than one line we need to put the lines between a begin and an end. We can do this even with a single line function so lets do this now with a new version of helloworld.

Before we do that we need to talk about drop function. Drop function is used to remove the function from the database so that when we load our new version it doesn't cause an error. We can drop in either of the following two ways. 

	drop function helloworld \\

	or

	drop function if exists helloworld \\

	The difference between the two is that the first will produce an error message if the function we are trying to drop doesn't exist. You can use either but i prefer the second as its a little more tidy. So lets make that change to our helloworld function. 

	drop function if exists helloworld
//
create function helloworld() returns varchar(20)
begin
return "Hello World 2";
end
//
select helloworld() //

	
helloworld2.myp
 

	You may have spotted that we also changed the returned string to 'Hello World 2' this was simply to show that we were actually looking at the new function rather than the old one. This time we will have seen this output. 

	+---------------+
| helloworld()  |
+---------------+
| Hello World 2 |
+---------------+
1 row in set (0.02 sec)

	We can see that the addition of begin and end doesn't effect the functionality. Lets move on to look at the difference between functions and procedures. the second type of program unit we can create.


	Functions or Procedures

Our first program, HelloWorld was a function. In MySQL we have the option of creating both functions and procedures. This lesson will look at the differences between functions and procedures and looks at when you might use one and not the other. Lets start with functions as we are already familiar with how one is constructed and might work.

Functions

Functions are programs which when called return a single value, they must always return a value and will always return just one value. They can be relatively simple or a little more complex including multiple lines of code or just a single line. On advantage of functions is that we can call them from within an SQL statement. Take for example the CONCAT function which is already available in MySQL. 

	select concat(emp_name,' ',dept_id) from emps
-> //
+------------------------------+
| concat(emp_name,' ',dept_id) |
+------------------------------+
| Roger 1                      |
| John 2                       |
| Alan 1                       |
+------------------------------+
3 rows in set (0.00 sec)

	As you can see here we can use functions within the SQL statement to perform transformations or calculations on data within the database tables. We can also do this with our own functions as we will see in later sections.

There really isn't a great deal more to say about functions, of course they can do a lot more than just return strings as we have done so far and we will cover more of this in future sections. 

Procedures

Procedures can do a little more than functions, they do not need to return anything but can if needed return many things. Procedures cannot be run from within SQL statements like functions, but must be called. Lets create a simple procedure and see how we call it.

	create procedure helloprocedure()
select 'Hello Procedure' ;
//

	
helloprocedure1.myp
 

	As you can see creating a procedure is very similar to the creating a function. As a general rule we should be able to do the same things in procedures and functions, there is currently one exception to this which we will discuss in a later section. You can also see that I didn't include a begin or end, this was simply to show that it was possible. Lets run the procedure and see what we get. 

	call helloprocedure() //

+-----------------+
| Hello Procedure |
+-----------------+
| Hello Procedure |
+-----------------+
1 row in set (0.00 sec)

	You may also have noticed that we run a procedure differently from a function, this was done using the call command. For a little more practice lets add the begin and end statements. We will be calling drop procedure, in just the same way we used drop function, to remove the procedure before adding the changes. 

	drop procedure if exists helloprocedure
//

create procedure helloprocedure()
begin
select 'Hello Procedure 2' ;
end
//

call helloprocedure() //

+-------------------+
| Hello Procedure 2 |
+-------------------+
| Hello Procedure 2 |
+-------------------+
1 row in set (0.00 sec)

Query OK, 0 rows affected (0.00 sec)

	
helloprocedure2.myp
 

	We will see more differences between functions and procedures as we continue, so we will now carry on and expand on our helloworld and helloprocedure programs. 


	Using Variables

You may already be aware of user variables within MySQL. A user variable can be used to store information for later use in you session. A variable in broader terms can be viewed as a container for information. In MySQL functions and procedures we can create variables to hold information during our processing. 

Variable Data Types

When we create a variable we need to give it a data type. A data type is the format and type of data we want to store in the variable, this could be a string, numeric or date and time. There are a number of different data types within MySQL and all are avaliable for use in our programs. For the moment we will concentrate on a few basic types but if you wish to see the full set available take a look here.

http://dev.mysql.com/doc/mysql/en/Column_types.html 

We won't concern ourselves with all the different types for now so lets get straight in and see how we define a variable, what we can do with it and how we can change the value stored in it.

Lets use our HelloWorld function again to work with a variable. Rather than simply passing out a string we will pass out the contents of a variable.

To create a variable we use the following syntax.

declare var_name[,...] type [DEFAULT value]

The declare tells the compiler we are about to define the variable. We then give it a unique name, at this stage MySQL have yet to specify naming conventions and restrictions for variable names but its a given that you should avoid using reserved words and try to keep them short but descriptive. You can define more than one variable of the same type using one declare statement as we shall see in a moment. We then specify the data type we would like to assign to the variable, as mentioned before this can be any of the standard MySQL data types. Finally we can assign the variable a default value, we will look at this in more detail in a few minutes.

This may be a little bit too much to take in so lets try and define a variable so we can see one in action. 

	drop function if exists helloworld
//
create function helloworld() returns varchar(20)
begin

   declare l_hello varchar(20) default 'Hello World 3';

   return l_hello;
end
//

select helloworld() //
+---------------+
| helloworld()   |
+---------------+
| Hello World 3 |
+---------------+
1 row in set (0.00 sec)

	
helloworld3.myp
 

	So we have now changed our helloworld function to use a variable. We added the declare keyword to tell the compiler that we were using a variable, named it l_hello and gave it a default value of 'Hello World 2'. We then replaced the string we had used previously with the variable. Now when we run the function we can see that the output has changed.

We mentioned that we could declare more than one variable on a single line, lets now try and declare more than on variable and also see how we can set a value for them. 

	
drop function if exists helloworld
//
create function helloworld() returns varchar(20)
begin

   declare l_hello, l_world, l_string varchar(20);

   set l_hello = 'Hello';
   set l_world = 'World';

   set l_string = concat(l_hello,' ',l_world,' 4');

   return l_string;
end
//
select helloworld() //

+---------------+
| helloworld() |
+---------------+
| Hello World 4 |
+---------------+
1 row in set (0.00 sec)

	
helloworld4.myp
 

	We are now starting to see our function look a little more substantial. We have introduced a few new concepts here which are quite important.

Firstly we can see that we have declared 3 variables using one declare statement. We could have used the default statement also but this would have been pointless as all three would have had the same value. 

Next we used the set statement to assign a value to each of our variables. In the case of the first two this was a simple case of use a character string. But for the third we used the CONCAT function to join the other 2 strings together. This demostrates the fact that we can use functions within other functions, this goes for the standard functions such as CONCAT and also for ones we define ourselves. However... while trying to prove that we can call our own programs from within other functions the server kept crashing. Up to this point we had been running the source using version 5.0.1alpha, This is a good time to press home that release 5 is not a full release as yet and is not stable and should be used as such. There will be things that we can't do at this early stage. But we installed the latest version 5.0.2alpha and the problem seemed to be fixed. 

	create function testhelloworld() returns varchar(20)
return helloworld()
//

select testhelloworld();
// 
+------------------+
| testhelloworld() |
+------------------+
| Hello World 4 |
+------------------+
1 row in set (0.00 sec)

	
testhelloworld.myp
 

	All this discussion of calling functions has taken us off the path a little so back to the matter in hand, variables. So far we have declared, set and used a string function for output, but we can use many other type of variables. Here's a procedure which uses a date type variable and returns the current date.

	drop function if exists showdate
//
create function showdate() returns varchar(20)
begin

   declare l_date date;

   set l_date = CURDATE(); 

   return l_date;

end
//

select showdate()
+------------+
| showdate() |
+------------+
| 2005-01-23 |
+------------+
1 row in set (0.02 sec)

	
showdate.myp
 

	As you can see in the function we call CURDATE which in effect does exactly the same thing as our function but it does demonstrate that we can define and use date data types.

This next one returns a number;

	drop function if exists getsalary
//
create function getsalary() returns numeric
begin

   declare l_salary numeric(13,2);

   set l_salary = 1000000.00; 

   return l_salary;

end
//

	
getsalary.myp
 

	These small examples will have shown you what variables are and how to create them. We will leave variables now as we will be using them in future programs and it is there that we will begin to see more clearly how and when we might use them more fully


	Passing Parameters

So far we have been getting output from functions using return and from procedures using a select statement. But we can also pass information into our programs and in the case of procedures out also. So far our programs have simply been a way to return static information, we know what we are getting back because its the same each time. To pass information in and out we use parameters. In the case of functions we can only pass in information so lets try that first. We can use yet another version of helloworld, but this time pass in a character string. 

	drop function if exists helloworld
//
create function helloworld(param1 varchar(100)) returns varchar(100)
begin

   return CONCAT('Hello World and ',param1) ;

end
//
select helloworld('Alan') //
+----------------------+
| helloworld('Alan')   |
+----------------------+
| Hello World and Alan |
+----------------------+
1 row in set (0.00 sec) 

	
helloworld5.myp
 

	Lets explain what we did here, you can see that the function itself is very similar to ones we have written in the past. The first difference is that in the brackets following helloworld we have included the word param1 and a varchar assignment. param1 is the name of our parameter, if we were creating a procedure we would have included a keyword before this to show which type of parameter it is but as functions can only accept IN parameters this is not included. The parameter we will be accepting will be a character string so we assign it to a varchar of 100 characters in length. All we then need to do is reference the parameter within the function which we do in the return value. It is possible to change the value of the parameter in the function, its unlikely you would need to do so but it is possible.

The next change is the way in which we call the function. Previously we simply used helloworld() but we now need to pass the value into the function, this is done simply by placing the value we wish to pass in between the brackets, as we will see in a moment if you have more than one parameter you should pass them in using the same order as they are defined in the function. In some languages it's possible to pass parameters either by position or by explicitly naming them, the MySQL documentation doesn't say if passing in by naming them is possible, we did try to do this but couldn't seem to do so, for now simply pass them in by position.

More Than One

We can pass in as many parameters as we need to and as mentioned above we simply do this by adding more between the brackets like so. 

	drop function if exists helloworld
//
create function helloworld(param1 varchar(100),param2 varchar(100)) returns varchar(100)
begin

   return CONCAT(param1,' ',param2) ;

end
//
select helloworld('Hello','World') //

+-----------------------------+
| helloworld('Hello','World') |
+-----------------------------+
| Hello World                 |
+-----------------------------+
1 row in set (0.01 sec)

	
helloworld6.myp
 

	Passing Parameters with Procedures

We can pass values both in and out of procedures. This is done in a similar way to functions except that we need to use the IN or OUT keywords to tell the compiler what to do with the parameters. So far we have used a select statement in a procedure to produce out put, lets now use an out parameter in the procedure to get the value. 

	drop procedure if exists helloprocedure
//

create procedure helloprocedure(OUT param1 VARCHAR(100))
begin

   set param1 = 'Hello World'; 

end
//
call helloprocedure(@a)
//
Query OK, 0 rows affected (0.00 sec)

	
helloprocedure3.myp
 

	What happened there? We create the procedure called it but didn't get any output. First thing to mention is that when we call the procedure we used @a as the parameter. Using @a created a user variable, this is where the value is now stored. To access it we need to use a select statement to see the value. 

	select @a //
+-------------+
| @a          |
+-------------+
| Hello World |
+-------------+
1 row in set (0.00 sec)

	So there we have the value. With all the excitment of losing our output we skipped over a couple of points. Firstly you can see the OUT keyword needed in a procedure to tell the compiler what type of parameter it is. Secondly you can see all we needed to do in the procedure was use the SET statement to assign a value to param1.

