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Oracle 9i New Features for Administrators

Introduction

All chapters in this course are covered by the OCP exams, therefore none are considered optional.

The course assumes prior knowledge of at least Oracle 8.0, and certain new features (or new enhancements to features) won’t make an awful lot of sense unless you’ve previously used 8.1 (8i).

The course is designed to show you what is newly available in 9i, but having once whetted your appetite, it does not attempt to then explain all the subtleties of those features, not the complexities involved in actually using them in your production environments.  Such a course, if it existed, would take weeks to run!

Changes since Version 1

Chapter 1: 
A new section on Fine-grained Auditing has been included, since I got completely the wrong end of the stick in version 1 of this document.  FGA has got absolutely nothing to do with Fine-grained Access Control (the ‘virtual private database’ feature).  My mistake… now corrected!

Chapter 4:
Section 4.5. Trial Recovery.  You can NOT open a database after a trial recovery, even in read only mode.  My mistake for saying you could.  Corrected.


Chapter 5:
Data Guard (newly improved standby database feature).  I omitted this chapter entirely before.  Now I’ve filled it in.

Chapter 13:
Section 13.2.4.  Temporary Tablespace restrictions.  There were some errors in my describing what error messages you get when trying to take the default temporary tablespace offline!  That’s because I’d forgotten that the basic ‘alter tablespace temp offline’ syntax doesn’t work (even in 8i) when that tablespace uses tempfiles.  Now corrected with the right error messages.

Chapter 16:
Enterprise Manager.  I omitted this chapter before, too (and frankly, there’s not a lot to say on the subject).  But now it’s there.

Chapter 17:
SQL Enhancements.  Again: previously omitted, and again now completed.
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Chapter 1 : Security Enhancements

1.1
Basic Tools and Procedures

Server Manager is dead.  All database administration tasks that you once performed through Server Manager are now carried out using SQL Plus.  

Scripts that you may have developed referring to Server Manager thus need to be updated.  In particular, scripts probably said things like “svrmgrl”, followed by a “connect Internal”.  To make SQL Plus behave in this way, you need to fire up SQL Plus with a command line switch, like this: “sqlplus /nolog”.  That switch suppresses SQL Plus’ default behaviour of prompting for a Username.

Internal is now also dead.  (Attempts to connect as Internal will generate an error).  You must instead use the “connect …. AS SYSDBA” format.  What precisely goes in there as your connect string depends entirely on whether you are using password file authentication or operating system authentication (the details of which have not changed in this version).  If using a password file, it will probably be something like “connect sys/oracle as sysdba”; if using O/S authentication, “connect / as sysdba” will do the trick.  In all cases, you will be logged on as SYS.

Note that a number of default user accounts are created with a new database via the GUI Database Creation Assistant: these are all locked out, and have their passwords expired.  They thus need to be unlocked if you wish to use them.

The init.ora parameter (introduced in 8.0) “07_DICTIONARY_ACCESSIBILITY” now defaults to false: in all prior versions, it defaulted to true.  That may break some applications that expect to have full accessibility to the data dictionary tables.  In 9i, only someone logged in AS SYSDBA has rights to those tables.

1.2
Application Roles

This is simply an enhancement to the way in which we can authenticate roles at the time of enabling them.  In prior versions, you were required to ‘create role blah identified by some_password’, and your application was supposed to have “some_password” embedded within it, thus giving us some assurance that privileges could only be exercised by a User using a legitimate application (if the User tried to hack in to the database via SQL Plus, for example, he wouldn’t know what password to supply, and hence the role would not be enabled).

Clearly, embedding a password in code is a weak point in the database security model, and 9i now has a mechanism to get round the need to do so.

The new mechanism is a package.  Now you ‘create role blah identified by some_package’, and then go on to create a package called (in this case) “some_package”.  In that package, you can (for example) call the SYS_CONTEXT function to determine the IP address of the User, and then execute the dbms_session.set_role package/procedure to enable the role if the IP address is acceptable.

1.3
Global Application Context

The Virtual Private Database concept was introduced in 8i (properly known as “Fine Grained Access Control”).  It was designed to allow different Users to see different rows from the same table, by the simple expedient of tacking on a WHERE clause to any queries the User submitted.  They typed ‘select * from emp’, and silently, a ‘where department=20’ (for example) was appended to their query by the engine.

This particular bit of magic was achieved by applying a policy to a table, which referenced the User’s local “context” to determine, for example, their username, IP address, or Customer ID.

There was a drawback with this approach, however: setting up a context for each User was expensive with resources.

So, new in 9i is the ability to create a “Global” context, which multiple Users can share.  

Such a feature is going to be mainly of use when a backend database is accessed via a middle-tier Application Server by lots of Users.  It is the middle tier that uses the SET_CONTEXT procedure of the DBMS_SESSION package to establish a context for a User when he connects in the first place, and then the SET_IDENTIFIER procedure whenever a User wishes to actually access some data.  (The “global” bit comes about from the fact that the Application Server will probably connect to the backend as a single ‘application user’ for multiple real clients).

Note that establishing a context does not in and of itself restrict access to data: that requires the creation of policies on the tables, which will extract user information from the context, and append appropriate WHERE clauses to SQL statements depending on the nature of that information.

1.4
Fine-Grained Access Control

You can now specify multiple policies for a table, and each can be assessed independently of the others (in 8i, they were ‘AND-ed’, and hence for a row to be selected, it had to satisfy all possible policies –which was hard, and which therefore led to the requirement to develop a single, complicated, policy for the table).

The mechanism used to pull of this particular trick is the idea of a policy group, combined with an Application Context.  Policies therefore belong to groups, and a User acquires an application context on accessing the data; the context tells us which group (and hence which policy) should apply to any particular User.

1.5
Fine-grained Auditing

Despite the similarity of names, Fine-grained Auditing has absolutely nothing to do with Fine-grained Access Control… it’s a totally different subject, and uses totally different mechanisms.

In all prior versions of Oracle, the internal auditing provided was, frankly, a bit sad: the best it could do is tell you that someone had exercised a privilege, but it wasn’t able to tell you what exactly they’d done when exercising the privilege.  For example, the audit trail might tell you that Fred was exercising the ‘Update on EMP’ object privilege, but you wouldn’t have a clue what records he was updating, nor what he’d updated them from, nor what he’d updated them to.

Similarly, you might know he exercised the ‘select from EMP’ privilege, but not what records he’d selected for.

Well, fine-grained auditing gets around the last of these problems (note that you are still in the dark with regard to the exercise of DML privileges: fine-grained auditing is purely related to SELECT statements.  For DML-type actions, there is always Log Miner, of course).

A new package, called DBMS_FGA, is provided to make this possible.  You use it to define a set of audit conditions or policies for a table.  Whenever a select statement then matches the conditions set in that policy, the DBA_FGA_AUDIT_TRAIL view is populated (though, additionally, you can get the system to, for example, email you an alert).  

As a simple example, here’s how you’d audit people querying employee records with a salary greater than $10,000:

Execute DBMS_FGA.ADD_POLICY(

object_schema => 'SCOTT',

object_name   => 'EMP',

policy_name   => 'AUD_SCOTT_EMP',

audit_condition => 'SAL > 10000', 

audit_column => 'SAL')

The mechanism is quite subtle in determining whether a select statement qualifies for auditing.  For example, given the policy shown above (which you’ll note gets given a unique name and can only relate to a single column), the following statement will not trigger the audit:

Select ename, sal from EMP where sal < 9000;

…because there is, explicitly, no possibility of ever seeing salaries greater than $10,000 with such a query.

However, this query will trigger the audit condition…

Select ename, sal from EMP where ename=’SMITH’;

…provided Smith’s salary was greater than $10,000.  If it happens that he is only paid $300, then the audit condition is not met, and no audit records are generated.

In other words, the mechanism is subtle enough to know when the audit condition is inadvertently triggered: it’s the possibility of seeing the ‘forbidden’ values that qualifies a select statement for auditing, not how you write your queries.  

Finally, if we submitted this query, after having updated Mr. Smith’s salary to be (say) $15,000:

Select ename, deptno from EMP where ename=’SMITH’;

…then the audit condition would again not be triggered, because the user submitting the query is not asking to see the salary column at all (this time, the salary column is entirely missing from the select clause).  So even though the row returned happens to include elsewhere within it a salary which more than satisfies the audit condition, the fact that we are not asking to see the salary column means the audit condition fails to fire.  

Note that if any select statement does indeed trigger the creation of audit records in the DBA_FGA_AUDIT_TRAIL view, you’ll be able to see the entire SQL statement as originally submitted by the User, along with their username and a timestamp.

You can additionally set audit event handlers to perform more complex actions in the event of an audit policy being triggered.  For example, with a procedure defined like this:

CREATE PROCEDURE log_me (schema varchar2, table varchar2, policy varchar2) 

AS

BEGIN

UTIL_ALERT_PAGER(SCOTT, EMP, AUD_SCOTT_EMP);

END;

...we could re-define the original policy to look like this:

Execute DBMS_FGA.ADD_POLICY(

object_schema => 'SCOTT',

object_name   => 'EMP',

policy_name   => 'AUD_SCOTT_EMP',

audit_condition => 'SAL > 10000', 

audit_column => 'SAL',

HANDLER_SCHEMA=>’SCOTT’, HANDLER_MODULE=>’LOG_ME’);

…and then, whenever the audit condition is met, part of the auditing procedure would be to execute the procedure LOG_ME, which sends a message to my pager telling me which schema, table and audit condition has been triggered.

One extremely nasty ‘gotcha’ with Fine-grained Auditing: it requires the cost-based optimizer to be working properly (so statistics on the table are a requirement, too), otherwise the audit condition is ignored –all selects that involve the salary column, for example, will generate audit trail records.  Watch out for that if doing a demo …calculate the statistics first!!

1.6
Miscellaneous

DBMS_OBFUSCATION now generates numbers which are more random than in earlier versions, and hence provides greater key security.

An optional product, Oracle Label Security is available which restricts User’s access to data based upon the contents of a “label” attached to each row in a table.  Basically, it’s a poor man’s version of Fine Grained Access Control, and would be useful if the full Enterprise Edition is not available for some reason.

The Oracle Login Server is part of 9iAS, allowing web-based single sign on.

All these miscellaneous enhancements are not something the average DBA is going to be particularly involved with: security at the sort of level these things are designed to address is a complicated business to set up and administer, and would probably require the services of a specialised Security Manager.

Chapter 2 : High-Availability Enhancements

2.1
Minimising Instance Recovery Time

Instance Recovery means “apply all the redo contained in the online logs after the time of the last checkpoint” –on the grounds that at a checkpoint, we flush all dirty buffers to disk, and hence make them clean (since a dirty buffer is simply one that doesn’t agree with its corresponding block on disk).

The trouble is, this isn’t strictly true.  Buffers can get flushed at times and for reasons which have nothing to do with proper checkpoints (think of max_dirty_target, or the ‘wake up every 3 seconds’ rule that applies to DBWR).

This can mean that, in principle, during Instance Recovery, there are going to be blocks read up from disk to have redo applied to them… at which point we discover that they really don’t need any redo applied to them after all, because they were flushed after the last major checkpoint.  That obviously makes for unnecessary work during Instance Recovery, and hence unnecessarily long Instance Recovery times.

To get round this, Oracle 9i introduces a 2-pass read of the redo logs during Instance Recovery.  The first pass doesn’t actually do anything… it simply allows Oracle to determine which parts of the redo stream actually need to be applied.  The second pass actually applies the relevant bits of redo to recover the database.  In theory (and especially if you have placed the redo logs onto separate, fast devices –like you’re supposed to), the time saved not attempting to recover data blocks which don’t need it will outweigh the extra time taken to read the redo logs twice.  

The secret of this new mechanism is that some trivially small extra information is recorded in the redo logs any time any buffers get flushed to disk.  The redo stream therefore knows whether a block is dirty (and needs recovery) or clean (and doesn’t).

This is the new default mechanism for Oracle’s Instance Recovery process.  It cannot be changed (i.e., there is no parameter available to make it behave like the Oracle 8 or 8i recovery process).

2.2
Bounded Recovery Time

To limit the amount of time required to perform Instance Recovery, there’s an easy solution: checkpoint more frequently (since Instance Recovery only plays transactions after the last checkpoint).  But extra checkpoints means poorer performance, so a balance has to be struck.  

There have been ways to sort-of issue more checkpoints from Oracle 7 onwards.  For example, LOG_CHECKPOINT_INTERVAL issues a new checkpoint when a specified quantity of redo has been written to the logs.  New in 8i was FAST_START_IO_TARGET, which places a limit on the number of dirty buffers that could be resident in the buffer cache (as new buffers were dirtied, old ones were flushed, thus keeping the total number of dirty buffers constant).

But these were a bit vague: why bound recovery time by measuring the amount of redo generated or the number of dirt buffers?  Why not just say “Recovery must be achieved in X seconds”, and get Oracle to work out what is needed in terms of checkpoints to achieve the required result?

Well, new in 9i is the FAST_START_MTTR_TARGET parameter, which does just that.  It’s dynamic (i.e., can be set with an ‘alter system’ command), measured in seconds, and gets converted by Oracle into settings for _INTERVAL and _IO_TARGET (so don’t set those two parameters yourself if you intend to use it, otherwise they override the MTTR_TARGET setting).

The algorithm Oracle uses to translate this new parameter into meaningful settings for the other two is adaptive: it’s aware of the general performance and load on the server, and changes accordingly.  Over time, therefore, it becomes progressively more accurate.

DB_BLOCK_MAX_DIRTY_TARGET was a fairly crude mechanism that could also induce checkpointing.  If it still existed, it would stuff up the newer calculations… so it doesn’t any more.  In 9i, that parameter is now obsolete.

To accommodate the new parameter, the V$INSTANCE_RECOVERY view has been adjusted to include a TARGET_MTTR, an ESTIMATED_MTTR and a CKPT_BLOCK_WRITES column.

Keep an eye on that last column: it’s there for performance tuning reasons.  The fact remains that bounding a recovery time still results in extra checkpointing, and hence impacts upon performance.  The CKPT_BLOCK_WRITES column shows you the extra database writes that are taking place to accommodate your MTTR_TARGET.  If it goes sky-high, it means that your recovery time target is unrealistically low.

2.3
Flashback

Oracle has always guaranteed read consistent images of data.  That is, if you start a report at 10.00am, which runs for half an hour, you’ll see the data as it was at 10.00am, even if a thousand and one committed changes are made to the data during that half hour (provided, of course, that your rollback segments were up to the job).

But if, at 10.30, you wish to re-run the report?

Well, in 8i, you’d now get a completely different report, because all those committed changes are now visible.

Hence the need for the ability to read data *as it was* at a point in the past, even though committed transactions have since been applied to it.  This ability is now available in 9i, and is called “Flashback”.

Flashback is session-specific.  Users can switch it on for their session, and switch it off, at will (it’s automatically switched off when a User disconnects).  For it to work reliably, though, you have to be using the new 9i automatic Undo Segments, not the old, manually-controlled, rollback segments (see Chapter 9).  (It *will* work with old-fashioned rollback segments, but results are not as predictable).  You also have to have specified a realistic ‘UNDO RETENTION’ period (again, see Chapter 9), which bounds the time to which you can safely flashback.

We use a new package, DBMS_FLASHBACK, to switch on the feature, and to specify to what time we want to flashback.  A simple demo might help explain things:

SQL> select to_char(sysdate,'DD-MON-YY:HH24:MI:SS') from dual;

TO_CHAR(SYSDATE,'D                                                                                                                  

------------------                                                                                                                  

04-SEP-01:13:15:06                                                                                                                  

SQL> select * from emp;

     EMPNO ENAME      JOB              MGR HIREDATE         SAL       COMM     DEPTNO                                               

---------- ---------- --------- ---------- --------- ---------- ---------- ----------                                               

      7369 SMITH      CLERK           7902 17-DEC-80        800                    20                                               

      7499 ALLEN      SALESMAN        7698 20-FEB-81       1600        300         30                                               

      7521 WARD       SALESMAN        7698 22-FEB-81       1250        500         30                                               

      7566 JONES      MANAGER         7839 02-APR-81       2975                    20                                               

      7654 MARTIN     SALESMAN        7698 28-SEP-81       1250       1400         30                                               

      7698 BLAKE      MANAGER         7839 01-MAY-81       2850                    30                                               

      7782 CLARK      MANAGER         7839 09-JUN-81       2450                    10                                               

      7788 SCOTT      ANALYST         7566 19-APR-87       3000                    20                                               

      7839 KING       PRESIDENT            17-NOV-81       5000                    10                                               

      7844 TURNER     SALESMAN        7698 08-SEP-81       1500          0         30                                               

      7876 ADAMS      CLERK           7788 23-MAY-87       1100                    20                                               

      7900 JAMES      CLERK           7698 03-DEC-81        950                    30                                               

      7902 FORD       ANALYST         7566 03-DEC-81       3000                    20                                               

      7934 MILLER     CLERK           7782 23-JAN-82       1300                    10                                               

14 rows selected.

At time 13:15, therefore, all Salaries are ‘correct’

SQL>  select to_char(sysdate,'DD-MON-YY:HH24:MI:SS') from dual;

TO_CHAR(SYSDATE,'D                                                                                                                  

------------------                                                                                                                  

04-SEP-01:13:24:19                                                                                                                  

Nearly ten minutes later, at time 13:24, we issue the following piece of DML
SQL> update emp set sal=900;

14 rows updated.

SQL> commit;

Commit complete.

Note that the transaction has been committed.  Inevitably, therefore, an immediate select statement gets this result:
SQL> select * from emp;

     EMPNO ENAME      JOB              MGR HIREDATE         SAL       COMM     DEPTNO                                               

---------- ---------- --------- ---------- --------- ---------- ---------- ----------                                               

      7369 SMITH      CLERK           7902 17-DEC-80        900                    20                                               

      7499 ALLEN      SALESMAN        7698 20-FEB-81        900        300         30                                               

      7521 WARD       SALESMAN        7698 22-FEB-81        900        500         30                                               

      7566 JONES      MANAGER         7839 02-APR-81        900                    20                                               

      7654 MARTIN     SALESMAN        7698 28-SEP-81        900       1400         30                                               

      7698 BLAKE      MANAGER         7839 01-MAY-81        900                    30                                               

      7782 CLARK      MANAGER         7839 09-JUN-81        900                    10                                               

      7788 SCOTT      ANALYST         7566 19-APR-87        900                    20                                               

      7839 KING       PRESIDENT            17-NOV-81        900                    10                                               

      7844 TURNER     SALESMAN        7698 08-SEP-81        900          0         30                                               

      7876 ADAMS      CLERK           7788 23-MAY-87        900                    20                                               

      7900 JAMES      CLERK           7698 03-DEC-81        900                    30                                               

      7902 FORD       ANALYST         7566 03-DEC-81        900                    20                                               

      7934 MILLER     CLERK           7782 23-JAN-82        900                    10                                               

14 rows selected.

SQL> exec dbms_flashback.enable_at_time(TO_TIMESTAMP('04-SEP-01:13:21:00','DD-MON-YY:HH24:MI:SS'))

PL/SQL procedure successfully completed.

Now we’ve just enabled flashback, to a time of 13:21.   That’s 3 minutes before the DML was committed…
SQL> select * from emp;

     EMPNO ENAME      JOB              MGR HIREDATE         SAL       COMM     DEPTNO                                               

---------- ---------- --------- ---------- --------- ---------- ---------- ----------                                               

      7369 SMITH      CLERK           7902 17-DEC-80        800                    20                                               

      7499 ALLEN      SALESMAN        7698 20-FEB-81       1600        300         30                                               

      7521 WARD       SALESMAN        7698 22-FEB-81       1250        500         30                                               

      7566 JONES      MANAGER         7839 02-APR-81       2975                    20                                               

      7654 MARTIN     SALESMAN        7698 28-SEP-81       1250       1400         30                                               

      7698 BLAKE      MANAGER         7839 01-MAY-81       2850                    30                                               

      7782 CLARK      MANAGER         7839 09-JUN-81       2450                    10                                               

      7788 SCOTT      ANALYST         7566 19-APR-87       3000                    20                                               

      7839 KING       PRESIDENT            17-NOV-81       5000                    10                                               

      7844 TURNER     SALESMAN        7698 08-SEP-81       1500          0         30                                               

      7876 ADAMS      CLERK           7788 23-MAY-87       1100                    20                                               

      7900 JAMES      CLERK           7698 03-DEC-81        950                    30                                               

      7902 FORD       ANALYST         7566 03-DEC-81       3000                    20                                               

      7934 MILLER     CLERK           7782 23-JAN-82       1300                    10                                               

14 rows selected.

…and yet as you can see, we get a report of the old emp salaries.

Flashback works well, but there are one or two points to watch out for:

1. You can’t enable flashback whilst in the middle of a transaction

2. SYS can never enable flashback

3. Once enabled, flashback has to be disabled before you can re-enable it to another time

4. You can’t perform DDL whilst flashback is enabled

5. The smallest level of time granularity that you can flashback to is 5 minutes (in other words, if you do a stupid update at 11.03, and try and flashback to 11.02, it probably isn’t going to work).  For really fine-grained control, you need to know your SCN numbers, and use them.

6. When specifying the flashback time, the example in the book is not the way to go –for a start, you can’t specify a time of “1pm” as 13:00:00.  If you use the syntax shown above, though, it’s OK: 

…enable_at_time(TO_TIMESTAMP(’04-SEP-01:13:00:00’,’DD-MON-YY:HH24:MI:SS))


7. Don’t forget to distinguish between 01:00:00 and 13:00:00

There are plans to simplify the syntax, and to permit a simple ‘alter session enable/disable flashback’ command, but it’s not there yet (as of 9.0.1), and the dbms_flashback package is the only way currently to exercise this functionality.

In a sense, Flashback is only doing what you could have done by trawling through the redo logs with Log Miner… only it does it with minimal setup, and with rather less chance of logical stuff-ups.  However, Log Miner’s advantage lies in the fact that it can ‘flash back’ to any point in the past, provided you have the archived redo logs to hand.  It does, however, have one major failing: it doesn’t handle certain data types at all (such as CLOBs)… Flashback does.

2.4
Resumable Operations

In the past, if you started a million row bulk load, you might get up to insert number 999,999 –and then the segment ran out of space, at which point, the transaction would fail, and all 999,999 inserts would be rolled back.

New in 9i is the ability to switch into ‘resumable’ mode.  That means any errors arising due to lack of space issues will not cause the transaction to fail, but to be suspended.  You don’t lose the 999,999 inserts already carried out, and if you rectify the space problem, the transaction resumes automatically, allowing it to finish and be committed properly.

You have to issue an ‘alter session enable resumable [timeout X]’ command to enable this functionality.  You’d issue that just before embarking upon a large transaction.  If the transaction then runs out of physical space, hits MAXEXTENTS or exceeds a quota allocation, an error is written into the alert log, and the transaction suspends.

During suspension, other transactions elsewhere in the system continue as normal (it’s your Server process that’s suspended, not any background processes).  If the thing remains suspended for the time specified in the “TIMEOUT” clause, then the transactions throws an exception error, and terminates as it always used to.  During the suspension time, the transaction continues to hold all its locks, just as it would if it remained uncommitted for any length of time.

(Note, there is a new triggering event, “after suspend”, which could issue an alert to the DBA, for example, or perhaps perform some automatic ‘fixit’-type of job).

Important Note: there is a DBMS_RESUMABLE package that includes the procedure “SET_SESSION_TIMEOUT”, which takes a session ID variable.  That sounds like the DBA could switch a session into resumable mode, remotely, on behalf of a User.  That’s not the case.  You can use it only to *change* the timeout parameter for a User who has already entered “resumable” mode.  I imagine the point is that you, as the DBA, might realise that the space issue is more serious than you thought, and that it will take longer to fix than you had expected… in which case, you can use this procedure to buy some extra time for yourself before transactions start failing all over the place.

