SMON, Free Space and TEMP.





One of the frequently asked questions about Oracle is: “How do I get Oracle to tidy up my free space ?” - another is “I have a load of temporary segments - why won’t they disappear ?”.  Both these tasks are down to smon and this article describes how it works.  Any comments in this article are based exclusively on Oracle version 7.3.3.5.1 running on HP-UX 10.20.





�
What does smon do ?


Apart from handling special events such as instance recovery, the System MONitor (smon) has two basic tasks which it cycles through during the lifetime of an instance.  





Every five minutes it looks through the free extent table (sys.fet$) to see if there are any adjacent free extents that can be coalesced into a single extent, and on every 25th cycle (i.e. every two hours and five minutes) it looks at the segment table (sys.seg$) to see if there are any temporary segments that need to be eliminated.





The rest of this article will describe how smon does its job, why it sometimes appears to be failing, how to encourage it, and how to stop it.





How does smon work ?


Any object in the database that takes up space is a segment.  A segment is made of extents and a segment exists in a tablespace.  Each extent in the segment is made up of blocks and each extent must exist within a single file.  Oracle’s space management basically revolves around 5 tables:


fet$		free extents


uet$	used extents


seg$	segments


ts$		tablespaces


file$	files


Between them fet$ and uet$ map all the space in the database.  Seg$ is used to cluster used space, and ts$ is used to cluster free space, file$ does little more than list the files.





Basically smon is driven by a couple of simple select statements that query some of these tables.





The first statement - for dropping  temporary segments - is a scan of seg$ looking for segments of type 3 (see fig.1):  after reading the segment details Oracle deletes the seg$ row, and starts creating fet$ rows and deleting uet$ rows, processing uet$ entries one at a time.


select file#, block# 


from seg$ 


where type = 3


Figure � SEQ Figure \* ARABIC �1�  smon searching for temporary segments





If Oracle discovers that a new free extent ends where an existing free extent starts then it will delete the existing row and replace it with a row describing the new position and total length of the combination.  This is known as forward coalescing and is used as a way of keep the number of free extents in a tablespace as low as possible.  There is a trade-off here between the cost of spotting and replacing the existing free extent and the benefit of keeping the number of fet$ entries low.  To improve the chances  of forward coalescing used extents are released in the opposite order to which they were allocated.





The second statement - for coalescing free space - simply selects all the rows from fet$ to see if any of them define adjacent pieces of free space (see fig. 2);  if so smon can replace two (or more) rows in fet$ with a single row - this is done by a single update and multiple deletes.


select 


f.file#, f.block#, f.ts#, f.length


from	fet$ f, ts$ t 


where	t.ts#=f.ts# 


and	t.dflextpct!=0


Figure � SEQ Figure \* ARABIC �2�  smon searching for free space to coalesce





As you can see in fig. 2 there is one special condition on smon’s search for free extents - tablespaces with PCTINCREASE set to zero in the default storage clause are ignored.  Sometimes you may be advised to set PCTINCREASE to 1 to “bypass this problem” - don’t, its a bad idea.  If you really feel the urge to coalesce a tablespace (and there are sometimes reasons for doing it) then issue the command:


alter tablespace XXX coalesce;


at regular intervals.








Why won’t my TEMP disappear?


There are three possible reasons:


Smon only tries once every 125 minutes, so a temp segment can hang around for quite a long time.


To do any space management a process needs to hold the single ST lock - if some other process has got it and hangs on to it as smon cuts in to clear up temporary segments you get an ORA-01575 error, and smon will have to try again later.


alter tablespace temp


default storage


(minextents 1);


Figure � SEQ Figure \* ARABIC �3�   Getting rid of ‘real’ TEMP segments


Temporary segments in proper TEMPORARY tablespaces (a new feature for v7.3) are supposed to exist for the lifetime of the instance to cut down the number of recursive transactions on the data dictionary.  These segments will be recorded in the view v$sort_segment.  They get dropped (but not coalesced) when the instance shuts down.


If you need to get rid of normal temporary segments urgently, there are four possible methods





Use svmgrl and issue the command ‘oradebug wakeup {pid}’ where {pid} is the Oracle process id of smon (usually 5, 6 or 7 depending on the existence of ARCH and/or CKPT)


Execute a ‘create table’ command and abort it before it completes - the foreground session will signal smon to tidy up the mess.


Execute a ‘create table‘ command that must fail very rapidly (e.g. as in fig.3), again smon will be posted to clear up the mess.


Create table junk (n number)


tablespace xxxxx


storage (


initial 10k 


next 2000M 


minextents 2


);


Figure � SEQ Figure \* ARABIC �4�   A ‘create’ that will fail quickly


Create a small table with a primary key constraint, then drop or disable the constraint.  Your shadow process will change the associated index to a temporary segment and post smon to clear it up. 





