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DB2

Introduction

Data related goals

1. Independence

2. Reduced Redundancy

3. Security

4. Data Integrity

A RELATIONAL database system is structured in sets of 2 dimensional TABLES.

                   +-----------------------------+

                   ¦ COL-1   ¦COL-2 ¦  COL-3     ¦

The table contains +---------+------+------------¦    Tables contain rows

columns, which     ¦Row.1.1.1¦ 1.1. ¦ 1.1.1.1.1. ¦    of data, each row

represent one      ¦Row.2.2.2¦ 2.2. ¦ 2.2.2.2.2. ¦    representing a dif-

type of data.      ¦Row.3.3.3¦ 3.3. ¦ 3.3.3.3.3. ¦    ferent instance of

                   ¦Row.4.4.4¦ 4.4. ¦ 4.4.4.4.4. ¦    information.

Each column is     ¦Row.5.5.5¦ 5.5. ¦ 5.5.5.5.5. ¦

like a data field. ¦Row.6.6.6¦ 6.6. ¦ 6.6.6.6.6. ¦    Each row is like a

                   ¦ :  : : :¦ : :  ¦ : : : : :  ¦    data record.

                   +-----------------------------+
You can access data from a DB2 database using one of four different methods.

1. Use QMF (Query Management Facility) from TSO.

· QMF is accessed from TSO, CICS or from batch

· allows users to create, retrieve and modify data.

· allows users to produce reports in various formats.

· gives maximum functionality with minimum knowlege.

2. Use DB2-Interactive's (DB2I's) "SPUFI" option to run queries.

3. Use a third party language or development tool.

One example is NATURAL 2 from Software AG

4. Write SQL code into an application programming language.

SQL

The SELECT statement retrieves data.

SELECT  column name(s)

FROM    table name
All SQL queries return the results in the form of a table. We can avoid duplications by using the  DISTINCT clause. It is placed before the column names in the select statement.

The WHERE clause works as a filter to choose only those rows in a table that satisfy the search condition. 

The comparison operators available to use with the WHERE clause as a search condition are:

              =      equal to

  ^= or <> or ¬=     not equal to

              >      greater than

              >=     greater than or equal to

              <      less than

              <=     less than or equal to

SQL provides four arthmetic symbols that can be used in an expression.  They are:

               +      addition

               -      subtraction

               *      multiplication

               /      division

Multiple search conditions are linked by:

   AND   _  meaning All conditions MUST be met

   OR    _  meaning AT LEAST ONE condition must be met

We can list the rows in a table that meet one of several criteria using the OR operator.

We can achieve the same result by using the set comparison operator IN.

SELECT   EMPNO, LNAME, DEPTNO, SALARY

FROM     EMPLOYEE

WHERE    DEPTNO = 200

OR       DEPTNO = 300

OR       DEPTNO = 500

SELECT   EMPNO, LNAME, DEPTNO, SALARY

FROM     EMPLOYEE

WHERE    DEPTNO IN (200,300,500)
We can list the rows in a table that fall within a specified range of values by using the AND operator.

The BETWEEN operator lets us select rows that contain values within a specified range. BETWEEN has the same effect as using >= AND <=.

SELECT   EMPNO, LNAME, SALARY

FROM     EMPLOYEE

WHERE    SALARY >= 30000

AND      SALARY <= 50000

SELECT   EMPNO, LNAME, SALARY

FROM     EMPLOYEE

WHERE    SALARY

BETWEEN  30000 AND 50000
Another form of selection criteria which is useful is to compare a column with a specific part of a constant. The SQL operator for this is...    LIKE.

The syntax for using LIKE is ...

SELECT   ...

FROM     ...

WHERE    column name

LIKE     quoted-string

A quoted-string may contain any string of characters.  Special meanings are reserved for the characters _ and %.

· __ (underscore) represents any single character.

· % represents any string of zero or more characters.

	NOTE: ESCAPE clause defines a character that is used to alter % and _ to normal behavior (ie where c1 like 'AA+%BBB%'ESCAPE'+'; only the second % behaves as a wild card)


SELECT   *

FROM     EMPLOYEE

WHERE    LNAME

LIKE     'J%'
In order to list all employees whose name begins with a 'J' from the EMPLOYEE table we would use the LIKE command.

We can expand the SELECT statement further by telling SQL to order the rows. This can be accomplished by placing additional criteria in an ORDER BY clause.

SELECT   DEPTNO, EMPNO, LNAME, SALARY/12

FROM     EMPLOYEE

WHERE    SEX = 'F'

ORDER BY DEPTNO, LNAME

SQL will first order the rows by DEPTNO, then order them alphabetically within each department.

It is possible to use the position of the column in place of its name in an ORDER BY clause. 

Whether the name or column number is used the result is the same.

+-------------+              +---------------+

¦             V              V               ¦

¦  SELECT   DEPTNO, EMPNO, LNAME, SALARY/12  ¦

¦  FROM     EMPLOYEE                         ¦

¦  WHERE    SEX = 'F'                        ¦

¦  ORDER BY 1, 3                             ¦

¦           ^  ^                             ¦

¦           ¦  ¦                             ¦

+-----------+  +-----------------------------+

The ORDER BY clause can be used to display information in either ascending (ASC) or descending (DESC) order. The default is ASC. SQL assumes ASC if you do not specify a value.

ex: ...ORDER BY  DEPTNO DESC

Intersection of Tables

SQL allows you to select data from more than one table.  In relational terms, this is called an intersection of tables.

