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Introduction
Certain operations, some small like lookup lists, and some large, like some batch jobs (er, concurrent manager jobs) can perform better if the physical order of the data matches the predominant order of use. When is it worthwhile to attempt this ordering? How does ASSM (automatic segment space management) affect the ability to physically order data? Does ASSM have a material affect for good or ill on physical ordering? If so, when?

If someone reads this paper or sees the corresponding presentation and then runs off on an expensive mission to physically order all the data they have in the best possible order for the queries they expect to run on the data then either I have communicated poorly, that person is stupid, or that person is highly inquisitive and does not care about the expense.

If, on the other hand, someone reads this paper and verifies that a one time complete or periodic partial physical ordering of some of the data they have will have a reasonable cost that is nearly certain to be exceeded many times over by the reduction in cost of future projected queries against a constrained resource, then I will be content that I have fulfilled my mission in writing this paper.

Who knows: Both of the above could happen and I may also find the disembodied quote “to physically order all the data they have in the best possible order for the queries they expect” on the web. What I type and test today may completely change tomorrow or on different Oracle releases. So far selective reordering has served my employers and clients well when it is the right thing to do in releases from 4.something through 10g of Oracle. Of course the question of whether there was a design alternative that would have obviated any need for physical ordering is nicely evaded when dealing with vendor built applications, and since there is plenty to write and talk about that is on topic, I will continue to evade that question in this paper. 

The heart of the matter is that Oracle stores rows in blocks. When you run a query, what you want are the right rows. The fewer blocks you need to retrieve a read consistent image of in order to get the columns you want of the rows you want, the less it costs per row.

If I write this paper well, then by the end of reading it you will:

Understand some of  the theoretical underpinnings of why physical order of data can matter.
Be aware that sometimes physical ordering is cheap compared to value.

Be aware that sometimes physical ordering is expensive compared to value.

Have a method for thinking about whether physical ordering is worthwhile in a given case.

Understand how Oracle's ASSM (automated segment space management) affects physical order.

Understand why the disruption of physical order by ASSM is less bad than it might seem at first blush.

Understand how a table can be loaded completely in order even with ASSM and when the extra cost to do so might be justified. (Some people might have trouble suppressing the urge to shout “You can’t do that!” yet I will show you how you can.)

Old Chestnut
“If you have a big GL implementation with a lot of account codes,  then opening a new period probably is something of a struggle. One of the things you can do that illustrates a general principal is to separate out the large and growing tables into special tablespaces so that even more disks can participate in the job.  Physically reloading the GL_CODE_COMBINATIONS table in the order actually used by Journal Import at your site can make a dramatic difference.  Then rebuild the indexes with zero percent free (since the keys do not change in length)!  Since the index will be denser and since reads of the disk will get records you are about to need into the SGA, this can make a big difference. (48.5% reduction in time required in an actual large scale measurement).”

Now that is a fragment from a paper I was giving at least by February, 1995 entitled “Big, Fast, Manageable, and Safe: Building a Database to Handle Applications at a Large Company.” I never bothered to separate out which bits of the optimization contributed how much to the near doubling in speed, because if you were doing that particular surgery, you might as well do it all. And lots of folks have found that particular optimization useful, because the order of the GL_CODE_COMBINATIONS drives the order of account creations in a new accounting period, so to the extent your accounts are stable the big GL tables that are used together in reports tend to stay in the same order which has a good effect on a lot of reports that interleave balances and lines (such as trial balances). The specific 48.5% reduction in time required project involved a little over 32 million GL_CODE_COMBINATIONS(GL_CC) in the fall of 1993 using Oracle 7.0.13 (or possibly 7.0.15) and was the end to end time for running various summary and consolidation reports including Trial Balances and Financial Statement Generator reports and ending up with the opening of the new fiscal period. It also involved around the clock access to a DEC (Digital Equipment Corporation) hardware laboratory full of really cool stuff including a few gigabytes of (at the time very expensive) solid state disks(SSD). The relative speeds (sorted and not sorted) whether using SSD or not were similar, but if I recall correctly the 48.5% was using regular disks for everything. We didn’t know that all the new events we could trace and track were called the wait interface, but we sure liked them. I cannot publish any of those actuals. In any case the real solution to the client problem was to compress accounts by a factor of ten which was a more reasonable amount of money per account anyway. But even then it was extremely low overhead to physically sort GL_CC once a month compared to that cost reduction gained, so they continued that practice with the result of reducing detail and physically ordering being completed in less than 5% of the original time required. In fairness, only the reported 48.5% reduction is attributable to physical ordering.

But now the time has come to examine just the part about physical ordering and to publish proof of what I write that you can reproduce. In terms of cost, this example might have a substantial one-time cost, but I classify it as “cheap” because once you do it you might not ever have to do it again. Now you might have to do it again if your account codes haven’t stabilized and you are dynamically adding account codes like crazy. Or even if you are highly stable but you add a new division, you might add a lot of codes. Two things about this case that usually mitigate the need to repeat physical ordering are that when you are just getting started the size of your database is probably so small it does not matter yet, and when you add a whole division you might do something smart like populate with a nicely ordered dummy journal with dynamic account insertion temporarily turned on. Later we’ll see why being strictly in physical order from 1 to a million is far less important than, say, being in order from 800,001 to 900,000 and then  maybe having 1 through 100,000 and so forth. So a new big chunk added in the order you use it is little incentive to go to the expense of physically ordering the whole table again. Of course adding a lot of new rows that would be best used totally integrated in the otherwise physically ordered table might generate a case where it is cost justified to repeat the physical ordering. But even if you do decide to periodically re-order, you are probably talking about 1 to 12 times a year, not a chronic tedium and sleep deprivation generator for your DBA staff. So thinking about the expense of re-ordering operations, consider the actual one-time cost, of course, but put a much higher priority and weight on determining the shelf life of the ordering. I have seen exactly one case where there was rapid fire chronic unordered account generation driven by business needs combined with a sufficient number of accounts that it was justifiable to physically reorder code_combinations just before open period each month. Usually it is much more stable than that. But I really want to drive home the point that physically ordering data is an activity you should justify in the first place and that a high cost should be ascribed to a need to do it frequently, not just for GL code combinations, but for any case where it seems likely to generate a payback. Some of the cases where physical ordering pays off could be alternatively handled by things like hash clusters that transparently maintain something of a physical order. Likewise, in some cases a better execution plan would dwarf the gains from physical order. When those options are open, they should be considered before settling on manual physical ordering. Finally, there are cases where it is cost effective to simply add required columns for the costly job to the chosen index matching your order and avoid reading the table blocks altogether. But there are cases where hash clusters are not an option (someone else’s application perhaps, or the long term archive and purge complications) where the plan is optimal already, and where adding enough columns to an index to obviate the table read altogether would create onerous overhead.