A small demo:

SQL> create tablespace resume

  2  datafile '/oracle/software/oradata/HJR/resume01.dbf' size 5m

  3  default storage (PCTINCREASE 0);

SQL> alter session enable resumable timeout 60 name 'Trouble on Tablespace Resume!!';

Session altered.

The Timeout is measured in seconds… so that’s a mere minute to fix the problem up!

SQL> create table test

  2  tablespace resume

  3  as

  4  select * from howard.large_data;

The source table is about 75Mb in size.  The transaction appears simply to hang, as it runs out of space in a mere 5Mb tablespace.  

select * from howard.large_data

                     *

ERROR at line 4:

ORA-30032: the suspended (resumable) statement has timed out 

ORA-01652: unable to extend temp segment by 128 in tablespace RESUME 

When the minute is up, the above error is generated.  If we look at the alert log at this time, we see the following:

create tablespace resume

datafile '/oracle/software/oradata/HJR/resume01.dbf' size 5m

Tue Sep  4 15:09:43 2001

Completed: create tablespace resume

datafile '/oracle/softwar

Tue Sep  4 15:11:23 2001

statement in resumable session 'Trouble on Tablespace Resume!!' was suspended due to

    ORA-01652: unable to extend temp segment by 128 in tablespace RESUME

Tue Sep  4 15:12:25 2001

statement in resumable session 'Trouble on Tablespace Resume!!' was timed out

Notice how the Alert Log entry is very noticeable because it includes the text message previously specified in the “NAME” clause of the ‘alter session enable resumable’ command.

Now trying the same thing again, but this time with a much larger timeout parameter:

SQL> alter session enable resumable timeout 3600 name 'Trouble on Tablespace Resume!!';

Session altered.

That’s a more reasonable hour to fix the problem up!

SQL> create table test

  2  tablespace resume

  3  as

  4  select * from howard.large_data;   =====( once again, the thing hangs
Checking the Alert Log this time, we see this:

Tue Sep  4 15:55:43 2001

statement in resumable session 'Good Resumable Test' was suspended due to

    ORA-01652: unable to extend temp segment by 128 in tablespace RESUME

Tue Sep  4 16:00:18 2001

alter tablespace resume add datafile '/oracle/software/oradata/HJR/resume02.dbf' size 75m

Tue Sep  4 16:00:43 2001

Completed: alter tablespace resume add datafile '/oracle/soft

Tue Sep  4 16:00:44 2001

statement in resumable session 'Good Resumable Test' was resumed

Notice that a leisurely 5 minutes after the transaction suspended, I added another datafile to the tablespace, and 1 second after that had completed, the transaction resumed, and completed successfully.  The SQL Plus window where the original Create Table statement was issued accordingly sprang back into life.

One word of warning about this particular demo: I originally tried an ‘Alter database datafile ‘xxx/xxx’ autoextend on’.  That should have done the trick, since the lack of space was now automatically fixable.  But it didn’t.  I presume that it’s actually the request for space which triggers autoextension (if it’s available); but altering the autoextensible attribute after a request’s been made is too late.  Only the addition of a new datafile (or a manual resize) cured this particular problem.

Note, too, that a session stays in resumable mode for all subsequent SQL statements, until you explicitly say ‘alter session disable resumable’

For a User to flip his or her session into resumable mode, they first must be granted a new system privilege: RESUMABLE.  Normal syntax applies: “Grant resumable to scott”, and (if the mood takes you) “revoke resumable from scott”.

A new view, dba_resumable, shows all SQL Statements being issued by resumable sessions, and whether they are actually running or are currently suspended.  The view will return 0 rows only when no sessions are in resumable mode (ie, they’ve all issued the ‘disable resumable’ command).

2.5
Export/Import Enhancements

In 8i, Export would include both an instruction to analyse statistics, and existing statistics, in the dump file for tables and indexes, if you exported with STATISTICS=[estimate|compute].  Import would then ordinarily use those existing statistics, but would re-calculate any statistics it judged questionable (because of row errors on the export, for example), unless you said RECALCULATE_STATISTICS=Y (which it wasn’t by default).  This behaviour was both relatively silent, and difficult to control (your options basically consisted of accepting a mix of good statistics and re-calculated ones, or not importing statistics at all).

New in 9i is the ability to explicitly accept pre-computed good statistics, pre-computed statistics whether good or bad, no pre-computed statistics and no recalculation, or to force a recalculation and ignore all pre-computed statistics.  The STATISTICS parameter is now available on the import side of the job:

STATISTICS=ALWAYS  means import all statistics, good or bad (the default)

STATISTICS=NONE  means don’t import statistics, and don’t re-calculate, either

STATISTICS=SAFE  means import statistics which are considered good

STATISTICS=RECALCULATE means don’t import any statistics, calculate them instead from scratch.

Also new(ish) is a TABLESPACES export parameter.  In 8i, you used this when transporting a tablespace.  In 9i, you can use it simply to export the entire contents of a tablespace into a normal dump file, without having to list each table separately.

Important Note:  Watch out for the slide on page 2-34.  It references several parameters that allow exports and imports to be resumable operations.  They have changed since the course material was first printed.  The correct parameters are:

RESUMABLE (Y or N –No is the default): should this export or import be resumable

RESUMABLE_NAME=’some text string’: the equivalent of the ‘name’ clause in the ‘alter session enable resumable’ command (identifies errors in the Alert Log)

RESUMABLE_TIMEOUT=xxx : the number of seconds export or import should wait in suspended mode before aborting.

Export is now also Flashback-aware.  That is, you can export data as it used to be at some time or SCN in the past.  The new parameters are FLASHBAC_SCN and FLASHBACK_TIME.

Chapter 3 : Log Miner Enhancements

3.1
DDL Support

Log Miner’s been around since 8i, but it had some significant restrictions.  “Drop Table Emp”, for example, got into the redo stream –but only as DML performed on the data dictionary tables OBJ$, FET$ and UET$.  Tracking down a particular DDL statement was thus pretty tricky.

Not any more!  In 9i, DDL commands are included as clear text statements in the redo stream, together with their data dictionary DML implications.

Note that this doesn’t mean you can use Log Miner to reverse the effects of a DDL statement: dropping a table still doesn’t involve deleting individual records (thankfully, otherwise it would take for ages to complete!), so reconstructing a dropped table is impossible.  Hence, the sql_undo column in v$logmnr_contents is left empty for such statements.  But it should now be trivially easy to locate the exact time that a bad piece of DDL was issued, and hence to perform an incomplete recovery with a degree of certitude as to its likely outcome.

Also note that although Log Miner can be used to mine 8.0 and 8i logs, those earlier version logs will still record DDL statements in the old, obscure way.

3.2
Dictionary File Enhancements

You can still generate a flat file data dictionary, just as you did in 8i.  But you now also have the choice to include the dictionary information within the online redo logs, and to use the current, on-line data dictionary when performing analysis.

The flat file dictionary file is still a good option: if the database is down or unmounted, you can’t use an online dictionary (because it isn’t online yet!), or the redo log option (because in nomount stage, we haven’t accessed the redo logs yet).  It’s also light on resources (once it’s created, it just takes up disk space… there’s no impact on the database normal operations at all).

Including the dictionary within a redo log means that you are guaranteed that no matter when you analyse that log, the dictionary will be up-to-date as far as the contents of that log are concerned (that is, there can’t be any reference to a table in the redo stream which doesn’t exist in the dictionary file).  Since the redo logs then get archived, you can be sure your archives can be interpreted by Log Miner accurately and completely.

Using the online dictionary means things work nice and fast (no large dictionary files to generate, for example), and it saves having files you use rarely cluttering up the hard disk.  But it also means that dropping a table will cause problems –since the online dictionary no longer knows about that table, analysing a log containing redo referencing it will result in lots of ‘unknown object’ references in v$logmnr_contents.  Generally, this would be a bad idea if you ever intended to analyse logs weeks or months in the past –but isn’t a bad idea for logs you know are quite recent, and when you are only tracking down DML.

3.3
DDL Tracking

Another new feature, designed to get around the problem of stale flat file dictionaries, is the ability of Log Miner, if it encounters DDL statements during an analysis, to apply those DDL statements to the flat file.  Hence, if you created a dictionary on Monday, then created 300 new tables on the Tuesday, there is no need to generate a new dictionary on Wednesday, provided that the analysis you perform on Wednesday includes the logs generated on Tuesday. 

(Note: if you include the dictionary within redo logs, then that dictionary can also be updated using the same procedure).

This feature is switched off by default (and that’s probably a good idea if the DDL on Tuesday included lots of ‘drop table’ statements!).

You switch it on by specifying a new option as follows: 

execute dbms_logmnr.start_logmnr(DICTIONARY_FILENAME=>’datadict.ora’ + DBMS_LOGMNR.DDL_DICT_TRACKING)

(Note the “+” sign there, used to concatenate multiple options).

3.4
Redo Log Corruptions

There’s also a new option in the start_logmnr procedure, called ‘SKIP_CORRUPTION’ that enables Log Miner to skip over pockets of corruption encountered within the logs being analysed.  In 8i, such corruption would have terminated the analysis abruptly (and still does so in 9i by default).

3.5
Distinguishing Committed Transactions

Redo Logs contain both committed and uncommitted transactions.  In 8i, distinguishing the committeds from the uncommitteds was a bit tricky, because the only thing tying a SQL Statement to its eventual commit was that both rows in v$logmnr_contents had the same Serial Number.  You were reduced, therefore, to issuing this sort of query:

select serial#, sql_redo from v$logmnr_contents where operation='UPDATE' and serial# in (select serial# from v$logmnr_contents where operation='COMMIT');

Now 9i natively includes a new option for the start_logmnr procedure, COMMITTED_DATA_ONLY, which groups transactions together by their serial number, and excludes any which don’t have a ‘committed’ identifier.  Note that this could be misleading: it’s possible to issue an Update statement whilst we’re in Log 103, and a commit once we’ve switched to Log 104.  If you only analyse Log 103 with this new option, that update will not be listed, because its matching commit is not included within the analysed log.

Note, too, that this does not cure the problem of how rolled back transactions look.  A rollback is as final as a commit (you can’t roll forward after issuing that command, after all!) and hence a statement issued in Log 103 and rolled back in Log 103 will still be listed, even with the COMMITTED_DATA_ONLY option set.

3.6
Reference by Primary Key

In 8i (and still by default in 9i), rows are referenced in the Redo Logs (and hence in v$logmnr_contents) by their ROWID.  

Unfortunately, 8i introduced the ability to ‘alter table move tablespace X’ –which physically relocates the table extents, and freshly inserts all rows, resulting in completely new ROWIDs for all the rows in that table.  It is an extremely useful command (it fixes up row migration a treat, for example), but if you were to analyse an old redo log and attempt to apply the contents of the sql_undo or sql_redo columns, you’d be stuffed big time, since none of the ROWIDs in the logs now match what the data actually has as its ROWIDs.

New in 9i is the ability to include the Primary Key within the redo stream (or indeed any combination of columns).  No matter where you move your table, the Primary Key for a record is likely to remain stable, and hence the sql_undo column becomes useable once more.

(Note, this can also help if you transport tablespaces, or wish to apply sql_undo from one database to the table as stored in another database).

To enable this functionality, you issue an ‘alter table’ command:

alter table emp add supplemental log group emp_group_1 (empno, last_name)

After this, *any* DML on the emp table will include the listed two columns, as well as the normal redo change vectors.  Note that the term ‘supplemental log group’ is rather misleading –it has nothing to do with the normal meaning of the term “redo log group”.  It simply means ‘additional bits of information to include in the redo stream’.

You can also set options like these at the database level, though clearly at that level you can’t list specific columns to be included!  Instead you’d issue a command like this:

Alter database add supplemental log data (PRIMARY KEY) columns

(And you could stick a “UNIQUE INDEX” clause in there instead, if you wanted).

Be careful with this: first off, any supplemental data in the redo stream will cause more redo to be generated, log switches to happen faster, and create potentially nasty performance impacts.  But it’s potentially worse with the Database-level Primary Key option: any table that doesn’t actually have a primary key defined will have ALL its columns logged.

If you use the UNIQUE INDEX option, then only tables with unique indexes are affected.  And DML on part of the record that isn’t included in a unique index generates no additional redo information.  Also, note that a table could have multiple unique indexes on it… in which case, it’s the oldest unique index that is affected.  If that index gets rebuilt, it’s no longer the oldest index.

3.7
GUI Log Miner

In 9i, Log Miner comes with a nice GUI interface, courtesy of Enterprise Manager.  It can be run in Standalone mode, or as part of the Management Server (things are rather easier if you go via the Management Server, however).

On Unix systems, you can start it with the command “oemapp lmviewer”.

Note that you must connect to the database with SYSDBA privileges before it will work (that’s not true of running it in command line mode).

Chapter 4 : Recovery Manager (RMAN)

RMAN has undergone an extensive revamp in 9i, resulting in a Backup and Recovery utility which is actually extremely useable –there is much less need for cooking up long scripts with a million and one syntax traps for the unwary.  Even better news is that the need for a Recovery Catalog is much diminished: RMAN now stores many persistent parameters within the Control File of the target database instead.

4.1
“Configure” options

A new ‘configure’ command allows a number of properties to be set once, and stored within the Control File of the target database.  Those properties then don’t need to be specified in your backup scripts, because RMAN will, at backup time, simply read the Control File and set them automatically.

Key configurable options are:

Retention Policy:
Specifies either a “recovery window”, a time period within which point-in-time recovery must be possible; or a level of redundancy for backup sets (i.e., a minimum number that must be kept, and excess ones can be deleted). [Default is Redundancy of 1].


Within RMAN, you’d issue the following sorts of commands:


Configure retention policy to recovery window of 5 days;


Configure retention policy to redundancy 7;


To remove old backups, issue the command ‘delete obsolete;’

Channel Allocation:
Channels do not now have to be specified: one is automatically allocated if not explicitly specified.  However, more complex backups might need more channels, and these can be configured as follows:


Configure channel 1 device type disk format ‘/somewhere/bk%U.bkp’;


You can specify several other attributes, apart from the ‘format’ one –such as ‘maxpiecesize’ or ‘rate’ (limiting the rate of backup to avoid i/o issues etc).

Paralellism:
A given device type can be configured for a degree of parallelism:


Configure device type DISK parallelism 2;
Configure device type SBT parallelism 3;

Default Devices:
For automated backups, you can configure a default device type to be used for the backup:


Configure default device type to SBT;


The default is of type ‘disk’.  ‘Disk’ and ‘sbt’ (i.e., tape) are the only allowed values.

Number of Copies:
Between 1 and 4 copies of a backup can be configured as the normal mode of operation (the default is 1, of course):


Configure datafile backup copies for device type disk to 2;
Configure archivelog backup copies for device type sbt to 3;


Note that datafiles and archive logs can have different numbers of copies specified.  Device types are still either ‘disk’ or ‘sbt’ (tape).

Exclusions:
Some tablespaces may be read only, offline, or otherwise not needed for backup.  You can configure RMAN to exclude such tablespaces from its backups with the command:

Configure exclude for tablespace query_ro;

(If you explicitly ask for the excluded tablespace to be included, it gets included).

Snapshot location:
You used to tell RMAN where to place a snapshot controlfile with the command ‘set snapshot controlfile to…’.  For consistency, that’s now become ‘configure snapshot controlfile name to….’.

Include Controlfiles:
By default, RMAN will not backup the Controlfile when backing up the database.  If you want it to, you issue the command:

Configure controlfile autobackup format for device type disk to ‘/somewhere/%F.bkp’;

Note that the “%F” variable there is mandatory.  It results in rather weird filenames for the backup, but this clear identification allows RMAN to restore it without a repository.

What all these configurations allow you to achieve is a simple means of backing up the database –and by simple, I mean a one-liner that reads “backup database”.  Nothing else needs to be specified at backup time, because the device types, parallelism, filenames and locations and so forth are all pre-defined in the target’s Control File.

(Incidentally, it’s even better than that: since many of these options have defaults, you don’t even need to configure them before being able to issue a one-line backup database command and have it work.  Issue the command ‘show all’ in RMAN to see what has been configured, and what is set to a default).

4.2
Customising Options

4.2.1
Keeping Backups

You may have a retention policy of a week, for example.  But once a month, you wish to take a backup which is to be retained until the next monthly super-backup –and you don’t want its existence to affect what RMAN will propose to delete as obsolete.

That can be achieved like this:

Backup database keep until time ’05-10-2001’;
or

Backup tablespace keep forever;

4.2.2
Mirroring Backups

Backup sets can be mirrored (or, rather, multiplexed), up to maximum of 4 copies per set.  This can’t be configured in the Control File, but must be set at run time, like this:

Run {

Set backup copies 3;

Backup database format ‘/here/bkp_%U.bkp’, ‘/there/bkp_%U.bkp’, ‘/somewhere/bkp_%U.bkp’;

}

If you have less destinations than the specified number of copies, then RMAN round-robins the listed destinations.  You still end up with the right number of copies, but one or more destinations will contain 2 of them (which is somewhat less than useful).

4.2.3
Skipping Unnecessary Files

What’s the point in backing up read only tablespaces?  None really –provided one master backup exists, it’s a waste of time to keep on backing up the same, unchanging, thing.

If you issue the command: configure backup optimization on;  then RMAN will not include any files whose SCN is the same as that contained in a previous back up made onto the same device type.  That’s only true of read only tablespaces, of course.

The same sorts of issues arise with backups of archive redo logs: since they are dead files, and do not change in content, why keep backing them up?  The same command causes them to be skipped on second and subsequent backups, too.

4.2.4
Restartable Backups

If you back up 100 datafiles, and then have a failure on file 101 at 1.15pm, why start the whole thing over from scratch, and re-backup the first 100 files?

Now you don’t have to.  Just issue the command:

backup database not backed up since time ’05-SEP-01 13:15:00’; 

…and those first 100 files will be skipped.  Effectively, you’ve got a backup process that can re-start from where it left off.

Incidentally, RMAN does much the same thing on restores.  If the file on tape is an exact match with the file already on disk as part of the live database, it won’t bother restoring it.  Imagine a restore job takes several hours, and half-way through, the tape drive fails.  Most of the database files were restored correctly, but a few weren’t: by default, when you restart the restore job, RMAN will not bother repeating the restore for the files that made it the first time.

4.2.5
Backing up Backups (!)

There is a legitimate need to take a copy of a backup set: for example, you backup to disk, because restores and recoveries from disk will be quicker than ones to tape.  But you can’t just keep backing up to disk, because it will run out of room.  Instead, you treat the disk as a staging area… as a new backup to disk is taken, the previous one is moved off onto tape.

The basic command to do this is:

Backup device type sbt backupset all;

…but (assuming a nightly backup, and room on disk for just one night’s backup) you could do this:

backup device type sbt backupset created before ‘sysdate-1’ delete input;

…and the ‘delete input’ bit ensures that the source backup set is removed from the disk, after being archived onto tape.

4.3
Reliability Enhancements

If you multiplex your archive logs, then during a backup job for archives, RMAN will read from the first destination, and gracefully fail over to the second if it encounters a log corruption problem.  This fail over continues as necessary until RMAN runs out of candidate destinations –at which point, it will signal an error and terminate the backup job.  In this way, RMAN is able to construct a single clean backup set from 5 partially-corrupted archive destinations.

RMAN can now also ‘delete input’ from ALL archive destinations, once a successful backup has been achieved.

Another nice feature: every backup job now causes RMAN to trigger a log switch, and a backup of the resulting archive.  That means an RMAN backup is about as up-to-date as it’s possible to get, and hence minimises the risk of data loss in the event of complete disaster.

If you are using the ‘backups of backups’ feature, RMAN will check the contents of the backup set or piece being backed up, and will ensure it contains no corruptions.  If it discovers a corruption, it will search for a multiplexed copy of that backup set or piece (see “mirroring backups” above), and try and use that instead.  Only if no valid pieces are available does the backup…backupset job fail.

4.4
Recovery at Block Level

New in RMAN is the ability to restore and recover individual blocks of a file, instead of the entire file.  This obviously makes restore and recover times much smaller, and also means that much more of the rest of the database is available for use by Users during recovery.

To achieve this, there’s a new BLOCKRECOVER command.  At this stage, you then have to list the complete addresses of the blocks to recover (i.e., file and block numbers), like this:

Block recover datafile 7 block 3 datafile 9 block 255 datafile 12 block 717,718;

…and so on.  That is obviously not the easiest thing to type in, and in future releases, it’s hoped to have the database tell RMAN directly what blocks need recovery.  Note the way you comma-separate contiguous arrays of block addresses within the one file, though –so that’s easier than having to repeat the same ‘datafile’ over and over again.

4.5
Trial Recovery

Have you ever got 9/10ths of the way through a recovery, only to hit some problem that prevents completion –and you’re now left with a database in Lord knows what state?  Well, in 9i you can now go through the motions of recovery without actually recovering anything –a Trial Recovery.  If it works, you know the real thing will work.  If it fails, at least you know the problems in advance, and there are new recovery options to at least do 99% of the job, and still leave the database in a readable state.

Note that this is a feature of the database engine, not of RMAN.  The ‘recover database…test’ command is issued from within SQL Plus, not RMAN (though you can get RMAN to do trial recoveries, too).

Trial Recoveries proceed exactly as normal recoveries do, but they don’t write any changes they make to disk.  That means you can append the “test” keyword to any normal recovery command. For example:

Recover database until cancel test;

Recover tablespace blah test;

Recover database using backup controlfile test;

…are all valid SQL commands, and not one of them actually does anything.

After a trial recovery, check the Alert Log to see if any problems were encountered.  If you get alerts about corrupt blocks, this is an indication that a proper recovery would also result in corrupt blocks (and, incidentally, fail in the process).  

Note that you can NOT open a database following a trial recovery, whether read-only or otherwise.  The process is designed merely to check that the redo stream that will be used in a proper recovery is sound, not to give you a chance to see what effects a particular recovery procedure would have on your data.  It is not, for example, a way of seeing whether an incomplete recovery to 10:03am actually succeeds in recovering an important table whereas one to 10:04 fails.

Having discovered (via the Alert Log) that a trial recovery corrupts (let us say) 9 data blocks that are determined to be in relatively insignificant tables, you can now also choose to perform real recovery with a new option that permits a degree of corruption to be introduced:

Recover database allow 9 corruption;

…for example, would allow a proper, real recovery to introduce 9 corrupt blocks into the database. 

There are significant restrictions on performing trial recoveries –the main ones being that the entire recovery must be able to complete in memory.  That basically means you need a large Buffer Cache (because nothing is written to disk, and hence we can’t flush buffers which have already been used to house recovered data blocks).  The other real drama is that if the redo stream contains instructions which would normally have updated the Control File (for example, a ‘create tablespace’ command), then the trial recovery grinds to a halt.

4.6
Miscellaneous Enhancements

The “Report” and “List” commands have been enhanced, mainly to become aware of the retention policy that can be configured (or to over-ride a configured retention policy).

For example: report need backup; is aware of a previously configured retention policy.  But a report need backup recovery window 8 days; ignores the configured retention policy, and lists those datafiles which need a backup to ensure a point-in-time recovery within the last 8 days.

There is a new SHOW command, that reports the various configured options (for example, ‘show retention policy’).

And a new CROSSCHECK command is used to ensure that the Control File (or catalog, if you are using one) is in synch. with what backup sets and pieces are actually available on disk or tape.  For example, if Junior DBA deletes a backup piece, then RMAN needs to be made aware of the fact.  CROSSCHECK allows RMAN to discover that the piece is missing, and to update its records accordingly.

The basic command is ‘crosscheck backup;’, but this can be elaborated to ensure a search on various types of media, or to perform the crosscheck with a degree of parallelism.

Any backup pieces found missing are marked as ‘EXPIRED’.  Any pieces found present and correct are marked as ‘AVAILABLE’.