IN, OUT Shake It All About

As with functions we can also accept parameters into a procedure. We said earlier that with procedures that you need to specify their type, this isn't strictly true. This is because a parameter in a procedure is give an IN type by default therefore it is possible to not specify the type if it's going to be an IN type, however its is always recommended to be as descriptive as possible when coding. We also said that there are only two types of parameters, this is also untrue as with procedures you can define a parameter that is both an IN and OUT parameter. Lets have a look at using a parameter without assigning a type and one that is an INOUT type. 

	drop procedure if exists helloprocedure
//

create procedure helloprocedure(param1 VARCHAR(100),INOUT param2 VARCHAR(100))
begin

   set param2 = concat(param1,' ',param2);

end 
//

	
helloprocedure4.myp
 

	So we have created the procedure, now we need to call it. Unlike the function we will be returning a value from the parameter therefore we can't simply use a literal string value. We need to create a user variable, again unlike previous examples we need to create this first as we need to prepopulate it. This is done using the SET statement in the same way we assign values to variables. Lets do that now and then call the procedure.

	set @a = 'World'
//

call helloprocedure('Hello',@a)
//
Query OK, 0 rows affected (0.00 sec)

select @a //
+-------------+
| @a          |
+-------------+
| Hello World |
+-------------+
1 row in set (0.00 sec)

	We created the user variable @a and set its value, this was then passed into the procedure along with another parameter, these were combined and placed into our second parameter, this was then passed out of the procedure and we were able to see its value using a select statement. 

We looked previously at calling procedures and functions from within other functions and procedures. Anything we can do from the command line when calling program units we can also do when calling them from within other program units, lets test it out. First we will create a function which accepts a string parameter and returns that string reversed, then call this from within a procedure and return the result using an out parameter. 

	drop function if exists reverseit
//

create function reverseit(param1 varchar(100)) returns varchar(100)
begin

return reverse(param1);

end
//

drop procedure if exists callreversefunc
//

create procedure callreversefunc(INOUT param1 VARCHAR(100))
begin

set param1 = reverseit(param1);

end
//

set @a = 'Hello World' 
//
call callreversefunc(@a)
//
+-------------+
| @a          |
+-------------+
| dlroW olleH |
+-------------+
1 row in set (0.00 sec)

	
parametertest.myp
 

	One thing to note, in some languages the compiler will not allow you to create functions or procedures if any programs you call within them are not present, the MySQL compiler doesn't seem to have this restriction at present, but the script was written so that the function being called by our main procedure was created first. 

We have seen in this section how to create parameters, pass values into programs using them and also pass values out. We will use parameters in later programs to allow us to make our programs more dynamic. 


	Characteristics

When creating stored routines we can specify a number of characteristics which allow us to tell MySQL some important information with regards to how the procedure will function. Currently a most of these characteristics are for future support only. The four we can currently specify are as follows 

    LANGUAGE SQL
    [NOT] DETERMINISTIC
    SQL SECURITY {DEFINER | INVOKER}
    COMMENT 'string' 

Language

In the future it will be possible to write stored routines not just in ANSI SQL but also in a number of other different programming languages. MySQL have highlighted PHP in particular and Oracles PL/SQL has been mentioned on a number of websites. This will open stored procedure programming to developers who have skills in other programming languages. But for now we are limited to ANSI SQL therefore we can only use the SQL characteristic like so. 

	drop function helloworld
//
create function helloworld() returns varchar(20) language SQL
return "Hello World";
//

	
characteristic1.myp
 

	As you can sell all that needs to be done is to specify the characteristic after the initial create function command. Currently SQL is the only supported value for the language characteristic, you do not need to specify this as it is the default value and is likely to be when new languages become supported.

Deterministic

The deterministic characteristic is used only within functions. A function is deterministic if it returns the same value each time for the same set of parameters. This will allow the optimizer to make decisions on how to handle the function and make improvements in speed based on this information. We can specifiy this characteristic like so. 

	drop function helloworld
//
create function helloworld() returns varchar(20) deterministic
return "Hello World";
//

	
characteristic2.myp
 

	There is little point in using this characteristic at present however as the optimizer currently ignores it and is only included for future compatibility.

SQL Security

This is possibly the most important of the characteristics at present. The SQL Security characteristic can be set to either definer or invoker. This means that when the procedure is run any SQL statments will run against the security permissions of either the definer (the user who created the stored routine) or the invoker (the user calling the stored routine). This is set like so.

	drop function helloworld
//
create function helloworld() returns varchar(20) sql security definer
return "Hello World";
//

	
characteristic3.myp
 

	COMMENT

The final characteristic is comment. As the name suggests the comment charactersitic is used to add a comment to the function. This comment is in the form of a string enclosed in quote marks. This is done like so.

	drop function helloworld
//
create function helloworld() returns varchar(20) comment 'This is a function to return the string helloworld'
return "Hello World";
//

	
characteristic4.myp
 

	The comment can seen when using the show command as we will see in the next section. In addition to adding a routine level comment you can also added inline comments. These can be either a single line comment or multiple lines. To use a single line comment we use two - characters and to use a multiple line comment we place the comment between /* and */. This is done like so

	drop function helloworld
//
create function helloworld() returns varchar(20) comment 'This is a function to return the string helloworld'
begin 

-- this is a single line comment
/* this is a multiple 
   line comment
*/ 

return "Hello World";
end
//


	Metadata

With release of version 5.0.2 MySQL now has addition methods for retrieving information about stored routines. You can use SHOW as you have been able to with tables but also the new information schema tables

SHOW

If you have previous experience of using MySQL you may already have used SHOW to display information about the MySQL setup or tables within the database. You can use SHOW to get information about functions and procedures you have created. 

The first way to use it is to show the create statement, this is good if you have lost the source file you used to create the program or if you created it directly in MySQL. The syntax to use show create is as follows. 

	SHOW CREATE {function / procedure} sp_name 

	We can try this on one of the functions we have created. 

	show create function helloworld //
+------------+----------+------------------------------------------------------------------------------
| Function   | sql_mode | Create Function 
+------------+----------+------------------------------------------------------------------------------
| helloworld |          | CREATE FUNCTION `pers`.`helloworld`(param1 varchar(100),param2 varchar(100))
|            |          | RETURNS varchar(100)
|            |          | begin
|            |          |
|            |          | return CONCAT(param1,' ',param2) ;
|            |          |
|            |          | end
+------------+----------+------------------------------------------------------------------------------
1 row in set (0.00 sec)

	And the same for a procedure. 

	show create procedure helloprocedure //
+----------------+----------+---------------------------------------------------------------------------
| Procedure      | sql_mode | Create Procedure
+----------------+----------+---------------------------------------------------------------------------
| helloprocedure |          | CREATE PROCEDURE `pers`.`helloprocedure`
|                |          |       (param1 VARCHAR(100),INOUT param2 VARCHAR(100))
|                |          | begin
|                |          | 
|                |          | set param2 = concat(param1,' ',param2);
|                |          | 
|                |          | end 
+----------------+----------+---------------------------------------------------------------------------
1 row in set (0.02 sec)

	Show Status

The second use of SHOW with procedures and functions is SHOW STATUS. This displays various characteristics of the program such as its name, type and creation and modification dates.The syntax is as follows. 

	SHOW {function / procedure} STATUS [LIKE 'pattern'] 

	However when we tried to get this working the server kept crashing. This is another reminder that were working with very new technologies here. Hopefully this will be fixed in a future release, the MySQL documentation does show us what we should expect to see. 

Update I tried this show syntax on Mac OS X and it performed as documented, the crash we reported was on the Windows XP version of MySQL. So if your using anything other than XP please try the syntax and let us know how you get on. 

	SHOW FUNCTION STATUS LIKE 'hello'\G
*************************** 1. row ***************************
            Db: test
          Name: hello
          Type: FUNCTION
       Definer: testuser@localhost
      Modified: 2004-08-03 15:29:37
       Created: 2004-08-03 15:29:37
 Security_type: DEFINER
       Comment: 

	Information Schema

The information schema is available in version 5.0.2 and up of MySQL. The schema allows us to view Metadata about objects within MySQL such as Tables, columns, privileges and of more relevance to us store routines. Metadata is commonly referred to data about data, if you can query tables within MySQL then you will be able to use the Information Schema to give you information on your stored routines. 

We will limit ourselves to talk about stored routines but you may want to look at the MySQL documentation for details on what's available for other database objects.

There are a number of columns we can select from the information schema, these are as follows. 

	SPECIFIC_NAME
ROUTINE_CATALOG
ROUTINE_SCHEMA
ROUTINE_NAME
ROUTINE_TYPE
DTD_IDENTIFIER
ROUTINE_BODY
ROUTINE_DEFINITION
EXTERNAL_NAME
EXTERNAL_LANGUAGE
PARAMETER_STYLE
IS_DETERMINISTIC
SQL_DATA_ACCESS
SQL_PATH
SECURITY_TYPE
CREATED
LAST_ALTERED
SQL_MODE
ROUTINE_COMMENT
DEFINER

	You can use any combination of these columns to extract information about a specific routine, a group of routines or all routines within the database using standard SQL statements.

For example if we wanted to see a list of all the routines in the system we could use the following SQL.

	select routine_name from information_schema.routines //
+--------------+
| routine_name |
+--------------+
| calcsalary   |
| calcsalary   |
| getage       |
| isemployee   |
| ismember     |
+--------------+
5 rows in set (0.01 sec) 

	This lists all of the routines in the system, however we can see two routines with the same name. It might be better if we can see the database the routines belongs too and also which type of routine it is as there is no distinction in this list between procedures and functions. 

	select routine_name, routine_schema, routine_type from information_schema.routines//
+--------------+----------------+--------------+
| routine_name | routine_schema | routine_type |
+--------------+----------------+--------------+
| calcsalary   | payroll        | PROCEDURE    |
| calcsalary   | pers           | PROCEDURE    |
| getage       | pers           | PROCEDURE    |
| isemployee   | pers           | FUNCTION     |
| ismember     | pers           | PROCEDURE    |
+--------------+----------------+--------------+
5 rows in set (0.00 sec)

	This time we can see the distinct between the different routines. We might want to see only the routines for the database we have currently selected. To do this we can use a where statement and include a call to the database() function like so. 

	select routine_name, routine_schema, routine_type from information_schema.routines where routine_schema = database() //
+--------------+----------------+--------------+
| routine_name | routine_schema | routine_type |
+--------------+----------------+--------------+
| calcsalary   | pers           | PROCEDURE    |
| getage       | pers           | PROCEDURE    |
| isemployee   | pers           | FUNCTION     |
| ismember     | pers           | PROCEDURE    |
+--------------+----------------+--------------+
4 rows in set (0.01 sec) 

	This time we can see just the routines for the currently selected database.