SQL provides us with a JOIN of tables feature to combine information from more than one table into

a single result table. The tables must have a common column of data.  The columns need not have the same name, but they must contain the same type of data.

The general form of a select from two tables is:

SELECT column-names

FROM   table1-name, table2-name

WHERE  table1-name.column-name = table2-name.column-name

Grouping

You can perform calculations using SQL's group functions. SQL supports the group functions

AVERAGE [AVG]

COUNT

MAXIMUM [MAX]

MINIMUM [MIN]

SUM

 They all return a single value for the  rows specified in the argument.

SELECT  group function(column name) 

You can use more than one group function. If you use a group function on one column then for other columns you must either use a group function or have the columns included in the GROUP BY clause. You CANNOT mix a request for individual row values in the same SELECT statement.

+----------------------+

¦ The AVERAGE function ¦

+----------------------+ ----------------------------------------+

  ¦       *   Averages the specified values in the column.       ¦

  ¦       *   Column selected MUST contain numeric values.       ¦

  ¦       *   Arguments may be preceded by DISTINCT to           ¦

  ¦           eliminate duplicate values.                        ¦

  +--------------------------------------------------------------+
The syntax for the Average function is :

    SELECT  AVG(column name)

    FROM    table

If we wanted to find the average salary of all employees from the EMPLOYEE table, the command would be:

            SELECT AVG(SALARY)

            FROM   EMPLOYEE

The result of this query is a table with one row and one column.

+---------------------+

¦ The COUNT function  ¦

+---------------------+ -----------------------------------------+

   ¦      _   Must be followed by the specification DISTINCT or *¦

   ¦      _   COUNT(DISTINCT) returns the number of values in    ¦

   ¦          the column.  No duplicates are counted.            ¦

   ¦      _   COUNT(*) counts all rows without eliminating       ¦

   ¦          duplicates.                                        ¦

   +-------------------------------------------------------------+
The syntax for the Count function is :

    SELECT  COUNT(DISTINCT column name) or

    SELECT  COUNT(*)

+-----------------------+

¦ MAX and MIN functions ¦

+-----------------------+ ------------------------------------------+

    ¦ *   The MAX function returns the largest value in             ¦

    ¦           a column.                                           ¦

    ¦ *   The syntax for the MAX function is :                      ¦

    ¦               SELECT  MAX(column name)                        ¦

    ¦               FROM    table                                   ¦

    ¦                                                               ¦

    ¦ *   The MIN function returns the smallest value in            ¦

    ¦           a column.                                           ¦

    ¦ *   The syntax for the MIN function is :                      ¦

    ¦               SELECT  MIN(column name)                        ¦

    ¦               FROM    table                                   ¦

    +---------------------------------------------------------------+
+------------------+

¦ The SUM function ¦

+------------------+ -----------------------------------------------+

    ¦       *   Returns the sum of the values in the column.        ¦

    ¦       *   Column selected MUST contain numeric values.        ¦

    ¦       *   Arguments may be preceded by DISTINCT to            ¦

    ¦           eliminate duplicate values.                         ¦

    +---------------------------------------------------------------+
The syntax for the SUM function is :

    SELECT  SUM(column name)

    FROM    table

Group functions return a single value for the rows specified. Recall that when using group functions in the SELECT statement you cannot mix a query for individual values with one for group values. But SQL allows us to include an individual value column in the select statement if we are GROUPing on that column.

For example:

this query is not legal
SELECT    DEPTNO, AVG(SALARY)

FROM      EMPLOYEE

but, this query is valid
SELECT    DEPTNO, AVG(SALARY)

FROM      EMPLOYEE

GROUP BY  DEPTNO

Forming a summary-only query

SELECT ...          

· must specify a built in function

· may select the column in the GROUP BY clause

FROM ...            

· code these as usual

WHERE ...

GROUP BY ...        

· must follow FROM and WHERE and precede ORDER BY

· must specify the column you want to summarize

· can only be used when SELECT specifies a built-in function

ex:

SELECT    DEPTNO, AVG(SALARY)

FROM      EMPLOYEE

GROUP BY  DEPTNO

The result of this query is a table that gives the average salary for each department.

	DEPTNO
	SALARY

	100
	40250.00

	200
	31000.00

	300
	29000.00

	500
	22000.00


When GROUP BY is used only one row is returned for each group. If the command does not

contain a WHERE clause the GROUP BY follows the FROM clause. Otherwise the GROUP BY

clause follows the WHERE clause.

GROUP BY can also be followed by a HAVING clause, which is in some ways comparable to a WHERE clause. The GROUP BY clause returns all groups in the result. Often we are only interested in groups that meet certain criteria.  To see only the groups of interest, you can specify a search condition in a HAVING clause.