Finally, a lot of effort has been made to tidy up the RMAN command line interface: it doesn’t report needlessly on a swathe of things, and the days of the totally incomprehensible error stack are behind us.  It’s also aware of the different block sizes it may encounter within the one database (see Chapter 14), and creates different backup sets for each block size encountered within the one backup job.

And if it isn’t already obvious, the default mode of operation is now to run WITHOUT a catalog, and the claim is that, because backups and recoveries are now simple one-line commands, there is no need for the scripting of old –and hence, a catalog is simply not particularly necessary.

Chapter 5 : Data Guard

“Data Guard” is the fancy 9i name given to significant enhancements to the Standby Database feature.  It is a mechanism and infrastructure that allows you to create standby databases which are, for example, guaranteed to be in complete synchronism with the primary database –and thus for there to be no possibility of the slightest data loss in the event of primary database failure.  Additionally, you might configure another standby database to always lag the primary one by, say, an hour –then if a User performs something stupid on the primary database (such as ‘drop table CUSTOMERS’!), you have an hour in which to detect the problem before the disaster is repeated on the standby.  If you spot the problem before the hour passes, you can activate the standby and thus avoid a potentially messy incomplete recovery on the primary database.

The other key enhancement that Data Guard brings is the possibility of repeated switching between the primary and the standby databases.  In all earlier versions of Oracle, failing over to the standby was a one-way, one-time operation: it meant the standby was now your new production database, and the old primary database had to be reconfigured to be the new standby.  Now, in 9i, you can flip back and forth between the two without the need to reconfigure each time.


5.1
Data Guard Broker

Underpinning the new functionality for standby databases is the new Data Guard Broker – a new background process (called, rather unfortunately if you ask me, DMON).  This process is responsible for monitoring the primary and standby databases, and making sure that the transfer of data between them is carried out automatically, and in such a way as to satisfy the data recoverability criteria you have specified (for example, whether a standby must lag the primary, or whether it must be in complete synchronism with it).

You configure the DMON process by either of two methods: use the GUI tool called Data Guard Manager (a component of OEM); or use a command line tool called dgmgrl.

DMON runs on both the primary and the standby databases, and that means that if one fails, you can still access it (and configure it) from the other(s) which are left functioning.

5.2
No Data Loss and No Data Divergence operating modes

Before plunging in to the 4 data protection modes offered by Data Guard, understand the difference between ‘no data loss’ and ‘no data divergence’.  

“No data loss” means that the standby is guaranteed to have available to it all the transactional information needed to recover 100% of committed transactions –but if, for some reason, we lose contact with the standby, and are thus unable to transmit further redo to it, we won’t panic.  Up to the point of losing contact with the standby, we are assured that all committed transactions on the primary database are also available on the standby.  After that point, however, the two databases go their separate ways: having lost the ability to transmit redo from one to the other, any new transactions on the primary database cannot be replicated on the standby, and thus we say that the two databases begin to ‘diverge’ from each other.

“No data divergence” is a tougher proposition altogether: it means that the standby is not allowed to ever diverge from the primary database –in other words, if we lose contact with the standby, we must not permit further transactions to take place on the primary database.  Implied in this is the idea that until the point of losing contact, all transactions performed on the primary database must have been transmitted to the standby –in other words, “no data divergence” implies “no data loss”.  But it’s stricter in that it also implies that failure to transmit primary database transactions must mean the primary database has to be locked down.  In fact, the approach Oracle takes in such circumstances is effective, but brutal: immediately the loss of connectivity is detected (by DMON), the primary database is simply shutdown!

Note that “no data divergence” does not mean that the standby has to be, always and forever, maintained as an identical copy of the primary database.  It’s perfectly legitimate for redo not to be applied to the standby (for whatever reason) –provided it’s actually available at the standby site to be applied when necessary.  Non-divergence means, in other words, the permanent ability to synchronise the two databases, not the actual degree of synchronisation between them at any one moment.

5.3
Data Protection Modes

Bearing all that in mind, there are 4 data protection modes in which Data Guard can be run.  They are, in descending order of assurance and severity:

1. Guaranteed Protection

2. Instant Protection

3. Rapid Protection           and

4. Delayed Protection

The last one there, Delayed Protection, is simply the old form of standby database: we don’t have “no data divergence” (because ARCH ships redo logs to the standby, and by definition, it can’t ship stuff that’s in the current redo log.  Hence the standby is always at least the current redo log behind the primary database).  What’s more, it isn’t even a “no data loss” proposition.  If the primary database completely blows up, the chance of shipping across the contents of the current redo log to the standby is slim at best, and therefore the transactions it contains must inevitably be regarded as lost.

That leaves us with the 3 new modes to worry about.

5.3.1
Guaranteed Protection

Basically, this is the “no data divergence” mode, and is therefore the strictest mode in which to operate Data Guard.  It, of course, guarantees that the Standby is able to be brought into complete synchronism with the primary database, and therefore also implies that in the event of the primary database dying, there is absolutely no data loss.

How does Data Guard ensure these two goals?  By the simple expedient of making the primary database’s LGWR process transport the redo stream to the Standby, not ARCH.  That means redo is shipped between the databases in real time, not with a delay induced by having to wait for a redo log to be archived.  With that new transport mechanism in place, we then specify the rule that LGWR must hear back from the Standby that the redo has been received and stored before it can consider the transaction committed on the primary database.

Clearly, in this mode, there is the possibility of dreadful performance degradation on the primary database.  Effectively, transactions don’t commit until all sorts of network messages are transmitted and received, and lots of writing work done on two (or more –it’s possible to have multiple standby databases, after all!) databases.  

However, the payback is that in this protection mode, you can be 100% guaranteed that the standby is a functional replacement for the primary.  If security of data is your thing, then the performance penalities associated with it are a price that’s probably worth paying.

5.3.2
Instant Protection

This is the “no data loss” mode.  Provided the primary and standby databases are always in contact with each other, we are guaranteed in the event of primary database failure that the standby has all required redo available to it to ensure that no data will be lost.  However, if connectivity between the two databases is lost for whatever reason (say someone slices through the network cable), then we simply stop transmitting redo to the standby, and yet permit transactions to continue being generated on the primary database –at which point, of course, the primary and the standby start to diverge from each other.

Once again, the “no data loss” promise must mean that we can’t rely on ARCH to ship the redo information to the standby.  Doing that would mean not being able to ship the contents of the current redo log –and that would imply potential data loss.  So again, in this mode, we must get LGWR to ship the redo direct to the standby –and again, LGWR is required to wait until it hears back from the standby that the redo has been received and written to disk.  In this respect, there’s no difference between instant and guaranteed protection modes.

The difference arises if LGWR is unable to transmit the redo at all to the standby: with instant protection, LGWR just stops attempting to transmit, but no further action is taken.  In guaranteed protection mode, the inability to transmit causes the primary database to be shutdown.

5.3.3
Rapid Protection

This is a sort of “we hope there’s no data loss” mode!  We again get LGWR to transmit the redo direct to the standby (actually, we get a LGWR slave process to do it, so that we don’t have to slow LGWR itself down), but there is no requirement to wait for confirmation that the redo has been received or written at the standby.  Provided we’ve sent it, we regard the matter as closed, and the transaction on the primary database is regarded as committed.

Particularly because we are using a LGWR slave process to do the transmitting, rather than LGWR itself, the performance impact on the primary database should be relatively slight –but the degree of protection provided is correspondingly much lower.  There’s no guarantee the redo stream traversed the network successfully, and therefore although it was sent, there’s no guarantee that it ever arrived at the standby.  That means we have no guarantee that we won’t have lost data if we ever need to switch over to the standby.

All three new protection modes, you’ll notice, rely on LGWR (or its slaves) doing the transmitting of redo to the standby.  The difference between them is whether the transmission is synchronous or asynchronous (do we, in other words, have to wait for a ‘redo received’ confirmation message back from the standby?).  There’s also the matter of whether we have to wait for a ‘redo applied’ message.  The following table might make the differences between the various modes clearer:

	Protection Mode
	Network Transmission
	Written to Standby Disks?
	Failure Resolution?

	Guaranteed
	SYNC
	AFFIRM
	Protect

	Instant
	SYNC
	AFFIRM
	Unprotect

	Rapid
	ASYNC
	NOAFFIRM
	Unprotect


The three critical columns there tell us:

1. Whether LGWR has to transmit the redo to the standby at the same time as it writes it into the primary database’s online redo logs (Network Transmission);
2. Whether LGWR has to wait for confirmation that the redo stream has actually been written to the standby’s disks (in rapid protection, for example, sending the data to the standby is enough.  But in either of the ‘no data loss’ modes, it’s obviously important to receive ‘affirmation’ that the writes have been successful).

3. What happens if LGWR is unable to transmit (Failure Resolution).  In guaranteed mode, we have to protect the standby database from divergence from the primary, by shutting the primary database down.  In Instant mode, we don’t particularly care that the two databases are diverging.

So that you know (though the course notes don’t mention it): when you run in Instant protection mode, and connectivity to the standby is lost, Oracle simply stops transmitting redo altogether.  The usual mechanism of ARCH generating archived redo logs continues to take place on the primary database, of course, and when connectivity is re-established, the Data Broker ensures that those archives are transmitted to the standby site, thus bringing it back up to date.  Once that’s been achieved, LGWR resumes transmitting as before.  Effectively, therefore, Oracle quietly slips into Delayed Protection mode (the old-fashioned sort of standby database mechanism).

It should be additionally mentioned that, in order that Instant Protection can live up to its promise of ‘no data loss’, it’s impossible to switch over to a standby that has been out of contact with the primary database and is thus divergent from it.  Only when connectivity is re-established and the two databases re-synchronised can switchover take place.

5.4
Configuring a Protection Mode

Selecting which of the modes to run in is a matter, mostly, of configuring the LOG_ARCHIVE_DEST_n init.ora parameters on the primary database.

Both Guaranteed and Instant Protection would be configured like this:

LOG_ARCHIVE_DEST_n=’SERVICE=dbs1 LGWR SYNC AFFIRM’

…which tells us LGWR is to do the shipping of redo, not ARCH; that it must do it synchronously; and that it must wait for confirmation of reception and saving of the redo on the standby database.

To distinguish Guaranteed from Instant Protection, you would additionally issue the following SQL command on the primary database, whilst that database is in the MOUNT state:

Alter database set standby database protected;

(Incidentally, there’s also a ‘set … unprotected’ option if you need to downgrade to Instant protection mode).

For Rapid protection mode, the init.ora parameter would look like this:

LOG_ARCHIVE_DEST_n=’SERVICE=dbs1 LGWR ASYNC NOAFFIRM’

…though ‘noaffirm’ is actually the default anyway, and therefore you wouldn’t necessarily need to set it explicitly.

5.5
Standby Redo Logs

There’s one aspect to this I haven’t mentioned yet: we know that ARCH writes redo into archived redo logs.  But LGWR writes redo into ‘ordinary’ redo logs.  If, therefore, we are now getting LGWR to transmit redo to a standby database, we have to have something which looks suspiciously like ‘ordinary’ redo logs available at the standby site into which it can write its redo information.

Enter a new standby database feature, the ‘standby redo log’.

You create these on the standby database using commands almost identical to the standard commands used to create ordinary online redo logs.  For example, whereas you’d normally create a new online log group with the command:

Alter database add logfile group 3 ‘/path/filename’ size 100m;

…so you’d create a standby redo log group with this command:

alter database add standby logfile group 3 ‘path/filename’ size 100m;

In other words, all the usual commands apply (including adding members to groups, for example) with the single addition of the keyword ‘standby’ into the syntax.

You should create such standby redo logs on the standby database, obviously –but also on the primary database.  Why?  Because the new idea in Data Guard is that it is relatively trivial to switch between primary and standby, back and forth –and therefore what is today the primary will perhaps soon be the standby.  Given this, it is useful to have the standby redo logs all set and ready to go on what is currently the primary database.  Until the switchover happens, though, they just sit there on the primary, doing nothing.

Be warned: just as the primary database can hang temporarily if you don’t have enough ordinary online redo log groups, and you cycle through them too quickly, so the standby database will have problems if you are transmitting redo to them too quickly and need to switch back to the first standby log group before its redo has been applied to the database.  What that means is that whilst you must, as a minimum, have at least as many standby redo log groups as online log groups at the primary, you probably want to have a few more groups, just in case.

If you are running in Guaranteed Protection mode (i.e., no data divergence allowed), and you recycle throught the standby log groups too quickly, the primary database will simply be shutdown without warning!  It’s therefore particularly important to make sure you have plenty of standby log groups available if you’re running in that protection mode.

5.6
Switching to the Standby

In the event that your primary database goes up in (metaphorical) smoke, you will want to switch over to the standby.  In all prior versions of Oracle, that process was known as “failover”, and was a fairly expensive option –it involved activating the standby, and in the process issuing a resetlogs (which therefore meant it was impossible to put the newly-activated standby back into standby mode). 

You can still take this approach if you want to –the ‘alter database activate standby database’ command is still available, and works just as it ever did.

But new in 9i is the ability to perform what is termed a ‘switchover’ (actually, the documentation calls it a ‘graceful switchover’, but that sounds a bit twee if you ask me!).  A switchover involves no resetlogs, and therefore switching back and forth is now possible, and becomes a much more viable way of –for example- quickly isolating the old primary whilst diagnostic work is performed on it.  Once the diagnosis is complete, you switch back, and the old primary is now the primary once again.

Switchover requires just a few things:

1. The primary must be shutdown cleanly (i.e., no shutdown aborts allowed).

2. All archives must be available to the standby

3. The primary’s online redo logs are available and intact

If all of that is true, then switch over is done as follows:

1. Get all Users off the primary.  You as the DBA must be the only active session.

Alter database commit to switchover to physical standby

Shutdown normal

Startup nomount 

Alter database mount standby database

On the standby, you then do the following:

Alter database commit to switchover to physical primary

Shutdown normal

Startup

At this point, you return to what used to be the primary database (i.e., the new standby) and put it into managed recovery mode: recover managed standby database.

5.7
Miscellaneous New Features

Some other features of Data Guard should be mentioned.  

5.7.1
Automatic Archive Gap Resolution

First is the ability to detect gaps in the redo stream at the standby site, and to automatically plug those gaps if possible.  “Missing” archive logs can be fetched either from the primary database or from any other standby database that is part of the Data Guard setup.

To achieve this, you configure two init.ora parameters on the standby database: FAL_CLIENT and FAL_SERVER (the “FAL” bit in their names stands for ‘fetch archive log’).  Both of these parameters are set to tnsnames.ora values, so you might see, for example, 

FAL_CLIENT=dbs1

FAL_SERVER=maindb1

Setting the FAL_SERVER is done on the standby database, not on the primary, as you might think.  It makes the standby database spawn a background process on the primary database to server missing archive logs as needed.  If you have multiple standbys, each with their own FAL_SERVER setting, then the one primary database could have multiple FAL background processes running, each dedicated to servicing archive log requests from their respective standbys.

A new view, V$ARCHIVE_GAP, is available to monitor whether there are archive gaps.

5.7.2
Background Managed Recovery Mode

Managed Recovery mode was a feature introduced with Oracle 8i.  It meant that shipping of redo across to the standby did not require user (i.e., DBA!) intervention, but would be handled automatically by ARCH on the primary database becoming, in effect, a user process requesting connection to the standby, and then handing off the redo stream to its own dedicated server process (which got a special process name –RFS- as a result).

All that was fine, and it was achieved by issuing the command recover managed standby database on the standby itself… at which point, your SQL Plus session on the standby database instantly froze, and stayed that way for ever.  If you ever shut that session down, automatic recovery of the standby stopped.

New in 9i is the ability to modify the command slightly: recover managed standby database disconnect from session. This causes your SQL Plus session to disconnect after having first created a brand new background process, called MPR, to handle the recovery process.  This frees up your foreground session to get on with anything else you want to perform.

5.7.3
Updating the Standby with a Delay

You can now specifically request that a specified standby database should be kept de-synchronised from the primary by a given number of minutes –in other words, whilst redo may have been shipped to the standby, it won’t be applied for the requested number of minutes.  

Be clear that this can therefore function perfectly well even in Guaranteed Protection mode… remember, that mode only states that transmission of the redo must not ever stop, not that the standby must always look exactly like the primary.

To achieve this, you specify the ‘DELAY’ attribute when configuring your primary’s LOG_ARCHIVE_DEST_n parameters.  For example:

LOG_ARCHIVE_DEST_1=’SERVICE=dbs1 DELAY 30’

…which would mean you were running in delayed protection mode, and requesting that archives shipped to the standby should not be applied for 30 minutes.

The idea here is that, because you can have multiple standby databases, one could be bang up-to-date for disaster recovery, whilst another could be 30 minutes behind, with another (say) 2 hours behind.  In the event that some awful User error occurs, you can locate one of the delayed standby databases, check whether the User error has not yet propagated to it (remember, since 8i, all standbys have been capable of being opened read only) –and if the error has not yet propagated that far, you could initiate a graceful switchover to that standby, thus avoiding the need to perform expensive incomplete recovery on the primary.

5.7.4
Parallel Recovery

By default, recovery on the standby is done by a single process.  If you’ve performed parallel DML on the primary, however, that potentially means that applying the transaction to the standby is going to take a lot longer than it took to do the original transaction on the primary.

Therefore, you can now issue this sort of command:

Recover managed standby database parallel 3;

…and the managed recovery process will still be responsible (alone) for reading the redo stream out of the archive logs, but it then hands the job of actually applying the redo to the database over to (in this case) 3 child processes.

Chapter 6 : Resource Manager

Resource Manager was a feature introduced with 8i.  It allowed the DBA to scale the CPU usage of Users, and to limit the degree of parallelism a User could invoke.  The aim was to prevent a User firing off a huge report or update that would bring the box to its knees and thus cause great inconvenience to other Users.

Two key enhancements have been made in 9i.  First is the concept of an Active Session Pool; and second, there are more things to scale and restrict than just CPU and parallelism.

6.1
Active Session Pools

Suppose in 8i you’d allowed the DSS consumer group 20% of CPU-.  There was nothing to prevent 300 members of the DSS group logging on simultaneously, and thus effectively swamping each other.

Now the DBA can restrict the number of concurrent sessions allowed, per consumer group.  Anyone from the same group requesting a database connection beyond this limit is simply queued until an existing session finishes.  This is known as an Active Session Pool.

Actually, it’s a bit subtler than that: they key word is “Active”.  Fred might well be allowed to connect, but his update statements are queued until Bob commits his earlier  transaction (once you commit, your Server process is deemed inactive).  Once Bob commits, Fred’s job is worked on… and Bob’s select statement is now queued until Fred (or someone else in the same consumer group) commits or rolls back, or finishes a query.

You set up active session pools during the creation of a Plan Directive with the parameter active_sess_pool_p1.  The default number of active sessions is 1,000,000 (earlier versions of the course material may indicate that the default is unlimited, but that’s been changed).

You can also specify a maximum time a job should queue, waiting to become active, before simply terminating with an error.  That’s done with a queueing_p1 parameter.  Again, the default is 1,000,000 seconds (not unlimited as some versions of the course material might indicate).

You can have some consumer groups limited in this way, and others not.  It’s very flexible.  In general, it would make far more sense to limit the lower groups in a plan, than the top groups (in other words, it is fairly pointless to give a group 100% of the CPU, and then to limit the number of people who can use that 100% -it’s rather defeating the purpose of giving them full whack on the server in the first place.  But for a group with only 20% CPU time, queuing up requests that would otherwise gobble up the limited resource you’ve given them makes a lot more sense).

6.2
New Resources to Control

There are two new things to scale or limit with a Plan Directive: Maximum Execution Time and the amount of Undo that a group can generate.  Both are attempts to prevent a member of a group from swamping a box with a large, long-running job, whatever their CPU cycles are limited to.

For the execution time to be restricted, you must be running the cost-based opimizer, since the Resource Manager uses the costs worked out during parsing to estimate the running time of the job.  With this limitation in mind, you need then only set the parameter max_estimated_exec_time in the Plan Directive for the limit then to be in place for members of the relevant group.

That parameter is measured in seconds, and the default is (once again) not the ‘unlimited’ shown in some versions of the documentation, but 1,000,000 seconds.If the Resource Manager determines that a job will take longer to complete than max_estimated_exec_time, the job simply refuses to start.

To restrict the amount of undo that a group can generate, you can now set the new Plan Directive parameter undo_pool for a particular group (or groups).  That prevents the entire group from generating more than the specified amount of undo.  When exceeded, no member of the group can execute any further DML statements (though selects, obviously, are unaffected).  Any currently-running DML will be terminated and rolled back.  The new parameter is measured in kilobytes, and the default is 1,000,000 kilobytes (i.e., 1 gigabyte) –not ‘unlimited’ as some versions of the course material may state.

Note that the 1Gb default is almost certainly ridiculously low –if you’re going to be using this feature, you’re likely to do so on huge, busy systems, for which 1Gb is likely to be unworkable.

The undo quota can be increased or decreased at any time, by using the dbms_resource_manager.update_plan_directive procedure, and specifying a new option, new_undo_pool.  If you use this to reduce a pool in size, such that the new size is smaller than the amount of undo already generated, then only the next session to generate undo will have its statements terminated.

Note, by the way, that this undo_pool quota is not cumulative –as soon as a transaction commits or rolls back, then the undo it generated is freed up.  Hence this parameter is designed to stop particularly long-running transactions, not a large number of relatively small ones, even though –in a cumulative sense- the total amount of undo generated in both scenarios might be the same.

6.3
Automatic Downgrading of Sessions

Again trying to avoid problems with one or two long-running transactions, there is now the ability for Resource Manager to automatically switch a user into a lower Consumer Group if their job has been running too long.  Three parameters control this behaviour:

switch_group 
:
The group to be switched to

switch_time 
:
The time a job runs before the session gets switched.  The default is 1,000,000 seconds, not unlimited as some versions of the course material state.

switch_estimate 
:
If TRUE, then the switch to a lower group will be done before the job starts, based on an estimate of the time it will take.  FALSE is the default: jobs will only switch groups when the switch_time is actually reached.

Once a session’s long running job has completed, it is switched back into its original group.

Also note that, for the purposes of determining whether to switch a group, the Resource Manager does not care about a session sitting idle waiting for user input, nor about one which has (by virtue of being in a low group to start with) is sitting there waiting to receive some CPU cycles from groups higher in the Directive.  Only actual active, resource-consuming time is counted.

6.4
Demo

1. 
Create the Pending Area:

execute dbms_resource_manager.create_pending_area()
2.
Create the Plan:
execute dbms_resource_manager.create_plan (PLAN => ‘PLAN1’,Comment => ‘Test Plan’)

3.
Create two Groups:
execute dbms_resource_manager.create_consumer_group(consumer_group=>’OLTP’, comment=> ‘OLTP Group’)
execute dbms_resource_manager.create_consumer_group(consumer_group=>’DSS’, comment=> ‘DSS Group’)


4.
Create Plan Directive for OLTP:
execute dbms_resource_manager.create_plan_directive(PLAN=>’PLAN1’, GROUP_OR_SUBPLAN=>’OLTP’,comment=>’OLTP Sessions’,CPU_p1=>80,SWITCH_GROUP=>’DSS’, SWITCH_TIME=>3, SWITCH_ESTIMATE=>TRUE,UNDO_POOL=>5)


Note: Any job that runs for more than 3 seconds will switch into the DSS group.  Any job generating more than 5K of rollback will terminate.  These are deliberately ridiculously low settings, for the purposes of demonstration only.