We can include as many columns as needed and use standard SQL where clause syntax to select only the specific rows we need. We will leave it up to you to discover what the information_schema.routines table can offer you as further discussion will likely become repetitive but this short introduction does give an indication of the usefulness. 
mysql.proc

The final way to retrieve METADATA for stored procedures is to use the mysql.proc table. This table functions in the same way as the information_schema but contains slightly less information. The column names for mysql.proc are also different to those used in the information schema. 

	db
name
type
specific_name
language
sql_data_access
is_deterministic
security_type
param_list
returns
body
definer
created
modified
sql_mode
comment

	Data is selected from mysql.proc in the same way as information_schema and has the same flexibility with regards to standard SQL syntax. 

	select name, db, type from mysql.proc //
+------------+---------+-----------+
| name       | db      | type      |
+------------+---------+-----------+
| calcsalary | payroll | PROCEDURE |
| calcsalary | pers    | PROCEDURE |
| getage     | pers    | PROCEDURE |
| isemployee | pers    | FUNCTION  |
| ismember   | pers    | PROCEDURE |
+------------+---------+-----------+
5 rows in set (0.02 sec)

	Which method to use is at your discretion, information_schema is ANSI standard and you may have used it with other databases which support it such as SQL Server. 

So far we have looked at the basics of how to construct stored procedures within MySQL, next we will be looking at some more complex concepts within the language which would ideally be placed at the end of our tutorials but they are important to understand for a very useful part of database programming. 

It may be worth reviewing what we have learnt so far before going on to the next section. Perhaps using the knowledge you have gained so far you could create some of your own functions and procedures. 


	Handlers

So far the things we have looked at have been relatively simple. The functions and procedures we have written have been pretty useless really. To make them more useful it would be good if we could interact with the database more. We will be looking at how to do this soon but before we do this we need to look at handlers. The reason for this is that one of the main methods use to interact with the database is cursors and they use handlers in their processing. 

So what are handlers, as the name suggests they are methods of handling conditions which need to be dealt with. These conditions are split into the following groups. 

SQLSTATE
condition_name
SQLWARNING
NOT FOUND
SQLEXCEPTION
mysql_error_code

These groups all relate to situations where, for one reason or another, MySQL has decided to give us feedback about the processing of a function, procedure or SQL statement. Its likely you will have encountered them before without noticing.

Before we look at handling lets have a go at trying to produce some errors. We can use the tables we setup at the start of the tutorials.

	insert into emps values(1,'Dave',1);
ERROR 1062 (23000): Duplicate entry '1' for key 1

	So here we can see MySQL produced an error, in this case ERROR 1062. The number between the brackets is the SQLSTATE which can be the same for a number of errors. This can be seen here. 

	insert into emps values(NULL,'Dave',1);
ERROR 1048 (23000): Column 'emp_id' cannot be null

	This time we have a different error number (1048 in this case) but the same SQLSTATE. When these errors occur in our procedures and functions they will terminate our programs, what we would rather happen is for the program to deal with the error and continue processing or end more gracefully. 

So lets look at how we create a handler to deal with these conditions. The syntax is as follows.

DECLARE handler_type HANDLER FOR condition_value[,...] sp_statement 

First we use DECLARE as we did with variable to tell the compiler that we are creating a handler, next is the handler type this can be one of the following CONTINUE, EXIT or UNDO. This is what the program will do when the condition is met. So if we use CONTINUE the program will carry on process after the handler has been called, if we use EXIT the program will end immediately. The final type UNDO is currently not supported but this will be used on transactional tables to rollback work carried out up to that point. HANDLER FOR is simply telling the compiler that we are declaring a handler. The condition_value will be one of the types we mentioned earlier, SQLSTATE, SQLWARNING etc. This is used so that the handler only fires when a specific condition is met. We can define more than one condition at the same time if we want to handle the condition in the same way. Finally we have sp_statement this is a short section of code which will run when the handler is fired. This would normally be a SET statement. 

So lets construct a simple example and see how it works. We can try and deal with our duplicate entry problem. First lets create a procedure that doesn't handle the error and see what happens.

	drop procedure if exists handlerproc
//
create procedure handlerproc(OUT p_end VARCHAR(10))
begin

    insert into emps VALUES (1,'Dave',1,10);

    set p_end := 'The End';

end;
//

	
handlerproc1.myp
 

	OK so we will be expecting the procedure to run the insert statement and then passing out a parameter with the words 'The End'. Lets call it and see what happens. 

	call handlerproc(@a) //
ERROR 1062 (23000): Duplicate entry '1' for key 1

select @a
//
+------+
| @a   |
+------+
| NULL |
+------+
1 row in set (0.00 sec)

	We got the error message but our parameter is empty. This is because the error stopped our procedure dead. In most cases we wouldn't want that to happen, so we need to use a handler to deal with the error. Lets add in a handler to the procedure and see what happens then. 

	drop procedure if exists handlerproc
//
create procedure handlerproc(OUT p_end VARCHAR(10))
begin

    declare continue handler for sqlstate '23000' SET @b = 'With Errors';

    insert into emps VALUES (1,'Dave',1,10) ;

    set p_end := 'The End';

end;
//

call handlerproc(@a) 
//
Query OK, 0 rows affected (0.00 sec)

select @a 
//
+---------+
| @a      |
+---------+
| The End |
+---------+
1 row in set (0.00 sec)

	
handlerproc2.myp
 

	We can see that this time we didn't get the error message and our parameter passed out the value. Thats because when the error occurred the handler took over dealt with the problem and continued processing the procedure. You may have noticed that we also had an @b variable, this was SET to 'With Errors' when the handler was fired but we did nothing with it. We could have added this to the parameter to show that while the program got to the end there was an error. Lets try that with our program. 

	drop procedure if exists handlerproc
//
create procedure handlerproc(OUT p_end VARCHAR(10))
begin

    declare continue handler for sqlstate '23000' SET @b = '- With Errors';

    insert into emps VALUES (1,'Dave',1,10) ;

    set p_end := concat('The End ',@b);

end;
//

call handlerproc(@a) 
//
Query OK, 0 rows affected (0.00 sec)

select @a 
//
+-----------------------+
| @a                    |
+-----------------------+
| The End - With Errors |
+-----------------------+
1 row in set (0.00 sec)

	
handlerproc3.myp
 

	This time the program handled the error and we output the result of the SQL that was run when the handler was called. 

So we have been using a handler to deal with SQLSTATE. This will deal with a set of different errors but we might have a situation where we would want to deal with different conditions which are grouped under the same SQLTATE in a different way. Take for example the situation we looked at earlier, we had 2 errors which had the same SQLSTATE but different error numbers. We can add 2 handlers to the procedure to deal with both problems. 

	drop procedure if exists handlerproc
//
create procedure handlerproc(OUT p_end VARCHAR(10))
begin

    declare continue handler for 1062 SET @b = '- With Error 1062';
    declare continue handler for 1048 SET @b = '- With Error 1048';

     insert into emps VALUES (1,'Dave',1,10) ;

    set p_end := concat('The End ',@b);

end;
//

	
handlerproc4.myp
 

	Lets see what the output produced by this procedure.

	call handlerproc(@out) //
Query OK, 0 rows affected (0.01 sec)

select @out //
+---------------------------+
| @out                      |
+---------------------------+
| The End - With Error 1062 |
+---------------------------+
1 row in set (0.00 sec)

	We can easily show what would happen if we changed the procedure so that it produced the other error. 

	drop procedure if exists handlerproc
//
create procedure handlerproc(OUT p_end VARCHAR(10))
begin

    declare continue handler for 1062 SET @b = '- With Error 1062';
    declare continue handler for 1048 SET @b = '- With Error 1048';

     insert into emps VALUES (NULL,'Dave',1,10) ;

    set p_end := concat('The End ',@b);

end;
//
call handlerproc(@out) //
Query OK, 0 rows affected (0.00 sec)

select @out //
+---------------------------+
| @out                      |
+---------------------------+
| The End - With Error 1048 |
+---------------------------+
1 row in set (0.00 sec)

	
handlerproc5.myp
 

	So we have looked at SQLSTATE and specific error messages, lets now look at the remaining types of conditions that we can handle. 

We can use SQLWARNING to handle all SQLSTATE codes that begin with 01 or NOT FOUND is for all SQLSTATE codes that begin with 02. SQLEXCEPTION will handle all SQLSTATE codes not caught by SQLWARNING or NOT FOUND.

A list of error messages can be found here. 

The final type of condition we can handle are user defined conditions. These are conditions that we can define ourselves. We will be looking at those in the next section. 

	Update

A recent question in the MySQL developer forums prompted me to think what would happen if we declared a number of handlers to deal with errors at the SQLSTATE level and also at the error message level. Take for example if we had a procedure which could result in a number of error's being raised, we might want to deal with one in a particular way but just deal with the others under a general SQLSTATE handler. I create a test procedure to see what happens.

	drop procedure if exists handlerproc
//
create procedure handlerproc(OUT p_end VARCHAR(10))
begin

    declare continue handler for 1062 SET @b = '- With Error 1062';
    declare continue handler for sqlstate '23000' SET @b = 'With SQLSTATE';

    insert into emps VALUES (1,'Dave',1,10);

set p_end := concat('The End',@b);

end;
//
call handlerproc(@a) //
Query OK, 0 rows affected (0.00 sec)

select @a //
+--------------------------+
| @a                       |
+--------------------------+
| The End- With Error 1062 |
+--------------------------+
1 row in set (0.00 sec)

	
handlerproc6.myp
 

	Here we can see that we have declared two handlers to deal with a specific error 1062 and SQLSTATE 23000. You may be aware that error 1062 is contained within SQLSTATE 2300, however we can see from the resulting SQL that in this case the handler to fire was the one declared to deal with the error code. I swapped the position of the handlers to test if it was due to the position of the handlers but it seems that this irrelevant.


	ConditionsWe saw in the last section how we can handle various conditions that may appear in our processing. We looked at how these conditions are grouped and how to handle those groups.

In addition to the standard groups MySQL allows us to define our own named conditions. However these conditions may only be linked to SQLSTATE values or mysql_error_codes. This makes conditions at the present time rather limited and in fact rather pointless. The latest MySQL documentation has very little to say on the matter and doesn't give any indication if conditions will be expanded in the future. 

The syntax for creating a condition is as follows.. 