So in summary: If the cost to physically reorder is modest compared to the cost savings of either batch monoliths that you are trying to shoehorn into available time windows off peak or the aggregate cost savings of jobs that compete for resources at premium interactive time, that tends to justify the operation. When the frequency  or re-ordering required to maintain the benefit of the ordering is high, that tends to argue against the operation. If there are reasonable means available to improve throughput other than physical ordering, then try them first, and only consider physical ordering afterward. Of course if you need to urgently try something and the apparent reduction in overhead for the process you need faster from physical ordering seems likely to meet the need, then trying it once is probably justified. Now if that was all understandable, I think I have met objectives 2, 3, and 4 and you now have a reasonable framework for thinking about and deciding whether to try physical ordering. So I’ll move on to explaining why it can matter and how to assess the likely savings for a given case.

Rows are stored in blocks
You probably all realize that rows are stored in blocks. You probably all realize that when you want to get just a few rows out of many rows from a table there is probably an advantage to reading the index to get the rows instead of reading the whole table. But a lot of folks are either unaware or misinformed about where that tradeoff from it being cheaper to use the index to get just a few rows to it being cheaper to read the whole table to get the rows you need. To understand why there is no set thumbrule and why no set thumbrule even can be correct for all cases, you have to apply the simple fact that rows are stored in blocks. Why am I belaboring this point? Because I have witnessed far too many very smart people gloss over or minimize the importance of this distinction and thereby miss opportunities to make Oracle run faster or inadvertantly build systems that consume more resources than if careful attention was paid to the distinction.

Let’s say you have 100 rows, they fit 10 per block, and they contain an indexed column that identifies them from 1 to 10. Now if you want rows 1 through 10 and rows 1 through 10 are in the first block, then reading two or three blocks from the index and the one table block is probably going to be cheaper than reading the 10 blocks in the table. But if 1 is in the first block, 2 is in the second block, and so forth, scanning the 10 blocks will be cheaper.  (At least those numbers and row distributions illustrate the concept. I haven’t actually tested anything that small.) I’m also avoiding read consistent affects and cache effects in this logical description. If other folks update some of the blocks after you start your query but before you read a particular block, then you don’t get to just scan the table and grab the blocks. You get the block, possibly from cache, and then you need “undo” block(s) to reconstruct the block back to an image that is consistent with the starting time of your query. Then finally you get the row you wanted from the block. Now I lied a little bit there, because a correct vintage of the block to match your query start time might already be in the cache, so you might not have to apply “undo” to the current block image. And if you just did roll back the block and now you want the next row that is in that same block you have a really good chance that the block is still in cache and still of exactly the vintage you require. Notice that immediacy of the next row you need being in the very cached block you just forced to be read consistent with your query maximizes the chances that it will still be there when you ask for the next row.

Old Fashioned Freelists
Before ASSM (Automatic Segment Space Management), you configured freelists to yield sufficient concurrency for multiple updaters if that was possible, and if you ran multiple instances against your database you used freelist groups so the instances were not constantly checking with each other merely to find a block available for inserting a new row. You can still set up a tablespace to use “Manual” freelist based segment space management. Now remember this is the part where we are deciding which block to use within extents that have already been allocated to the table.

Single threaded conventional inserts into a new table using freelists to allocate segment space store the rows in the order inserted. (See Experiments below). So after the inserts and commit are done, if you simply query the table in a way that yields a full table scan, the rows come back out in the order you inserted them. So if you insert single threaded in your preferred order of rows to match known access patterns, your rows will be in blocks together in the preferred access path order, making row and block selectivity highly correlated. WARNING! This behavior is not by any means guaranteed by either Oracle or the relational model. It is, however, an artifact of the most natural and effective way to insert new rows in blocks of “heap” organized tables, so I really don’t expect it to change. Unlike implicit ordering from group bys, which also was never guaranteed and should never have been relied on but which worked until Oracle added hash algorithm resolution of grouping as a plan alternative, a change of insert order behavior would be at most a change in efficiency and I do not believe it can even theoretically lead to a change in result set projection unless you repeat the error of relying on physical order to get an ordered set of tuples without an order by clause. Remember, the unordered table scans in this paper are to see what order the data is in without putting you through the gratuitous torture of reading block dumps, not to suggest that you should code up unordered selects when you want the data in a particular order. You may think I am droning on far too long with this WARNING!, but remember that Oracle explicitly warned against relying on implicit ordering driven by group bys by at least November 1988 and still was reviled for the change in behavior when hash group by resolution was implemented. While I do not expect this behavior to change because there is probably not a future better method for adding heap rows (as hash resolution of groups is for some data textures and queries), I do expect to hear complaints if a magic new algorithm crops up and is implemented. I will ignore all such complaints, as you have been warned.
ASSM
With ASSM, even using a single threaded conventional insert, the rows are not inserted in order. But it is close, in that rows inserted are in order within individual blocks (see warning! above). It is just that the first block in the table may not be the first block to get rows. Unless you really need the rows completely in order from beginning to end, for example when you want to build an index with the NOSORT option, or you want some dual matched windows application to find all rows in a single pass, the ordering within blocks is nearly as effective as completely ordered physical access. (See Experiments below).

If you truly need the records from an ASSM table to be in order, it is a bit tricky and costly but it can be done. (See Experiments below if you don’t believe me.)

Conclusion

There remain cases where physical ordering of rows in tables is beneficial (less costly) at run time. If you require absolute ordering, you must either use FREELISTS or play some games with ASSM to get the desired result. But even with ASSM, if your ordered insert is single threaded you will not end up with unordered rows within blocks, so the beneficial access correlation between row and block selectivity largely remains.

Whether going to the trouble of physically ordering data in modern Oracle databases is worth the cost is something that should be measured on a case by case basis, if the potential gain even justifies the measurement. My recent experiments show that the potential benefits are actually even better than initial assumptions primarily because indexes on sorted data appear to take up less room than indexes on data not in the order of that key. Again, the benefits accrue primarily to the index that matches the sorted order.

Now I have given you the abstract, key points, a typical case where the advice tends to be of value, and  a conclusion. In the past I have published several papers reporting actuals without evidence, primarily because both the data and the detailed conclusions were not something that could be ethically published. This time I give you results from actual canned tests so you can test results yourself in your own actual environment to see whether things function as they did in my tests. As Oracle evolves, the results and potential benefits from using these ideas will likely change as well.