5.
Create Plan Directive for DSS:
execute dbms_resource_manager.create_plan_directive(PLAN=>’PLAN1’, GROUP_OR_SUBPLAN=>’DSS’,comment=>’DSS Sessions’,CPU_p2=>100, ACTIVE_SESS_POOL_P1=>1,QUEUEING_P1=>5, MAX_EST_EXEC_TIME=>5)

Note: Only one active session allowed in this group, and any subsequent session that waits longer than 5 seconds will have its job terminated.  Any job that is estimated to take longer than 5 seconds is not allowed to start.  Again, these are ridiculously low settings for the purpose of demonstration only.
6.
Create Plan Directive for ‘OTHER’:

execute dbms_resource_manager.create_plan_directive(PLAN=>’PLAN1’, GROUP_OR_SUBPLAN=>’OTHER_GROUPS’,comment=>’Mandatory Catch-All’, CPU_p3=>100)


7.
Validate and submit the Plan:

execute dbms_resource_manager.validate_pending_area()
execute dbms_resource_manager.submit_pending_area()

NOTE TO MYSELF:  What I want to do is now to create a couple of Users, Owen and Denis (OLTP, DSS!!), assign them to the relevant groups, put the database into using the PLAN1 plan, and then demonstrate that (for example) Denis can log on twice, but if he starts something in one session, his other session hangs, then the job fails.  But I don’t know the syntax, and need to plug it in here later.

Chapter 7 : Online Operations

There are a number of things we have to do as DBAs which have traditionally either taken the entire system down to complete, or have locked Users out from doing their normal DML work.  Oracle 9i has tried to reduce the impact of these operations by making them possible to do ‘online’ –i.e., whilst the database is up, and whilst Users are performing their usual jobs.

7.1
Indexes

Online Index rebuilds were actually introduced in 8i, but they have now been extended to include reverse key indexes, function-based indexes, and indexes which have been compressed.  You still cannot perform an online rebuild of bitmap indexes, nor of various partitioned indexes.

During an online rebuild (or, indeed, a create) of an Index, a temporary IOT acts as a journaling table: DML performed against the base table which affects the index is stored here (note: the DML on the table is applied to the table itself perfectly ordinarily: it’s the index changes which are journalled).  When the new index is ready, the journal table is read, and its record of changes are applied to the new index.  Throughout, the User is able to perform all DML against the base table without interruption.  Moreover, the User continues to be able to use the original index for the purposes of querying the table.

All that is needed to access this functionality is to append the ‘ONLINE’ keyword to the usual ‘create index’ or ‘alter index…rebuild’ commands.

7.2
IOTs

IOTs have been able to have secondary indexes built on them since 8i.  Those secondary indexes can now also be created and rebuilt online, like any other b-tree index.  Once again, you access this functionality by appending the ‘ONLINE’ keyword to the standard ‘create index’ or alter index…rebuild’ commands.

Note, too, that you have been able to coalesce indexes since Oracle 8i (a fairly light-weight reorganisation, involving the merging of adjacent, nearly-empty leaf nodes, without the need for a complete rebuild and the concomitant table locks).  That functionality is now also extended to IOTs, so that the command ‘alter table blah_iot coalesce’ is now possible.  It’s an inherently online operation (and always was so, even in 8i), and hence the ‘online’ keyword is not specified.

Be aware that a bug in 9.0.0 prevents coalescing of IOTs which contain an active transaction (fixed in 9.0.1).

Secondary indexes on IOTs contain the key column, plus a UROWID –which is a guess at the location of the row in the main IOT itself.  It’s only a guess, because Index structures of any sort are liable to block splits, and hence the thing being pointed at in the secondary index can change location –and hence not be precisely where the secondary index thinks it should be.  Over time, performance degrades for these secondary indexes as their ‘guesses’ become progressively more and more out of date.

A new command has therefore been introduced: alter index blah update block references …and that causes the secondary index to have a fresh look at the main IOT, and update its UROWID entries with new values.

Indexes get flabby over time, and need to be rebuilt to keep them in shape.  IOTs are index structures –so the same applies to them.  For indexes, we have the ‘rebuild [online]’ command to achieve this.  For IOTs, because they are fundamentally tables which just happen to be organised like indexes, there has been (since 8i) the ‘move tablespace’ command.  Now, in 9i, there’s the ‘move online tablespace’ version, allowing the IOT to be re-organized into a more efficient segment without disrupting Users too much.  Hence: alter table blah_iot move online tablespace X.  (And, of course, “X” there doesn’t have to be a brand new tablespace, but can be the name of the tablespace in which the IOT already exists).

7.3
Tables

Performing DDL on a table has always previously resulted in exclusive table locks being taken –thus preventing any User from performing any DML on that table until the DDL operation was finished (I’m thinking here of things like adding a new column, dropping columns, changing from IOT to heap or back again, renaming columns and so on).  Not any more: 9i now allows these operations to be performed online, with one slight drawback: the syntax involved is tricky, since it all depends on packages and procedures being used to do the re-organisation.

The only requirement for an online table DLL to work is that the table in question MUST have a primary key defined.

There’s a new package/procedure to call to determine whether a table can be altered online: dbms_redefinition.can_redef_table(‘schema’,’table name’)
If that doesn’t report any errors, then you can proceed with the next steps.

First, create a new table that looks like what you want the original table to be when the redefinition process is over (i.e., create it with extra columns, or with new storage parameters and so on).  This is a ‘holding table’ which will eventually be swapped with the original.  It must not contain any data –we are interested merely in its definition.  The holding table must exist within the same schema as the original one being modified.

Second, run the new dbms_redefinition.start_redef_table package/procedure to describe the real table, its holding table counterpart, and any column mapping information needed.

For example:

Execute dbms_redefinition.start_redef_table (‘scott’,’emp’,’holding_emp’, –

‘EMPNO EMPLOYEE_NO’, -

‘ENAME ENAME’, -

‘MGR MANAGER_NO’

…and so on…)

Note here how two columns are being re-named, but one of them isn’t.  

At the end of the process, execute the …finish_redef_table procedure, supplying the schema, the original table name and the holding table name as the parameters. 


7.4
Simple Demo

SQL> connect scott/tiger@HJR

Connected.

SQL> create table r_test(

  2  col1 char(5) constraint r_test_pk primary key,

  3  col2 number(7,2));

Table created.

SQL> insert into r_test values ('aaaa',1238.90);

SQL> insert into r_test values ('bbbb',4329.30);

SQL> commit;

SQL> select * from r_test;

COL1        COL2                                                                

----- ----------                                                                

aaaa      1238.9                                                                

bbbb      4329.3                                                                
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SQL> create table rtest_hold(

  2  dept_code char(5),

  3  salary number(7,2));

Table created.

SQL> execute dbms_redefinition.can_redef_table('SCOTT','R_TEST')

PL/SQL procedure successfully completed.

SQL> execute dbms_redefinition.start_redef_table( -

> 'SCOTT','R_TEST','RTEST_HOLD', -

> 'upper(col1) dept_code,-

>  col2 salary')

PL/SQL procedure successfully completed.

SQL> execute dbms_redefinition.finish_redef_table('SCOTT','R_TEST','RTEST_HOLD')

PL/SQL procedure successfully completed.

SQL> select * from r_test;

DEPT_     SALARY                                                                

----- ----------                                                                

AAAA      1238.9                                                                

BBBB      4329.3                                                                

SQL> drop table rtest_hold;

Table dropped.

SQL> desc r_test;

 Name                                      Null?    Type

 ----------------------------------------- -------- ----------------------------

 DEPT_CODE                                          CHAR(5)

 SALARY                                             NUMBER(7,2)

There are some nasties to watch out for when doing this.

Firstly, any constraints that exist on the original table must be defined on the holding table, too, if you want them to be there at the end of the exercise.  But, since this is all taking place in the one schema, if you were to name your primary or key constraints for the holding table the same as on the real table, the indexes that get created when such constraints are created would end up with the same name… so the constraint names must be different.  (Incidentally, if you’ve any triggers or secondary indexes on the original table, they must be created on the holding table, too.  Again, this means Index names change).

Second, any foreign key constraints you want preserved also have to be created on the holding table –but they must be set to be DISABLED (they get automatically enabled at the end of the process).

Third, the mechanism Oracle uses to make this all happens appears to be a materialized view.  The trouble is, you can’t (as of 9.0.1) redefine a table on which a legitimate materialized view has been created (it produces an ORA-12091 error if you try it).  That might not be a problem, except that the entire redefinition process starts by taking a snapshot (i.e., a materialized view) of the original table.  What that means is that if anything goes wrong with the redefinition (perhaps a syntax error in line 128 of the start_redef procedure script), a materialized view has already been created on the source table.  And what that means is that a second attempt at redefinition, with the syntax fixed up, fails for the 12091 reason.

And none of that would matter if you could drop the spurious materialized view the procedure started of creating –but you can’t.  It’s not listed in dba_mviews, for example.  

So either it works, or it doesn’t –but there’s no second chances.  EXCEPT that there is an ‘abort_redef_table’ procedure which accepts the usual 3 parameters (schema, original table name, holding table name), and which “pops the stack” and allows a second go.

Fourth –you must end the redefinition process with the finish_redef_table procedure, which requires you to restate the schema, original table name and holding table name as calling parameters.

Fifth, any DML being applied to the original table during this entire process is being recorded in a journaling table, and will be applied to the resulting table –but if there’s vast amounts of DML involved, then you ought to use the sync_interim_table procedure to periodically keep the interim table up-to-date with the changes being made.

7.5
Online Table Redefinition Restrictions

Tables that do not have a primary key are not supported (I imagine that this is because any on-going DML is logged in an Index Organised Table, which can only be created with a primary key).

Any faintly exotic data types are suspect –for example, data types you’ve defined yourself, bfiles and longs (LOBS are OK) and can’t be re-defined online.

Your new table gets all of the rows in the original table –there’s no facility to stick a where clause in, and only get a subset of them.

And, finally, any new columns added to the table are obviously not going to have any source data in the original table –so, were you to try and define such columns (on the holding table) as NOT NULL, you can expect the thing to fail.

Although the exercise for this Chapter indicates that you can apply a function to a column as part of the redefinition (the one they use is ‘upper(column_name)’) I’ve been unable to make this work when the column concerned is the Primary Key of the table.  It works fine when it’s any other column, though.

7.6
Online Table Redefinition Summary

An excellent, but rather fiddly, tool that is of particular use when taking a monolithic heap table and deciding to partition it (the definition of the holding table can include instructions to partition, for example).

7.7
Quiescing the Database

For successful maintenance, DBAs often don’t want Users hanging around the system, doing bits of DML or DDL during the maintenance operation.  In the past, there’s been two approaches: open the database read only, and hope that the operations you the DBA wish to perform don’t involve DDL or DML; or switch the system into Restricted Session mode, in which case anyone already in (or with restricted session privilege) could perform any of their normal tasks, including full-blown DML or DDL).

That last option further required you either to manually kill off existing sessions, or to go to the extreme of shutting down and starting up fresh in restricted session mode.

Now in 9i is another alternative: putting the database into a quiesced state.  That means it’s fully open, and no User sessions need to be killed off.  No new sessions can connect whilst the database is quiesced state.  Any existing sessions appear to hang when their next select statement or transaction is issued  –unless you are a DBA, in which case, you can behave perfectly normally, and carry out anything you like.

This has the added benefit that, since there is no shutdown, the library and buffer caches don’t re-start completely empty… you therefore get the benefit of cached information being retained.

The new functionality requires just one command: alter system quiesce restricted.  

To come out of quiesced state, you just issue the command: alter system unquiesce.

Any transactions still underway when this command is issued is allowed to complete before the alter system command is accepted (that means the DBA session will appear to hang until the User(s) issues a commit or rollback command and terminates their own transaction).  Meanwhile, no new transactions are allowed to start.

BUT: there is one potential big drawback here.  The quiescing only works when Resource Manager is used, since it is the new active session pool feature that makes the magic work (by the simple expedient of setting all active session pools to zero).

Using the new functionality is slightly unnerving for demo purposes.  If you have two sessions open, one as Scott and one as System, either one or the other will appear to hang catastrophically.  For example, if System quiesces the database, Scott’s SQL Plus session started after that time will simply appear to hang.  Alternatively, if Scott is in the middle of an update, when system issues the command to quiesce, it is System’s session that just hangs.  It’s all very black and white, but extremely effective: so be prepared!

7.8
The SPFILE

If the Oracle database is ever to become self-tuning, then there must be a mechanism whereby Oracle can itself store, persistently, parameters that affect performance (such as shared_pool_size, etc).  Editing a text file (which is all init.ora is, after all) is not really an option here –there are too many possible sources of error and conflict.  Hence there is a need for a binary version of the control file which Oracle can itself manage and update as needed.

This is exactly what the spfile is: it’s a binary version of the init.ora, used by Oracle itself in preference to an old-fashioned init.ora (though it will use that if asked), and maintained by Oracle whenever the DBA alters a parameter with an ‘alter system’ command.  That makes ‘alter system’ commands persistent across Instance shutdowns.

That sort of functionality is the bare minimum of what is needed to make a database self-tuning.  Oracle 9i is NOT self-tuning –but it’s getting there, and without the spfile, we wouldn’t even be able to take the first step.

By default, the spfile is located in $ORACLE_HOME/dbs, and has a name of spfile<SID>.ora (not what may be shown on some slides in some versions of the course material).

The spfile has to be created from an existing init.ora, with the command create spfile from pfile.  If you wish, you can specify either file with a complete path and filename.  For example, create spfile=D:\spfileHJR.ora from pfile=C:\initHJR.ora.  (You can also do the reverse, create an init.ora from an spfile.  Just reverse the syntax as appropriate).

This command will fail if the Instance already running was itself started by using an spfile, and the spfile you are trying to create would over-write the one already being used.

We used to use v$parameter to see what parameter settings were in use during the lifetime of an Instance.  That’s still available, but there’s also a completely new view, v$spparameter, to show what is set within the spfile.


The potential presence of an spfile has an interesting side-effect for ‘alter system’ commands.  If you, for example, issue an ‘alter system set archive_log_start=true’, do you mean that to be true only for the lifetime of the Instance (i.e., it only affects the current memory structures)?; or do you want to get the spfile updated so that it is automatically true for future restarts?; or do you mean both, the current Instance and all future ones?

Accordingly, all ‘alter system’ commands now have an extra option, “SCOPE”, which can be set to MEMORY, SPFILE or BOTH.  If you are already using an spfile, then BOTH is the default.  If you are using an old-fashioned init.ora, then MEMORY is the default (which is, in effect, exactly what happened in earlier versions of Oracle).

So, for example, we now have:

alter system set open_cursors=400 comment = ‘adjusted by HJR 17/9/01’ scope=both

… and the ‘comment’ entry there allows you to include some form of explanation or change control within the spfile, which is a nice feature.

The order of events at startup have changed to accommodate the possible presence of an spfile.  If you simply type the one word ‘startup’ having connected, Oracle will first look for an spfile<SID>.ora in the default directory.  Second, it will look for a generic spfile.ora in the default directory.  Third,  it will look for the old-fashioned init<SID>.ora in the default directory.

If you wish to place your spfile in a non-default directory, you can do so, provided that you leave an init<SID>.ora behind in the default directory, containing the single parameter ‘spfile=/new_directory/name_of_spfile’.

And finally, having been asked many times over the years ‘how do you know what init.ora was used to start up an Instance’, there is now an answer of sorts: the command ‘show parameter spfile’ will list the full path and filename of the spfile that was used to start the Instance.  It will contain (probably) a “$” and an “@” symbol… these stand, respectively, for $ORACLE_HOME and $ORACLE_SID.

Just one slight thing to bear in mind: any working with spfiles at all (such as creating them from an init.ora, or exporting an init.ora from one) requires you to be logged on with SYSDBA privileges.

Chapter 8 : Segment Management (Part 1)

8.1
Partition Management

You’ve been able to partition a table since Oracle 8.0.  For each partition, you could build indexes that were themselves partitioned (in the right circumstances, this yielded one index partition per table partition –and such a one-to-one correspondence meant the index was known as a ‘local’ index).  Or you could choose to create indexes which were not partitioned on the same basis as the table –resulting in a partitioned index segment, called a ‘global’ index, each partition of which does not correspond to the table partitions.

If you performed DDL on a table partition, corresponding local indexes were (and still are) marked ‘unusable’, and need to be rebuilt.  That’s not a major drama –the point of partitioning the index in the first place is that the local partitions are relatively small.

But the same DDL would render the entire global index on the partitioned table unusable –simply because although you only DDL’d a small piece of the partitioned table, there could be bits all over the global index referencing that small piece.  Rebuilding a global index is no fun: by definition, almost, it’s likely to be large, and the rebuild will take a long time.

To eliminate this as a problem, 9i introduces the ‘alter table… update global indexes’ syntax, which updates  the global index on a partitioned table as the DDL on the table itself is performed.  The advantages are obvious.  So should the disadvantages be!  Basically, the DDL command (which used to take a matter of moments to complete, because you were making one or two changes to the data dictionary) now take (potentially) ages to complete because they have to issue a stream of DML statements against the underlying indexes.  Fortunately, a degree of parallelism can be specified as part of the ‘update global indexes’ clause, which can minimise this problem.

This new feature works with the following partitioning DDL commands: SPLIT, MERGE, ADD, COALESCE, MOVE, ADD, DROP, TRUNCATE, EXCHANGE.  Parallelism can be specified only for DROP, TRUNCATE and EXCHANGE.

This feature will NOT work if you’ve got global reverse key indexes, or (heaven forbid) bitmap indexes.  And (unsurprisingly, given the syntax) no local indexes can be updated by the command.

Be warned that the updates to the indexes are logged operations, and this cannot be altered.  The production of redo (not to mention the row scanning that is required) makes these operations significantly slower than their non-updating cousins –and the slow-down experienced with the ‘exchange partition’ command is a particular disadvantage of the new feature.  What’s more, updating an index can result in block splits and so on, resulting in flabby global indexes at the end of the operation: so you may want, instead, to consider simply rebuilding such indexes from scratch as in the old days.

8.2
New List Partitioning Method

Oracle 8.0 introduced Range Partitioning.  Oracle 8i introduced Hash Partitioning (and, in conjunction with Range Partitioning, Composite Partitioning).

Oracle 9i introduces the List Partition method, whereby you partition on the basis that the partitioning column is contained within some supplied string.  For example, 

.…partition by list (state) …

partition Eastern_Australia values (‘NSW’,’QLD’,’VIC’), 

partition Western_Australia values (‘WA’,’NT’,’SA’,NULL)

Note that in this simple example, there is no possibility of correctly placing a state such as ‘TAS’.  It’s not in the lists of “approved” values, and there is currently no ‘catch all’ partition available with this method (like there is with maxvalues on a range partition), though they’re promising it for a later release.

Also note the inclusion of a ‘NULL’ value in the second list: there can only be one such value when you partition (in other words, if you have 8 possible partitions, you can’t include the NULL keyword 8 times, just the once).  What’s more, NULL does not have quotes around it.

8.2.1
Adding List Partitions

You can add to the available partitions, provided that the new list of values does not duplicate any of the values already listed.  Continuing the previous example:

Alter table customers

Add partition Other_Australia values (‘TAS’,’ACT’)

…and you could specify a particular tablespace for that new partition, together with a storage clause and a nologging attribute and so on.  Be aware that there’s an exclusive table lock taken on the entire partition table when a new partition is added in this way (though since all you’re doing is a quick bit of DDL, it shouldn’t take long).  Also be aware that if there are any local partition indexes on the original table, the above command will cause a new partition for that index to be created automatically.  Again, this is a fast operation: all new List Partitions start off (obviously, if you think about it) empty, so there’s no real data hanging around to slow these procedures down.

8.2.2
Merging List Partitions

You can reduce the number of List Partitions by merging two of them (you can only do this two at a time).  Any two partitions will do: List Partitions have no intrinsic order, so there’s no concept of them having to be “adjacent”, as there is with merging Range Partitions.

The command is:

Alter table customers

Merge partitions Western_Australia, Other_Australia into partition Non-East_Australia

The values list for the new partition will be a concatenation (technically, a union) of the two original partitions.  Note that all global indexes on the table will be rendered unusable after this command, and will need to be rebuilt (unless you use the new ‘update global indexes’ command, or unless the two partitions being merged have no data in them –so if you’re demonstrating this, make sure that the table has had some data inserted before attempting the merge).

8.2.3
Splitting List Partitions

An existing Partition might be growing too big, so you want to split it into two smaller pieces.  Following our earlier example, you might want to split, say, Eastern_Australia into Northern_Australia and Southern_Australia.

Recall that, at present, Eastern_Australia is based upon list values ‘NSW’,’QLD’ and ‘VIC’.

The command to split this partition would be:

Alter table customers

Split partition Eastern_Australia

Values (‘QLD’)

Into

(Partition Northern_Australia, partition Southern_Australia);

…and Northern_Australia will now only contain entires for Queensland.  The rows for the other two states will be moved into the Southern_Australia partition.

In other words, the list of values provided here defines what goes into the first partition.  What is left goes into the second one.  Obviously, the “values” listed here must actually be relevant to the partition being split (you couldn’t have got away with, for example, an “ACT” value, because that wasn’t one of the values applicable to the Eastern_Australia partition in the first place).  In other words, you can’t use this command to add in new partitioning values –that’s a separate job (see below).

Splitting a partition invalidates global indexes, unless the new ‘update global indexes’ clause is used.  Local indexes are automatically split for you, each index acquiring the name of the table partitions being created.

8.2.4
Modifying List Partitions

You might need to add extra values to the partitioning list for an existing partition (i.e., keep the same number of partitions, but make one of them the home for new entries based on an addition to the list of partitioning values).

For obvious reasons, you can’t get rid of partitioning entries from a list –where would rows that possess the value in question go to?  In fact, you can subtract from list values, but only provided that no existing rows already use that value.

When you add values, you must make sure you aren’t duplicating values already specified for other partitions (Oracle will throw an error if you get it wrong).

When you delete values, an error will be thrown if any existing rows use that value (you can always delete those rows first, of course).  What’s more, you can’t delete all values from the list –at least one must be left behind, otherwise an error will be thrown.  If you are trying to delete all list values, you probably want to use ‘alter table X drop partition Y’ instead.
8.2.5
List Partitioning Restrictions

You can only List Partition normal heap tables –IOTs and Clusters are not on.

The list of values for each partition must be unique –in other words, a single value can not be included in the list for more than one partition.

The list of values for any one partition can be no longer than 4K long.

And the biggest potential restriction of all: the partitioning key can only consist of a single column.  You are not allowed to List Partition on concatenated columns.

8.3 Extracting DDL from the Database

There is frequently a need to be able to extract the string of DDL statements that would, in effect, re-create a database, but this has been rather hard to do.  With earlier versions of Oracle, you had to resort to things like the INDEXFILE parameter of an import (but that left out things like triggers and procedures), or do a SHOW=Y during import (but that resulted in a spool file requiring massive editing).

So, new to 9i, is the DBMS_METADATA package that allows easy, programmatic access to the entire DDL stream necessary to recreate particular objects, schemas or the entire database.

A simple example might be:

Select dbms_metadata.get_ddl(‘TABLE’,’EMP’) from dual;

…which outputs the following when connected as Scott, via SQL Plus:

DBMS_METADATA.GET_DDL('TABLE','EMP')

------------------------------------

  CREATE TABLE "SCOTT"."EMP"

   (    "EMPNO" NUMBER(4,0),

        "ENAME" VARCHAR2(10),

…at which point you notice that it doesn’t list all columns in the table, but truncates the output at the 80th column.  This is a limitation in SQL Plus.  If you were doing this within PL/SQL, and outputting to a spool file, it wouldn’t be a problem.  There is, however, a workaround for SQL Plus in any case: issue the command

set long 2000 

(or some other suitable value), and SQL Plus will be able to display up to 2000 characters of the output, rather than its default 80.

8.4 External Tables.








If you receive a text file from an external source which needs to be loaded into your database, chances are that you will load it first (using SQL Loader, probably) into some sort of staging table.  From there, you might load it into a second table from within the database (create table X as select * from Y).  That now allows you to massage and clean the data in table Y (and if anything goes wrong, you can truncate table Y and reload from table X).  Finally, when it is all ready, you can load from table Y into the table you really wanted to load the data into all along.

Frankly, that’s all a bit of a mess.  There’s lots of tables floating around the place, and (potentially) multiple versions of the data.