SELECT   DEPTNO, AVG(SALARY)

FROM     EMPLOYEE

GROUP BY DEPTNO

HAVING   AVG(SALARY) > 30000.00

The above statement:

· groups rows by department numbers

· performs the AVG group function

· tests each group for inclusion in the result 

· returns only those groups that satisify the condition

	Note : HAVING determines which groups will be included and WHERE determines which individual rows will be included


Rules for using a HAVING clause

· HAVING can only be used with GROUP BY

· HAVING must immediately follow the GROUP BY clause

· HAVING can only compare built-in functions, not individual columns

Sub-queries

Subqueries are powerful features of SQL  that allow you to express complex queries out of several simple ones. The subquery is evaluated first and the results are applied to the main query where they are used to find the answer to your question.

Let's produce a table containing the last name, department number and salary of female employees whose SALARY is greater than the average salary of male employees. Using separate steps the first one is to find

the average salary of male employees.

SELECT AVG(SALARY)

FROM   EMPLOYEE

WHERE  SEX = 'M'               (Say the result is 30400.00)

The next step is to use this result by placing it in another query to find out which female employees

have a salary greater than the average salary for male employees.

SELECT LNAME, DEPTNO, SALARY

FROM   EMPLOYEE

WHERE  SEX = 'F'

AND    SALARY > 30400.00

Subqueries allow us to combine these two simple queries.  The result of the subquery is evaluated

first since it needs the result to process the main query. We can achieve the same result with only one query.

SELECT LNAME, DEPTNO, SALARY

FROM   EMPLOYEE

WHERE  SEX = 'F'

AND    SALARY >

       (SELECT AVG(SALARY)

        FROM EMPLOYEE

        WHERE SEX = 'M')
The subquery is enclosed in parentheses and placed in the WHERE clause.

Subqueries follow the same basic format as normal SQL queries.

That is, they use the normal

        SELECT ...

        FROM   ...

        WHERE  ...

Subqueries may not have an ORDER BY clause. 

In summary SQL Subqueries

· allow you to form complex queries out of several simple queries.

· must be enclosed in parentheses.

· follow the same general format as normal queries

SELECT ...

FROM   ...

WHERE  ...

· may not have an ORDER BY clause.

· allows only one column-name in its SELECT clause.

· processes the subquery first and passes the result to the main-query which then computes the entire answer.

Subqueries may contain multiple levels.  When using more than one subquery, the same rules apply and the format is the same.

SELECT ...

FROM   ...

WHERE  ...

  Sub-  ¦ (SELECT ...

  query ¦  FROM   ...

        ¦  WHERE  ...

             Sub-  ¦ (SELECT ...

             query ¦  FROM   ...

                   ¦  WHERE  ...))
But in order to combine columns from two tables you must include a joining condition in the WHERE clause.

Data Manipulation

Data Manipulation Statements make it possible to perform manipulations on tables, including inserting,

updating, deleting and querying (by using the SQL SELECT statement).

SQL supports these operations through the commands:

1. INSERT   adds rows to a table

2. UPDATE   changes values stored in fields

3. DELETE   removes rows from a table

INSERT
INSERT INTO table-name

VALUES (value1, value2, ...)
· The INSERT statement inserts new rows into a table.

· To add new rows you always use INSERT INTO table-name followed by the keyword VALUES.

· After the keyword VALUES you enter the values for the row you are adding in the order that they are defined.

· Each value listed is separated by commas.

· The list of values is enclosed in parentheses.

· The column values after the VALUE keyword are in the same order as they are defined.

· The list of values MUST include a value for every column in the table.

· When using a VALUES list you must account for every column.

If the column allows null values you can simply enter the word NULL. If the column does not allow null values, you MUST provide a value for that column.

A variation of the INSERT statement allows you to enter values in a different order by specified columns.

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

VALUES (value1, value2, ...)

Multiple rows can be added to a table by copying rows from one table into another. This is accomplished by using a query to define the set of rows to be inserted into the table.

INSERT INTO target-table(column, ...)

SELECT   column, ...

FROM     source table(s)

WHERE    search conditions

The number of columns named in the target table and the source table(s) must be the same and their data types must be compatible.

ex: Supposing we have created a new table called MANAGER which consists of information on employees who are managers.  We could insert information into the table using a query. 

INSERT

INTO    MANAGER1(DEPTNAME,DEPTNO,EMPNO,FNAME,LNAME,WPHONE)2
SELECT  DEPTNAME,DEPTNO,EMPNO,FNAME,LNAME,WPHONE3
FROM    DEPARTMENT,EMPLOYEE4
WHERE5   EMPLOYEE.EMPNO = DEPARTMENT.MANAGER

1. name of table in which rows are to be inserted

2. list of columns being inserted

3. SELECT names the columns to be used from other tables. There must be a one-to-one correspondence of the data types between the two column lists.

4. The FROM clause specifies the table names from which data is retrieved when inserting from another table.

5. The WHERE condition specifies which rows are to be inserted.

UPDATE

The UPDATE command is used to change the values in existing rows. 

The general form is:

UPDATE table-name

SET    column-name = newvalue

         .

         .

WHERE  search condition

You can update multiple columns in each row with a single UPDATE command by listing multiple columns in the SET clause. The WHERE clause is optional, but if it is omitted, all rows will be updated. Also the WHERE clause in an UPDATE command may contain a subquery. You may use arithmetic expressions (Eg: SALARY + 2000) or constants in the SET clause of an UPDATE statement.