Experiments

These are the tablespaces I'm using. When you create them the extent management type "autoallocate" gets  translated to "SYSTEM" by the time you're querying dba_tablespaces. So the name abbreviations for the  convenience of reference in the tests mean "L" for locally managed (I'm considering dictionary management to be  completely obsolete for research going forward so they are all "L" in this paper), "S" for system (aka  autoallocate) extent management, "U" for uniform extent management, and finally, "A" versus "M" for ASSM and  manual segment space management. Everything about this paper and these tests are 8K blocks. Also, I have set null to display as “~” (tilde), so I don’t get confused myself. So that is what that little squiggle is in the listing pastes below.

tablespace  block initial_ext pctincr MIN_EXTLEN STATUS    ext_mgmt   alloc_type segspace   

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

L_S_A01      8192      65,536 ~            65536 ONLINE    LOCAL      SYSTEM     AUTO       

L_S_M01      8192      65,536 ~            65536 ONLINE    LOCAL      SYSTEM     MANUAL     

L_U_A01      8192   1,048,576       0    1048576 ONLINE    LOCAL      UNIFORM    AUTO       

L_U_M01      8192   1,048,576       0    1048576 ONLINE    LOCAL      UNIFORM    MANUAL     
Here is how I made them (unless I made some cut and paste error, all these examples are exactly how I ran them, but I have taken some liberties with formatting to fit the page and prettying up the indentations, so if they don’t work for you either something has changed or I hope the typo and repair is obvious):
create tablespace L_U_M01

   datafile 'C:\ORA\ORADATA\ORCL\L_U_M01.DBF' size 104808K

   extent management local uniform size 1M

   segment space management manual;

create tablespace L_S_M01

   datafile 'C:\ORA\ORADATA\ORCL\L_S_M01.DBF' size 104808K

   extent management local autoallocate

   segment space management manual;

create tablespace L_S_A01

   datafile 'C:\ORA\ORADATA\ORCL\L_S_A01.DBF' size 104808K

   extent management local autoallocate

   segment space management auto;

create tablespace L_U_A01

   datafile 'C:\ORA\ORADATA\ORCL\L_U_A01.DBF' size 104808K

   extent management local uniform size 1M

   segment space management auto;
The tables:

I wanted something easy to order and easy to verify that I had in the right order, so I used a number to start with. (In retrospect a left zero padded string that looks like a number would have been easier; the nature of the tests is that it is easier to interpret with all the rows being the same length, and of course Oracle stores 10000 and 10100 in two and one fewer bytes, respectively, than it stores 11110.) I wanted another column easily referenced to force dipping into the table rather than simply reading the index for exploring plan generation differences, and finally I wanted a padding column so I could relatively easily fit exactly 100 rows per block to make understanding the math of the examples as simple as possible (for me if not for you – I find even tens a bit easier to grok than powers of two and uneven quantities distract from considering the issue at hand.)

So the tables all look like this:

create table mwf01_m

   (

   access_order     number,

   ctag             varchar2(100),

   cpad             varchar2(100),

   constraint mwf01_m_pk primary key (access_order)

   )

organization heap

pctfree 0

tablespace l_u_m01

storage (freelists 20);

Except of course the tablespaces will change and instead of freelists we have:

create table mwf02_a

   (

   access_order     number,

   ctag             varchar2(100),

   cpad             varchar2(100),

   constraint mwf02_a_pk primary key (access_order)

   )

organization heap

pctfree 0

tablespace l_u_a01;
By the way there was nothing particularly special about choosing 20 freelists other than it is lots more than 1. There are four cases of storage being explored and two orders of input, so there are 8 total tables. If the table name has a trailing “m” then the segment space is “manual” which at this writing means controlled by your choices in configuring freelists and freelist groups, not that you have to make decisions on the fly about where to insert the next row. (Remember too that this is about placing a row in a block that is already allocated to the segment.) If the table name has a trailing “a” then the segment space is “auto”. Odd numbered tables are “in order” and even numbered tables are adversely ordered in physical storage as compared to the number in the “access_order” column.

I probably should have named the tables a little better, for example lum_ordered would have been nice for local uniform manual with the rows in order. As I actually ran the tests, one and two are “uniform” while three and four are “system” as regards the extent management. As you will see, inserting in order initially does not get the rows in exact physical order for ASSM, and it is a bit easier to explain and understand for “uniform” as opposed to “system” simply because all the extents are the same size. I considered and rejected using a single extent because that factored out too much of the actual complexity to be applicable to real world cases likely to be useful. (If it is small enough to fit in a single “SYSTEM” generated extent, you probably want it in the KEEP pool and speed and size will not likely matter for plans or anything else.) Anyway, the physical orders come out differently for “uniform” and “system”  using ASSM, so I needed to tell you all that bit so you’ll be aware of the differences as I go through the cases. One consistent thing in all the tests so far is that if you use a single insert process then Oracle will “fill up” a single block at a time. So even though the blocks get allocated in a different order, if you insert in order then the rows within a single block will be in order.  To get ASSM rows totally in order is a bit more complicated. But don’t trust me – read on.

Inserting the rows:

Now I meant to have the insert statement be really trivial, but for the aggressively unsorted order enough rows turn up as even 100’s and even 10000’s in some blocks that extra rows fit in those blocks, and that complicates the comparison of the plans and the costs and where the rows are enough to make me think about that instead of the current topic. So I fixed it up in the insert statement.

insert into mwf01_a

   select

      rownum+9999,                       /*  4 bytes (except the even 100's and 10000's */

      to_char(rownum,'000000000000000'),                          /* 15 zeros, 16 bytes */

      'abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ'||

      decode(mod(rownum+9999,100)  ,0,'+',NULL)||

      decode(mod(rownum+9999,10000),0,'=',NULL)

      /* 52 bytes with an extra byte tacked on for 100 and another for 10000  */

   from dba_objects                     /* 72 bytes total about 100 rows per 8K block */

   where rownum <= 40000

/

That may look a little complicated, but all it is doing is starting with 10000, slapping the actual rownum from the source table query into a fixed width character representation, and using the alphabet twice. Oh, and tacking on a “+” if the access_order is an even 100 and yet another character (an “=” sign) if the access_order is an even 10000. If you did more rows in a test you would need to start with a higher offset and pad the even millions with yet another byte. So this same insert statement works for all the “odd” numbered tables. That is, the tables loaded in access_order. If it becomes necessary for me to look at the native raw blocks to figure out what is going on, having these fixed patterns of characters with varying numeric and number as character tags will make it easy for me to sort out user block contents from everything else. That will not happen in this exercise, but that is why I don’t just use a function to make a repeat string for the inserts.

For the even numbered tables, where we want the numbers to jump around relative to the order we insert them in,

insert into mwf02_m

   select

      trunc((rownum-1)/100)+((mod(rownum-1,100))*400)+10000, 

      /* 4 bytes (except the even 100's and 10000’s */

      to_char(rownum,'000000000000000'),                     /* 15 zeroes vsize 16 bytes */

      'abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ'||

      decode(mod(trunc((rownum-1)/100)+((mod(rownum-1,100))*400)+10000,100)  ,0,'+',NULL)||

      decode(mod(trunc((rownum-1)/100)+((mod(rownum-1,100))*400)+10000,10000),0,'=',NULL)

      /* 52 bytes with an extra byte tacked on for 100 and another for 10000  */

   from dba_objects                        /* 72 bytes total about 100 rows per 8K block */

   where rownum <= 40000

/

does the trick. Now that looks a little strange, so let me decode it for you: the access_order column is going to start with 10000 (just the same as rownum+9999 in the ordered example). But instead of counting by ones, we are counting by 400s, and for each additional time we get to 100 rows, we tack on another one.  The rows will be 10000, 10400, 10800, etc., through 49600, then 10001, 10401, 10801, etc., through 49601, and finally 10399 through 49999.