In 9i, you can now attach the external data source itself to the database, directly.  You treat that external data as though it were an ordinary table (although it is read only and no indexes are allowed on it) –so you can join it with other tables, for example.  That means you can then load into your real table directly, without ever having to load the text data into a staging table first.

If the final load is so massive, however, that indexes on the staging data would improve things dramatically, then traditional SQL Loader techniques probably remain the best option.

Note that no-one in their right minds would actually run a database with a permanently attached external table.  It’s designed for data transformation and loading purposes only: it’s strictly temporary (or is meant to be, at any rate).

The trick that 9i pulls off to make this functionality to work is to essentially run SQL Loader ‘under the hood’ and on-demand.  Eventually, it is hoped to have various “access drivers” (which give you access to the external data), but at the moment SQL Loader is the only one that works and is supported.

The definition of an external table therefore looks suspiciously similar to an old-fashioned SQL Loader control file:

Create table external_cust (

Cust_code number,

Cust_name char(5))

Organization external

(type oracle_loader

default directory dir_name

access parameters

  (records delimited by newline

  fields terminated by ‘,’

  badfile ‘bad_cust_ext’

  logfile ‘log_cust_ext’

  missing fields are null)

location (‘textfile.txt’))

parallel 5;

“Organization external” is the key word to indicate that this is a table that takes its rows from outside the database.  “Type oracle_loader” is where we specify the access driver, and currently ‘oracle_loader’ is the only supported access driver.

The “default directory” is a reference to a directory data type, created previously, wherein the data files are to be found (and where the bad file and log file etc are to be created).  Whoever is creating this table needs read and write directory privileges to be granted (those are Oracle privileges, but the O/S privileges need watching, too).  Creating a directory is done with the command: 

create [or replace] directory blah as ‘c:\somewhere’

The access parameters should be generally familiar as, broadly speaking, traditional SQL Loader control file terminology.

“Location” is the name of the data file itself (note that the directory has already been specified with the ‘default directory’ line).

Finally, note that you can specify a degree of parallelism for reading the data (probably a good idea), regardless of how many text files there are to attach.  Parallelism is, in other words, otained via multiple server processes doing the reading of the data, not by splitting the file up into multiple pieces.

8.4.1
Demo

Given the following CSV external data source, stored in the /home4/teach17 directory:

7369,SMITH,CLERK,7902,17-DEC-80,800,20

7499,ALLEN,SALESMAN,7698,20-FEB-81,1600,300,30

7521,WARD,SALESMAN,7698,22-FEB-81,1250,500,30

7566,JONES,MANAGER,7839,02-APR-81,2975,,20

7654,MARTIN,SALESMAN,7698,28-SEP-81,1250,1400,30

7698,BLAKE,MANAGER,7839,01-MAY-81,2850,,30

7782,CLARK,MANAGER,7839,09-JUN-81,2450,,10

7788,SCOTT,ANALYST,7566,19-APR-87,3000,,20

7839,KING,PRESIDENT,,17-NOV-81,5000,,10

7844,TURNER,SALESMAN,7698,08-SEP-81,1500,0,30

7876,ADAMS,CLERK,7788,23-MAY-87,1100,,20

We issue the following commands:

Create directory blah as ‘/home4/teach17’

Followed by…

Create table external_emp (

  EMPNO     NUMBER(4),

  ENAME     VARCHAR2(10),

  JOB       VARCHAR2(9),

  MGR       NUMBER(4),

  HIREDATE  DATE,

  SAL       NUMBER(7,2),

  COMM      NUMBER(7,2),

  DEPTNO    NUMBER(2))

Organization external

  (type oracle_loader

   default directory BLAH

   access parameters  (records delimited by newline

                       fields terminated by ‘,’)

location (‘extemp.txt’))

reject limit 1000;

We then select * from external_emp, and the data is displayed as normal.

You might demonstrate, too, that dropping external_emp merely drops the definition of the table, not the external datafile itself.

Incidentally, you might point out that the slide on 8-30 which claims you can state ‘missing fields are null’ is incorrect.  Put that in the above syntax, and the thing fails to work.  The syntax must have changed between the beta and 9.0.1, but I don’t know the correct form yet.

Chapter 9 : Segment Management (Part 2)

9.1 Automatic Segment Space Management

Whenever a User performs, say, an insert of a new record, Oracle must have some mechanism to determine precisely into which block the new record is going to be physically placed.  In all earlier versions of Oracle, that mechanism is the free list.  A block is either on the free list (i.e., available for new inserts), or off it –and it is in setting PCTFREE and PCTUSED that you influence how quickly it goes on or off the free list.

There’s your first problem: getting PCTFREE ‘right’ is a tricky business –and getting it wrong can lead to immediate performance problems as rows migrate like crazy.  Get PCTUSED wrong, and full table scans start taking an age to complete as Oracle scans 1000 blocks that are all mostly fresh air, instead of 100 blocks nicely filled with lots of data.  Get them both wrong, such that they are too close to each other, and blocks are constantly taken off and put back on the free list, causing large amounts of overhead i/o.

And there’s your second problem with free lists: there’s only one of them (usually), and it is very easy to induce free list contention, which is a major performance bottleneck.

In 9i, this is a thing of the past if you use the new Automatic Segment Space Management feature (ASSM).  In simple terms, this means that free space is monitored via bitmaps for each segment –and bitmaps are quicker to search and update than traditional free lists.  The equivalent of free list contention should no longer arise, and since PCTUSED and FREELISTS no longer apply, they’re easier to implement and get right.

9.1.1 How it works

First, ASSM only works within locally managed tablespace, and is declared at the tablespace level.  All segments within that tablespace then use this technique.

Second, when a segment is then created within such a tablespace, a set of bitmap blocks is used to map free space within the segment.  Each extent of the segment gets a new bitmap block –in other words, each extent is managed by its own bitmap block.  (Incidentally, here is the drawback with this mechanism: you are effectively trading space for efficiency and ease of use).  Within the bitmap block, a set of bits point to each data block and its degree of fullness or emptiness (hence, there is more than one bit per data block).

If the amount of data being inserted is large, then bitmap blocks can point to other bitmap blocks, and those blocks point to the data blocks –in other words, for efficiency, there may be a tree hierarchy of bitmap blocks.

Fullness/emptiness is described by the bits with a fairly low degree of granularity: data blocks are either 0-25% full, 25%-50%, 50%-75% or 75% to 100% full.  They also indicate whether PCTFREE has been exceeded.

When a new record is inserted, the Server Process first consults the segment header block to find the location of a bitmap block.  It then consults the bitmap block to find a data block which is available for new inserts.  It can then proceed with the insert.  Where there are a number of bitmap blocks available to consult, Oracle directs it to use a particular one by performing a hash on the Process ID of the Server Process –basically, it is randomly distributing all Server Processes across all available bitmaps, and thus minimising collisions and contention for the bitmap blocks.

This random distribution amongst bitmaps can result in potential problems, though.  Since each bitmap is looking after one extent, you could potentially have three inserts (say) each being inserted into a separate extent.  That’s a problem for full table scans –because the High Water Mark will be positioned in the third extent, and that means the scan has to wade through vast areas of empty space in extents 1 and 2 before it gets to the last record in extent 3.

To minimise this problem, a full table scan must now consult the bitmap blocks for each extent to see which blocks in that extent actually contain data (such blocks are said to lie below the Low High Water Mark).  The High High Water Mark still tells us when to stop scanning altogether.  All this means that there is some extra overhead when performing full table scans –but it should be fairly small, and compared with the performance problems associated with free list contention, it’s probably a price worth paying.

9.1.1
Setting it up

Remember that to access this ASSM functionality, you set it up at the tablespace level.  What’s more those tablespaces must be locally managed.  So the command would be:

Create tablespace ASSM

Datafile ‘C:\blah\assm01.dbf’ size 100m

Extent management local

Uniform size 256k

Segment space management auto;

Every segment within that tablespace will now be automatically managed.

9.1.2 Managing It

DBMS_SPACE now has a new SPACE_USAGE procedure which can be used to determine how many blocks are in what state of fullness/emptiness.  As mentioned earlier, there are 4 grades of fullness to measure -0-25%, 25% to 50%, 50% to 75% and 75% to 100%.  A block is declared ‘full’ when it reaches one of these 4 fill levels in which PCTFREE has been set.

For example, if you set PCTFREE 15%, that equates to a ‘fullness factor’ of 85% -which means that the PCTFREE marker is effectively held within the fourth quarter ‘fullness bucket’ (i.e., the 75% to 100% one).

Inserts to such a segment are allowed until the block is 85% full (i.e., PCTFREE is reached, just as in traditional segment management).  The block doesn’t become available for new inserts until the level of fullness drops into the ‘fullness bucket’ below the bucket in which the PCTFREE marker is held.  In this example, that means that the block must empty down to the 50% to 75% bucket before it can accept new inserts.


[image: image2]
Potentially, you’re in a bit of trouble if the bitmap segments recording these various levels of fullness/emptiness themselves become corrupt.  Accordingly, the DBMS_REPAIR package now includes a new SEGMENT_FIX_STATUS procedure that allows you to re-compute the bitmaps for a segment, or to explicitly set a bitmap fullness value for a specific block.  That last one sounds like serious stuff, though –and the recommendation only to do it having called Oracle Support is a sound one.

This is quite an important procedure to follow, however, if you ever use the ALTER TABLE command to change the PCTFREE of a segment.  With old-fashioned free lists, the change took effect immediately.  With the new ASSM segments, though, the bitmaps have to be re-calculated before the change means anything.

That means that if you ever adjust PCTFREE for a segment, you need to get into the habit of issuing the following sort of command:

Execute dbms_repair.segment_fix_status(‘SCOTT’,’EMP’)

9.1.3
Miscellaneous

The DBA_TABLESPACES view now has a column, SEGMENT_SPACE_MANAGEMENT, to show whether segment space management is done using free lists (“MANUAL”) or bitmaps (“AUTO”).

The DBA_TABLES view is now a bit of a mess, frankly.  The columns “BLOCKS” and “EMPTY BLOCKS” now mean different things, depending on whether the tablespace is using ASSM or not.

In traditional free list management segments, BLOCKS means the number of blocks below the High Water Mark, and EMPTY BLOCKS means the number of blocks above the High Water Mark.

In ASSM segments, BLOCKS means the number of blocks below the High Water Mark which will be read by a full table scan. (Remember, there could be blocks below the High High Water Mark which are unformatted –i.e., are above the Low High Water Mark.  Only the ones below the Low High Water Mark are read during full scans).  EMPTY BLOCKS means the number of blocks, both above and below the High Water Mark, which are unformatted and which will not be read by a full table scan (that is, blocks above the Low High Water Mark, and above the High High Water Mark)!

An inevitable question will arise: can you convert a tablespace using free list management techniques into one that uses ASSM (after all, in 8.1.6 and above, there was a package that would convert dictionary-managed tablespace into locally managed ones).  The answer is an unequivocal NO.  However, if you use the alter table…move tablespace X command, you have an effective conversion mechanism: when the segment is moved into a tablespace using ASSM, it obviously becomes an ASSM segment.

9.2
Bitmap Join Indexes

Bitmap Join Indexes are a new feature in 9i –but you might well ask “What the hell is a bitmap join index?!”.

The short answer is: it’s an index built on table A based on some value in table B.  Er… not very enlightening?  Well, imagine the following tables:

SALES:  

ORDNO
CUSTCODE
VALUE

101
A
103.40

102
A
123.90

103
B
9832.90

104
C
546.75

105
D
789.34

CUSTOMERS:

CUSTCODE
NAME



LOCATION

A
W.H.Smith & Sons Ltd

Sydney

B
Boots the Chemist

Adelaide

C
Waterhouse



Melbourne

D
Priceline



Sydney

…Now suppose you want to know the total value of sales in Sydney.  You obviously can’t get ‘Sydney’ out of the Sales table.  But if you were to join the two tables together via the Custcode, then you could do it.

Trouble is, to do that join, we’d have to read the entire Customer table –which, in this case wouldn’t be too bad.  But if there were a bazillion customers, that would be one hell of a full table scan.

New in 9i, we can create a bitmap index on the SALES table, based on the Location column in the Customers table.  The syntax would be:

Create bitmap index cust_location

On sales(customers.city)

From sales, customers

Where sales.Custcode = customers.custcode;

That would create a bitmap index looking a bit like this:

Leaf Node 1: SYDNEY 1001

Leaf Node 2: ADELAIDE 0100

Leaf Node 3: MELBOURNE 0010

Now, a select sum(sales.value) from sales, customers where customers.location =’SYDNEY’ can be answered by querying the sales table and the bitmap index containing the location data.  The query doesn’t even need to touch the actual customers table at all –and that’s a potentially huge benefit in the right circumstances.

In effect, therefore, a bitmap join index is rather like a function-based index (which is a b-tree index feature introduced in 8i).  It means that a select for a computed (or implied) value doesn’t need to reference the lookup table itself, but can use the main table and the highly compressed and efficient bitmap index which references the lookup table.

When you start to consider that a bitmap join index can be based on more than 1 table, the advantages can be huge: “test in table A for records that match criterion 1 in table B AND criterion 2 in table C” –all without touching wither tables B or C at all.

Are there any drawbacks?  Yes, naturally: bitmap indexes of any sort and DML don’t exactly sit comfortably together.  What’s worse, with a bitmap join in place, only one of the tables can be updated at one time (simultaneous updates on tables A, B and C will be queued).  What’s more, the joining field (in our case earlier, CUSTCODE)  must be the primary key column (or at least be declared unique).

Chapter 10 : Performance Improvements

10.1 Index Monitoring

One of the big questions we have in performance tuning is, “Is this index useful for speeding up reports, or is it just dead weight, slowing down DML?”.  New in 9i is the ability (sort of) to answer this sort of question, by means of “monitoring” the Index.

This means that Oracle will populate a view, v$object_usage, with a simple “yes” or “no”, indicating whether an index has ever been used.  It can’t tell us how many times an index has been used, nor when it was used, so it’s a bit lacking in full functionality as far as our original question is concerned –but it’s at least an indication that an index has some reporting benefits.

To access this new functionality, use the following command:

Alter index blah monitoring usage;

(and to switch it off, use the alter index…nomonitoring usage syntax).

Having switched monitoring on, the V$object_usage view will then display “yes” in the “USED” column if the index is used at least once since the time monitoring was set for that index.

Be warned: altering the state of monitoring of an index (be it switching it on or off) invalidates every piece of SQL in the Library Cache that references that index.  Hence, in the pursuit of performance improvements, you can induce major performance degradation by requiring additional re-parsing of SQL statements.  For this reason, it’s a lousy idea to flip monitoring status in the middle of a busy OLTP day –leave it until things have quietened down.

Be further warned that switching on monitoring wipes the previous information in v$object_usage… queried immediately after enabling monitoring, the index will be listed as unused, even if it’s the most popular index in your database.

10.2 Skip Scanning of Indexes

If you are prone to creating composite (“concatenated”) indexes, you have a problem: the index is unlikely to be touched unless subsequent queries reference the leading column of the index in its “where” clause.

In other words, given an index on EMPNO, ENAME, a query for all employees called Frank would likely do a full table scan (you might get a full index range scan if you were lucky, but even that’s not the most efficient thing in the world).  As a result, if you needed index access on ENAME, you were reduced to placing a second index on that column alone (extra indexes=worse DML performance).

New in 9i is the ability to use such a concatenated index, even if the where clause references the non-primary column.  This ability is known as ‘skip scanning’ of indexes, and it means that superfluous secondary indexes are no longer required to get the benefits of index access to non-primary column data.

The way it works involves a logical understanding of the function of branch blocks in an index structure, and what it means to encounter a value that precludes other combinations.

The example in the book takes some thinking about, but is actually logical.

Given a branch block with 4 entries 

1) “Less than English, UK”

2) “Less than French, Canada”

3) “Less than French, France”

4) “Less than French, Switzerland”

and one with entries:

5) “Less than French, Switzerland”

6) “Less than French, Switzerland”

7) “Less than German, Germany”

8) “Less than German, Switzerland”

…then what does a search for Switzerland have to look at?

Well, it must look at leaf node 1.  That could contain “Armenian, Switzerland”, or “English, Switzerland” which would both be needed.  By definition, the last entry in this node must be something like “English, Tahiti” (because it must be less than “English, UK”).

Leaf node 2 might start with “English, Tuvalu”, but must end before “French, Canada”.  That rules out finding “French, Switzerland”, but it could contain “Finnish, Switzerland” or “Farsi, Switzerland”.  So we’d need to scan node 2.  Assume as we scan this block, we find the last entry to actually be “English, Zimbabwe” (which is allowed by the branch block definitions).

Leaf Node 3 therefore only contains entries between “English, Zimbabwe” and “French, France”.  That could still allow “Finnish, Switzerland”, so we have to scan block 3.  The second we encounter an entry for “France, anything”, however, we know that Switzerland entries will not be in this block, so we don’t need to read the entire block.

Node 4 can be skipped in it’s entirety.  The branch block indicates it won’t contain “French, Switzerland” (it’s less than that value).

Node 5 can be skipped, too, for the same reason.  And the same applies to Node 6.

Node 7 must be scanned.  Being less than “German, Germany”, we know we won’t find “German, Switzerland” –but “French, Switzerland” is a possibility, as is “Gaborone, Switzerland”.

Node 8 must be scanned.  We know from the branch block that it can’t contain “German, Switzerland”, but it could contain “some other language, Switzerland”.  So we have to look –but the second we find an entry for “German”, we know that there can’t be a reference to any other language.  So we read the first entry, and needn’t go any further.

Net result: of 8 leaf nodes, we had to read from disk nodes 1,2,3,7 and 8.  That’s 5 blocks out of 8.  What’s more, we didn’t have to read the entire contents of nodes 3 and 8, but could stop immediately we discovered some particular value that precluded the existence of others.  We end up with nearly half the i/o, and full examination of only 3/8ths of the number of nodes.

Note that there’s nothing you need to do to enable skip scanning of indexes.  It’s an intrinsic function of the cost-based optimizer, and is available without further effort on the part of the DBA.  It will only be of significant benefit where the leading column of the index is of fairly low cardinality, and whether the optimizer ever uses it depends entirely on the nature of the SQL statements thrown at the database.

10.3 Cursor Sharing

Cursor sharing means “re-use the execution plan you’ve already worked out for the same statement issued earlier, and save me the hassle of having to re-parse”.  It can be a big performance improver on OLTP systems.

Unfortunately, for a cursor to be shared in this way, the originating SQL statements must match exactly.  “select * from emp where name=’Bob’” and “select * from emp where name=’Sue’” are not identical statements, and therefore must both be parsed separately –no cursor sharing can take place, simply because the literal values in the where clause prevent it.

To help get around that situation, 8.1.6 and above introduced a new parameter, CURSOR_SHARING which defaults to a value of “EXACT” (and thus prevents re-use of the same cursor for the two select statements described before, as you’d expect).  If you set that parameter to “FORCE”, however, then Oracle substitutes a system-generated bind variable for the literal value supplied, and thus the two statements both end up looking like “select * from emp where name=:a” –and since they’re now identical, they can re-use the one execution plan.

That was a nice new 8i feature.  But imagine what happens when the select statement is “where gender=’F’” –and this is being run on the Army’s employee table, where 98% of employees are males.  If we used the literal value “F”, we’d probably get an index access to the data, whereas with “M”, we’d get a full table scan.  But if we let Oracle do it’s bind variable substitution, the Optimiser has no way of knowing whether to go via the index or via the full table scan –it has to plan for a statement that reads, in effect, ‘select where gender equals something’.  So the use of the “FORCE” option for highly skewed data was extremely problematic.

The new feature in 9i is that CURSOR_SHARING can be set to a new value: “SIMILAR”.  This means that Oracle will switch in the bind variables if doing so makes no difference to the outcome, but will use literal values if using bind variables would make a significant difference to the outcome.

In determining whether the use of a bind variable would make a difference to the outcome, the optimiser looks at things like whether there are indexes on the data, whether there are statistics available for those indexes, whether histograms have been calculated for the underlying table, and so on.

Note that although CURSOR_SHARING is an init.ora parameter, it’s dynamically changeable at both the system and session levels (in other words, it can be set with an ‘alter system set cursor_sharing=exact|force|similar’ or an ‘alter session…’ command.

10.4 Cached Execution Plans

Not a performance improvement itself, this new feature helps DBAs and developers tune more effectively.  Instead of having to create a PLAN_TABLE, and then issuing ‘explain plan for select * from …’ statements, 9i can now cache the execution plan in the Library Cache.  (And there’s no need to do tkprof on a trace file, either!).

If the original SQL statement ages out of the Cache, so does the execution plan.

You can therefore view the execution plan via the new view, v$sql_plan.

For this new view to be useful, you need to know the uniquely-identifying hash value of a particular SQL Statement, like this:

Demo

Connect system/manager

Alter system flush shared_pool

Select * from scott.emp;

Select sql_text,hash_value from v$sql where sql_text like ‘%scott%’;

Select operation, options, object_name from v$sql_plan where hash_value=<number you obtained in the last query>;

(Note the flush shared_pool there is simply to make sure that there aren’t a billion possible queries on Scott’s tables already in the cache.)

Be aware that the reference to the new PLAN_HASH_VALUE is misleading.  It works without using that column (and doesn’t work if you do use it!).  What’s more, the Practice uses both LITERAL_HASH_VALUE and plain old HASH_VALUE, but makes no mention of PLAN_HASH_VALUE!  It’s all a bit bizarre.  HASH_VALUE works.

10.5 FIRST_ROWS Improvements

The optimiser in 8i (and before) had three possible settings: CHOOSE, ALL_ROWS and FIRST_ROWS.

Choose was a really bad idea, even in 8i.  You were supposed to go for ALL_ROWS in a data warehouse, and FIRST_ROWS in an OLTP environment.  The idea was that in a data warehouse, where reports can take hours to produce, you really wanted absolutely the most accurate execution plan you could get, and to minimise the amount of taken to get the complete report out, as far as was possible.

In an OLTP environment, on the other hand, you were probably trying to retrieve data to fill in details on a User enquiry screen –with someone on the phone breathing down the neck of the User.  Response time was all important, so you went for ‘FIRST_ROWS’, meaning ‘I don’t care if the thing is sub-optimal, just choose the plan that gets me some data back to my screen as quickly as possible’.

The question arose: how many rows should ‘first rows’ be concentrating on retrieving quickly?  And there was no answer.

Until 9i, that is.  Because now there’s four new init.ora parameters which specify the number of rows concerned.  Accordingly, you can now set the OPTIMIZER_MODE init.ora parameter to one of the following:

First_rows_1

First_rows_10

First_rows_100

First_rows_1000

For a particular SQL statement, you’ve long been able to override the init.ora optimiser mode with an optimiser hint (for example ‘select /*+RULE*/…).  Now the /*+FIRST_ROWS*/ hint can take one of the above numeric parameters, plus any other numeric value not listed above.  So, for example, ‘select /*+FIRST_ROWS(75)*/…’ would be a valid hint.

The optimiser mode has also long been able to be overridden at a session level, too.  The new parameters can be used there, too: 

alter session set optimizer_goal=first_rows_100  

(Note it’s the optimizer GOAL you are setting).

10.6 New Statistics Enhancements

Gathering statistics is an important job if the cost-based optimiser is to do its job properly.  The DBMS_STATS package has been around for a number of releases, but it’s been improved in 9i to allow more efficient and easier collection of statistics.

For a start, you can now use dbms_stats to estimate statistics based on a specified sample size (from memory, earlier versions of dbms_stats only did computation, not estimation, of statistics).

DBMS_STATS also has a number of new “method options” available.  Basically, you can specify “REPEAT”, “AUTO” or “SKEWONLY”.

“Repeat” simply repeats the collection method used to calculate statistics previously –if there was no histogram before, there still won’t be.  If there was, there will be.

“Auto” means the package might decide to calculate new histograms if it deems that the data is skewed sufficiently, and if it determines that sufficient prior use of the column as a predicate would warrant such a calculation.