DECLARE condition_name CONDITION FOR condition_value
As mentioned before the documentation on conditions is currently very limited so we must make a few assumptions about what we can and can't do. condition_name for example should conform to the standard object naming rules within MySQL, it's best to stick to alphanumeric characters and keep it short but reasonably descriptive. conditon_value on the other hand is strictly controlled and should be either SQLSTATE followed by the appropriate SQLSTATE code or a mysql error code

Lets have a look at how we create a condition and how we use it within a handler.

	drop procedure if exists conditionproc
//
create procedure conditionproc(OUT p_end VARCHAR(10))
begin

   declare not_null condition for SQLSTATE '23000'; 
   declare continue handler for not_null SET @b = '- With not_null Error';

   insert into emps VALUES (NULL,'Dave',1,10) ;

   set p_end := concat('The End ',@b);

end;
//

	
conditionproc1.myp
 

	Here we have added a line to declare our condition, in our case we are going to handle any conditions which result from SQLSTATE 23000. We have given it a name, not_null which allows us to identify it in the handler. Lets try and run it and see what we get. 

	call conditionproc(@a) //
Query OK, 0 rows affected (0.00 sec)

select @a //
+-------------------------------+
| @a                            |
+-------------------------------+
| The End - With not_null Error |
+-------------------------------+
1 row in set (0.00 sec)

	We could alternatively use an error code like so.

	drop procedure if exists conditionproc
//
create procedure conditionproc(OUT p_end VARCHAR(10))
begin

   declare not_null condition for 1048; 
   declare continue handler for not_null SET @b = '- With not_null Error';

   insert into emps VALUES (NULL,'Dave',1,10) ;

   set p_end := concat('The End ',@b);

end;
//

call conditionproc(@a) //
Query OK, 0 rows affected (0.00 sec)

select @a //
+-------------------------------+
| @a                            |
+-------------------------------+
| The End - With not_null Error |
+-------------------------------+
1 row in set (0.00 sec)

	
conditionproc2.myp
 

	As you can see declaring and using conditions is fairly easy, however currently there isn't really a great deal to be gained by doing so. The only reason I can see you might want to use them is so that the code is a little easier to read for somebody who's not familiar with it. For example they might not know that error code 1048 is 'Column xxxx cannot be null' so using a condition we can make it a little clearer what the handler is actually dealing with. Having said that you could just as easily add a comment before the handler.

We have taken a fairly substantial detour over the last 2 sections to look at something fairly complex, but it is important to know about Handlers at a basic level when looking at one of our future sections. Lets move on to how we can use stored procedures to access the database tables and return information to us.


	Select Into

So far our programs have done little more than return static strings. We have seen that we can call sql statements from within procedures which displays the results on the command line, but what would be more useful would be if we could select data from tables within the database and use them within the procedure.

So far we haven't really use the tables we have set up but in this section we will be using them more and more, so if haven't set them up yet now would be a good time.

	
setup.myp
 

	You may remember we looked at variables in an earlier section, at the time we just placed static information in them but we can also select values from a table into them. We do this using the select into syntax. Lets create a simple procedure to do just that.

	drop procedure if exists selectintoproc
//
create procedure selectintoproc(OUT p_out VARCHAR(10))
begin

   declare l_emp_name varchar(30);

   select emp_name into l_emp_name from emps;

   set p_out := l_emp_name;

end;
//

	
selectintoproc1.myp
 

	Lets run this and see what we get.

	call selectintoproc(@a) //
ERROR 1172 (42000): Result consisted of more than one row

	Oops what happened there? We got an error message because we tried to place the entire contents of the emps table into a single variable. You may have noticed that the emps table has 3 records in it and I'm sure you know that 3 into 1 just won't go.

There are a few ways we can get round this, we could apply what we learnt in the previous sections and create a handler to deal with this but in that case the procedure would be useless as we wouldn't get our variable populated. We could use a where clause to limit the amount of rows returned and this would be the best method, however we will wait until the next section to look at this. For now we will use the limit keyword. This will run the SQL statement but then return only the number of rows we specify, in our case 1. Lets try that now. 

	drop procedure if exists selectintoproc
//
create procedure selectintoproc(OUT p_out VARCHAR(10))
begin

   declare l_emp_name varchar(30);

   select emp_name into l_emp_name from emps limit 1;

   set p_out := l_emp_name;

end;
//
call selectintoproc(@a) //
Query OK, 0 rows affected (0.08 sec)

select @a //
+-------+
| @a    |
+-------+
| Roger |
+-------+
1 row in set (0.00 sec)

	
selectintoproc2.myp
 

	So as you can see our procedure now completes successfully and we can see the result of the select. We can select any number of columns from a table or in fact tables at once. 

	drop procedure if exists selectintoproc
//
create procedure selectintoproc(OUT p_out VARCHAR(10))
begin

   declare l_emp_name, l_dept_id varchar(30);

   select emp_name, dept_id into l_emp_name, l_dept_id from emps limit 1;

   set p_out := concat(l_emp_name,' ',l_dept_id);

end;
//
call selectintoproc(@a) //
Query OK, 0 rows affected (0.00 sec)

select @a //
+---------+
| @a   |
+---------+
| Roger 1 |
+---------+
1 row in set (0.00 sec)

	
selectintoproc3.myp
 

	drop procedure if exists selectintoproc
//
create procedure selectintoproc(OUT p_out VARCHAR(10))
begin

   declare l_emp_name, l_dept_name varchar(30);

   select emp_name, description into l_emp_name, l_dept_name
   from emps, dept
   where emps.dept_id = dept.dept_id 
   limit 1;

   set p_out := concat(l_emp_name,' ',l_dept_name);

end;
//

	
selectintoproc4.myp
 

	You can see from these 2 examples how easy it is to select data from tables and place them in variables using select into. One thing to be aware of is that we need to try and make sure that the variable is the same type as the value in the column we want to populate it with. In some cases MySQL will convert the value into the same data type as the variable but this will some times cause the procedure to return incorrect information. For example if you try and place a alpha character into a number variable.

It may be that your procedure is simple enough that it doesn't need to use a variable. In this case we can assign the value directly to an out parameter. 

	drop procedure if exists selectintoproc
//
create procedure selectintoproc(OUT p_out VARCHAR(10))
begin

   select emp_name into p_out from emps limit 1;

end;
//
call selectintoproc(@a) //
Query OK, 0 rows affected (0.00 sec)

select @a // 
+-------+
| @a    |
+-------+
| Roger |
+-------+
1 row in set (0.00 sec)

	
selectintoproc5.myp
 

	We have now started to see how we can interact with the data within MySQL using procedures, but what would be more useful is if we could alter the select statement on the fly to give us different results depending on a parameter we have passed in. We will be doing just that in our next section.... 


	Where Clause

In our last section Select Into we had a situation where the procedure failed because we tried to fit the entire result set into a single variable. We said that there were a few ways to deal with this and one of those was to use a where clause. You may already be familiar with how to use a where clause in an SQL statement and it is done in exactly the same way within a procedure.

	drop procedure if exists whereclauseproc
//

create procedure whereclauseproc(OUT p_out VARCHAR(30))
begin

   select emp_name into p_out from emps where emp_id = 1;

end
//

	
whereproc1.myp
 

	However what we can do within a procedure is change the where clause dynamically based on the value of a parameter we pass in. Lets say we wanted to be able to pass in the emp_id and get the employees name. 

	drop procedure if exists whereclauseproc
//

create procedure whereclauseproc(IN p_in INT, OUT p_out VARCHAR(30))
begin

   select emp_name into p_out from emps where emp_id = p_in;

end
//

	
whereproc2.myp
 

	This time we added an IN parameter to accept the emp_id we wanted to use. This was then used in the where clause instead of a hard coded value. To call the procedure we need to first set a user variable and pass that into the procedure.

	set @a = 2 //
Query OK, 0 rows affected (0.00 sec)

call whereclauseproc(@a,@b) //
Query OK, 0 rows affected (0.00 sec)

select @b //
+------+
| @b   |
+------+
| John |
+------+
1 row in set (0.00 sec)

	Firstly we set the user variable @a to 2, the emp_id we wanted to find the name for. We then called the procedure using @a and @b (our out parameter) this returned the result into @b which we then selected to see the value. The next thing to do would be to try and run the procedure using a different emp_id to make sure the procedure really does return a different value based on the in parameter. 

	set @a = 3 //
Query OK, 0 rows affected (0.00 sec)

call whereclauseproc(@a,@b) //
Query OK, 0 rows affected (0.02 sec)

select @b //
+------+
| @b   |
+------+
| Alan |
+------+
1 row in set (0.00 sec)

	So we can see that using a different in parameter returns different restults. At this stage we won't get into a discussion of security issues but this does give you some ideas about how you can make your MySQL data more secure, at the moment you may giving select access to users to stop them changing data, using procedures more normally functions we can add another layer of security. We can limit users to specific columns or even sub sets of columns by only giving them access to the procedures rather than the underlying tables. However this method of security has been addressed within version 5 of MySQL with the introduction of views.

We have digressed again so lets get back to programming stored procedures. There really isn't a great deal more to say about where clauses at present, we have introduced the concept and hopefully you can see how you might use them to filter data. We should point out we have been using parameters directly in our examples but you could just as well use variables in the where clause.


	Cursors

If you have programmed using stored procedures in other database technologies you may be familiar with cursors. However cursors within MySQL are fairly simple and don't have the full functionality that other languages offer. However thats not to say they are of no use as we shall see.

For those of haven't used cursors before a brief introduction is necessary. Cursors are essentially a named SQL statement which we can define in our procedures. We can then easily look at the contents of the cursor by fetching the records from it. Its a way for us to get information from our tables in one big chunk and then work on it. As always there is no better way to find out about them than actually doing one but because cursors require a little more code than things we have looked at previously we will need to look at the various stages before writing a procedure which uses cursors. 

Declaring Cursors

As with variables, conditions and handlers we need to declare a cursor before we can use it. The syntax for this is as follows.

DECLARE cursor_name CURSOR FOR select_statement;

The first thing we need to do is give the cursor a name, this is how we will refer to it later in the procedure. We can have more than one cursor in a single procedure so its important to give it a name that will in some way tell us what its doing. We then need to specify the select statement we want to associate with the cursor. The SQL statement can be any valid SQL statement and it is possible to use a dynamic where clause using variable or parameters as we have seen previously. 

Open, Fetch and Close

Once the cursor has been declared we can then use it. The first thing we need to do is open the cursor. The syntax to do so is very simple. 

OPEN cursor_name;

The cursor name is simply the name of the cursor that you defined earlier. Once opened we can then fetch values from the cursor. To do this we need to have set up variables to hold the values, we need one variable per column defined in our cursor select statement, we will look at this in more detail in few moments. The syntax for fetch is as follows. 

FETCH cursor_name INTO var_name [, var_name] ...

Again cursor_name is the name of the cursor we want to fetch from, var_name is the name of the variable we have defined to accept the value. Once we have fetched the rows we need we then need to close the cursor. The syntax for this is as simple as opening the cursor.

CLOSE cursor_name

Again cursor_name being the name of the cursor we wish to close. 