SQL> truncate table mwf02_m;

Table truncated.

SQL> @q_x_mwf02_m

SEGMENT          SEGMENT_TYPE        EXTENT_ID   BLOCK_ID     KBYTES

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

MWF02_M          TABLE                       0        649       1024

MWF02_M_PK       INDEX                       0        777       1024

SQL> @x_ins_mwf02_m

40000 rows created.

SQL> commit;

Commit complete.

SQL> @q_x_mwf02_m

SEGMENT          SEGMENT_TYPE        EXTENT_ID   BLOCK_ID     KBYTES

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

MWF02_M          TABLE                       0        649       1024

                 TABLE                       1        905       1024

                 TABLE                       2       1033       1024

                 TABLE                       3       1161       1024

MWF02_M_PK       INDEX                       0        777       1024

       10000  000000000000001

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ+=

       10400  000000000000002

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ+

       10800  000000000000003

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ+

           .

           .

           .

       49200  000000000000099

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ+

       49600  000000000000100

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ+

       10001  000000000000101

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ

       10401  000000000000102

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ

           .

           .

           .

       49998  000000000039900

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ

       10399  000000000039901

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ

       10799  000000000039902

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ

           .

           .

           .

       49199  000000000039998

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ

       49599  000000000039999

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ

       49999  000000000040000

abcdefghijklmnopqrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ

And that is the order the rows come out if you just select * from mwf02_m or mwf04_m. With ASSM the order of the blocks is changed, but within each block the order still comes out counting by 400s from whatever the starting point is. Now within each block this as about as nearly anti-sorted and “unclustered” as you can get. If someone took the time to figure out inserting the last block first and the first block second, and so forth, that would be even a little worse overall, but by then the insert would be totally unreadable and I hereby express doubt (without proof) that it would make a significant difference. You can make the tablespaces and tables and use the two different insert scripts to see exactly how it works on your system. If the basic order you get is completely different, then most likely Oracle has changed between releases and the rest of the results in this paper will have to be completely re-assessed for the new environment. For the rest of the results I will be producing the actual block addresses so that you can directly verify that the rows are where I say they are, for example with the following query that shows which rows are where and checks for gaps in the blocks.

select

   dbms_rowid.rowid_block_number(rowid) block_no,

   min(access_order) min_acc_order, 

   max(access_order) max_acc_order,

   (max(access_order) - min(access_order) +1) acc_order_span,

   max(dbms_rowid.rowid_row_number(rowid))+1 rows_in_block   

from mwf01_a

group by dbms_rowid.rowid_block_number(rowid)

order by dbms_rowid.rowid_block_number(rowid)

Notice that the column I have identified as “acc_order_span” meaning access order span shows the range within each block. So when that number is 100 and there are 100 rows in a block, that is as good as you can get within a given block, and for many purposes that is very good indeed. In fact applications in compliance with Codd’s rules should never break due the order or position of rows in a table. But many applications will run faster on sorted data. We are about to explore some of the reasons why.

First I guess I owe you the text of a few more scripts. I cloned most of the scripts for ease in testing so I didn’t have to fill in the tablename with a define. That should help me make fewer mistakes in a live demo if I ever do one of those again. If a script in this paper starts with q_, you can bet it is a read only query. Now q_x_mwf01_m looks like this:

break on segment skip 1 on report

compute sum of kbytes on break

select 

   substr(segment_name,1,16) segment,

   segment_type,

   extent_id,

   block_id,

   bytes/1024 kbytes

from dba_extents

where segment_name like 'MWF01_M%'

order by segment_name,extent_id

And that will tell us where the extents that hold the mwf01_m table and indexes are.

q_i_mwf01_m and q_t_mwf01 are the details of indexes and tables, respectively, for the columns I think are of interest for understanding the choices the cost based optimizer (CBO) is going to make and also some surprises about the number of leaves (some folks write leafs and indexes, I read Ullman first so I like leaves and indices, I use them all interchangeably and I insist they are equally acceptable. I guess mostly I use leaves and indexes most now because that makes spell checkers puke less) for the sorted versus the unsorted tables.

select 

   index_name,

   index_type,

   uniqueness,

   blevel,

   leaf_blocks,

   distinct_keys,

   distinct_keys/leaf_blocks keys_per_leaf,

   num_rows,

   avg_leaf_blocks_per_key,

   avg_data_blocks_per_key,

   clustering_factor,

   buffer_pool,

   tablespace_name

from dba_indexes where table_name = 'MWF01_M'

yields fun facts to know and tell about the indices, while

select    

   table_name,

   pct_free,

   freelists,

   num_rows,

   blocks,

   num_rows/blocks rows_per_block,

   avg_row_len,

   empty_blocks,

   degree,

   cache,

   compression

from dba_tables where table_name = 'MWF01_M'

is neato peachy keen for the tables. 

For gathering statistics, I’m using gs_onetab and filling in the name of the table.

begin

dbms_stats.gather_table_stats(

 ownname => null

,tabname => '&tabname'

,partname => null

,estimate_percent => null

,block_sample => false

,method_opt => 'for columns access_order size 254'

,degree => NULL

,cascade => true

);

end;

/

There might be better or worse things to collect, but I decided I wanted no mere samples and that histograms on access_order were important to give the CBO a fair shot at getting good plans. It seems to have worked reasonably well.

Finally, I’m using

SELECT PLAN_TABLE_OUTPUT FROM TABLE(DBMS_XPLAN.DISPLAY(null,null,'ALL'))

/

for all the explain plans, even though I haven’t defined any query blocks in this test, because then I only have to remember one script name.

So let’s take a look at the details for simply inserting 40,000 rows in the primary key order in an old fashioned “freelists” based table.

SQL> truncate table mwf01_m;

Table truncated.

SQL> @x_ins_mwf01_m

40000 rows created.

SQL> @gs_onetab

Enter value for tabname: mwf01_m

old   4: ,tabname => '&tabname'

new   4: ,tabname => 'mwf01_m'

PL/SQL procedure successfully completed.