DELETE

· removes one or more rows from a table

· a WHERE clause determines which rows are affected

The general form is:

    DELETE FROM table name

    WHERE  search condition

You cannot delete partial rows, therefore it is not necessary to include the column names. The condition stated in the WHERE clause will determine which rows are deleted. 

· to delete one row specify a condition applying to just that row.

· to delete several rows from a table specify the condition common to the rows you wish to delete.

· to delete all rows from a table omit the WHERE clause.

Program Structure

A COBOL program with embedded SQL statements looks similar to a regular COBOL program.

The ID DIVISION is exactly the same as you write for other COBOL programs.

You do not need to make any changes in the ENVIRONMENT DIVISION.

In the WORKING STORAGE section, you need to include a special communications area for DB2.

And in PROCEDURE DIVISION you can code as normal, but to access the DB2 data base, you need to write embedded SQL statements such as this.

WORKING STORAGE SECTION of the DATA DIVISION

There are two important items to note in the WORKING STORAGE SECTION of a DB2 application

program.

1. SQL Communications Area (SQLCA)

2. Declarations for Variables

SQL Communications Area (SQLCA):
The "INCLUDE SQLCA" command merges the declaration of the SQL communications area into your application program. This merge occurs when you precompile the application program. Valuable information is stored in the SQLCA. After almost every embedded SQL statement is executed,  information is placed in the SQLCA. The value of these fields indicate the success of the SQL statement just executed. 

The most important, and most often used part of the SQLCA is the SQLCODE field. After each SQL statement is executed, a "return code" is placed in the SQLCODE.

05 SQLCODE        PIC S9(9) COMP.
The value of the SQLCODE gives you the following information.

· 0          

Successful SQL execution.

· Positive

Successful execution Integer: but an exceptional condition has occured.

· Negative
An error has occurred, Integer: and no data has been moved.

Although no data should be moved when an error condition occurs, sometimes the first record is moved

before the operation is aborted. Make sure you depend on the SQLCODE information, rather than on the

presence of data.

Note: Only the "Row not found" situation would be considered a successful result (positive SQLCODE).

Whenever an error occurs, you will want to see the error message found in this SQLERRM field. You should make use of the IBM supplied program, DSNTIAR, to display or record the SQLERRM infor-

mation.

SQLERRD(3) tells you how many rows were modified by an INSERT, DELETE, or UPDATE statement.

These warning flags are set to either: 

 "W"   - indicates warning  Blank - no warning

The first field, SQLWARN0, indicates whether any of the other warning fields are flagged.

The SQLWARN flags in SQLCA contain either a "blank" or "W".

SQLWARN0   -  This indicates whether any of the following warnings are flagged.

SQLWARN1   -  This is flagged if a value was truncated when assigned to a host variable.

SQLWARN2   -  This is set to "W" if null values were eliminated from the argument of a function.

SQLWARN3   -  A "W" here means you did not supply enough host variables in an INTO clause to match the columns in a SELECT clause.

SQLWARN4   -  This flag is set to "W" if a dynamic SQL UPDATE or DELETE statement does not have a WHERE clause.

SQLWARN5   -  This tells that the SQL statement is only valid in SQL/DS, not in DB2.

SQLWARN6   -  This indicates when DB2 makes an adjustment to a date. 

SQLWARN7   -  This is set to "W" if one or more non-zero digits are dropped from the fractional part of the operand of a multiply or divide operation.

SQLWARN8   -  This is flagged if a character could not be converted and was replaced with a substitute character.

SQLWARN9   -  This is set to "W" if arithmetic exceptions were ignored during COUNT DISTINCT processing.

SQLWARNA   -  A "W" here means that one or more of the SQLCA character fields is invalid due to a character conversion error.

Note: These warning fields are rarely used in most applications.

Now let's examine the declaration of variables that will be used in the program.

In the program, you can simply use the SQL "INCLUDE" statement to insert the declarations you need.

In order to use an "INCLUDE" for table declarations, you must have already generated and stored the declarations. The tool for doing this is DB2I's DCLGEN. The below screen shows the DB2I screen with

the DCLGEN option.

When you invoke DB2I from TSO, you will see the second option on the screen is DCLGEN.

 ____________________________________________________________________________

¦                           DB2I PRIMARY OPTION MENU                         ¦

¦ ===>                                                                       ¦

¦ Select one of the following DB2 functions and press ENTER.                 ¦

¦                                                                            ¦

¦ 1  SPUFI                 (Process SQL statements)                          ¦

¦ 2  DCLGEN                (Generate SQL and source language declarations)   ¦

¦ 3  PROGRAM PREPARATION   (Prepare a DB2 application program to run)        ¦

¦ 4  PRECOMPILE            (Invoke DB2 precompiler)                          ¦

¦ 5  BIND/REBIND/FREE      (BIND, REBIND, or FREE application plans)         ¦

¦ 6  RUN                   (Run an SQL program)                              ¦

¦ 7  DB2 COMMANDS          (Issue DB2 commands)                              ¦

¦ 8  UTILITIES             (Invoke DB2 utilities)                            ¦

¦ D  DB2I DEFAULTS         (Set global parameters)                           ¦

¦ X  EXIT                  (Leave DB2I)                                      ¦

¦____________________________________________________________________________¦
The DCLGEN panel gives you the opportunity to fill in fields in order to generate declarations.