So we are now at the point where we can define a simple cursor, so lets do just that.

	drop procedure if exists cursorproc
//
create procedure cursorproc(IN p_in INT, OUT p_out VARCHAR(30))
begin

   declare l_emp_name VARCHAR(30);
   declare cur_1 cursor for select emp_name from emps where emp_id = p_in;

   open cur_1;
   fetch cur_1 into l_emp_name;
   close cur_1;

   set p_out = l_emp_name;

end;
//

	
cursorproc1.myp
 

	Here we have created a very basic cursor. We declared the cursor and gave it a name of cur_1. We then defined the SQL statement we wanted to use, in this case we used a where clause using an in parameter. We then opened the cursor fetched the single column value into a variable then closed the cursor. Finally we passed the value back out. Lets see it in action. 

	set @a = 1 //
Query OK, 0 rows affected (0.05 sec)

call cursorproc(@a,@b) //
Query OK, 0 rows affected (0.22 sec)

select @b //
+-------+
| @b    |
+-------+
| Roger |
+-------+
1 row in set (0.00 sec)

	Our cursor returned a value in the same way a select into would. Its unlikely that you would use a cursor like this. Cursors are useful for processing multiple rows rather than single values. To do this we need to add some more code to our procedure to handle the processing of the cursor. 

	drop procedure if exists cursorproc
//
create procedure cursorproc(OUT p_out DECIMAL(5,2))
begin

   declare l_loop_end INT default 0;
   declare l_salary, l_total DECIMAL(5,2);

   declare cur_1 cursor for select salary from emps;
   declare continue handler for sqlstate '02000' set l_loop_end = 1;

   open cur_1;

   set l_total = 0;

   repeat 

      fetch cur_1 into l_salary;

      if not l_loop_end then
         set l_total = l_total + l_salary;
      end if;

   until l_loop_end end repeat;

   close cur_1;

   set p_out = l_total;

end;
//

	
cursorproc2.myp
 

	Our procedure has become a lot more complicated and needs a lot of explanation. You will be able to see a number of line of code which we haven't come across before. We won't dwell on those too much for now as we will be looking at them in detail in later sessions.

The first thing we have done is declare 3 variables, the first l_loop_end is in effect a boolean variable (true or false). This is implemented in MySQL using an INT variable where 0 is false and 1 is true, this variable will help us find out when we come to the end of the cursor. We then declare 2 decimal values and these will be used to accept the value from the cursor during the fetch and to keep a running total. We then declare the cursor in much the same way as we did before the main difference being we are selecting the salary value and that we don't have a where clause so we will get the full table. Next we declare a handler, this is why we looked at handlers and conditions before we dealt with cursors. The handler will be dealing with the SQLSTATE 02000 which is raised when there is no further data to be fetched, this will allow us to catch the event and handle it in a controlled manner. We then open the cursor, set the value in l_total to 0 and then use the repeat keyword. We will be looking at repeat in a later session but for now it's enough to know that it simply repeats the code between repeat and end repeat until an exit condition is found. We then fetch the value from the cursor into the variable, its at this stage that we may encounter SQLSTATE 0200, if we have the SQLSTATE associated with the handler it will fire and l_loop_end will be set to 1 (true). We then use an if statement. If allows us to apply conditional logic to the program, again we will be looking at this in more detail, for the moment we just need to know that if l_loop_end is false (SQLSTATE 0200 hasn't been raised) we will add l_salary to the running total. We then get to until, as we mentioned earlier this is linked to the repeat, at this stage it checks to see if l_loop_end is true, if it is then the repeat will be stopped if not it will repeat the code again.

In our example we would expect the repeat to be performed 3 times as we have 3 rows in our emps table. This will result in the l_total variable adding the salary from the 3 rows together. Lets run the procedure and see what we get.

	call cursorproc(@a) //
Query OK, 0 rows affected (0.00 sec)

mysql> select @a //
+------+
| @a   |
+------+
| 6600 |
+------+
1 row in set (0.00 sec) 

	This is another case where we could have simply done this using an SQL statement in the database, but as you have seen cursors are a little complicated and this was a simple example so that you could get the basic syntax and functionality without being too overwhelmed.

MySQL's implementation of cursors is a little limited at present and does not offer the extended functionality of languages such as T-SQL and PL/SQL, but they are an important part of stored procedure development and hopefully in future releases AB will extend the functionality of cursors. A few additional points to note about cursors within MySQL, they are non-scrolling, read only and asensitive. Non-scrolling means that we can only go through a cursor from top to bottom, we can't go to a particular row or go back a row. Asensitive means that the server may or may not make copy of the results table.

We will move on now as further talk of cursors may become confusing without knowing a little more about conditional logic. We will return to cursors a little later.


	If Statements

So far we have taken a rather straight forward approach to the procedures, with the exception of the more complicated cursor procedure our programs have simply started at the top, executed all of the lines of code and then finished at the bottom. Its also true that so far most if not all of our programs could have easily been written as straight SQL calls.

Pretty much all programming languages use IF statements to control the flow of the program or to allow the developer to use different sections of code based on a certain criteria. Lets create the most simple form of an if statement and see how it works within MySQL. 

	drop procedure if exists iffunction
//
create function iffunction(p_inparam VARCHAR(10)) returns VARCHAR(10)
begin
   
    declare l_value VARCHAR(10) default 'Not A';

    if p_inparam = 'A' then

       set l_value := 'This was A';

    end if;

    return l_value;

end
//

	
iffunction1.myp
 

	This simple function shows us how we can use a basic IF statement. First we pass in a parameter, declare a varchar variable, then we use if to determine if the parameter we passed is equal to A, if it is equal to A the code between the IF and END IF will be called, if it isn't equal to A the program ignores this code. Lets run the function a couple of times and see what happens. 

	select iffunction('A') //
+-----------------+
| iffunction('A') |
+-----------------+
| This was A      |
+-----------------+
1 row in set (0.01 sec)

select iffunction('B') //
+-----------------+
| iffunction('B') |
+-----------------+
| Not A           |
+-----------------+
1 row in set (0.00 sec)

	So we can see we get different results depending on which parameter we pass. Passing A results in the additional code running and therefore the variable is changed. When we called it with B the code was not called and the variable was not changed.

For an IF to run the evaluation condition (the code between IF and THEN) must evaluate to true. This evaluation can be as complicated or as simple as you require so long as it evaluates to true or false.

IF 1=1 THEN
IF (l_value > 10) AND (l_error <> '001') THEN
IF l_boolean THEN 

Are all of these example are valid (so long as l_boolean is a boolean value). 

Else

In our first example program it was simply a case of if the parameter is A run the code, we didn't have the ability to run something else if it wasn't. We could simply add two if statements to handle this like so. 

	   if p_inparam = 'A' then
      set l_value = 'This is A';
   end if;

   if p_inparam <> 'A' then
      set l_value = 'Not A';
   end if;

	This would solve our problem but its not a particularly elegant or for that matter efficient. A better solution is to use ELSE. This allows us to do one thing if the condition is met but a second if it is not met. Lets try a simple example to see how this works.

	drop function if exists iffunction
//
create function iffunction(p_inparam VARCHAR(10)) returns VARCHAR(10)
begin

    declare l_value VARCHAR(10);

    if p_inparam = 'A' then

       set l_value := 'This was A';

    else 

       set l_value := 'Not A';

    end if;

    return l_value;

end
//
select iffunction('A') //
+-----------------+
| iffunction('A') |
+-----------------+
| This was A      |
+-----------------+
1 row in set (0.00 sec)

select iffunction('B') //
+-----------------+
| iffunction('B') |
+-----------------+
| Not A           |
+-----------------+
1 row in set (0.00 sec) 

	
iffunction2.myp
 

	So you can see that all we have to do is add the else after the first statement so that the program can deal with one or the other condition. But what if we wanted to evaluate more than one condition, lets say two, in this case we can use an elseif. Lets see it in action.

	drop function if exists iffunction
//
create function iffunction(p_inparam VARCHAR(10)) returns VARCHAR(10)
begin

declare l_value VARCHAR(10);

    if p_inparam = 'A' then

       set l_value := 'This was A';

    elseif p_inparam = 'B' then

       set l_value := 'This was B';

    else 

       set l_value := 'Not A or B';

    end if;

    return l_value;

end
// 

	
iffunction3.myp
 

	This time we can see that we have an elseif condition between the if and else. We can add as many of these as we need. However there is a another way to achieve the same functionality and this is the CASE statement which we will be looking at in the next section.

Mutually Exclusive Conditions

It's not essential but in practice all of your if conditions should be mutually exclusive. If the value or values you are evaluating in the IF and ELSEIF statements could meet more than one of the conditions then they are not mutually exclusive. When processing the if statement the program will stop when it meets one of the conditions, if this is the first it will not even check to see if the rest are met or not. So for example.

	drop function if exists iffunction
//
create function iffunction(p_inparam INT) returns VARCHAR(10)
begin

    declare l_value VARCHAR(30);

    if p_inparam between 1 and 10 then

       set l_value := 'First Condition';

    elseif p_inparam between 10 and 20 then

       set l_value := 'Second Condition';

    else 

       set l_value := 'Third Condition';

    end if;

    return l_value;

end
//
select iffunction(10) //
+-----------------+
| iffunction(10)   |
+-----------------+
| First Condition |
+-----------------+
1 row in set (0.25 sec)

	
iffunction4.myp
 

	In this block we can see that the parameter we pass will meet both the first and second condition. But when it meets the first MySQL stops processing the rest of the code until it meets the relevant end if.

Nested IF's

There may be situations where we need to check a number of conditions with some related elements. In this case we could write a number of ELSEIF statements to meet all of the requirements like so..

	IF l_company = 'ACME' and l_division = 'SALES' THEN
    ...
ELSE IF l_company = 'ACME' and l_division = 'HR' THEN
    ...
ELSE IF l_company = 'ACME' and l_division = 'IT' THEN
    ...
ELSE IF l_company = 'CORP' and l_division = 'SALES' THEN
    ...
ELSE IF l_company = 'CORP' and l_division = 'HR' THEN
    ...
END IF;

	While this is perfectly acceptable to the compiler and will work a much more elegant solution is to use nested IF statements. All we need to do is call additional IF statements from inside the original IF statements. So the above example would become.

	drop function if exists iffunction
//
create function iffunction(p_comp VARCHAR(10),p_divi VARCHAR(10)) returns VARCHAR(10)
begin

    declare l_value VARCHAR(30);

    if p_comp = 'ACME' then

       if p_divi = 'SALES' then 
          set l_value := 'You entered ACME Sales';
       elseif p_divi = 'HR' then
          set l_value := 'You entered ACME HR';
       elseif p_divi = 'IT 'then 
          set l_value := 'You entered ACME IT';
    end if;

    elseif p_comp = 'CORP' then

       if p_divi = 'SALES' then 
          set l_value := 'You entered CORP Sales'; 
       elseif p_divi = 'HR' then
          set l_value := 'You entered CORP HR'; 
       elseif p_divi = 'IT' then 
          set l_value := 'You entered CORP IT'; 
       end if;

    end if;

    return l_value;

end
// 

	
iffunction5.myp
 

	Here we first check the value of p_comp and then once that has been determined we check the value of p_divi. In our small example there are only a small number of conditions but if we had a more complex example we would be saving valuable processing time doing it this way as we would only need to check the minimum amount of conditions to get to our answer. For example if we had 3 values to check and 10 options for each we would have 1000 different possibilities , using the first method there would be a possibility that the program would need to check all 1000 before evaluating to TRUE. But using nested IF's we reduce that to a maximum of 30. In addition to any performance gain it also makes it easier to understand and add additional code later.

One additional thing you may have noticed in this last example is we didn't include an ELSE statement. Its worth pointing out that you do not need to include an ELSE if you do not require one, its perfectly valid to check one, two or many conditions without having to catch anything that doesn't meet one of those requirements. 