SQL> @q_x_mwf01_m

SEGMENT          SEGMENT_TYPE        EXTENT_ID   BLOCK_ID     KBYTES

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

MWF01_M          TABLE                       0          9       1024

                 TABLE                       1        265       1024

                 TABLE                       2        393       1024

                 TABLE                       3        521       1024

MWF01_M_PK       INDEX                       0        137       1024

SQL> @q_i_mwf01_m

<hand formatted to be readable in this form factor>

INDEX_NAME     INDEX_TYPE    UNIQUENES     BLEVEL LEAF_BLOCKS

MWF01_M_PK         NORMAL       UNIQUE          1          76

DISTINCT_KEYS KEYS_PER_LEAF   NUM_ROWS

40000            526.315789      40000

AVG_LEAF_BLOCKS_PER_KEY AVG_DATA_BLOCKS_PER_KEY CLUSTERING_FACTOR BUFFER_ tablespace

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

                      1                       1               400 DEFAULT L_U_M01

SQL> @q_t_mwf01_m

TABLE_NAME     PCT_FREE  FREELISTS   NUM_ROWS     BLOCKS ROWS_PER_BLOCK AVG_ROW_LEN

MWF01_M               0         20      40000        403     99.2555831          75

EMPTY_BLOCKS DEGREE CACHE COMPRESSION

0                 1     N    DISABLED

Now there are few things I would like you to notice. The first block of the first extent of the table is block_id 9. With 8K blocks, we get 128 blocks in 1024K, so that extent runs up to the start of the INDEX (9+128 = 137). Then the extents are contiguous for the rest of the table. If you run your own test, it is entirely possible that you’ll get different relative chunks of free space from your tablespaces, and you’ll have to take that into account in analysis of the query results. Notice also that the table statistics claim we have 403 blocks and that the average number of rows per block is 99.2555831. As you’ll see below, that is not correct. I’m including the entire result set, all 400 rows, because I want to clearly document this. Now block 9 won’t appear, because Oracle uses the first block of this type of segment for things that are not user data, so I could see an easy way to screw up and call this 401 blocks, but I really don’t understand it being 403. I doubt it has much negative effect on query performance or plan selection, but it sure annoyed me when I carefully built rows to fit exactly 100 per block. Notice that the clustering_factor is exactly 400 on the index. I’ve never been quite able to pin down a precise explanation of the calculation of clustering_factor, but it seems to be a guess at the number of blocks you have to visit to get all the data back in the order of the index in question. At least it works out exactly that way this time (despite getting the 403 wrong!). One more thing I would like you to note at this point. The number of leaf blocks is only 76. That will be different for the “unsorted” data.

select

   dbms_rowid.rowid_block_number(rowid) block_no,

   min(access_order) min_acc_order, 

   max(access_order) max_acc_order,

   (max(access_order) - min(access_order) +1) acc_order_span,

   max(dbms_rowid.rowid_row_number(rowid))+1 rows_in_block   

from mwf01_m

group by dbms_rowid.rowid_block_number(rowid)

order by dbms_rowid.rowid_block_number(rowid)