 ____________________________________________________________________________
¦                             DCLGEN                                         ¦

¦ ===>                                                                       ¦

¦                                                                            ¦

¦ Enter table name for which declarations are required.                      ¦

¦ 1  SOURCE TABLE NAME ===>                                                  ¦

¦                                                                            ¦

¦ Enter destination data set:          (Can be sequential or partitioned)    ¦

¦ 2  DATA SET NAME ... ===>                                                  ¦

¦ 3  DATA SET PASSWORD ===>            (If password protected)               ¦

¦                                                                            ¦

¦ Enter options as desired:                                                  ¦

¦ 4  ACTION .......... ===>            (ADD new or REPLACE old declaration)  ¦

¦ 5  COLUMN LABEL .... ===>            (Enter YES for column label)          ¦

¦ 6  STRUCTURE NAME .. ===>            (Optional)                            ¦

¦ 7  FIELD NAME PREFIX ===>            (Optional)                            ¦

¦____________________________________________________________________________¦

Whether you are adding or are replacing, always use the "REPLACE" option.  The file

will be added if it is not found for replacement.

PROCEDURE DIVISION

A colon (:) is the first character of a host variable when it is part of an SQL statement.

Host variables are used in SQL statements for two main purposes:

1. The first use of a host variable is to specify a search condition.

2. The second use of a host variable is to receive the values from the database

Steps to Program execution

First, we will look at an overview of the stages of the precompile and compile processes. When you write DB2 application programs, you are creating source code which contains embedded EXEC SQL statements. You need to invoke the DB2 precompiler to convert the EXEC SQL statements into COBOL

source code. The DB2 precompiler creates source code that can be read by the COBOL compiler.  Then you will compile the output from the DB2 precompiler as the source code for the COBOL compiler. Finally the COBOL compile process creates the executable application program.

 +-------------+

 ¦ Source Code ¦ (with embedded

 +-------------+  EXEC SQL statements)

        V

+----------------+

¦      DB2       ¦ -------------------------------+

¦  Pre-Compiler  ¦                                ¦

+----------------+                                ¦

        V                                         V

 +-------------+ (EXEC SQL statements      +-------------+

 ¦ Source Code ¦  replaced by COBOL        ¦    DBRMs    ¦

 +-------------+  CALLS)                   +-------------+

        V                                         V

+----------------+                        +---------------+

¦ COBOL Compile  ¦                        ¦      BIND     ¦

¦  & Link-Edit   ¦                        ¦               ¦

+----------------+                        +---------------+

        V                                         V

 +-------------+                           +-------------+ (Application plan,

 ¦ Load Module ¦ (Executable application   ¦ Applic.Plan ¦  path to the data)

 +-------------+  program)                 +-------------+

We know that the DB2 Pre-Compiler produces the modified source file, ready for the COBOL compiler. A print file is also produced, which contains the source listing, diagnostics, and a cross-reference listing. Diagnostic messages will be placed in a file for output to the terminal. A Data Base Request Module

(DBRM) is created for use in the BIND process. The DBRM contains SQL statements from the source code. 

There are three ways that you can pre-compile your application program...

1. JCL procedures supplied with DB2

2. The DSNH command procedure (CLIST)

3. DB2I interactive panel

You should check to see if your company has set up a JCL procedure or a CLIST to initiate the precompile.

The last step in preparing your program for execution is BINDing the program.  This acts to relate the

program to the relevant data in the DB2 data base. 

BIND has four (4) main functions:

1. Validates the SQL statements in the DB2 program, checking for valid tables, views, and column names.

2. Checks authorization, making sure that you have authority to perform the operations on the tables being accessed.

3. Determines the optimal path to access the DB2 data referred to in your program.

4. Builds an application plan, which is stored for use during program execution.

BINDing is a complex task, and heavily uses computing resources. Because this is true, it is a good idea to limit the number of times you bind a program. If you are writing and debugging a program, it is best to precompile and compile until no syntax errors are reported, then bind the program. If you are BINDing multiple program modules, it is often a good idea to write a JCL procedure to do all the BINDing at one time, perhaps in the evening when the system has low usage. 

Note: The time stamp on the precompiled code has to match the time stamp on the application plan, or you will get an error when you attempt to run the program.

	Through the processes of
	Through the processes of

	                         
	

	· precompile        
	· precompile

	· compile           
	· binding

	· link-edit         
	

	you have now produced an executable load-module.
	you have now produced an application plan.


Now you are ready to RUN the program. Again, there are a number of ways that you can run your program.

· Use a JCL procedure

· Use the DSN run command

· Run from the DB2I PROGRAM PREPARATION panel

· Use the Call Attach Facility (CAF)

REFERENTIAL INTEGRITY RULES

INSERT rule    


The insert rule is automatic and not explicitly specifiable on the foreign key declaration.  The rule states that

"any row inserted into a dependent  table must have its foreign key value  as either a NULL or, equal to the  value of a primary key in the parent  table that it references."

DELETE rule 


This rule is explicitly specified for each foreign key in a table.  The DELETE rule states 
the requirements to be met when ....