“Skewonly” means the package will create new histograms if it deems the data to be skewed sufficiently, regardless of whether that column has ever been a popular choice for a predicate in the past.

For example: 

Execute dbms_stats.gather_schema_stats ( -

ownname => ‘SCOTT’, -

method_opt => ‘for all columns size AUTO’)

or…

Execute dbms_stats.gather_schema_stats ( -

ownname => ‘SCOTT’, -

method_opt => ‘for all columns size SKEWONLY’)

or…

Execute dbms_stats.gather_schema_stats ( -

ownname => ‘SCOTT’, -

method_opt => ‘for all columns size 75’)

(That last one does a 75% sample).

10.7 
System Statistics

Improvements have been made to the cost-based optimizer in that it is now aware that there is not a linear relationship between CPU cycles and I/O rates.

In 8 and 8i, the cost-based optimizer assumed that there was such a linear relationship, and hence it determined a single ‘cost’ figure for a given SQL statement that might have been sub-optimal –it might, for example, have assumed that disk I/O was cheaper than it actually was.

In 9i, you can now collect system statistics over a defined period of time, and thus give the optimiser a better way of seeing that disk I/O (for example) tails off as CPU load goes up, or that disk I/O is cheap at night (because there are few Users and hence zero contention) but expensive during the day (because it’s an OLTP shop, and the disk heads are forever being repositioned to deal with the ad hoc queries being thrown at the system)… that means that it might choose very different execution plans.

The DBMS_STATS package now includes the GATHER_SYSTEM_STATS procedure, and that can be scheduled to run at specified intervals (of minutes).

For example:

Execute dbms_stats.gather_system_stats(interval => 60, stattab =>’sometable’, statid => ‘OLTP daytime’)

That statement will cause statistics to be gathered for a period of 1 hour (60 minutes) after this command is issued, and the statistics will be stored in a table called ‘sometable’, with a unique identifier of ‘OLTP daytime’.  

The table in which statistics will be stored has to be created beforehand, of course.  There’s a procedure to do that, too: 

execute dbms_stats.create_stats_table(‘SYS’,’sometable’,’sometablespace’)

Once the statistics have been captured in the named table, they need to be transferred into the data dictionary for them to actually influence the work of the optimiser.  And there’s yet another procedure for that:

Execute dbms_stats.import_system_stats(stattab=>’sometable’,statid=’OLTP Daytime’,statown=>’schema of sometable’)

Using this technique, it would be possible to make Oracle aware of system behavioural differences between daytime OLTP work and night-time DSS work, simply be arranging to have the different system statistics imported at, say, 6pm every evening and 9.00am each morning.

Alternatively, you can gather the statistics directly into the data dictionary (where they affect the Optimiser) in this way:

Execute dbms_stats.gather_system_stats(gathering_mode=>’start’)

(There’s a gathering_mode=>’stop’), too).

Again, the time period between ‘stop’ and ‘start’ is determined by the DBA, and if s/he’s any sense the time period will be one that embraces a “typical” amount of activity on the database.

Note: you must be logged on as SYS to be able to collect system statistics in this way (because it’s updating a SYS-owned table).  You must also be SYS to import statistics from some previously-used table.

NB: When you demo this, be aware that if you ‘start’ gathering statistics, and immediately ‘stop’, a PL/SQL error may be generated (it seems to depend on which way the wind is blowing!).  Provided you do one piece of work in between (say, a select * from emp), then the thing works correctly.

Chapter 11 : Shared Server (MTS) and miscellaneous enhancements

11.1 Shared Server Enhancements

To begin with, let’s be clear that Multi-Threaded Server configuration no longer exists.  It’s called ‘Shared Server configuration’ throughout 9i.

A number of improvements have been made to this configuration, though to be fair they are fairly esoteric, and the DBA probably doesn’t need to worry about them too much.

Direct Hand-off:  In earlier releases, the User made a request to the Listener to connect to a Dispatcher.  The Listener determined the memory address of the Dispatcher, and passed that to the User.  The User then used that address to establish a connection to the Dispatcher.

Now in 9i, the first connection with the Listener is re-used for the connection to the Dispatcher (via a connection socket) –basically, the Listener hands the connection socket over to the Dispatcher, and an immediate link is thereby established between the User and the Dispatcher (because the User was already talking to the Listener via that socket).

That cuts down network messages, and speeds up the connection process.

Performance Manager:  The Performance Manager GUI tool is now aware of shared server configurations, and can be used to monitor them as effectively as it has always managed dedicated server configurations.  That means you can monitor individual dispatchers and shared servers for contention.

11.2 External Procedure Enhancements

You’ve long since been able to call external procedures (i.e., program blocks written in C).  They’re stored external to the database, and called via the single agent EXTPROC (which is referenced in the tnsnames.ora file).

Unfortunately, that means that if 100 Users reference various external procedures, they all have to make the call via EXTPROC, and that means there will be 100 copies of EXTPROC running.  This is not a very scalable solution.

New in 9i is the ability to have agents dedicated to specific external procedures.  If 100 people now call the same procedure, then only 1 process is spawned to handle all 100 calls (EXTPROC is still there for backwards compatibility).  What’s more, the agent that is dedicated as the handler for a specific external procedure (or library of procedures) does not have to reside on the same box as the Oracle server itself.

What you now have, therefore, is a very scalable solution that’s also very robust: the failure of one external procedure doesn’t cack up the agent for any other procedure.

The syntax that makes all this happen is (putting it briefly):

Create or replace database link blah_link using ‘agent_name’;

Followed by…

Create or replace library blah_lib is

‘${HOME}/blahlib.so’

agent blah_link;

Now, any time you call a procedure that is part of the blah_lib library, the blah_link agent will run it.  You can have multiple libraries, all handled by their own agents in this way.  If the second piece of SQL above had not mentioned a specific agent name, then EXTPROC would have been used, as in the past.

11.3 Multithreaded Heterogeneous Agents

This is the new 9i terminology for what used to be called ‘gateways’ –put briefly, they are a way of allowing Oracle to access external non-Oracle databases.  The big change in 9i is that they are now genuinely multi-threaded, which allows for performance improvements, and much better scalability –connection to a SQL Server database is very easily shared amongst hundreds of Users, for example.

It works because there is a Heterogeneous Agent process which is multithreaded.  Within that process, there are threads called dispatchers and tasks, and an agent monitor (in fact, it all looks very like the old MTS architecture diagrams –only, in MTS [or ‘shared server’!] all of those things are separate processes.  Here, it’s one process, with multiple threads (=performance benefits).

The agent monitor watches the behaviour of the other threads, and makes sure they don’t fail, and cleans up if they do (it’s a bit like good old PMON in that respect).

Dispatchers receive requests from the Oracle Server (via a “Heterogeneous Service” layer).    They place them on a queue, and any (or multiple) task threads pick those jobs up and carry them out, returning the results to the originating dispatcher.  The dispatcher then returns the results to the originating Server process within the Oracle Server.

The whole architecture is configured in much the same way as good old MTS –with a bunch of parameters called “max_dispatchers”, “tcp_dispatchers”, “max_task_threads”, “listener_address” and “shutdown_address”.  The key point about these parameters is that they are agent parameters, not init.ora parameters.

11.4 OCI Connection Pooling

Fairly esoteric (because it involves programming in OCI, which 99% of DBAs won’t know how to do), but this is a feature for middle-tier applications, allowing them to establish a single connection to the back-end database, despite receiving job requests from hundreds of front-end Users.

It’s rather like CMAN (Connection Manager) in 8i, except that there, the pooling is being done at the network layer.  With OCI Connection Pooling, it’s being handled by the application itself.  It’s thus more controllable (provided you are a whiz-bang OCI programmer).

Chapter 12 : Real Application Clusters

12.1
Introduction

Real Application Clusters (“RAC” for short) are the highlight of the 9i release.  They are not simply a renaming exercise of the old Parallel Server, nor are they a mere upgrade to Parallel Server, nor an evolution of that technology.  They are a brand new product, bringing a new, highly robust and highly scalable solution to the age-old business of having a database managed by multiple Instances (and thereby giving you high availability and redundancy).

12.2 Basic Architecture



RAC’s basic architecture has two (or more) machines accessing one common set of shared disk, on which the database files are placed.  Each machine talks to the other via a high-speed, low-latency “Cluster Interconnect”, using vendor-supplied cluster management software.

The shared disk array must be comprised of raw devices, and store the usual range of database files –control files, data files and online redo logs.  However, for true redundancy, the shared array should not exclusively be used to store archived redo logs.  They are intended to be stored on each separate machine’s set of hard disks, as well as on the shared array.  Likewise, the Oracle executables should be on each machine’s “private” hard disks.

12.3 The Global Resource Directory

The key to making RAC work is keeping track of “shared resources” (basically, that means which Instance has the latest copy of a data block, and which is holding locks that we might need to acquire).  

Who has what block is managed by something called the Global Cache Service (whose background process is cunningly named “LMS”).

Who has what locks is managed by the Global Enqueue Service (which again has a background process with a non-intuitive name, called “LMD”).

Both the Cache and Enqueue services store their information in the Global Resource Directory.  The Directory is distributed across all available Instances, not stored in just one.

When an Instance needs, for example, a data block, it consults the relevant bit of the Resource Directory, which means passing a message to the Instance holding that part of the Directory via the Cluster Interconnect.  How it knows which Instance is holding the bit of the Directory it needs is handled by a proprietary algorithm –which basically is a fancy way of saying “It Just Knows!!”.

The LMS and LMD background processes regularly update appropriate bits of the Global Directory, as Users acquire and release blocks and locks, commit transactions and so on.  That means they are constantly passing messages via the Interconnect, too.

12.4
Dynamic Remastering

An Instance which holds part of the Global Resource Directory is said to be ‘mastering’ that part.  In old-fashioned Parallel Server, moving that part of the Resource Directory to another Instance (because, let’s say, you wanted to shut the first Instance down) was a manual affair, requiring the locking of the resources covered by that bit of the Directory until the remastering was completed.  In RAC, we have ‘dynamic remastering’, which means that as new Instances start, or existing ones stop, the relevant bits of the Resource Directory are re-distributed around the remaining Instances automatically –and practically no locking is involved whilst it is happening.

What’s more, RAC is smart enough to notice if particular blocks (say) are continually being worked on by a specific Instance –and will dynamically remaster the part of the Directory managing that block onto the same Instance, to improve performance.

Remastering in RAC is done ‘lazily’, meaning that the message transmissions involved are included with other messages, or are sent when there are no pending requests from Users to service.  There is thus no performance overhead.

12.4 Block Statuses in the Resource Directory

Remember that the Resource Directory contains information from the Global Cache Service about the status of blocks.

A reference to a block in the Directory can show it to be in one of three modes: NULL, SHARED or EXCLUSIVE.
If it’s NULL, then the block is not currently acquired by an Instance.  If it’s SHARED, then one or more Instances have acquired it for the purposes of reading its contents.  Those Instances can’t make changes to the block, though.  If it’s EXCLUSIVE, then one of the Instances has that block in exclusive mode, which is required if that Instance wishes to perform DML to its contents.

In addition to these three statuses, the Directory records whether the block is held with a LOCAL or GLOBAL role.  (The idea of such a role is new in RAC).  Basically, if a block is LOCAL, it’s only located on one Instance.  But if it is GLOBAL, then multiple Instances might hold that block, in various states –though none of them can make changes to it.

From this, it is apparent that if you want to perform a bit of DML to a specific block, your Instance must acquire that block in LOCAL EXCLUSIVE mode.

12.5 Cache Fusion

Clearly, a block could be sitting in the Buffer Cache of Instance A in SHARED mode, and you want to acquire it on Instance B in order to perform some DML to it.  Instance A must therefore somehow allow Instance B to get hold of that block.

In old-fashioned Parallel Server, Instance A would have actually written the block to disk, so that Instance B could then read it.  You can appreciate that constantly writing and reading blocks off hard disk in this way was not the fastest thing in the world (and gave rise to a particular performance tuning problem of “pinged” blocks –that is, blocks that were forever being transferred around the Cluster via the disk).

In 9i, we have “cache fusion”, which means that Instance A can simply transport the relevant block direct to Instance B across the Cluster Interconnect, which is a much faster mechanism altogether.  Typically, such a transfer will be in the order of 100 times faster than the old ‘ping to disk then read’ mechanism.

As blocks are requested and transferred, the Global Resource Directory mastering that block is updated to reflect its changing status.

Some examples will help explain what goes on…

Instance B wishes to modify the contents of a block, currently sitting on disk with an SCN of 1000:


[image: image3]
Step 1:
Instance B sends a request to the Global Resource Directory to acquire the block.

Step 2:
The Resource Directory is updated from NULL to EXCLUSIVE on Instance B.  And because it is stored only by one Instance, the status is LOCAL.  But there is no past version of the block anywhere (hence the “0” in the diagram).

Step 3:
The Directory sends a message back to Instance B, telling it that the resource has been granted.

Step 4:
The block is read up from disk, and Instance B now makes a change to it, effectively updating its SCN from 1000 to 1003.  That change is committed.

Instance C now wishes to read the contents of the same block.  The usual Oracle rules apply to such a read: Instance C can’t see the block as it is shown in Instance B, because the read request was (let us suppose) made before the change was committed.  That means Instance C has to see a read-consistent image of the block.









Step 5:
Instance C requests the block as it was at time 1000.

Step 6: 
The Mastering Instance sends a request to Instance B to provide a read-consistent image of the block at time 1000 to Instance C.

Step 7:
Instance B uses its own undo information to generate a read-consistent image of the block, at time 1000.

Step 8:
Instance B passes the read-consistent image of the block to Instance C.  Incidentally, it informs the Mastering Instance that it has done so.  But this does not result in any status changes for the block in the Directory, since a read-consistent block isn’t really a proper block at all (it doesn’t need writing to disk, for example).

Now suppose that Instance C wishes to update the same block.  That’s potentially a problem, since Instance B is still listed in the Directory as the exclusive owner of the block.







Step 9:
Instance C sends a request for an exclusive resource on the block.

Step 10:
The Mastering Instance sends a request to Instance B to release its exclusive resource on the block so that Instance C can have it.

Step 11:
Instance B passes the most recent version of the block to Instance C across the Cluster Interconnect.

Step 12:
Instance B notifies the Directory what it has done, and that causes the block statuses to be updated within the Directory.  Instance B doesn’t have the block exclusively any more –so its status is NULL.  But the block now exists in multiple Instances, so its resource role is GLOBAL.  The copy of the block still in Instance B is now clearly a past version of the block –hence the “1” in the diagram.

Meanwhile, Instance C is now the exclusive owner of the block, so the status there is EXLUSIVE and GLOBAL , but since this is now the current version of the block, there’s still a “0” displayed to indicate that there are no past versions of the block in Instance C.

There are a number of additional points here.  First, why bother with recording “past images” of blocks?  The answer is mainly to do with performing recovery: if a block is held in various Instances when the Instance holding the current version of the block crashes, the Resource Directory can determine which Instance holds the most recent version of the block, and can perform Instance Recovery using that version (and hence minimise the time taken to do the recovery).

Which Instance, then, can write the block?  In fact, there is only one Instance that can do the actual writing of the block to disk –and that, in the above example, is clearly Instance C.  In general terms, it will be the Instance that holds the block in EXCLUSIVE mode (if no Instance holds it exclusively, then it will be the Instance that holds it with the highest SCN).

But the tricky point to realise is that the request to write a block to disk can come from any Instance.  Instance B, for example, might suddenly have a log switch –and hence need to flush its dirty buffers.  That will actually cause messaging to the Directory, which will request Instance C to perform the actual write.  Once the write has taken place, the Directory informs Instance B that it can free the relevant buffer, and updates its information to remove all reference to Instance B holding the buffer (the fact that the data might still be in Instance B is now irrelevant –were Instance C to crash, we could simply retrieve the latest copy of the block from disk).

12.6 Real Application Clusters Guard

This is the 9i replacement for Parallel Server Fail Safe.  It basically is an extra layer within RAC, which integrates with vendor-specific cluster management software, and allows for fail-over to take place between failing Instances.

Its major components are a series of “monitors” (called ‘Instance Monitor’, ‘Listener Monitor’ and ‘Heartbeat Monitor’).

The Instance Monitor is aware when an Instance fails, and will restart it following the failure.  If the Instance is brought down cleanly, then it’s the Instance Monitor that initiates the failover to the secondary Instance.

The Listener Monitor makes sure the Listener on the primary node is functioning.  If the Listener fails, it will attempt to restart it.  If that fails, it will initiate failover to the secondary node.

The Heartbeat Monitor makes sure the primary Instance is available for use (note: the Instance Monitor is checking when it terminates), and that the secondary is also up and running.  If the Heartbeat Monitor on the secondary Instance loses contact with the one running on the Primary, it will initiate a ‘failover takeover’ –that is, it will presume the Primary is not available, and take to itself the role of the Primary, without the Primary itself handing that role over.

12.7 Shared Parameter Files

In Parallel Server, each Instance needed its own init.ora, and that meant trouble: some parameters had to be common across all Instances, so changes made to one had to manually replicated to all the others (or you had to use one init.ora per Instance, containing the Instance-specific parameters, and then the IFILE parameter to reference another init.ora containing just the shared parameters).

Not any more.  In 9i, you can use the SPFILE to store ALL parameters, whether Instance-specific or shared.  That file can then be stored on the shared disk array.

The only problem with that is that this violates the rule of the SPFILE being stored in a default location on the local node.  But the workaround is easy: you have local init.ora files on each node in the default location, each containing nothing but an SPFILE parameter, pointing to the shared file.

Once you’ve done that, there’s precious little maintenance to do on the local files, and all your tricky maintenance is done on a single, shared file.

12.8 Miscellaneous

OEM is aware of RAC, and can be used to perform RAC-specific tasks, such as assigning specific redo log groups to specific Instances, or performing backups and export/import jobs in a multi-Instance environment.  It can also report on, for example, which Users are connected via which Instances, and what SQL they are issuing. 

The old init.ora parameter GC_FILES_TO_LOCKS can still be used in 9i, to disable cache fusion block transfer.  The parameter accepts file number values, so cache fusion can be disabled for specific data files (i.e., tablespaces).  That might be appropriate for a read-only tablespace, for example, where Instance C might just as well read the stuff off disk instead of causing the Interconnect to be clogged with unchanged blocks flying back and forth.

INSTANCE_NUMBER is also a parameter that was available for Parallel Server in earlier versions.  It didn’t need to be specified there, because if it wasn’t, Oracle would just assign a new number to each Instance as it started up.  In RAC, the parameter defaults to 1, though –so you now must explicitly set it for each Instance (because you can’t have duplicate instance numbers).

INSTANCE_NAME must be unique for each Instance joining the Cluster.

Chapter 13 : File Management

13.1.1 Oracle Managed Files - Introduction

Oracle has generally always created the files you’ve told it to create (in, for example, ‘create database’ commands, in ‘create tablespace’ commands, or in ‘add logfile’ commands).  But it has never deleted  those files, despite there being ‘offline drop’ or ‘drop logfile’ commands.

This all (potentially) changes in 9i, because now Oracle can manage its files for you, including dropping them (and physically removing them off disk) when requested to do so.

This has the befit of simplicity (creating a database can now theoretically consist of the one-liner ‘create tablespace blah’).  It also means old log group files (for example) get left cluttering up disks.  And, perhaps most importantly, third-party apps can now be written more easily –because installation scripts don’t have to have O/S specific paths hard-coded into them.

You can mix and match OMF techniques with traditional methods –you can create new OMF tablespaces, for example, whilst having all your existing hand-crafted ones still happily going about their business.

A word of warning, however: this is strictly low-end stuff.  First off, it doesn’t work at all on raw partitions.  Secondly, as you’ll see, the scope for separating different data files from each other on to separate disks is severely limited, and thus the performance implications are not pretty.  For low-end databases, though, it probably won’t matter too much.

13.1.2 Oracle Managed Files – Parameters

There are two new init.ora parameters that make OMF work.

DB_CREATE_FILE_DEST specifies where all otherwise non-specified data files, should be created.  It’s also where online redo log files and control files are created, unless you set…

DB_CREATE_ONLINE_LOG_DEST_n, which specifies where online redo logs and control files should be created.

So, for a really simple database, you could just set the first parameter.  Setting the second one gives you the essential performance improvements available by not placing data files and online redo logs on the same device.

Note that both these parameters are dynamically adjustable with both ‘alter system’ and ‘alter session’ commands.

Note the “n” at the end of the second parameter: that’s there so that you can specify up to 5 destinations for redo log member (and controlfile) multiplexing.

For example: suppose you have the following parameters set:

DB_CREATE_FILE_DEST=’C:\oradata’

DB_CREATE_ONLINE_LOG_DEST_1 = ‘D:\HJRdata1’

DB_CREATE_ONLINE_LOG_DEST_2 = ‘E:\HJRdata2’

…then, when you issue the command ‘create database’, Oracle will create the system datafile in C:\oradata, size 100m (the default size) and autoextensible (with no ‘next’ or ‘maxsize’ settings, which might be a problem).

Also created will be two online redo log groups, each of 100Mb.  They will be located in D:\HJRdata1.  Each group will have one mirror member in E:\HJRdata2.

13.1.3 Oracle Managed Files – Naming Conventions

Since Oracle is creating these files for us, it gets to choose the file names.  They follow these naming conventions:

Control Files:
ora_%u.ctl

Log Files:

ora_%g_%u.log

Data Files:

ora_%t_%u.dbf

Temp Files:

ora_%t_%u.tmp

In all these names, %u is an 8 character string guaranteeing uniqueness, %g is the group number, and %t is the tablespace name (truncated, if necessary).

That obviously makes for a bunch of fairly long-winded and relatively obscure filenames, but the theory is that you won’t be wanting to directly address these files yourself at the operating system level, so the lack of ‘friendly’ names is less of an issue.

Incidentally, every time an Oracle Managed file is created, its name is written into the Alert Log, so if you *do* need to reference it directly, you can get the name from there.

13.1.4 Oracle Managed Files – Control Files

Control Files are usually created as part of the ‘create database’ statement.  If you *do not* specify the name of your control files with the CONTROL_FILES init.ora at that point, then Oracle will create them for you in DB_CREATE_ONLINE_LOG_n, if that’s been specified.  If not, it will create them wherever DB_CREATE_FILE_DEST is pointing.  And if that’s not been set, it will use the usual database default directory that’s been doing the rounds since Oracle 7ish ($ORACLE_HOME/dbs).

If it is forced to create the file in the database default location, then you’ll need to manually add that into the init.ora before you’ll be able to bounce the Instance.  You’ll need to get the OMF-compliant file names out of the Alert Log to do that.

If you *do* specify the locations in the init.ora, then you can specify something like this:

CONTROL_FILES=(C:\Somewhere\ ora_%u.ctl, D:\Another\ ora_%u.ctl)

…i.e., using the old parameter, but specifying an OMF-format filename.  At that point, you’ll get OMF Control Files, in non-OMF directories.

The above rules also apply if you ever re-create Control Files, using the ‘CREATE CONTROLFILE…’ commands (most usually seen after you do a ‘backup controlfile to trace’) –that is, it will first want to create it wherever the CONTROL_FILES specifies, or in the DB_CREATE_ONLINE_LOG_DEST_n, or in the DB_CREATE_FILE_DEST, in that order.  And if it creates one, you’ll need to make sure the CONTROL_FILES  is set correctly in the init.ora yourself before you can successfully bounce the Instance.

(Note: if you are using an spfile, rather than an init.ora, then Oracle itself will add in an appropriate CONTROL_FILES parameter for you, so no manual alteration is needed).

13.1.5 Oracle Managed Files – Redo Logs

When you create redo logs, you can now simply issue the command ‘Alter database add logfile’ (that gets you a 100Mb-sized group); or ‘alter database add logfile size 10M’ (for any other size).