In this section we have looked at a number of different technics with regard to using IF statements. We looked at basic IF statements, extended them with ELSE and ELSEIF and finally looked at how we can nest IF statements to make our programs more efficient and readable. We mentioned that in many cases when using multiple ELSEIF statements we can use CASE instead so lets move on to that now.


	Case

We saw in the last section how we can use ELSEIF to link a number of conditions together. While ELSEIF is a perfectly acceptable method we can also use case. Case is very similar to an IF statement in that it can be used to control the flow of the program depending on different conditions. There are two ways in which we can use case.

CASE case_value
The first method is to specify the source of the comparison up front. We already know how to use ELSEIF so lets take that as a starting point. Lets say we want to evaluate the contents of a variable like so. 

	IF l_comp = 'ACME' THEN
   ...
ELSEIF l_comp = 'CORP' THEN
   ...
ELSEIF l_comp = 'INC' THEN
   ...
ELSEIF l_comp = 'ABC' THEN
   ...
END IF;

	As you can see we are checking the same variable each time. Surely it would be much better if just told MySQL which value we wanted to check up front and then just give it what we want to evaluate each time. This is what we can do with the CASE statement. Lets look at how we might convert to the above IF ELSE construct into the equivalent CASE.

	drop function if exists casefunction
//
create function casefunction(p_comp VARCHAR(10)) returns VARCHAR(10)
begin

    declare l_value VARCHAR(30);

    case p_comp 
       when 'ACME' then 
          set l_value := 'It was ACME';
       when 'CORP' then 
          set l_value := 'It was CORP';
       when 'INC' then
          set l_value := 'It was INC';
       when 'ABC' then 
          set l_value := 'It was ABC';
    end case;

    return l_value;

end
//

	
casefunction1.myp
 

	So we can see here how to use CASE. The first thing is to use the CASE keyword then immediately the value we want to evaluate. We then issue a series of WHEN statements which check the value specified against a criteria. If the condition is met the code after that when statement will be executed. As with an IF statement MySQL will stop comparing the values as soon as a match is found.

There a couple of limitations to this style of CASE. Firstly it limits you to a simple comparison condition, you can only really compare one value with another and it does not allow complex and multiple conditions. This may not be a problem and it should be noted that its a better solution than the multiple if statements we have seen previously.It should be noted however than any additional code can be included after the when statement. It would be possible for example to do this simple comparison and then use more complex IF statements. Secondly it also means that the comparison must contain the same value each time, we cannot mix and match as would be able to using IF and ELSEIF.

CASE ... 

The second type of case allows more complex conditions to be used. This time we do not specify anything up front. We issue when statements and add the condition there. This is done as follows. 

	drop function if exists casefunction
//
create function casefunction(p_comp VARCHAR(10),p_divi VARCHAR(10)) returns VARCHAR(10)
begin

    declare l_value VARCHAR(30);

    case 
       when p_comp = 'ACME' and p_divi = 'HR' then 
          set l_value := 'It was ACME and HR';
       when p_comp = 'ACME' and p_divi = 'IT' then 
          set l_value := 'It was ACME and IT';
       when p_comp = 'CORP' and p_divi = 'HR' then 
          set l_value := 'It was CORP and HR';
       when p_comp = 'CORP' and p_divi = 'IT' then 
          set l_value := 'It was CORP and IT';
       end case;

    return l_value;

end
// 

	
casefunction2.myp
 

	Here we can see that each when statements has its own conditional statement. This is more like the IF ELSEIF style and performs in the same manner. Which you choose CASE (with or without the case_value assigned up front) or IF ELSEIF is up to you. It would be recommended to use IF for simple conditional processing as it is standard across programming environments but CASE can be a little easier to read.


	Loop

There are three methods within MySQL to perform loops, the most simple of which is loop.

Warning : make sure you type any code in this session as accurately as possible. It could be possible to send your program into an infinite loop which will execute forever. You can of course terminate the MySQL server or reboot the machine but if your doing this via your web host they might not be so happy about it.

Using loops we can execute a section of code a multiple number of times. Loop is very simple to use and only requires that you use LOOP to specify the start of the loop and END LOOP to terminate it. The MySQL documentation says that you can optionally include a label for the loop, but during testing we found that it was impossible to create useful loops without them.

LEAVE

We warned earlier that its possible to send you program into an infinite loop, this is when the program keeps executing over and over. This happens because when using loop we need to tell it when to stop looping, in the case of infinite loops this exit has been left out. To terminate a loop we use LEAVE, This would normally be within some sort of IF statement as we would only want to leave the loop under certain conditions. This is the most likely place an infinite loop can occur, the situation where we do in fact specify a LEAVE statement but the criteria is never met.

It may be a little confusing talking about LEAVE when we haven't created a loop yet but its extremely important we understand the consequence of not using a LEAVE statement. So lets create a very basic loop and see what it does and how to exit it safely.

	drop function if exists loopfunction
//

create function loopfunction() returns VARCHAR(20)
begin

    declare l_loop int default 0; 

    loop1: loop

       set l_loop := l_loop + 1;

       IF l_loop >= 10 THEN 
          leave loop1;
       end if;

    end loop loop1; 

    return concat('We looped ',l_loop,' times');

end 
//

	
loopfunction1.myp
 

	We start off in normal fashion creating the function without any parameters. We declare an INT variable, this will be used in the loop to keep track of how many times we have gone around the loop. We then name our loop, as we said previously its possible to write a loop without naming it however in this case we can't then use LEAVE and as we have discussed this leads to an infinite loop. So we give it the name loop1 then add a colon to tell the compiler this is a name. We then use the LOOP statement to signify the start of the loop. We then add 1 to our variable and then check what the value is in an IF statement. The first time round its one so the IF statement evaluates to false and the code between IF and END IF is ignored. The next statement we get to is END LOOP. MySQL knows that if it has got to this stage without calling the LEAVE statement it needs to go back to the LOOP statement and run the code again. The second time round we add another to the variable and check again, the same result this time so its on to the END LOOP and therefore back to the LOOP, this cycle goes on until the value of l_loop reaches 10. At this point the code in the IF statement is called, in this case its LEAVE. Once LEAVE has been called the loop terminates and no further processing takes place in the loop. Lets run the loop to see what happens, but check your code carefully we don't want to die waiting for it to finish. 

	select loopfunction() //
+--------------------+
| loopfunction()     |
+--------------------+
| We looped 10 times |
+--------------------+
1 row in set (0.01 sec) 

	We can see from this that the loop executed 10 times. We can make a simple adjustment to the code to show that when the LEAVE statement is met any further processing is stopped.

	drop function if exists loopfunction
//

create function loopfunction() returns VARCHAR(50)
begin

    declare l_loop, l_loop2 int default 0; 

    loop1: loop 

       set l_loop := l_loop + 1;

       IF l_loop >= 10 THEN 
          leave loop1; 
       end if;

       set l_loop2 := l_loop2 + 1;

    end loop loop1; 

    return concat('We looped ',l_loop,' times but loop2 only got to ',l_loop2);

end
// 
select loopfunction() //
+--------------------------------------------+
| loopfunction()                             |
+--------------------------------------------+
| We looped 10 times but loop2 only got to 9 |
+--------------------------------------------+
1 row in set (0.00 sec) 

	
loopfunction2.myp
 

	So you can see that while code before the LEAVE statement was executed 10 times the code after was executed only 9 times. There is nothing wrong with doing it either way so long as you know which way your doing it.

ITERATE

In the first two examples we let MySQL make the decision of when to do the loop again. But we can force it to do the loop ourselves. To do this we use ITERATE. We use it in much the same way as LEAVE in that we just use the word ITERATE and give it the loop name. Lets create another version of our loop using ITERATE so we can see how it functions. 

	drop function if exists loopfunction
//

create function loopfunction() returns VARCHAR(50)
begin

    declare l_loop int default 0; 

    loop1: loop 

       set l_loop := l_loop + 1;

       if l_loop < 11 then 
          iterate loop1; 
       end if;

       leave loop1;

    end loop loop1; 

    return concat('We looped ',l_loop,' times.');

end
//
select loopfunction() //
+---------------------+
| loopfunction()      |
+---------------------+
| We looped 11 times. |
+---------------------+
1 row in set (0.00 sec)

	
loopfunction3.myp
 

	We can see that the results are very similar to the first two examples. Your free to choose which method you prefer as they are both equally valid ways to use loops. If we wanted to we could include multiple LEAVE and ITERATE statments during the loop to exit or loop again based on more than one criteria.

There isn't a lot more that can be said of loops, but there are other methods we can use to perform similar looping which may be more appropriate in different circumstances.


	Repeat

We have looked at simple loops which allow us to perform a section of code a number of times. Using simple loops we need to define the exit condition as a separate section of code. In addition to simple loops we can use repeat to carry out looping in MySQL stored procedures. When using a repeat loop the code is processed until a condition is met, this is the same as using leave within a simple statement, but in a repeat loop the leave statement is specified as part of the end repeat syntax. The syntax for repeat is as follows.

[begin_label:] REPEAT
statement_list
UNTIL search_condition
END REPEAT [end_label]

As with loops we have the option of giving the repeat a label, but unlike a simple loop its actually practically possible to do so as the leave condition for the loop is part of the end repeat syntax. Once we have labeled the repeat we then add the REPEAT keyword. We can then add one or more lines of code we wish to repeat, its important as with simple loops for one of these lines to be something that will change during the processing of the loop to avoid sending the program into an infinite loop. Once we have added all of the statements within the repeat loop we use UNTIL to tell MySQL if it is time to stop processing the loop. This is done by placing a condition after the until which will evaluate to true when we want to end the loop. This can be a simple comparison such as variable_name = 10 or something more complicated such as (variable_name = 20) and (l_is_end_of_cursor) , all the time the condition is false the repeat will continue to loop. We then, without using a semi colon, add END REPEAT and the repeat label if we have used one.

The following code shows how to create a simple repeat loop.

	drop function if exists repeatfunction
//
create function repeatfunction() returns int
begin

   declare l_repeat_count int default 0;

   repeat 

      set l_repeat_count = l_repeat_count + 1;

   until l_repeat_count = 10 end repeat; 

   return l_repeat_count;

end
//

	
repeatfunction1.myp
 

	As you can see the repeat is fairly simple, the first thing we do is declare an int variable, l_repeat_count this is so we can keep a count of how many times we have been around the loop and also to give us a way to exit our loop. We then simply added repeat to tell MySQL that we wish to start the loop. The line of code is called which adds 1 to the variable we declared. This variable is then checked using until, in our case we are checking to see if it equals 10, if it does the repeat would end. In our case it only equals 1 so the program goes back to the top of the repeat and performs the code again, 1 is added to the total then it is checked again. This looping continues until such time as the condition between until and end repeat evaluated to true. Lets run the code and see what we get.

	select repeatfunction() //
+------------------+
| repeatfunction() |
+------------------+
|               10 |
+------------------+
1 row in set (0.00 sec)

	As you can see the function returns 10, this is because the loop executed 10 times.