“... a row in a parent table is deleted.  Each foreign key is  associated with its own DELETE rule.  All applicable DELETE rules are used to determine whether or not a delete is done.”
RESTRICT option A row of a parent table cannot be deleted if rows exist in the dependent table(s) with foreign key values equal to the primary key value of this row.

CASCADE option If a row of a parent table is deleted, then: all rows in the dependent table(s) with foreign key values equal to the primary key value of this row will also be deleted. The delete will also impact the dependents of the dependent table(s).

SET NULL option If a row of a parent table is deleted then all rows in the dependent table with a foreign  key value equal to the primary key value of this row will have its foreign key value changed to NULL.

UPDATE rule

The UPDATE rule is automatic and not explicitly specifiable on a foreign key declaration.  This rule states the requirements to be met when the ...

“... foreign key value of a row in a dependent table is updated.  It can be updated to a value that is NULL or to the value of a primary key in the parent table that it references. ... primary key value of a row in a parent table is updated. The primary key value of a row of a parent table cannot be updated if rows in the dependent table(s) exist with foreign key values equal to the primary key value of this row.”
Error Handling

There are three classes of codes in the SQLCODE.

1. ERRORS

a negative SQLCODE value indicates a program or system error.  You should catch this to terminate your program or to handle the error.

2. WARNINGS

a positive SQLCODE value indicates warning conditions.  They are not fatal, but they should be checked further before continuing.

3. NOT FOUND

       an SQLCODE value = 100 indicates that no data satisfied a WHERE clause.

WHENEVER Statement

The WHENEVER statement causes the program to automatically check the SQLCODE.  Based on the value it finds it takes the action you specify.

There are three different WHENEVER statements:

1. WHENEVER NOT FOUND     
checks for SQLCODE = 100

2. WHENEVER SQLWARNING    
checks for positive SQLCODE.

3. WHENEVER SQLERROR      
checks for negative SQLCODE

Some application programmers prefer (for structured reasons) to avoid the WHENEVER statement, and use all specific error checking after each SQL statement is issued.

The format of the WHENEVER statement is:

EXEC SQL

  WHENEVER condition action

END-EXEC.
The conditions are:

    SQLWARNING

    SQLERROR

    NOT FOUND

The actions are:

    CONTINUE

    GO TO label

Rules for coding with WHENEVER:

· WHENEVER can be placed anywhere in the Procedure Division.

· If you omit WHENEVER for a condition, the default of "continue" will apply for that condition.

· There is no limit to the number of WHENEVER statements you can use.

Retrieving DB2 data using Cursors

You can imagine that when a number of rows are being retrieved at one time, special techniques must be used to handle the rows of data. Before we study the specific details of the coding, let's look at the overall process to access multiple rows in an application program... 

· Declare a cursor

Declaring (defining) a cursor is done in the data division of your program. At this point, you are only declaring the cursor.  No in formation is being retrieved from the database yet. 

· Open the cursor

Opening the cursor is part of the PROCEDURE DIVISION of a program.  This actually causes the SELECT which was coded in the cursor declaration to be executed. When the OPEN statement is encountered, the SELECT in the cursor declaration is executed. At this point, a NOT FOUND error or some other SQL error may occur. You need the WHENEVER statements, or some specific error-handling coding in the program to anticipate any potential errors.

· Fetch rows of data

Once the cursor is open, you can fetch the rows of the results table into program variables for  calculations or to be printed. FETCH INTO functions much like the SELECT INTO statement. It is used to bring rows into your application one row at a time. The cursor name is the same as the name of the cursor defined in the DECLARE CURSOR statement. 

· Stop fetching rows

We use the SQLCODE variable to determine when the last row of the active set has been fetched.

· Close the cursor

Closing the cursor tells SQL to release the systems resources associated within the active set.

There are several things to watch for when using a cursor:

· The number of names in the host list must be equal to the number of columns in the SELECT clause of the DECLARE CURSOR statement. 

· Check SQLCODE after each FETCH is executed.

+100 means the active set is empty

      0 means the FETCH executed successfully

· Use WHENEVER statements to do error-checking when appropriate.

Data modification using Cursors

In this chapter you will be introduced to indirect updating using cursors. You may want to use indirect updating for one of a number of reasons:

· To allow the user to see the record before modifying or deleting it.

· To create an audit trail of your updates.

· To create exception reports.

· To do calculations that are more easily or efficiently done in COBOL.

EXEC SQL

    DECLARE CR1 CURSOR FOR

      SELECT *

      FROM PROJECT

      WHERE DEPTNO = :DEPT-NO

      FOR UPDATE OF DEPTNO, LEADER

END-EXEC.
A FOR UPDATE OF clause appears with the SELECT statement to indicate what columns can be updated when retrieved.

When declaring a cursor update:

· All the rows that satisfy the select clause become available for further processing.

· You can update only those columns that appear in the FOR UPDATE OF clause.

· You do NOT have to select a column to update it.

The rules for DECLARE CURSOR FOR UPDATE are:

· The SELECT statement tells SQL what rows and columns make up the active set.

· FOR UPDATE OF <column names> tells SQL what columns are eligible for updating.

· The SELECT statement MUST be on a single table NOT a join.

· If the DECLARE CURSOR statement contains a subquery it MUST NOT be on the same table as the main query.

· You CAN NOT use DISTINCT, GROUP BY, ORDER BY, HAVING or built-in functions.