SQL> @q_mwf01_m_span_blockorder

  BLOCK_NO MIN_ACC_ORDER MAX_ACC_ORDER ACC_ORDER_SPAN ROWS_IN_BLOCK

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

        10         10000         10099            100           100

        11         10100         10199            100           100

        12         10200         10299            100           100

        13         10300         10399            100           100

        14         10400         10499            100           100

        15         10500         10599            100           100

        16         10600         10699            100           100

        17         10700         10799            100           100

        18         10800         10899            100           100

        19         10900         10999            100           100

        20         11000         11099            100           100

        21         11100         11199            100           100

        22         11200         11299            100           100

        23         11300         11399            100           100

        24         11400         11499            100           100

        25         11500         11599            100           100

        26         11600         11699            100           100

        27         11700         11799            100           100

        28         11800         11899            100           100

        29         11900         11999            100           100

        30         12000         12099            100           100

        31         12100         12199            100           100

        32         12200         12299            100           100

        33         12300         12399            100           100

        34         12400         12499            100           100

        35         12500         12599            100           100

        36         12600         12699            100           100

        37         12700         12799            100           100

        38         12800         12899            100           100

        39         12900         12999            100           100

        40         13000         13099            100           100

        41         13100         13199            100           100

        42         13200         13299            100           100

        43         13300         13399            100           100

        44         13400         13499            100           100

        45         13500         13599            100           100

        46         13600         13699            100           100

        47         13700         13799            100           100

        48         13800         13899            100           100

        49         13900         13999            100           100

        50         14000         14099            100           100

        51         14100         14199            100           100

        52         14200         14299            100           100

        53         14300         14399            100           100

        54         14400         14499            100           100

        55         14500         14599            100           100

        56         14600         14699            100           100

        57         14700         14799            100           100

        58         14800         14899            100           100

        59         14900         14999            100           100

        60         15000         15099            100           100

        61         15100         15199            100           100

        62         15200         15299            100           100

        63         15300         15399            100           100

        64         15400         15499            100           100   

  BLOCK_NO MIN_ACC_ORDER MAX_ACC_ORDER ACC_ORDER_SPAN ROWS_IN_BLOCK

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

        65         15500         15599            100           100

        66         15600         15699            100           100

        67         15700         15799            100           100

        68         15800         15899            100           100

        69         15900         15999            100           100

        70         16000         16099            100           100

        71         16100         16199            100           100

        72         16200         16299            100           100

        73         16300         16399            100           100

        74         16400         16499            100           100

        75         16500         16599            100           100

        76         16600         16699            100           100

        77         16700         16799            100           100

        78         16800         16899            100           100

        79         16900         16999            100           100

        80         17000         17099            100           100

        81         17100         17199            100           100

        82         17200         17299            100           100

        83         17300         17399            100           100

        84         17400         17499            100           100

        85         17500         17599            100           100

        86         17600         17699            100           100

        87         17700         17799            100           100

        88         17800         17899            100           100

        89         17900         17999            100           100

        90         18000         18099            100           100

        91         18100         18199            100           100

        92         18200         18299            100           100

        93         18300         18399            100           100

        94         18400         18499            100           100

        95         18500         18599            100           100

        96         18600         18699            100           100

        97         18700         18799            100           100

        98         18800         18899            100           100

        99         18900         18999            100           100

       100         19000         19099            100           100

       101         19100         19199            100           100

       102         19200         19299            100           100

       103         19300         19399            100           100

       104         19400         19499            100           100

       105         19500         19599            100           100

       106         19600         19699            100           100

       107         19700         19799            100           100

       108         19800         19899            100           100

       109         19900         19999            100           100

       110         20000         20099            100           100

       111         20100         20199            100           100

       112         20200         20299            100           100

       113         20300         20399            100           100

       114         20400         20499            100           100

       115         20500         20599            100           100

       116         20600         20699            100           100

       117         20700         20799            100           100

       118         20800         20899            100           100

       119         20900         20999            100           100

       120         21000         21099            100           100

       121         21100         21199            100           100

  BLOCK_NO MIN_ACC_ORDER MAX_ACC_ORDER ACC_ORDER_SPAN ROWS_IN_BLOCK

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

       122         21200         21299            100           100

       123         21300         21399            100           100

       124         21400         21499            100           100

       125         21500         21599            100           100

       126         21600         21699            100           100

       127         21700         21799            100           100

       128         21800         21899            100           100

       129         21900         21999            100           100

       130         22000         22099            100           100

       131         22100         22199            100           100

       132         22200         22299            100           100

       133         22300         22399            100           100

       134         22400         22499            100           100

       135         22500         22599            100           100

       136         22600         22699            100           100

       265         22700         22799            100           100

       266         22800         22899            100           100

       267         22900         22999            100           100

       268         23000         23099            100           100

       269         23100         23199            100           100

       270         23200         23299            100           100

       271         23300         23399            100           100

       272         23400         23499            100           100

       273         23500         23599            100           100

       274         23600         23699            100           100

       275         23700         23799            100           100

       276         23800         23899            100           100

       277         23900         23999            100           100

       278         24000         24099            100           100

       279         24100         24199            100           100

       280         24200         24299            100           100

       281         24300         24399            100           100

       282         24400         24499            100           100

       283         24500         24599            100           100

       284         24600         24699            100           100

       285         24700         24799            100           100

       286         24800         24899            100           100

       287         24900         24999            100           100

       288         25000         25099            100           100

       289         25100         25199            100           100

       290         25200         25299            100           100

       291         25300         25399            100           100

       292         25400         25499            100           100

       293         25500         25599            100           100

       294         25600         25699            100           100

       295         25700         25799            100           100

       296         25800         25899            100           100

       297         25900         25999            100           100

       298         26000         26099            100           100

       299         26100         26199            100           100

       300         26200         26299            100           100

       301         26300         26399            100           100

       302         26400         26499            100           100

       303         26500         26599            100           100

       304         26600         26699            100           100

       305         26700         26799            100           100

       306         26800         26899            100           100

  BLOCK_NO MIN_ACC_ORDER MAX_ACC_ORDER ACC_ORDER_SPAN ROWS_IN_BLOCK

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

       307         26900         26999            100           100

       308         27000         27099            100           100

       309         27100         27199            100           100

       310         27200         27299            100           100

       311         27300         27399            100           100

       312         27400         27499            100           100

       313         27500         27599            100           100

       314         27600         27699            100           100

       315         27700         27799            100           100

       316         27800         27899            100           100

       317         27900         27999            100           100

       318         28000         28099            100           100

       319         28100         28199            100           100

       320         28200         28299            100           100

       321         28300         28399            100           100

       322         28400         28499            100           100

       323         28500         28599            100           100

       324         28600         28699            100           100

       325         28700         28799            100           100

       326         28800         28899            100           100

       327         28900         28999            100           100

       328         29000         29099            100           100

       329         29100         29199            100           100

       330         29200         29299            100           100

       331         29300         29399            100           100

       332         29400         29499            100           100

       333         29500         29599            100           100

       334         29600         29699            100           100

       335         29700         29799            100           100

       336         29800         29899            100           100

       337         29900         29999            100           100

       338         30000         30099            100           100

       339         30100         30199            100           100

       340         30200         30299            100           100

       341         30300         30399            100           100

       342         30400         30499            100           100

       343         30500         30599            100           100

       344         30600         30699            100           100

       345         30700         30799            100           100

       346         30800         30899            100           100

       347         30900         30999            100           100

       348         31000         31099            100           100

       349         31100         31199            100           100

       350         31200         31299            100           100

       351         31300         31399            100           100

       352         31400         31499            100           100

       353         31500         31599            100           100

       354         31600         31699            100           100

       355         31700         31799            100           100

       356         31800         31899            100           100

       357         31900         31999            100           100