The log files required by such a statement will be created in DB_CREATE_ONLINE_LOG_DEST_n, if it’s specified.  You’ll get a member created in each directory specified (up to a maximum of 5, or MAXLOGMEMBERS, whichever is smaller).

If no such parameter was specified, the files will be created in DB_CREATE_FILE_DEST, un-multiplexed (obviously, since this is a single directory, and there’s no point in having multiple identical files in the one directory (or on the same hard disk, for that matter)).

If neither of those parameters was specified, then the ‘add logfile’ command will fail.

You can continue the old way of doing things –specifying a particular directory and file name as part of the ‘add logfile’ command.  If you do so, and specify an OMF-compliant file name, then you’ll get OMF redo logs (despite you manually specifying the names).

13.1.6 Oracle Managed Files – Tablespaces/Data Files

You can now dispense with a datafile clause when creating a tablespace.  “Create tablespace blah” is enough, provided that DB_CREATE_FILE_DEST has been specified –you’ll get an error if it hasn’t.

All OMF data files are, by default, 100M in size, autoextensible without a limit, and with no NEXT increment specified.  That’s a pretty bizarre set of defaults, but fortunately, you can override them by using the following sort of syntax:

Create tablespace blah datafile 200m autoextend off

Or 

Create tablespace blah datafile 150m next 15m maxsize 200m

One of the nice things about OMF is that when you drop a tablespace now, all its constituent data files are removed from the file system for you.

If an OMF data file can no longer extend in response to space requests from segments, Oracle will *NOT* automatically create a new datafile.  The space request will cause an error as it has always done.

In that case, you’ll probably want to add another data file to the tablespace.  That command no longer needs an explicit datafile specification, either:

Alter tablespace blah add datafile;   …will work perfectly well.

Being aware that it makes sense to have such multi-file tablespaces distributes across multiple devices, it’s a bit of a problem having only one datafile init,ora parameter –left unchanged, all data files will end up in the same directory on the same drive.  Remember, though, that it can be modified with an alter system or an alter session command, so judicious use of those commands will ensure suitable file distribution across many devices (although if you do that a lot, it rather contradicts the ‘ease of use’ arguments behind OMF in the first place).

13.1.7 DEMO

Create tablespace blah;

ORA-02199: missing DATAFILE/TEMPFILE clause

Alter system set db_create_file_dest=’/somewhere/sensible’;

Create tablespace blah;  (( this time it works)
Create tablespace blah2 datafile autoextend off;

Select * from dba_data_files (( and note the different settings)
Alter system set db_create_file_dest=’/bing/bong/blah’ (( i.e., somewhere daft)
ORA-02097 : parameter cannot be modified because specified value is invalid

13.1.8 Standby Database and OMF

OMF files can be particularly useful in a Standby Database configuration.  A new init.ora parameter can be specified for the Standby Database: STANDBY_FILE_MANAGEMENT=AUTO.  This will cause any creation of files on the Primary Database automatically to be replicated onto the Standby when the relevant bit of redo is applied (whether or not those files on the Primary are OMF).

Drops of tablespaces on the Primary are also replicated onto the Standby, provided the datafiles involved are OMF (non-OMF files are not touched).

You can also set the parameter to MANUAL.  That means adds of OMF files on the Primary are replicated, but adds of non-OMF files are not (the standby controlfile is updated to record the new datafile pointer, but the datafile itself is not created).

13.1.9 Non-OMF Datafile Deletion

You don’t have to use OMF to have Oracle do the deletion from the O/S of corresponding data files.  The ‘drop tablespace’ command can now take a new clause: ‘including contents and datafiles’.  That will cause non-OMF datafiles to be physically deleted.

For example: drop tablespace blah including contents and datafiles;

Note that the ‘contents’ bit of the syntax MUST be specified, even if you know perfectly well that the tablespace is completely empty.  In other words, this statement will fail: drop tablespace blah including datafiles …whether or not the tablespace contains any objects.

If you’ve got tempfile tablespaces (i.e., proper temporary tablespace) then they can have their corresponding files removed, too.  The command would be identical to the one shown above.

Alternatively, you can issue a command like this:

Alter database tempfile ‘/bing/bong/tempfile02.dbf’ drop including datafiles;

There’s no ‘contents’ clause there, of course, because tempfiles can’t have any permanent contents.  This gets rid of the tempfiles off disk, but the pointer to the tablespace remains, so a ‘drop tablespace temp’ would have to follow.

13.2.1
Default Temporary Tablespace

New (and welcome) in 9i is the ability to declare a tablespace to be the default temporary tablespace for the entire database.  If you do this, the tablespace must be a proper temporary tablespace (that is, created either with the ‘create temporary tablespace…’ command, or the older ‘create tablespace…temporary’ variant).

If you declare such a default temporary tablespace, then any User created with the ‘temporary tablespace X’ keywords ignores the default –that User has a specified temporary tablespace.

But any User who is inadvertently created without the ‘temporary tablespace X’ keywords reverts to using the database default one –in 8i, of course, such a User would have had his or her sorts crashing down all over the SYSTEM tablespace, so this is a vast improvement!

13.2.2 Temporary Tablespace at Database Creation

You should declare a Default Temporary Tablespace at database creation.  If you don’t, then the SYSTEM tablespace is still the one that gets used by default (though at least you now get a message in the alert log to warn you of this).

To do the deed, here’s the syntax:

Create database blah 

Logfile group 1 ‘/bing/bong/blah/log01.rdo’ size 1m,

        group 2 ‘/bing/bong/blah/log02.rdo’ size 1m

Datafile ‘/bing/bong/blah/system01.dbf’ size 100m next 10m autoextend on

Default temporary tablespace temp01

        Tempfile ‘/bing/bong/blah/temp01.dbf’ size 100m 

        Extent management local uniform size 1m;

Strictly speaking, the extent management clause is unnecessary, because there are defaults.

13.2.3 Altering Temporary Tablespace 

If you fail to specify a default temporary tablespace at database creation, you can always specify one later: alter database default temporary tablespace X;

The tablespace specified here can be dictionary or locally managed –but it must be proper temporary tablespace.  Attempting to assign a permanent tablespace results in an error: 12902 – default temporary tablespace must be SYSTEM or of TEMPORARY type.

Be warned that if a User has been explicitly assigned to one temporary tablespace, using this command to change the default temporary tablespace also alters that User to use the new tablespace.

For example (with original default of TEMP):

Create user Howard

Identified by password

Temporary tablespace TEMP;

Create temporary tablespace blah;

Alter database default temporary tablespace blah;

Select username, temporary_tablespace from dba_users; 

(…and note that user ”Howard” now has BLAH as his temporary tablespace).

Of course, anyone not explicitly granted a temporary tablespace is already using the default, and so changing the default would be expected to change it for those Users.  You might have expected explicit grants to be honoured, however, whatever the default was.

This is actually quite a nasty surprise: since a database can only have one default temporary tablespace (there can be many such tablespaces in existence, of course, but only one of them is the default at any one time), it means that potentially all Users will swap down to the one tablespace.  You might have thought of a way around this: make explicit allocations to some Users, and let the rest use the default. The catch, as this quick demo proves, is that if you ever change the default, you lose all the explicit allocations, and would have to use ‘alter user X temporary tablespace Y’ commands to re-allocate them.

13.2.4 Temporary Tablespace Restrictions

You can’t drop the default temporary tablespace (you get an “ORA-12906 cannot drop default temporary tablespace” if you try).  If you want to drop it, you first have to make some other tablespace the default.  

Taking temporary tablespace offline is also rather awkward.  For a start, and for the same sort of reason that you can’t drop it, you simply are not permitted to take the default temporary tablespace offline at all.  You’ll get an “ORA-12905: default temporary tablespace cannot be brought OFFLINE” error message if you try.  However, taking a temporary tablespace which is NOT the current default one is possible –provided you remember to use the right syntax.

If you just try ‘alter tablespace temp offline’, you’ll get an “ORA-3217 invalid option for alter of temporary tablespace”.  Instead, you have to use the command ‘alter tablespace temp tempfile offline’ (actually, that was the same in 8i, but it’s subtly different from taking an ordinary tablespace offline, and as a result, it’s not easy to remember the ‘tempfile’ part of the syntax!).

Chapter 14 : Tablespace Management

14.1.1
Automatic Undo Management

The ability to rollback transactions is essential –not just because Users can change their minds about an update, but also because Oracle’s concurrency model has always required the ability to generate a read-consistent image of data …and that means being able to take the data as it is currently and roll it back to the state it was in at the time a query started.

Crucial as rollback segments were, therefore, to the database, there were no real good metrics to help DBAs determine how big rollback segments should be, nor how many of them there should be.  Advice was “1 per 4 concurrent transactions, but they don’t need to be big” for OLTP environments, or “Few but large” for a Data Warehouse… neither of which statements explains HOW small or big they need to be.

In 9i, therefore, Oracle has resolved this quagmire by abolishing Rollback Segments altogether, and replacing them instead with an overall ‘Undo Tablespace’, which Oracle manages on our behalf –in much the same way as Sort Segments are managed by creating a TEMP Tablespace, and letting Oracle deal with what goes in it.

For the record, we can still talk of “rollback” and “rollback segments” in 9i –provided we are using the old-fashioned mechanisms.  Once you implement the new 9i features, we talk about “Undo” and “Undo segments”.  The two are mutually exclusive, to the extent that only one mechanism can be operational at one time.  You can have classic rollback segments created within a database using Undo segments –but they will be dead segments, and unused.  Likewise, there can be an undo Tablespace in a database using operational classic rollback segments, but that Tablespace will not be used by anything.

One other proviso: the old SYSTEM rollback segment continues to exist, and behaves exactly as it always did… it can’t be dropped or taken offline etc., and is created on your behalf during database creation.  Even if you use Undo Segments, the system rollback segment exists and is used for all DML on the Data Dictionary tables.

14.1.2
Undo Segment Concepts

Undo Segments are created by Oracle itself: all the DBA does is to create a locally managed, uniform size Tablespace in which to house them.  The DBA cannot modify the Undo Segments that Oracle creates by using ‘drop rollback segment’ or ‘alter rollback segment’ commands.

Undo segments grow and shrink as classic rollback segments did, but they do so because SMON makes it so.  SMON shrinks segments every 12 hours, or when Server Processes detect space pressure within the Undo Tablespace.

When the first transaction starts, the first Undo Segment is created (automatically, of course).  As additional transactions start, each causes a new Undo Segment to be created.  Oracle’s preference is to have one Segment per transaction.  Only when space within the Undo Tablespace cannot permit a new Segment to be created does Oracle start placing new transactions within existing Segments (i.e., start sharing existing segments).

When determining in which existing Segment to place a new transaction under those sharing conditions, Oracle uses the classic ‘find the Segment with the fewest number of active transactions’ algorithm that always used to apply to old-fashioned Rollback Segments.

Undo Segments can steal extents from other Segments.  That is, if a transaction needs more space within one segment, and none is available, and there is no room within the Tablespace to extend that segment, and existing segments have unused (or de-active) extents, those extents from one particular segment can be utilised by the other segment.

14.1.3
Configuring Undo Management

Whether a Database is to use Undo Segments or classic Rollback Segments is determined by a couple of init.ora parameters.

UNDO_MANAGEMENT is set to either MANUAL (the default), which means traditional Rollback Segments will be used; or AUTO (the new 9i feature), which means automatic Undo Segments will be used.

If UNDO_MANAGEMENT is set to AUTO, then the Database needs to know where to create the automatic undo segments –which is what the UNDO_TABLESPACE parameter does.

If UNDO_TABLESPACE points to a non-existent Tablespace, or to a Tablespace which hasn’t been created as a proper Undo Tablespace, then an error is signalled during startup, and the Database will not open.

If you forget to set UNDO_TABLESPACE (but *did* remember to set UNDO_MANAGEMENT to AUTO), then Oracle will open, but only the SYSTEM rollback segment is brought online (and that means, as it always did, that no DDL in non-SYSTEM Tablespace can be performed).

If your init.ora still contains reference to ROLLBACK_SEGMENTS=(x,y,z) when you’ve selected for AUTO management, that line is ignored.  Likewise, if you’ve selected to start with MANUAL management, references to an UNDO_TABLESPACE are ignored.

14.1.4 Creating Undo Tablespaces

An Undo Tablespace can be created (and probably should be) at the time of Database creation:

Create database blah

Logfile group 1 ‘etc’ size 1m,

        Group 2 ‘etc’ size 1m

Datafile ‘system01.dbf’ size 100m

Undo Tablespace datafile ‘undo01.dbf’ size 50m;

(That’s a cut-down version of the syntax, of course, because it doesn’t mention the default temporary Tablespace).

Undo Tablespaces can also be created after the Database has been created, using the following syntax:

Create undo Tablespace blah

Datafile ‘/bing/bong/blah01.dbf’ size 50m;

Notice you don’t specify things like ‘extent management local’ or a ‘uniform size’.  That’s because both ‘extent management local’ is implied by the fact that this is specifically an undo Tablespace –though they are not ‘uniform size’ ones, but are the ‘autoallocate’ sort.  (If you try specifying the ‘extent management local’ clause, it will work.  But mention a uniform size clause, and you’ll generate error ORA-30024: Invalid specification for CREATE UNDO TABLESPACE.)

14.1.5 Modifying Undo Tablespaces

You can use ‘alter tablespace’ commands with Undo Tablespaces, but the range of commands you can issue is strictly limited.  You can add new datafiles to the Tablespace thus: alter Tablespace blah add datafile ‘blah02.dbf’ size 50m.  You can online and offline particular datafiles (i.e., alter database datafile ‘blah02.dbf’ offline).  And you can start or end a hot backup (i.e., alter Tablespace blah begin backup).  Other than that, most commands will fail, because proper Undo Tablespaces are generally system managed. 

You can also drop Undo Tablespaces.  The command is simply ‘drop undo Tablespace blah’ –there is no need for an ‘including contents’ clause, because that’s automatically implied for proper Undo Tablespace.  However, the command will only work when the referenced Tablespace is not actually being used by the database –and you’ll get an error, “ORA-30013: undo Tablespace 'UNDOTBS' is currently in use”, if you try it when that’s not the case.

14.1.6 Switching between different Undo Tablespaces

You can create any number of Undo Tablespaces, but only one of them can be active at a time.  So there may be a need to stop using one, and switch to using another.  That’s done with the following command: 

alter system set undo_tablespace=newundo;

That new Tablespace must actually exist, and it must be a proper Undo Tablespace, otherwise you’ll get an error.

Of course, any existing transactions using the original Tablespace when this command is issued are permitted to complete in that Tablespace.  Any transactions which start after the switch, however, will place their undo in the new Tablespace.  The old Tablespace is actually switched first to a status of ‘pending offline’ –which prevents it being dropped.  Once all existing transactions have either committed or rolled back, the status switches automatically to ‘offline’, and then a drop command will work.

It is, incidentally, possible to issue the command

Alter system set undo_tablespace=’’ 

…i.e., two quote characters with nothing in between.  That means you want to switch out of one Undo Tablespace without switching to a new one.  You might want to do that so you can revert to using classic Rollback Segments.

14.1.7 Undo Retention

It is now possible to declare that Undo should be retained for a period of time, even after a transaction has completed.  This is designed to minimise the chances of encountering ORA-1555 Snapshot Too Old error messages, which arise when a completed transaction’s Undo is overwritten (because the transaction no longer needs it), but another reader requires that Undo in order to generate a read-consistent image of the data.

To specify an undo retention policy, you set a new init.ora parameter, UNDO_RETENTION.  That has a default value of 30 seconds, but you can set it to any other number of seconds as you see fit.  The parameter is also dynamic, so an ‘alter system set undo_retention=xxx’ will work.

With such a setting, it is now possible for Undo to be persistent across Instance shutdowns.  In other words, undo generated before a shutdown or crash will still be there when the Instance restarts, and will be retained until its retention period expires.  What that means is that retention is measured in ‘Instance seconds’ not ‘clock seconds’ –the time spent with the Instance down doesn’t count.

If the Undo Tablespace is sufficiently large, then the retention policy will be honoured, and 1555s should be a thing of the past.  BUT: the retention policy goes out of the window if transactions need to place new Undo, and the only way they can do so is to steal extents from other undo segments.  Such steals will take place, and in the process, prior undo may be over-written, even though its retention period has not expired (undo for transactions not yet completed can never be overwritten by stealing, of course).

Be aware that retention doesn’t come free.  If you declare a retention policy of, say, 10800 seconds (that is, three hours), you need actually to be able to store those three hours of undo information –and that takes space. 

Since the availability of undo, however, is crucial to avoiding 1555s, and is also key to being able to use Flashback, being generous with undo space is fairly fundamental to optimal database operation.

14.1.8 Undo Dictionary Views

A new view, V$UNDOSTAT, is now available to monitor undo, whether of the new automatic kind or the classic rollback type.

It contains a number of rows generated automatically every 10 minutes (or so), showing the total amount of undo generated in each time slot.  It thus shows precisely at what times of the day peak undo loads are generated, and gives you an idea of whether your undo space allocations are sufficient.  In particular, it contains a column called ‘UNEXPSTEALCNT’, meaning ‘unexpired steal count’, showing the number of blocks which had not passed their retention time, but which were nevertheless stolen because another transaction needed the space to complete.  That indicates your Undo Tablespace is too small, and puts you at risk of ORA-1555s, despite a retention policy.

DBA_UNDO_EXTENTS is also a new view, and show the last time each extent within undo segments was written to, and whether the undo for that transaction is being retained (because of the retention policy), or whether it has expired.

14.1.9 Summary

Automatic Undo Management is designed to avoid all the hassles experienced by having to create sufficient numbers of properly-sized rollback segments when no clear metrics of how to do that were ever available.  In particular, hybrid environments (where daytime OLTP work alternates with evening DSS reporting) is now very easy to configure for –because of the way automatic Undo Segments work, there is now no need to worry about onlining large segments at night, and offlining them during the day –or even to using the ‘SET TRANSACTION USE ROLLBACK SEGMENT…’ command to try and direct the right sort of Undo to the right sized segment.

In fact, that command (‘set transaction…’) no longer has any meaning or value, and if used in automatic Undo mode will simply generate an error (“ORA-30019: Illegal rollback Segment operation in Automatic Undo mode”).  That could be a problem for old applications that laced their internal code with such commands.  Fortunately, Oracle provides the UNDO_SUPPRESS_ERRORS=TRUE init.ora parameter to prevent applications keeling over when they issue such commands in a database that uses automatic Undo.  

14.2
Multiple Block Sizes

It is now possible to create new Tablespaces using a variety of different block sizes.  Only one size can be specified at database creation time, and that is termed the ‘standard block size’ –it can be whatever you want it to be, provided it is a binary power (2K, 4K, 8K and so on), just as in earlier versions.  But up to 4 different block sizes can be specified as you create additional Tablespaces (obviously, a given Tablespace can only be created with a single block size).  Each new, non-standard, block size must also be a binary power.

The command to do this is simple enough:

Create Tablespace blah

Datafile ‘whatever.dbf’ size 100m

Blocksize 8k;

Note that SYSTEM and all temporary Tablespaces can only use the standard block size.

In order to accommodate the new block sizes, however, the buffer cache must beforehand have been configured to contain buffers of the appropriate non-standard size.  That means that there are a whole raft of new init.ora parameters available to configure the buffer cache to accommodate different block sizes.

These parameters are of the format: DB_xK_CACHE_SIZE, where x is either 2, 4, 8, 16 or 32.  You need to have configured the right one previously, before the creation of a Tablespace using that block size can succeed.

Note that DB_BLOCK_SIZE is still in the init.ora, and is still used at database creation time to specify the standard block size.  What’s more, whatever the standard block size is set to, the corresponding DB_xK_CACHE_SIZE parameter cannot be used (and there’s no point in doing so).  In other words, if the standard block size is 8K, you can’t set the DB_8K_CACHE_SIZE parameter.

There are a number of issues related to having multiple block sizes that need to be considered.  First, all partitions of a table must use the same block size, so you can’t house different partitions in Tablespaces which use different block sizes from each other.  However, an IOT can have a different block size from its possible overflow data, and LOBS which are stored out of line can likewise have a different block size from the table to which they notionally beong.  Temporary Tablespaces must use the standard block size.

On the other hand, it’s important to understand why support for multiple block sizes was ever introduced in Oracle.  Basically, it’s there to make transportable Tablespaces a workable proposition –the 8i restriction was that the source database and the target had to share the same block size if transporting a Tablespace between them was ever to be possible.  That was clearly quite a restriction, and rather undermined the feature’s usefulness.  Now, in 9i, provided the target has been configured with an appropriate buffer cache beforehand, it can be the target for Tablespace transfers from any number of source database, whatever their block size.

What multiple block size is NOT there for is the age-old nonsense about “big blocks for data warehouse and small blocks for OLTP”.  The fact remains that any datafile housed on a file system that uses a file system buffer still needs to match that file system buffer if I/O on that Tablespace is to be efficient.  That means that for Unix on cooked file systems, 8K is still the “correct” block size.  Anything else, and you’ll be inducing additional I/O.

Of course, 8K blocks in an OLTP environment might well risk block contention problems, and to the extent that it’s now possible to experiment with smaller block sizes, DBAs now have an additional tool to potentially resolve block contention issues.  They will need, however, to make sure that they are doing so  without inducing additional unacceptable performance degradation because of the extra I/O involved.  The INITRANS and MAXTRANS parameters are still there to act as the more usual approach to addressing contention issues, however.

Chapter 15 : Memory Management

SGA Management in earlier versions of Oracle was awkward.  Adjusting the SHARED_POOL_SIZE parameter could only be done, for example, by bouncing the Instance –which had the unfortunate side effect of wiping out the various caches.  Working out whether the new size was effective therefore required time for the database to settle down, and for the caches to be re-populated, before meaningful new measurements could be taken… and then the whole process needed to be repeated.  Properly tuning an SGA could take weeks as a result.

New in 9i is the ability for the SGA and PGA to be dynamically re-sized, and –what’s more- for it to automatically resize itself, if required.

15.1
PGA Management

Parts of the PGA are untunable.  The rest can be automatically tuned, up to limits explicitly set by the DBA.

The DBA thus sets two new init.ora parameters: PGA_AGGREGATE_TARGET and WORKSIZE_AREA_POLICY.  The first is the total amount of memory to be used by all PGAs.  It can have a value between 10Mb and 4Tb.  The second must be set to either MANUAL or AUTO.  The AUTO setting then means that Oracle will dynamically grow and shrink individual User’s PGA memory allocations depending on what work they are performing –freeing memory up when they are doing trivial amounts of work, and granting it back to them when they start running large reports (for example).  Oracle will ensure that the total PGA memory allocation for an Instance never exceeds the AGGREGATE_TARGET.

If you specify an AGGREGATE_TARGET, then AREA_POLICY actually defaults to AUTO (otherwise it defaults to MANUAL).  If you set AREA_POLICY to AUTO without having specified an AGGREGATE_TARGET, you’ll get an error.

If you specify an AREA_POLICY of MANUAL, then the traditional SORT_AREA_SIZE and CREATE_BITMAP_AREA_SIZE (and some others) parameters need to be set as in the past.

Importantly, the AUTO setting is really only going to be of use in a DSS/Data Warehouse environment, because Users in OLTP environments tend not to run huge reports that require large sort_area_sizes.  Putting it another way, the PGA consists of the sort_area_size, plus the stack space and the cursor area –and in OLTP environments, the stack space and cursor areas are probably going to account for the major proportion of the PGA… which are the untunable parts of the PGA.  Hence, the AUTO setting is likely not going to achieve much in such environments.

15.2
SGA Management

9i does not attempt automatic tuning of the SGA, but tuning it manually is now a lot easier than it was, for the simple reason that most areas of the SGA can now be dynamically resized –there is thus no Instance bounce to contend with, and no flushing of caches to stuff up performance measures.

A new parameter SGA_MAX_SIZE is used to specify an upper limit on the amount of memory an SGA can use.  Up to that limit, the DBA can now adjust the sizes of the various components of the SGA dynamically, increasing and decreasing them in units of memory called a “granule”.