The second statement needed to UPDATE rows indirectly is UPDATE WHERE CURRENT OF cursor.

When you decide to update the current row of the active set, you issue the UPDATE WHERE CURRENT OF cursor statement.

The syntax for UPDATE WHERE CURRENT OF cursor is:

            EXEC SQL

              UPDATE table_name

                SET col1 = host_val1

                    col2 = host_val2

                    :

                WHERE CURRENT OF cursor_name

            END-EXEC.

UPDATE table_name specifies the table or view you wish to update.

SET col = value specifies the column to be updated and the new value.

WHERE CURRENT OF cursor_name names a cursor that is defined in a DECLARE CURSOR statement. The row updated is the one in the active set currently pointed to by the cursor.

The UPDATE WHERE CURRENT OF is included in the Procedure Division of your program.

EXEC SQL


UPDATE PROJECT


SET DEPTNO = :DP-NO,


   LEADER = :PJ-LDR


HERE CURRENT OF CR1

END-EXEC.
Closing a cursor does not apply any updates being made. A COMMIT must be issued to apply any changes.

EXEC SQL

  COMMIT

END-EXEC

ROLLBACK works the opposite of COMMIT.  Instead of saving changes, it is used to end a unit of recovery and back out the database changes. The COMMIT and ROLLBACK statements are issued differently depending on the transaction processing environment you are using.

      ¦    COMMIT          ¦    ROLLBACK

------+--------------------+---------------------

TSO:  ¦  EXEC SQL          ¦  EXEC SQL

      ¦     COMMIT         ¦     ROLLBACK

      ¦  END-EXEC.         ¦  END-EXEC.

------+--------------------+---------------------

CICS: ¦  CICS SYNCPOINT    ¦  CICS SYNCPOINT with

      ¦                    ¦  the ROLLBACK option

Cursor Deletes

By using a cursor we can allow the user to confirm any deletions before they are made. Reading a row before deleting it is much like reading a row before updating it, with two exceptions.

1. You don't include a FOR UPDATE clause on  the DECLARE CURSOR statement.

2. You issue a DELETE WHERE CURRENT OF instead of UPDATE WHERE CURRENT OF statement.

· Deleting a row uses two SQL statements:

EXEC SQL                      EXEC SQL


DECLARE CR2 CURSOR FOR       DELETE FROM PROJECT


SELECT PROJNO,PROJNAME       WHERE CURRENT OF CR2


FROM PROJECT               END-EXEC.

END-EXEC.

· The DECLARE CURSOR statement does NOT have a FOR UPDATE clause.

· The row you delete is always the current row of the active set.

· You MUST FETCH the next row to advance the cursor.

· You don't have to delete every row in the active set.

Application program performance

DB2 has features built in to ensure that two users can not be updating the same record at the same time

(in the process one of the updates would be lost). DB2 also has features to help you to make sure that data being seen by one user is concurrent with, or matches, data being viewed by another user. This is all accomplished through a DB2 feature called "locking". 

An application program may access a row in a DB2 table in order to perform an update. The application program takes a period of time to process the row information, move new values to the columns to be updated, issue the statement to update the data base, and commit the data. While the data is being changed, but not yet committed, DB2 places a lock on the page or tablespace that contains the data. When DB2 places a lock on data which your program is accessing, it locks at the "page" level rather than at the individual row level. A page is usually 4K (or 32K) in size and contains a number of rows (depends on the size of the rows). When a program takes various actions on a row or rows of data, it locks the data in  either a shared mode or an exclusive mode. Only the "SELECT" is a read-only action, and simply  requires a "shared" lock. All other actions involve some change, so must have "exclusive" locks. 

Most of the time, you will not need to know what types of locks are being placed on the data you are accessing. DB2 handles the locking automatically, locking in a shared mode when your program is simply SELECTing data in a read-only fashion.  DB2 automatically  also locks in an exclusive mode when your program is accessing the data to UPDATE, DELETE, or INSERT.

In Version 3 of DB2,  a technique called lock avoidance has been introduced. This technique allows an application  program to avoid using locks in certain situations.  When DB2 issues a getpage request, it will put a  "latch"  on the page rather than a lock.  This allows DB2 to examine  the page for a qualifying  row to determine whether a lock should be issued. According  to IBM, "latches" are ten times faster than locks. Lock avoidance only applies to data pages, NOT index pages. DB2 will only consider lock avoidance if the plan is bound with  CURSOR STABILITY and  CURRENTDATA(NO).

While you do not usually control the locks from an application program, there is one SQL statement that may be used in certain situations. The SQL statement that can be used to control locks from within a DB2 application program is... 

EXEC SQL

  LOCK TABLE table-name IN mode-type MODE

END-EXEC.

The two mode types are "SHARE" and "EXCLUSIVE".

Note: If you are using DB2 version 2.0 or earlier, the LOCK TABLE statement actually locks the whole tablespace, not just the table.

If a program accesses only a few rows, it does not make sense to lock up the whole table. If the program accesses a high percentage of the table, a large number of rows, then it may be good to lock the entire table. Every individual page-lock uses system resources in storage and processing time. A single table lock reduces the storage and processing time required by the many small locks. The advantage is a potential

savings in system resources. The price you pay for this type of a lock is concurrency. A table lock may keep other programs from being able to access the data.