If you need to do something about the segments in a proper temporary tablespace you can execute any statement  to ‘redefine’ the default storage clause of the table without necessarily changing it (see fig. 4) and the temporary segments will be dropped.  The extents will not be coalesced automatically when this happens but this should not be important. 


Why won’t my free space coalesce?


(Remember that it never does where the tablespace default storage clause has PCTFREE = 0).





The main reason for free space hanging around is that smon is user-friendly. Foreground processing is more important that housekeeping, so smon will not be greedy with the single ST (space transaction) lock and will give it up at the slightest provocation.  This means that a busy system which does too much disc-based sorting or creation of transient objects could find that smon keeps yielding the lock before it has done much work.





A more painful problem with coalescing free space occurs when a single tablespace has too many free extents in it.  It seems that smon needs to examine ALL free extents before it can process any of them - I once left myself with 14,000 free extents in a single tablespace and found that it subsequently took ten minutes to create a new object in that tablespace and 2.5 hours of solid CPU to drop or coalesce the tablespace.





Many DBA’s now appreciate that there is no need to rebuild their database to pack each object into a single extent, and that it is perfectly reasonable to allow an object to run to several dozen extents if this ensures that every extent in a tablespace is the same size.  However a side-effect of this is that you now need to go back to all those ‘drop every object’ scripts so that they alternate between:


	drop object XXX


and


	alter tablespace ZZZ coalesce;





A Warning:


There is only one potential threat in space management.  Every five minutes smon scans fet$ (see fig. 2) looking for free extents to coalesce:  but fet$ is actually part of an Oracle  cluster called c_ts# which pulls together the fet$ table and the ts$ table on the basis of the tablespace id.





If you look in the database definition script sql.bsq you will find that this cluster is NOT given a size - which means it takes the default cluster size of one block.   So every tablespace has its own block in the cluster.  This may have been okay for Oracle 6 where the commonest block size was 2K and there was a (file-imposed)  limit of 63 tablespaces, but this is not so good with Oracle 7 where you could have one thousand tablespaces, and 32K block sizes:  that’s a lot of overhead for smon to handle every 5 minutes.





What’s more tablespaces never go away - even if you drop a tablespace its ts$ entry doesn’t get deleted, it simply gets marked as invalid and its space is never reclaimed and re-used by the cluster.





Furthermore, if you get too many free extents into a tablespace then cluster chaining takes place - a second (third.. fourth..) block gets used for fet$ entries for that tablespace, and once those blocks have been used they are stuck under the high-water mark, and add to the burden on smon.  They can of course be used the next time you add a new tablespace once they are completely empty though.





The upshot is this:  smon can only get more expensive as the database ages.  So avoid getting too many free extents in any one tablespace, and resist the temptation of creating and dropping chains of tablespaces with ‘time-related’ names like SALES_1998_01.





As a rough guideline, a 2K block can hold about 250 fet$ entries, and a 16K block can hold about 1,000.


Controlling smon


There are 4 events that can be used in your init.ora file to improve space management.  As ever they come with the warning - “set this event only under guidance from Oracle Corp”.





10061 - stop smon from handling temp


10269 - stop smon from coalescing





These two events are often set in all but ONE init.ora file in sites that use Oracle Parallel Server, and reduce the risk of multiple servers all trying to update blocks in the fets/uet$ clusters simultaneously - a frequent cause of dictionary contention and pinging in OPS environments not to mention the occasional system lockup.





10268 - stop forward coalescing





I mentioned before that there is a trade-off when a temporary segment is dropped between speed and number of free extents that are created.  Set this event for speed.





10901 - stop extent trimming 





When the Parallel Query Option is used to create an object each parallel query slave works on a segment of its own to create part of the object.  Each segment is likely to have one partly-filled final extent as the slave finishes its work and passes the its segment back to the Query Co-ordinator.





To conserve space the Query Co-ordinator creating the final object will trim the tail off each of these partly filled extents and return it to fet$.





By setting event 10901 this trimming is stopped and the free space is recorded in the object’s free list - this can be a waste of space, and will affect the speed of tablescans, but it stop holes and odd-sized fragments appearing in the tablespace.  In my view the administrative benefit outweighs the minor performance and space cost.





Conclusion:


Tablespace fragmentation as such is not an issue, and space management should never be a problem in a well designed system, but if smon starts playing up, there are several back doors to help you fix any problems.  





The only thing you can’t fix without rebuilding the database is letting the ts$/fet$ cluster get too b