“Granules” are either 4Mb if the SGA_MAX_SIZE is less than 128Mb, or 16Mb otherwise.

Growth and shrinkage of the resizable parts of the SGA (which are basically the Shared Pool and the Buffer Cache) is achieved by issuing the following sorts of commands:

Alter system set db_cache_size=48M; (( changing the default pool for the standard block size)

Alter system set db_2k_cache_size=8m; (( changing a non-standard block size buffer cache)

Alter system set shared_pool_size=96M;

You can specify any size for these parameters, but Oracle will always round it up to the nearest multiple of a granule size.

Oracle will not allocate extra granules to a component of the SGA by taking them away from other components.  Extra granules can only be allocated if there are sufficient free granules available, up to the SGA_MAX_SIZE.  In other words, the ceiling must be high enough to allow for the additional allocations –Oracle won’t re-distribute within that ceiling.

Shrinking a component is not instantaneous.  Shrinking the buffer cache, for example, would be disastrous if that meant that some buffers containing dirty blocks were de-allocated.  If you are shrinking the buffer cache in order to allocate additional shared pool, for example, you may find that the addition to the shared pool fails –if you are at MAX_SIZE, the buffer cache may not yet have shrunk, and the additional shared pool memory would therefore exceed the MAX_SIZE setting.

15.3
Buffer Cache Advisory

A new init.ora parameter, DB_CACHE_ADVICE, can be set to ON, OFF or READY.  This allows the collection of statistics which can help predict the effect on the hit ratio of the buffer cache if the buffer cache is re-sized.  Collecting statistics takes some memory in the shared pool, however.  Setting the parameter OFF frees up that memory (but don’t expect to then get any advice on the effects of changing the size of the buffer cache!).  Setting it to READY keeps the shared pool memory allocated, but statistics gathering is disabled.  Setting it to ON obviously allocates the memory, and starts statistics gathering.

One the parameter is ON, you can query a new view, V$DB_CACHE_ADVICE, to see the predicted effects of changing the size of the buffer cache.

That view contains 20 rows per block size encountered in the buffer cache, each one showing the predicted effects on the number of physical reads off disk required to perform the workload thrown at the database during the statistics collection period were you to change the number of buffers in the cache.

The crucial columns are “ESTD_PHYSICAL_READ_FACTOR” and “ESTD_PHYSICAL_READS”.  The first is a percentage figure, the second an absolute number of physical reads.

You might see this sort of thing:

	NAME
	BLOCK SIZE
	BUFFERS FOR ESTIMATE
	ESTD PHYSICAL READ FACTOR

	DEFAULT
	4096
	491
	1.8

	DEFAULT
	4096
	982
	1.4

	DEFAULT
	4096
	1473
	1

	DEFAULT
	4096
	1964
	0.96


…meaning that if you were to decrease the number of buffers from the current 1470 to 982, you’d induce 40% more physical reads from disk.  But if you increased them, there would be 4% fewer physical reads.  That might suggest that the current number of buffers is about right –the improvement in physical reads gained by increasing the cache by 1/3rd is relatively trivial.

The view will always show you 20 rows per block size, ranging from 10% of the current size to 200%.  Your current size will always be at row 10, therefore.

15.4
New and Deprecated Buffer Cache Parameters

The standard block size for a database is still governed by the old parameter, DB_BLOCK_SIZE.  But in 8i, we then created a buffer cache using that block size by setting DB_BLOCK_BUFFERS.  Not any more: in 9i, the parameter is DB_CACHE_SIZE, and it’s measured in bytes (or megabytes), not a number of buffers.

What’s more, in 8i, we declared some of the block_buffers should be allocated to a buffer_pool_keep and a buffer_pool_recycle.  What was left unallocated became the default pool.  Again, in 9i, this changes: DB_CACHE_SIZE only sizes the default pool.

If you want a recycle and keep pool in 9i, you use two new parameters: DB_KEEP_CACHE_SIZE and DB_RECYCLE_CACHE_SIZE.  These are again measured in bytes, not a number of buffers.

Note that the swag of non-standard block size parameters (DB_xK_CACHE_SIZE) is all that are available: there is, in other words, no provision for recycle or keep pools for non-standard block sizes.

The old 8i parameters are still functional, just deprecated.  If you use them, then they will be respected, but a warning message will be included in the Alert Log, encouraging you to switch to the new parameters.  They will be abolished in future versions.

If you use the old parameters, you cannot also set the new ones.  The two sets are mutually exclusive, and an error at startup will be generated if both sets are detected in the one init.ora (or spfile).

One parameter that has actually been made obsolete is DB_BLOCK_LRU_LATCHES, which, if set, is simply ignored.  The number of latches guarding each buffer pool is now calculated internally by Oracle.

Chapter 16 : Enterprise Manager

16.1
The Console

The console now looks rather more professional, and is infinitely more sensible in layout.  Gone is the rather daft ‘4-quarters’ look (one of which –the Groups one- seemed to have no real function other than to let you stick pretty pictures of Europe, the States or the World in it), and instead we get a rather more normal-looking two pane view.  The left-hand pane has a tree structure, and the right-hand pane shows the functional elements of whatever item you select within that tree stucture.

The console can also be launched standalone –meaning that you don’t have to log into an Oracle Management Server (OMS) to get it to do its stuff.  When run standalone, the console looks and feels suspiciously like the old DBA Studio application (which has, accordingly, disappeared in its own right).

If you run it standalone, you can’t use the console to do automatic discovery of nodes via the Intelligent Agent.  You also miss out on some key pieces of functionality that the console gets when run via an OMS –such as the ability to manage HTTP Servers, Listeners and so forth.  You also can’t schedule events or jobs (not surprisingly, since creating these requires them to be stored within the repository which is an essential component of an OMS).  Certain tools are also not available (such as backup and data management ones).  Other than that, a standalone console is still rather a good way to directly manage databases and perform most of the usual sort of DBA activities (after all, DBA Studio was a perfectly competent application).

Warning: certain console functions (such as SQL Analyze, Tablespace Map and so on) do still require a repository to do their stuff, even when you launch the console standalone.  The first time they are run, they will prompt to create such a repository –but the repository they then proceed to create is a special ‘standalone repository’, not the usual one associated with an Oracle Management Server.  It can be created in any 9i, 8i or 8.0.6 database you care to nominate.  The standalone repository is unique to the user, and cannot be shared (since 8i, the OMS one is shareable amongst multiple DBAs).  And it has nothing to do with the OMS repository –meaning that what it contains cannot be passed to the OMS repository, and neither can the OMS repository populate the standalone one.  Entirely separate beasts.

16.2
Support for 9i New Features

Somewhat unsurprisingly, OEM now supports all the 9i new features that are discussed elsewhere in this document.  For example, it can be used to create an SPFILE from a PFILE or vice versa; it understands automatic UNDO management, and can create and manage appropriate undo tablespaces; it understands and can be used to manage default temporary tablespaces; it can be used to dynamically resize the appropriate components of the SGA; it knows about multiple block sizes; its backup utilities are aware of all the new RMAN functionality and allows RMAN scripts to be submitted; it supports the mean-time-to-recover features.

16.3
HTTP Reports

You can now use report generator tools to generate HTTP-formatted reports on the entire database configuration, or the relevant configuration information specific to a particular object selected in the console navigation tree.

16.4
User-Defined Events

The OMS Events system has been able to set ‘alerts’ for many database conditions for ages –though the range of conditions you could monitor was set by whatever events Oracle pre-supplied (and what additional OEM packs you purchased).  What’s new is the ability to get the events sub-system to run any user-defined monitoring script that you may already have to hand.  It needs a 9i Intelligent Agent to handle such scripts, but otherwise what you have is automatic monitoring of the database for any condition for which a suitable script can be knocked up.

The event handler has also been beefed up so that when an event triggers, you can now log event information to a file (so that third party applications can parse it and take things a stage further), or respond by requesting that an O/S command be run to deal with the event –and any O/S command can be run, so it’s as broad as your imagination.

Chapter 17 : SQL Enhancements

17.1
New Join Syntax

One of my personal favourite new features in 9i, Oracle’s SQL join syntax is now SQL:1999 compliant.  The problem has always been that joining to tables in earlier versions requires you to do something like this:

Select ename, loc from emp, dept

Where emp.deptno=dept.deptno;

…and the join is in the last line there.  But it looks just like a regular ‘where’ clause, and that means that if there’s a real where clause, it’s hard to distinguish it from the join elements:

Select ename, loc from emp, dept

Where emp.deptno=dept.deptno

And where dept.loc like ‘NEW%’;

We really ought to keep joining elements distinct from the ‘business requirements’ elements of a real ‘where’ clause.  That’s what the new syntax allows us to do:

Select ename, loc 

from emp join dept using (deptno)

where loc like ‘NEW%’;

So the basic syntax is “….from <table1> join <table2> using (<column list>)”.  If you want a three-way join, you might cook up something like this:

select ename, loc, comm

from emp join dept using (deptno)

join bonus using (ename);

However, the join performed in all these examples is an EQUIJOIN –in other words, the column(s) listed in the ‘USING’ clause must all be equal to each other.  It also requires the joining columns to be identically named in the various tables –you’d be royally stuffed, for example, if the EMP table used a column called DEPTNO and the DEPT table had one called DEPTCODE.

In such cases, you can use the ON clause, rather than the USING clause.  For example:

Select ename, loc, comm

From emp join dept ON (emp.deptno=dept.deptid)

Join bonus ON (emp.ename=bonus.empname);

…and now that you are specifying precisely how to join the columns from each table, you can use “<”, “>” or any other joining conditions you like, too.

17.2
Outer Joins

Outer joins have always been a pain for me to get the syntax right: they involve sticking a rather inconspicuous “+” sign on one side of the join –and the side you stick it on always seemed to me to be the wrong one.  Hence, to select all sites with their job tickets, but also include those sites which don’t have any job tickets raised against them, you’d have to do this in earlier versions of Oracle:

Select sitename, jobticket

From sites, jobs 

Where sites.sitename=jobs.sitename(+);

Fortunately, the new 9i syntax is easier to read, and logical:

Select sitename, jobticket

From sites LEFT OUTER JOIN jobs 

On (sites.sitename=jobs.sitename);

It’s a LEFT outer join, because the ‘SITES’ table is the one on the left-hand side of the FROM clause.

You can also do RIGHT OUTER JOIN (which, in this example, would list all jobtickets, even when they don’t belong to a site –which is probably logically meaningless, but you get the point!).

And there is also a FULL OUTER JOIN, which lists all site records, and all job records –even when a site doesn’t have a job, or a job isn’t assigned to a site.

17.3
Case Expressions

I was never much good at DECODE syntax.  Fortunately, I don’t have to be anymore, because 9i uses a new CASE expression.  For example:

Select ename, hiredate, 

(case to_number(to_char(hiredate,’yyyy’))

when 1990 then ‘ Employed for 12 years       

when 1987 then ‘ Employed for 15 years’

when 1982 then ‘ Employed for 20 years’

when 1981 then ‘ Employed for 21 years’

when 1980 then ‘ Pretty Ancient!’

else ‘ Not entirely sure!!’

end)

from emp;

When run against the old, standard EMP table, you get the following sort of output:

ENAME      HIREDATE  (CASETO_NUMBER(TO_CHAR(HIREDAT

---------- --------- --------------------------------

SMITH      17/DEC/80  Pretty Ancient!

ALLEN      20/FEB/81  Employed for 21 years

WARD       22/FEB/81  Employed for 21 years

JONES      02/APR/81  Employed for 21 years

MARTIN     28/SEP/81  Employed for 21 years

BLAKE      01/MAY/81  Employed for 21 years

CLARK      09/JUN/81  Employed for 21 years

SCOTT      19/APR/87  Employed for 15 years

KING       17/NOV/81  Employed for 21 years

ADAMS      23/MAY/87  Employed for 15 years

JAMES      03/DEC/81  Employed for 21 years

FORD       03/DEC/81  Employed for 21 years

MILLER     23/JAN/82  Employed for 20 years

This example is simple… either the HIREDATE column exactly matches my test, or it doesn’t.  But you can also do inequality and other tests, at which point we refer to the construct as a ‘searched case expression’:

Select ename, job, 

(case 


when job like 'SALES%' then ' Footsoldier'


when job like 'CLE%' then ' Humble'


when job like 'MAN%' then ' Trouble'


when job like 'AN%' then ' Doesn''t Do Anything Very Much'


else ' Sleeps most of the time'

end)

from emp;

…and again you’d get something like this:

ENAME      JOB       (CASEWHENJOBLIKE'SALES%'THEN'

---------- --------- --------------------------------

SMITH      CLERK      Humble

ALLEN      SALESMAN   Footsoldier

WARD       SALESMAN   Footsoldier

JONES      MANAGER    Trouble

MARTIN     SALESMAN   Footsoldier

BLAKE      MANAGER    Trouble

CLARK      MANAGER    Trouble

SCOTT      ANALYST    Doesn't Do Anything Very Much

KING       PRESIDENT  Sleeps most of the time

ADAMS      CLERK      Humble

JAMES      CLERK      Humble

FORD       ANALYST    Doesn't Do Anything Very Much

MILLER     CLERK      Humble

Now suppose we change the query like this:

Select ename, job, 

(case 


when job like 'SALES%' then ' Footsoldier'


when job like 'CLE%' then ' Humble'


when job like 'MAN%' then ' Trouble'


when job like 'AN%' then ' Doesn''t Do Anything Very Much'


when ename = 'SMITH' then ' Fine bloke, deserves a raise'


else ' Sleeps most of the time'

end)

from emp;

Notice that SMITH happens to be a Clerk –so does he get decoded as a ‘Humble’, or as a ‘Fine bloke, deserves a raise’??  Let’s try:

ENAME      JOB       (CASEWHENJOBLIKE'SALES%'THEN'

---------- --------- --------------------------------

SMITH      CLERK      Humble

ALLEN      SALESMAN   Footsoldier

WARD       SALESMAN   Footsoldier

JONES      MANAGER    Trouble

He gets the ‘Humble’ appelation –which means that the case statement is searched in order, and if a record matches one of the tests higher up in the statement, we stop searching for any other matches.

17.4
Merges

Another new feature in 9i SQL is the MERGE statement, which is often called an ‘upsert’ –“take the records from table 1, and if a matching record is found in table 2, update it; otherwise insert it”.

The syntax looks like this:

Merge into table1 using table 2 on (column_name)

When matched


Then update set table1.col3=table2.col6

When not matched


Then insert (col1,col2,col3) values (col2, col1,col6);

17.5
The “With” Clause

This is a handy new feature that allows you to name a large block of SQL, and then re-use that block throughout the rest of a query merely by referencing the name.

For example, here’s a lengthy query that finds all departments whose total salary bill is more than 45% of the entire company’s salary bill:

Select dname, sum(sal) as dept_total

From emp, dept

Where emp.deptno=dept.deptno

Group by dept.dname

Having sum(sal) > 


(select sum(sal) *0.45


from emp, dept


where emp.deptno=dept.deptno)

order by sum(sal);

Notice in particular that the “sum(sal)” calculation appears several times in this query: which means that the computation of the salary summaries has to be performed multiple times, too.  Well, new in 9i, you can write the same query like this:

With 

deptsum as (


select dname, sum(sal) as dept_total 


from emp, dept


where emp.deptno=dept.deptno


group by dept.dname),

grandtotals as (


select sum(sal) as grand_total from emp) 

select dname, dept_total from deptsum

where dept_total> 


(select (grand_total*.45) from grandtotals) 

order by dept_total;

The neat thing here is that we put the summaries up front, giving them easy names to work with (in this case “deptsum” and “grandtotals”).  Each salary summary (one in total and one by department) is then pre-computed as those named SQL blocks are processed –and no matter how many times your main query then references those summaries, they don’t need to be re-computed.

Doing things this way also means rather tidier syntax –your main query just references the potentially complex sub-queries and computations via an alias name as specified in the ‘with’ section.  In effect, the named entities at the top of the ‘with’ section can be referenced as though they were just another table later on in the query.

Warning: the slide in the book simply doesn’t work, because of recursive SQL issues.  The use in the previous example of two ‘with’ named query blocks is essential to get round the problem.

17.6
Primary and Unique Key Constraint Enhancements

A very nice new feature is that the syntax required for creating a unique or primary key constraint now accepts the complete ‘create index’ statement –so there is now absolutely no excuse for not creating exactly the right index, nor for housing it appropriately in the right tablespace.

It looks like this:

Create table blah(


col1 number constraint blah_col1_pk primary key



using index




(create index blah_idx on blah(col1) tablespace indx01),


col2 char(5),


col3 char(2));

Anything you could put into a standalone ‘create index’ command can be put in the new syntax, too –so that means you can specify partitioning options and a degree of parallelism, too.

17.7
Foreign Key Constraint Enhancements

In 8i, if you were inserting new child table records, each insert would need to be checked against the parent table.  That’s the way we made sure you weren’t trying to insert new employees into departments that didn’t exist, for example.  Unfortunately, in these versions of Oracle, we’d look up each parent record as needed.  Multi-row inserts into the child table were forever running back and forth to the parent table, therefore.

New in 9i is the idea of cacheing the first 256 primary key values from the parent table, thereby permitting faster parent table lookup.  It only happens when a single statement updates the second child row, though: cacheing 256 primary keys just because you’ve performed a single row insert would be unnecessary and expensive overhead.  Only when we detect the second child row being affected by the one statement do we bother to cache.

A second new foreign key constraint enhancement in 9i is the idea that there is now much less child table locking when parent table updates are taking place.

The problem in earlier versions was simply this.  If Table A is the parent of Table B, then a delete of a single row from Table A would lock the entire Table B until the delete was committed or rolled back –and that lock was exlusive, and thus prohibited ALL further DML activity on the child table.  Ouch.

Fortunately, there was a way around the exclusive lock: stick an index on the foreign key column in Table B, and the delete on Table A would now only take a shared lock on the index, and DML activity on Table B could take place without interruption (remembering of course that we’re talking about deleting a record from Table A which doesn’t have any child records, otherwise the whole thing is moot –you can never delete parent records anyway if that would create orphan child records).

Demo the following on Oracle 8i if it’s available –otherwise don’t bother demo-ing it at all (because the problem’s not demonstrable with this on 9i –that’s the whole point of the new feature!!)

As an example, here are the regular DEPT table records:

    DEPTNO DNAME          LOC

---------- -------------- -------------

        10 ACCOUNTING     NEW YORK

        20 RESEARCH       DALLAS

        30 SALES          CHICAGO

        40 OPERATIONS     BOSTON

And here’s the regular EMP table:

ENAME          DEPTNO

---------- ----------

SMITH              20

ALLEN              30

WARD               30

JONES              20

MARTIN             30

BLAKE              30

CLARK              10

SCOTT              20

KING               10

TURNER             30

ADAMS              20

JAMES              30

FORD               20

MILLER             10
Notice that no employee works in Department 40.  

Now: issue the following four commands:

Create table newemp as select * from emp;

Create table newdept as select * from dept;

Alter table newdept add (constraint dept_deptno_pk primary key(deptno));

Alter table newemp add (constraint emp_dept_fk foreign key(deptno) 

references newdept(deptno));

(This is done so that we have two tables in a foreign key relationship, but there are definitely no indexes floating around to start with, which only confuses the situation).

Now, in one session, issue this command:

Delete from newdept where deptno=40;

…but don’t commit.  Remember: all we’ve done is to delete a row that has absolutely no matching entries in the NEWEMP table –so no child rows are affected at all.

In a second session, try this command:

Update newemp set sal=8000 where ename=’SMITH’;

…and watch the second session hang.  Even though the parent table delete affects no child records directly, and even though the child table update isn’t touching the DEPTNO foreign key at all, we still get exclusive locking of the entire child table.  Extremely nasty.

Before going further, issue a rollback statement in both sessions.

The cure is to slap an index on like this:

Create index newemp_deptno_fk on newemp(deptno);

Now, having done that, try repeating the above delete and updates.  This time, you’ll find that the child table update proceeds without locking.  The presence of the index means we can take a shared lock on the child table, not an exclusive one.  DML can proceed.

Unfortunately, having spare indexes floating around the place just to avoid dreadful locking issues is not really a good idea –extra indexes that are of no other real use would simply be taking up space and slowing down DML without providing any other significant benefits.

Which is why the 9i new feature is quite nice.  What’s new in 9i is that whilst the lock on a table with an unindexed foreign key is still taken, it’s only taken momentarily, and then immediately released –so you’d be hard-pressed ever to see child table locking using the above demo in 9i.  That means there is rather less need to index foreign keys in 9i than there used to be.

BUT… it’s not really a major cure.  Try this demo, this time on 9i.  Create the newemp and newdept tables as before, and create the necessary primary and foreign key constraints:

Create table newemp as select * from emp;

Create table newdept as select * from dept;

Alter table newdept add (constraint dept_deptno_pk primary key(deptno));

Alter table newemp add (constraint emp_dept_fk foreign key(deptno) 

references newdept(deptno));

Again, we want two tables, in a foreign key relationship, with no indexes hanging around to confuse the picture.  Now, in one session, repeat the update to NEWEMP:

Update newemp set sal=8000 where ename=’SMITH’;

Don’t commit that update yet.  In a second session, now try doing the delete of the department record:

Delete from newdept where deptno=40;

Notice that it is now the delete from the PARENT table that hangs.  Why?  Because the parent record delete does still need to acquire that child table lock, albeit now only briefly –but it can’t acquire the lock if there’s an uncommitted transaction floating around in the child table.  Therefore, it’s queued, waiting for access to it.

Now for the killer: in a THIRD session, try doing some fresh DML to the CHILD table:

Update newemp set sal=18000 where ename=’KING’;

Notice that the new update now itself hangs.  Why?  Because it’s queued up behind the delete from the parent table, which is queued up behind the original child table update.  All these updates need the one lock, and only one of them can have it at a time.  So this demo tells us that even in 9i, the locking issues on foreign key relationships are not really resolved.  They are if the first update is to the parent table; but if there are outstanding updates already taking place in the child table, they most certainly are still there, big and ugly.

The cure is of course still to use an index on the foreign key.  If you roll all the earlier updates back, and repeat the demo having first created an index on NEWEMP’s DEPTNO column, you’ll see that nothing hangs.  Therefore, it remains true in 9i, as it was in all earlier versions, that where you anticipate any reasonable degree of DML on the parent table, the child table needs an index on the foreign key.

17.8
Constraints on Views

It sounds odd, but 9i now allows you to place constraints on views (and we’re talking ordinary views here, not Materialized ones).  Since a view is nothing more than a stored select statement against a bunch of tables, which presumably have their own constraints, you might wonder what the point of constraining the views might possibly be.

Well, it’s all to do with letting the Optimizer know that the underlying tables are constrained, and thus (potentially) related to each other.  If your application only queries views rather than base tables directly, the Optimizer is blythely unaware of the constraints when working out the best access paths.  Now you can make it aware.

The constraints you place on views are only declarative in nature –which is a fancy way of saying that they are all, and can only be, disabled novalidated.  Their existence therefore does not mean you don’t have to bother constraining the base tables –if you didn’t, you’d be leaving yourself wide open to dirty and inconsistent data entry.

The constraints you can stick on views are only PRIMARY, UNIQUE and FOREIGN KEY.  No CHECK or NOT NULLs are allowed.

A simple example might therefore be:

Create view employees 


(id , name, department, salary,


constraint employees_pk primary key (id) disable novalidate)

as


select empno, ename, deptno, sal


from emp;

Like any other constraint, view constraints can be dropped, added after the creation of the view, or modified.  Obviously, they cannot be altered to be, for example, ‘enable validate’ or any other state –disable novalidate is the only acceptable state for these sorts of constraints.

You can, however, set the RELY or NORELY flags for these constraints, which would affect possible query re-writes.
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Note that the table after re-definition  will not have a primary key, because of the lack of a constraint definition here
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