       358         32000         32099            100           100

       359         32100         32199            100           100

       360         32200         32299            100           100

       361         32300         32399            100           100

       362         32400         32499            100           100

       363         32500         32599            100           100

  BLOCK_NO MIN_ACC_ORDER MAX_ACC_ORDER ACC_ORDER_SPAN ROWS_IN_BLOCK

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

       364         32600         32699            100           100

       365         32700         32799            100           100

       366         32800         32899            100           100

       367         32900         32999            100           100

       368         33000         33099            100           100

       369         33100         33199            100           100

       370         33200         33299            100           100

       371         33300         33399            100           100

       372         33400         33499            100           100

       373         33500         33599            100           100

       374         33600         33699            100           100

       375         33700         33799            100           100

       376         33800         33899            100           100

       377         33900         33999            100           100

       378         34000         34099            100           100

       379         34100         34199            100           100

       380         34200         34299            100           100

       381         34300         34399            100           100

       382         34400         34499            100           100

       383         34500         34599            100           100

       384         34600         34699            100           100

       385         34700         34799            100           100

       386         34800         34899            100           100

       387         34900         34999            100           100

       388         35000         35099            100           100

       389         35100         35199            100           100

       390         35200         35299            100           100

       391         35300         35399            100           100

       392         35400         35499            100           100

       393         35500         35599            100           100

       394         35600         35699            100           100

       395         35700         35799            100           100

       396         35800         35899            100           100

       397         35900         35999            100           100

       398         36000         36099            100           100

       399         36100         36199            100           100

       400         36200         36299            100           100

       401         36300         36399            100           100

       402         36400         36499            100           100

       403         36500         36599            100           100

       404         36600         36699            100           100

       405         36700         36799            100           100

       406         36800         36899            100           100

       407         36900         36999            100           100

       408         37000         37099            100           100

       409         37100         37199            100           100

       410         37200         37299            100           100

       411         37300         37399            100           100

       412         37400         37499            100           100

       413         37500         37599            100           100

       414         37600         37699            100           100

       415         37700         37799            100           100

       416         37800         37899            100           100

       417         37900         37999            100           100

       418         38000         38099            100           100

       419         38100         38199            100           100

       420         38200         38299            100           100

  BLOCK_NO MIN_ACC_ORDER MAX_ACC_ORDER ACC_ORDER_SPAN ROWS_IN_BLOCK

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

       421         38300         38399            100           100

       422         38400         38499            100           100

       423         38500         38599            100           100

       424         38600         38699            100           100

       425         38700         38799            100           100

       426         38800         38899            100           100

       427         38900         38999            100           100

       428         39000         39099            100           100

       429         39100         39199            100           100

       430         39200         39299            100           100

       431         39300         39399            100           100

       432         39400         39499            100           100

       433         39500         39599            100           100

       434         39600         39699            100           100

       435         39700         39799            100           100

       436         39800         39899            100           100

       437         39900         39999            100           100

       438         40000         40099            100           100

       439         40100         40199            100           100

       440         40200         40299            100           100

       441         40300         40399            100           100

       442         40400         40499            100           100

       443         40500         40599            100           100

       444         40600         40699            100           100

       445         40700         40799            100           100

       446         40800         40899            100           100

       447         40900         40999            100           100

       448         41000         41099            100           100

       449         41100         41199            100           100

       450         41200         41299            100           100

       451         41300         41399            100           100

       452         41400         41499            100           100

       453         41500         41599            100           100

       454         41600         41699            100           100

       455         41700         41799            100           100

       456         41800         41899            100           100

       457         41900         41999            100           100

       458         42000         42099            100           100

       459         42100         42199            100           100

       460         42200         42299            100           100

       461         42300         42399            100           100

       462         42400         42499            100           100

       463         42500         42599            100           100

       464         42600         42699            100           100

       465         42700         42799            100           100

       466         42800         42899            100           100

       467         42900         42999            100           100

       468         43000         43099            100           100

       469         43100         43199            100           100

       470         43200         43299            100           100

       471         43300         43399            100           100

       472         43400         43499            100           100

       473         43500         43599            100           100

       474         43600         43699            100           100

       475         43700         43799            100           100

       476         43800         43899            100           100

       477         43900         43999            100           100

  BLOCK_NO MIN_ACC_ORDER MAX_ACC_ORDER ACC_ORDER_SPAN ROWS_IN_BLOCK

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

       478         44000         44099            100           100

       479         44100         44199            100           100

       480         44200         44299            100           100

       481         44300         44399            100           100

       482         44400         44499            100           100

       483         44500         44599            100           100

       484         44600         44699            100           100

       485         44700         44799            100           100

       486         44800         44899            100           100

       487         44900         44999            100           100

       488         45000         45099            100           100

       489         45100         45199            100           100

       490         45200         45299            100           100

       491         45300         45399            100           100

       492         45400         45499            100           100

       493         45500         45599            100           100

       494         45600         45699            100           100

       495         45700         45799            100           100

       496         45800         45899            100           100

       497         45900         45999            100           100

       498         46000         46099            100           100

       499         46100         46199            100           100

       500         46200         46299            100           100

       501         46300         46399            100           100

       502         46400         46499            100           100

       503         46500         46599            100           100

       504         46600         46699            100           100

       505         46700         46799            100           100

       506         46800         46899            100           100

       507         46900         46999            100           100

       508         47000         47099            100           100

       509         47100         47199            100           100

       510         47200         47299            100           100

       511         47300         47399            100           100

       512         47400         47499            100           100

       513         47500         47599            100           100

       514         47600         47699            100           100

       515         47700         47799            100           100

       516         47800         47899            100           100

       517         47900         47999            100           100

       518         48000         48099            100           100

       519         48100         48199            100           100

       520         48200         48299            100           100

       521         48300         48399            100           100

       522         48400         48499            100           100

       523         48500         48599            100           100

       524         48600         48699            100           100

       525         48700         48799            100           100

       526         48800         48899            100           100

       527         48900         48999            100           100

       528         49000         49099            100           100

       529         49100         49199            100           100

       530         49200         49299            100           100

       531         49300         49399            100           100

       532         49400         49499            100           100

       533         49500         49599            100           100

       534         49600         49699            100           100

  BLOCK_NO MIN_ACC_ORDER MAX_ACC_ORDER ACC_ORDER_SPAN ROWS_IN_BLOCK

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

       535         49700         49799            100           100

       536         49800         49899            100           100

       537         49900         49999            100           100

400 rows selected.

[So why do the stats claim 403 blocks? I don’t know. Seems like a bug to me. Now (538-265)+(137-10) is 400, so there is not some sneaky missing row, and of course empty_blocks did show up as zero. So I think there is something wrong, but that is not what this paper is about so I’ll leave that for another day.]

SQL> explain plan for

  2  select

  3     dbms_rowid.rowid_block_number(rowid) block_no,

  4     min(access_order) min_acc_order,

  5     max(access_order) max_acc_order,

  6     (max(access_order) - min(access_order) +1) acc_order_span,

  7     max(dbms_rowid.rowid_row_number(rowid))+1 rows_in_block

  8  from mwf01_m

  9  group by dbms_rowid.rowid_block_number(rowid)

 10  order by dbms_rowid.rowid_block_number(rowid)

 11  /

Explained.

SQL> @q_xplan_all

SQL> SELECT PLAN_TABLE_OUTPUT FROM TABLE(DBMS_XPLAN.DISPLAY(null,null,'ALL'))

  2  /

PLAN_TABLE_OUTPUT

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

Plan hash value: 3496925705

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

| Id  | Operation             | Name       | Rows  | Bytes | Cost (%CPU)| Time     |

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

|   0 | SELECT STATEMENT      |            | 40000 |   468K|    22  (19)| 00:00:01 |

|   1 |  SORT GROUP BY        |            | 40000 |   468K|    22  (19)| 00:00:01 |

|   2 |   INDEX FAST FULL SCAN| MWF01_M_PK | 40000 |   468K|    18   (0)| 00:00:01 |

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

Query Block Name / Object Alias (identified by operation id):

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

   1 - SEL$1

   2 - SEL$1 / MWF01_M@SEL$1

Column Projection Information (identified by operation id):

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

   1 - "DBMS_ROWID"."ROWID_BLOCK_NUMBER"(ROWIDTOCHAR(ROWID))[22],

       MAX("DBMS_ROWID"."ROWID_ROW_NUMBER"(ROWIDTOCHAR(ROWID)))[22],

       MIN("ACCESS_ORDER")[22], MAX("ACCESS_ORDER")[22]

   2 - ROWID[ROWID,10], "ACCESS_ORDER"[NUMBER,22]

Hey, wait a minute! That was an index fast full scan, not a table scan, even though we asked about the table blocks and row positions. But of course that information is indeed in the index. Short of puking out all 40,000 rows, let’s just see what happens if we force the table to be read to get the same 400 rows.

SQL> @xp_mwf01_m_span_noorder_tag

SQL> explain plan set statement_id = 'span tag no order'

  2  for

  3  select

  4     dbms_rowid.rowid_block_number(rowid) block_no,

  5     max(vsize(ctag)),

  6     min(access_order) min_acc_order,

  7     max(access_order) max_acc_order,

  8     (max(access_order) - min(access_order) +1) acc_order_span,

  9     max(dbms_rowid.rowid_row_number(rowid))+1 rows_in_block

 10  from mwf01_m

 11  group by dbms_rowid.rowid_block_number(rowid)

 12  /

Explained.