Using a LOCK TABLE statement may be too extreme for most situations. There are other controls which can be put in place which affect the locking and affect system performance.

Some of the options on the BIND panelcan influence the system performance and the way DB2 handles locks. Although BINDing is primarily a process to build a path to the DB2 data, the options 8 - 12 are

related more to the program performance and locking of data. 

Option 8, the ISOLATION LEVEL, can be set to either...

(Repeatable Read) The program can repeatedly read the same row without having any data changed by

      RR                    another program between the reads. Locks are held until a COMMIT.

(Cursor Stability) Page locks are held only while the cursor is positioned on that page.  As soon as the

          CS               cursor moves to another page, the locks are released, and the data could be changed by               
                another program.

Those who are experienced with DB2 systems recommend using CS - cursor stability in most cases, to gain the benefits of less data being locked, with less locking overhead.

If your design demands that the data be locked for repeatable reads, then the transaction size should be made as small as possible.  It may also be possible to achieve the same effect by using the LOCK TABLE statement for the table in question.

Options 10 and 11 are related to each other, specifying the times at which the table space resources are to be acquired and released. USE and COMMIT are usually used together, as are ALLOCATE and DEALLOCATE.

USE means that when the tablespace is first used, the tablespace resources will then be acquired.  This option does not hold the resources for any longer than is necessary.

COMMIT indicates that the tablespace resources will be freed when a syncpoint, or COMMIT, in the program is encountered.

ALLOCATE means that the table space resources will be acquired when the program begins execution.  It may minimize some dead-lock situations and reduce some I/O, but its cost is lock duration and reduced concurrency.

DEALLOCATE must be used when ALLOCATE is used.  This means that the resources are not released until the program terminates.

Finally, let's look at some program performance issues that will help you as you design and develop  application programs.

The RUNSTATS utility is helpful for making sure that the optimizer is really choosing the optimal path to the data. If you BIND your program at a time when you have not populated some tables with data, the optimizer may choose paths which are not optimal for the table once it is populated with thousands of records. Also, if you have a table which can be very volatile, with 100 records one week, then 20,000 records a few weeks later, the optimal path may not be identified by your original  BIND. When you run the RUNSTATS utility, it updates the catalog information which DB2 uses when BINDing. You can then REBIND, or do a BIND(REPLACE)to allow the DB2 optimizer to select the most efficient access paths.

The RUNSTATS utility should be run after the following situations:

· loading or appending data into a tablespace and before binding application plans that access it.

· reorganizing a tablespace and before rebinding the application plans that access it.

· extensive inserts and updates

· adding a new index and/or changing an existing index

The EXPLAIN command is another tool which can be used to monitor and tune application programs.  EXPLAIN informs you about the access paths that DB2 has chosen. 

You would use the EXPLAIN to:

· Assist in the design of application programs for SQL statements

· Determine the access path chosen for a query

· Determine whether tables need to be restructured

· Determine whether indexes need to be added or dropped

· Assist in database design

· Determine when an application should be rebound

For each single table access, the EXPLAIN will tell you if an index access or table space scan is used.

If the table access uses an index, the EXPLAIN will report:

· the number of indexes used

· the I/O method used to read the pages (list or sequential prefetch)

· how many index columns are used as search criteria

If there are joined tables, the EXPLAIN will report:

· the join method

· the order in which the tables are joined

· when sorts are performed and why they are done

The EXPLAIN can be invoked when using SQL interactively from QMF or SPUFI, or within an  application program.

             The syntax is:

             EXPLAIN PLAN for (explainable SQL statement)

Explainable SQL statements would include:

1. SELECT

2. INSERT

3. UPDATE 

4. DELETE.

The EXPLAIN command inserts rows in a table (called PLAN_TABLE) explaining the access path chosen by the optimizer when it binds a plan. You can then use a SELECT statement to access the

PLAN_TABLE, just like any other table in the system.

You may not be in a position to be creating tables, tablespaces, or indexes, but these tips may be of help to you in discussing these matters with your Data Base Administrator.

When creating both tablespaces and indexes, you should specify:

CLOSE NO  CLOSE NO keeps your I/O much lower and improves performance.

LOCKSIZE ANY LOCKSIZE ANY on a tablespace leaves the choice of page or tablespace locks up to DB2, and is the most efficient.

	NOTE:  There is a limit on the number of DB2 files which may be open For a large DB2 system, CLOSE  NO may leave too many files open, and bring down the whole DB2 subsystem (and possibly MVS)


Also, when tables are being designed some considerations will affect DB2 performance.  

Instead of breaking the tables down to third normal form, there may be situations where it is better for

performance to leave the tables in second normal form.

For a commonly used SELECT, it is much more efficient to SELECT using one large table than for it

to join two smaller tables.

Another consideration when setting up tables is, "What types of indexes are necessary?" Indexes may speed access to the rows, but they require a significant amount of overhead to maintain.

PRIMARY KEYS: A unique index must be created for the primary key of every table you create. This helps to preserve the uniqueness of the key.

FOREIGN KEYS: Only create alternate key indexes for larger tables (over 10 pages). For small tables, the DB2 table scan is faster than using indexes.
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