When to Repeat and when to Loop

You may have noticed that repeat and loop act in a similar way, so it's worth looking at why we would use one over the other. It's true that repeat is essentially redundant from a functionality point of view, there is nothing that we can do with repeat that cannot be done with a simple loop construct. It comes down to personal choice and a decision on which you think is a more descriptive method, I think that repeat is a little easier to understand by virtue of the fact the exit condition is tightly linked to the end of the repeat. The single difference between a simple loop and a repeat is that you can perform further statements after the conditional check in a simple loop, this may or not be a restriction depending on what your using the loop to do.

LEAVE and ITERATE

As with simple loops in addition to using the UNTIL keyword to define the exit condition for a loop its also possible to use the LEAVE keyword to exit the repeat loop. There may be times when processing code that there are more than 1 criteria for an exit, in this case it may also be possible that the criteria will not be met at the same time. Lets look at a very simple and contrived example of this, its unlikely we would ever do such a thing but it demonstrates the fact we can use LEAVE in a repeat loop.

	drop function if exists repeatfunction
//
create function repeatfunction() returns int
begin

   declare l_repeat_count int default 0;

   rep1: repeat 

       set l_repeat_count = l_repeat_count + 1; 

       if l_repeat_count = 5 then 
          leave rep1;
       end if;

    until l_repeat_count = 10 end repeat rep1; 

    return l_repeat_count;

end
//
select repeatfunction() //
+------------------+
| repeatfunction() |
+------------------+
|                5 |
+------------------+
1 row in set (0.01 sec)

	
repeatfunction2.myp
 

	Here we have created a rather artificial example to prove the point but it does demonstrate the point rather well. The first thing we have changed is that we have added a label for the repeat loop, this allows us to use the LEAVE keyword. We then added an IF statement after we had incremented our variable to check it's value, if the IF condition evaluates to TRUE the LEAVE statement is used and the repeat loop terminates.

It's unlikely that you will use this method as it really negates the point of using a repeat loop in the first place. It would be much more logical to code the loop as a simple loop, but its worth mentioning none the less. What is more likely is that we would want to only process some of the code during the loop and not other times. We can do this using the ITERATE keyword. ITERATE allows us to stop processing the code at some point between the REPEAT and END REPEAT but not stop looping completely. 

	drop function if exists repeatfunction
//
create function repeatfunction() returns varchar(50)
begin

   declare l_repeat_count, l_count_2 int default 0;

   rep1: repeat 

      set l_repeat_count = l_repeat_count + 1;

      if l_repeat_count > 5 and l_repeat_count < 9 then
          iterate rep1;
       end if;

       set l_count_2 = l_count_2 + 1;

    until l_repeat_count = 10 end repeat rep1;

    return concat('We looped ',l_repeat_count,' times, but we only counted to ',l_count_2);

end
//
select repeatfunction() //
+----------------------------------------------+
| repeatfunction()                             |
+----------------------------------------------+
| We looped 10 times, but we only counted to 7 |
+----------------------------------------------+
1 row in set (0.00 sec)

	
repeatfunction3.myp
 

	We can see from this example that the repeat was performed 10 times but the variable l_count_2 was only incremented 7 times.

Warning : it's really important when using iterate that you make sure that the program won't go into an infinite loop. While testing to see if the until is evaluated when the iterate takes place the code was sent into an infinite loop, my PC became unusable to the point pressing control, alt, delete didn't work. I managed to get to the services control panel and tried to shut down the MySQL service but it was impossible. The only solution was to switch the PC off at the power point. That was fine on my home PC but if I had been connecting to a server or web host the solution wouldn't have been so easy. It's very easy to send the program into an infinite loop, especially when using iterate so check you code carefully before running it.

CURSORS

You may have noticed in one of the earlier sections that we have already used the repeat loop. When using cursors we need some way to loop through the record set that is produced, we could use any of the loop techniques in MySQL but repeat is a good choice. When writing code it's important to remember that other people or yourself may be using it in the future, making it easy to read is a big part of good programming. If your an English speaker its clear what the word repeat implies, therefore using it in code gives hints to what the code is doing. When we wrote the original cursor code we only skimmed the surface on what the repeat was doing. Lets go back over the cursor code and look at the repeat in more detail now that we have seen it's use in more detail. 

	drop procedure if exists cursorproc
//
create procedure cursorproc(OUT p_out DECIMAL(5,2))
begin

   declare l_loop_end INT default 0;
   declare l_salary, l_total DECIMAL(5,2);

   declare cur_1 cursor for select salary from emps;
   declare continue handler for sqlstate '02000' set l_loop_end = 1;

   open cur_1;

   set l_total = 0;

   repeat 

      fetch cur_1 into l_salary;

      if not l_loop_end then
         set l_total = l_total + l_salary;
      end if;

   until l_loop_end end repeat;

   close cur_1;

   set p_out = l_total;

end;
//

	
cursorproc2.myp
 

	The purpose of the repeat in a cursor processing block is to loop around the record set. We simply start by using the REPEAT keyword to tell MySQL that we want to start looping, we then fetch records from the cursor into a variable. The program then completes a series of statements and we reach the UNTIL keyword. We have seen in our discussion on repeat that we need to use a condition that will evaluate to true when using UNTIL. In this case we are using a variable that has been set using a handler, the handler will be called when there are no records left to fetch from the cursor, this will always happen at some point when using cursors. When programming we want the code firstly to be efficient but secondly to be easy to read, if we were to explain what we were doing in English it would be something like, "we want to repeat this section of code until the cursor fetches no more rows". Its easy to see this in the way the code is actually written. 


	While

So far we have seen a simple loop, and a repeat loop the final method available to perform looping in MySQL is the WHILE loop. We have discussed looping in general terms in both the previous sections so we won't dwell too much on that here. The syntax for a while loop is as follows.

[begin_label:] WHILE search_condition DO
statement_list
END WHILE [end_label]
Firstly we can specify a label for the while loop, this is optional in most cases. We then use the keyword WHILE and immediately add the condition, this can be any condition or set of conditions which evaluate to TRUE or FALSE. If TRUE the loop will be performed if false it will not. Next we have the DO keyword, which in effect tells MySQL where the conditions end. We can then specify one or more lines of code. Finally we see the END WHILE keyword, again with an optional label. If you use a label it must be used at both the start and end of the loop. Lets create a simple WHILE loop as we have done with both loop and repeat.

	drop function if exists whilefunction
//

create function whilefunction() returns VARCHAR(20)
begin

    declare l_loop int default 0; 

    while l_loop < 10 do 

       set l_loop := l_loop + 1;

    end while; 

    return concat('We looped ',l_loop,' times');

end
//
select whilefunction() //
+--------------------+
| whilefunction()     |
+--------------------+
| We looped 10 times |
+--------------------+
1 row in set (0.00 sec)

	
whilefunction1.myp
 

	First we declare an integer variable so we can keep count during the loop and also check our exit condition. We then start the loop by using the WHILE keyword and then specify our exit condition, as before we will be looping ten times. We then use DO to tell MySQL we have finished specifying the exit condition and to carry out the following commands. We then increment our variable so that we have a situation where we can exit the loop at some point. Finally we come to the end while which simply tells MySQL to return to the start of the loop. The process continues until such time as the condition evaluates to true.

As with simple and repeat loops we can use both ITERATE and LEAVE to control processing within the loop. 

	drop function if exists whilefunction
//

create function whilefunction() returns VARCHAR(20)
begin

    declare l_loop, l_count_2 int default 0; 

    wloop1: while l_loop < 10 do 

    set l_loop := l_loop + 1;

    if l_loop < 5 then 
       iterate wloop1;
    end if;

    set l_count_2 := l_count_2 + 1;

    end while wloop1; 

    return concat('We looped ',l_loop,' times, but the count was only ',l_count_2);

end
// 
select whilefunction() //
+----------------------------------------------+
| whilefunction()                              |
+----------------------------------------------+
| We looped 10 times, but the count was only 6 |
+----------------------------------------------+
1 row in set (0.01 sec) 

	
whilefunction2.myp
 

	drop function if exists whilefunction
//

create function whilefunction() returns VARCHAR(20)
begin

    declare l_loop, l_count_2 int default 0; 

    wloop1: while l_loop < 10 do 

       set l_loop := l_loop + 1;

       if l_loop = 5 then 
          leave wloop1;
       end if; 

    end while wloop1; 

    return concat('We looped ',l_loop,' times.');

end
//
select whilefunction() //
+--------------------+
| whilefunction()     |
+--------------------+
| We looped 5 times. |
+--------------------+
1 row in set (0.00 sec)

	
whilefunction3.myp
 

	LOOP, REPEAT, WHILE

Its possible to perform the same loop using all three methods. However there is a subtle different between the three.

LOOP : Using loop gives us the control over when the loop takes place. Using iterate and leave we can perform code when we need to. 
REPEAT : With a repeat loop we will always perform the loop once (unless we use LEAVE as the first statement). We should use repeat when we are expecting to run the loop at least once and where the conditions which will result in leaving the loop will be determined within it. 
WHILE : A while loop may never actually be performed as the exit condition is specified at the start of the loop. Its possible that this exit condition could be false before we even enter the loop. Use while loops where there is a possibility we don't want to perform the loop. 

When and where to use each different type of loop is really a matter of personal preference, but when using them its worth at least for a moment to look at how we would implement it using the other two methods to check there isn't a more logical way.

We haven't gone into as much detail with while as we have with the other two methods of looping, but this is because they all function in a similar way and it would be pointless to keep going over the same functionality. 


Procedural Programming in MySQL - Part 2
Andrew Gilfrin, www.mysqldevelopment.com  

In the first part of Procedural Programming in MySQL published in January’s Pipelines newsletter, we looked at the basics of creating functions and procedures within MySQL. We looked at functions, procedures, parameters, variables and finally at the SELECT INTO syntax.
The first release of Stored Procedures within MySQL set a base level of functionality that should suit most basic programming requirements, but that’s not to say all of the standard features of a programming language are not present. In this second part we will be looking at the features of the language we didn’t cover in the first part. We won’t be looking explicitly at how to code these features as that would require much more space and time than we have here, but at the end you will have an understanding of what’s available to you.
Handlers 
Most programming languages have some type of error handling that allow the programmer to deal with errors or exceptions that are raised within the program. MySQL stored procedures of course are no exception (excuse the pun). If you have used MySQL as a database, it’s likely you will have at some time encountered errors within SQL statements. It’s these errors that can be handled within the handlers section of a stored procedure.
An error, warning or exception is handled using the following syntax.
DECLARE handler_type HANDLER FOR condition_value[,...] sp_statement
The handler type is the action that will happen if the handler is called. This can be either continue to carry on processing the procedure, exit to leave the procedure and rollback (which as yet is unsupported) but likely to be useful when dealing with transactions.
Errors can be handled on a number levels, which can be categorized in the following groups. This is defined in the condition_value section. The different categories are as follows.
SQLSTATE
SQLWARNING
NOT FOUND
SQLEXCEPTION
mysql_error_code
condition_name
Error numbers within MySQL are grouped by SQLSTATE so a handler defined with SQLSTATE will handle all of the conditions raised under a particular SQLSTATE code. The next levels are SQLWARNING, which groups SQLSTATE codes beginning with 01. NOTFOUND is for errors with an SQLSTATE beginning with 02 and SQLEXCEPTION which is any SQLSTATE outside of these 2 groups.
Mysql_error_code is for individual errors and exceptions. If you wanted to deal with 2 not found errors in a different way, you could do this using the particular error code in two separate handlers. Condition_name allows us to define our own names for an SQLSTATE or error code. Currently it seems the only purpose of this is to make code more readable but AB may have plans for this in the future.
The final part of the handler is the set condition which is an area used to define code to be performed if the handler is called. It’s likely you would set a variable in this are which could be used later to determine if the handler has been called.
The following code example shows how you might use a handler to deal with the possibility of inserting a duplicate key or a null value.
create procedure handlerproc(OUT p_end VARCHAR(10))
begin

  declare continue handler for 1062 SET @b = '- With Error 1062';
  declare continue handler for 1048 SET @b = '- With Error 1048';

  insert into emps VALUES (NULL,'Dave',1,10) ;

  set p_end := concat('The End ',@b);

end;
In this case the “ERROR 1048 (23000): Column 'emp_id' cannot be null” is raised as the insert statement is trying to insert a null into a not null defined column. If we didn’t code a handler to deal with this it would stop the procedure or function and pass the error back to the calling program. Using handlers is an elegant way to deal with such things.
Conditions 
I mentioned conditions earlier and said that they were a way to define a name for an existing SQLSTATE or error code. There isn’t much more to them than that. Take for example the following code.
create procedure conditionproc(OUT p_end VARCHAR(10))

begin 

  declare not_null condition for SQLSTATE '23000'; 

  declare continue handler for not_null SET @b = '- With not_null Error'; 

  insert into emps VALUES (NULL,'Dave',1,10) ; 

  set p_end := concat('The End ',@b);

end;

The declaration of the condition simply assigns the name not_null to SQLSTATE 23000, which then allows us to use that not_null name in the handler rather then SQLSTATE 2300. 
Cursors 
Most database procedural programming languages will make use of cursors. Cursors are named result sets which we can process within procedures. We mention in part 1 the current restriction on functions with regards to selecting data from tables and this extends to cursors. Using select into we can select a single row of data from the database into variable but with cursors we can select multiple rows which we can the loop through. 
Cursors in MySQL lack some of the additional features found in other languages such as the number or rows returned or a state containing the status of the cursor. Therefore we have to code every single part of the cursor ourselves. 
A basic cursor would look something like this. 
create procedure cursorproc(IN p_in INT, OUT p_out VARCHAR(30))

begin 

  declare l_emp_name VARCHAR(30); 

  declare cur_1 cursor for select emp_name from emps where emp_id = p_in; 

  open cur_1; 

  fetch cur_1 into l_emp_name; 

  close cur_1; 

  set p_out = l_emp_name;

end;

The declare statement tells MySQL the name of the cursor. After the for we specify the select statement to be used to gather that data. This can be any valid SQL statement. 
To populate the cursor we use open which gets the data. We can then fetch the information from the cursor into variables we have defined in the procedure. To finish using the cursor we simply issue close. We will look at the syntax for dealing with multiple row cursors when we look at looping constructs later. 
IF
Almost all programming languages will contain IF statements. IF statements allow us to make decisions within the stored procedures and functions whether to execute or not execute code based on values within the program. 
Take the following code for example. 
create function iffunction(p_valueToCheck VARCHAR(10)) returns VARCHAR(10)

begin 

  declare l_result VARCHAR(10) default 'Not A'; 

  if p_valueToCheck = 'A' then 

    set l_result := 'This was A'; 

  end if; 

  return l_result;

end

The IF statement evaluates a conditional statement which will evaluate to TRUE or FALSE. This can be as simple as the one above (p_valueToCheck = ‘A’) or much more complicated. If the condition evaluates to TRUE the code between the THEN and END IF will be processed if it evaluates to FALSE the code will not be executed.
In addition to IF we have ELSE which allows our statement to expand to allow us to run code if the condition evaluates to false. This can be seen here.
create function iffunction(p_valueToCheck VARCHAR(10)) returns VARCHAR(10)

begin 

  declare l_result VARCHAR(10); 

  if p_valueToCheck = 'A' then 

    set l_result := 'This was A'; 

  else 

    set l_result := 'Not A'; 

  end if; 

  return l_result;

end

In this example if the first conditional check evaluates to false the code between else if and end if will fire. 
We may wish to evaluate a second, third or any number of conditions after the original if. In this case we can use else if like so.
create function iffunction(p_valueToCheck VARCHAR(10)) returns VARCHAR(10)

begin 

  declare l_result VARCHAR(10); 

  if p_valueToCheck = 'A' then 

    set l_result := 'This was A'; 

  elseif p_valueToCheck = 'B’ then 

    set l_result := 'This was B'; 

  else set l_result := 'Not A or B'; 

  end if; 

  return l_result;

end

CASE
MySQL also supports CASE statements. Case statements are similar to IF/ELSE IF statements in that they evaluate a condition and carry out commands based on the result of that check. There are 2 types of CASE statements available in MySQL. 
The first specifies the value we wish to evaluate at the start of the CASE statement, then at each stage the value is check against a criteria. This is done as follows.
create function casefunction(p_valueToCheck VARCHAR(10)) returns VARCHAR(10)

begin 

  declare l_result VARCHAR(10); 

    case p_valueToCheck 

    when ‘A’ then 

      set l_result := ‘The Value was A’; 

    when ‘B’ then 

      set l_result := ‘The Value was B’; 

    when ‘C’ then 

      set l_result := ‘The Value was C’; 

    else 

      set l_result := ‘The Value was not A,B or C; 

  return l_result;

end

We start by specifying the value we wish to check. Then we use when to compare the value with another value. If this comparison evaluates to true then the code after that line is run, if false it moves to the next comparison and so on until it finds a match or it gets to the else statement. The else is optional and it’s also worth mentioning that if any of the when conditions are met the remaining conditions are not evaluated. 
You can use this type of CASE is you will be comparing the same value each time. If we wish to evaluated different criteria at each when statement we can use the second type of CASE like so.
create function casefunction(p_valueToCheck VARCHAR(10)) 

returns VARCHAR(10)

begin 

  declare l_result VARCHAR(30); 

  declare l_secondCheck VARCHAR(10) := ‘Other’; 

  case 

    when p_ valueToCheck = 'A' then 

      set l_ result := 'It was A'; 

    when p_ valueToCheck = 'B' then 

      set l_ result := 'It was B'; 

    when l_ secondCheck = 'Other' then 

      set l_ result := 'It was Other'; 

    end case; 

  return l_ result;

end

This time we can evaluate a different condition at each when statement. The same rules apply as with the other style of CASE in that MySQL will stop evaluating the when conditions as soon as it finds a match. 
LOOPS 
There are three types of loops within MySQL, simple loops, repeat loops and while loops. All three operate in the same way but have a subtle difference in their implementation. A word of warning when using any loops in MySQL - try not to put the procedure into an infinite loop this isn’t all that hard and may result in having to shut you PC down to recover. An infinite loop is on that contains no exit statement or an exit statement that will never evaluated to false.
SIMPLE LOOPS 
As the name suggests, simple loops are relatively simple to use. They contain at a basic level loop and end loop keywords to specify the start and end of the code you wish to loop. However using just these two keywords will put us into an infinite loop which will run forever (or until you pull the plug from the wall). 
To exit the loop use the leave statement. This can be placed within an IF statement to stop the loop under a set condition. But be sure to check that this IF statement will evaluate to false at some stage. 
create function loopfunction(p_valueToCheck VARCHAR(10))

returns VARCHAR(10)

begin 

  declare l_counter int :=0 ;

  TestLoop: loop 

    set l_counter := l_counter + 1; 

    if l_counter = 10 then 

      leave TestLoop; 

    end if; 

  end loop TestLoop; 

  return l_ result;

end

To use a leave in a loop we need to give the loop a name, in the above example TestLoop. This lets MySQL identify the loop you wish to leave as it’s possible to nest loops inside of each other. 
In addition to leave we can use the iterate keyword. This tells the loop to start again without executing the remaining code in the loop. 
create function loopfunction() returns VARCHAR(50)

begin 

  declare l_loop int default 0; 

  loop1: loop 

    set l_loop := l_loop + 1; 

    if l_loop < 11 then 

      iterate loop1; 

    end if; 

    leave loop1; 

  end loop loop1;

  return concat('We looped ',l_loop,' times.');

end

//

REPEAT LOOPS 
The repeat loop effectively has the leave statement built in. It performs in exactly the same way as a simple loop. You can use both leave and iterate in the same way. The difference comes with the last line of the loop which is as follows. 
repeat 
  <statements>
until <condition> end repeat;
The loop will keep repeating until the condition contained in the until/end repeat statement evaluates to true. 
WHILE LOOPS 
Again the while loop functions in the same way as a simple or repeat loop, but this time the exit condition evaluation takes place at the start of the loop. 
while <condition> do
<statements>
end while
All the time that the condition evaluates to true the loop will take place. It’s important with both while and repeat loops to make sure that the state of the condition will change at some point during the execution of the loop. 
The decision on which loop to use comes down to how many time the loop is likely to run. As the repeat loop will not evaluate the exit condition until the last statement the code between loop and end loop will always fire once. With a while loop its possible that the loop may never be called. With a simple loop it’s up to you to make the decision on how much code is called before the exit condition is evaluated. 
LOOPING CURSORS
We mentioned cursors previously but in our example we only selected a single row. A much more likely use of cursors is to use them to process multiple rows of data. Armed with our information on loops and handlers we can now look at doing this. 
create procedure cursorproc(OUT p_out DECIMAL(5,2))

begin 

  declare l_loop_end INT default 0; 

  declare l_salary, l_total DECIMAL(5,2); 

  declare cur_1 cursor for select salary from emps; 

  declare continue handler for sqlstate '02000' set l_loop_end = 1; 

  open cur_1; 

  set l_total = 0; 

  repeat 

    fetch cur_1 into l_salary; 

    if not l_loop_end then 

      set l_total = l_total + l_salary; 

    end if; 

  until l_loop_end end repeat; 

  close cur_1; 

  set p_out = l_total;

end;

//

The cursor is declared as before and we open the cursor in the same way using the open keyword. This time however we declare a handler, this handler has been assigned to fire when SQLSTATE 02000 is called, more on that in a second. We then open a repeat loop. A record is then fetched from the cursor. The salary is added to our variable. Then the until condition is evaluated using the variable l_loop_end. This variable is set when the handler we declared fires. The first time around the loop it’s unlikely to fire so the loop repeats. This will continue to happen until such time as the fetch from the cursor returns no more rows. That will result in the Handler firing and the l_loop_end variable being set to true. The next time the until condition is evaluated the loop will exit. 
It’s possible to use a while and simple loop to process a cursor in much the same way but due to the evaluation taking place the end in a repeat loop this is the most logical of the three.
That concludes the second part of this short introduction into Stored Procedure programming in MySQL. Stored procedures are a new feature and it’s likely that they will change over the next few releases of MySQL so check the MySQL website for updates to the specification and functionality.