SQL> @q_xplan_all

SQL> SELECT PLAN_TABLE_OUTPUT FROM TABLE(DBMS_XPLAN.DISPLAY(null,null,'ALL'))

  2  /

PLAN_TABLE_OUTPUT

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

Plan hash value: 2401897301

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

| Id  | Operation          | Name    | Rows  | Bytes | Cost (%CPU)| Time     |

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

|   0 | SELECT STATEMENT   |         | 40000 |  2500K|    94   (5)| 00:00:02 |

|   1 |  SORT GROUP BY     |         | 40000 |  2500K|    94   (5)| 00:00:02 |

|   2 |   TABLE ACCESS FULL| MWF01_M | 40000 |  2500K|    91   (2)| 00:00:02 |

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

Query Block Name / Object Alias (identified by operation id):

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

   1 - SEL$1

   2 - SEL$1 / MWF01_M@SEL$1

Column Projection Information (identified by operation id):

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

   1 - "DBMS_ROWID"."ROWID_BLOCK_NUMBER"(ROWIDTOCHAR(ROWID))[22],

       MAX("DBMS_ROWID"."ROWID_ROW_NUMBER"(ROWIDTOCHAR(ROWID)))[22],

       MIN("ACCESS_ORDER")[22], MAX("ACCESS_ORDER")[22], MAX(VSIZE("CTAG"))[22]

   2 - ROWID[ROWID,10], "ACCESS_ORDER"[NUMBER,22], "CTAG"[VARCHAR2,100]

So the cost goes up, as expected, and the group by happens to throw an unasked for (and in this particular case unbeknownst to it unneeded) sort in order to certainly project an accurate group by. So the result set will certainly be the same except for the extra column. This time I’m just grabbing an excerpt.

  BLOCK_NO MAX(VSIZE(CTAG)) MIN_ACC_ORDER MAX_ACC_ORDER ACC_ORDER_SPAN ROWS_IN_BLOCK

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

        10               16         10000         10099            100           100

        11               16         10100         10199            100           100

        12               16         10200         10299            100           100

        13               16         10300         10399            100           100

Now let’s take a look at getting the whole table with no sorting at all.

SQL> @xp_mwf01_m_frontcount

SQL> explain plan for

  2  select access_order,ctag,rownum+9999, dbms_rowid.rowid_block_number(rowid) block_no,

  3  dbms_rowid.rowid_row_number(rowid) row_in_block

  4  from mwf01_m

  5  where access_order > 9999 and access_order < (&total+10000)

  6  /

Enter value for total: 40000

old   5: where access_order > 9999 and access_order < (&total+10000)

new   5: where access_order > 9999 and access_order < (40000+10000)

Explained.

SQL> @q_xplan_all

SQL> SELECT PLAN_TABLE_OUTPUT FROM TABLE(DBMS_XPLAN.DISPLAY(null,null,'ALL'))

  2  /

PLAN_TABLE_OUTPUT

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

Plan hash value: 703863597

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

| Id  | Operation          | Name    | Rows  | Bytes | Cost (%CPU)| Time     |

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

|   0 | SELECT STATEMENT   |         | 40000 |  2500K|    91   (2)| 00:00:02 |

|   1 |  COUNT             |         |       |       |            |          |

|*  2 |   TABLE ACCESS FULL| MWF01_M | 40000 |  2500K|    91   (2)| 00:00:02 |

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

Query Block Name / Object Alias (identified by operation id):

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

   1 - SEL$1

   2 - SEL$1 / MWF01_M@SEL$1

Predicate Information (identified by operation id):

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

   2 - filter("ACCESS_ORDER">9999 AND "ACCESS_ORDER"<50000)

Column Projection Information (identified by operation id):

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

   1 - ROWID[ROWID,10], "ACCESS_ORDER"[NUMBER,22],

       "CTAG"[VARCHAR2,100], ROWNUM[4]

   2 - ROWID[ROWID,10], "ACCESS_ORDER"[NUMBER,22], "CTAG"[VARCHAR2,100]

29 rows selected.

And the rows indeed come out in the sorted order. I’m not printing out 40,000 rows in the paper, but you can scroll through yourself. Note that Oracle tosses in a COUNT operation because I’m using rownum.

Now let’s just see what the break points are for using the index versus doing a full table scan based on how many rows we want.

For example, if we just want 1 row from the front, it is pretty obvious it will use the index:

SQL> @xp_mwf01_m_frontcount

SQL> explain plan for

  2  select access_order,ctag,rownum+9999, dbms_rowid.rowid_block_number(rowid) block_no,

  3  dbms_rowid.rowid_row_number(rowid) row_in_block

  4  from mwf01_m

  5  where access_order > 9999 and access_order < (&total+10000)

  6  /

Enter value for total: 1

old   5: where access_order > 9999 and access_order < (&total+10000)

new   5: where access_order > 9999 and access_order < (1+10000)

Explained.

SQL> @q_xplan_all

SQL> SELECT PLAN_TABLE_OUTPUT FROM TABLE(DBMS_XPLAN.DISPLAY(null,null,'ALL'))

  2  /

PLAN_TABLE_OUTPUT

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

Plan hash value: 407750958

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

| Id  | Operation                    | Name       | Rows  | Bytes | Cost (%CPU)| Time     |

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

|   0 | SELECT STATEMENT             |            |     1 |    64 |     3   (0)| 00:00:01 |

|   1 |  COUNT                       |            |       |       |            |          |

|   2 |   TABLE ACCESS BY INDEX ROWID| MWF01_M    |     1 |    64 |     3   (0)| 00:00:01 |

|*  3 |    INDEX RANGE SCAN          | MWF01_M_PK |     1 |       |     2   (0)| 00:00:01 |

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

Query Block Name / Object Alias (identified by operation id):

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

   1 - SEL$1

   2 - SEL$1 / MWF01_M@SEL$1

   3 - SEL$1 / MWF01_M@SEL$1

Predicate Information (identified by operation id):

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

   3 - access("ACCESS_ORDER">9999 AND "ACCESS_ORDER"<10001)

Column Projection Information (identified by operation id):

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

   1 - ROWID[ROWID,10], "ACCESS_ORDER"[NUMBER,22], "CTAG"[VARCHAR2,100], ROWNUM[4]

   2 - ROWID[ROWID,10], "ACCESS_ORDER"[NUMBER,22], "CTAG"[VARCHAR2,100]

   3 - ROWID[ROWID,10], "ACCESS_ORDER"[NUMBER,22]

And of course the cost is very low, actually generating only 4 consistent gets. Now I’m going to do a search to find the breakpoints where the plans change. I’m just going to give you the results, but you can do the same search by putting in different values between 1 and 40000 for the number of rows to return.

So up to 7425 rows, the CBO chooses the INDEX RANGE SCAN(IRS), and from 7426 up, the CBO chooses the TABLE ACCESS FULL(FTS). Strangely enough, it takes more consistent gets (1079) to get 7425 rows using the IRS than it does to get the 7426 rows using the FTS (902). So it appears that the CBO is less than perfect.

Now let’s look at MWF02_M. Remember this is the same uniform tablespace as contains MWF01_M, but the rows are loaded not randomly, but rather in a decidedly bad order with respect to the primary key (access_order).

First, let’s check the stats:

SQL> @q_i_mwf02_m

<hand formatted to be readable in this form factor>

INDEX_NAME     INDEX_TYPE    UNIQUENES     BLEVEL LEAF_BLOCKS

MWF02_M_PK         NORMAL       UNIQUE          1         101

DISTINCT_KEYS KEYS_PER_LEAF   NUM_ROWS

40000            396.039604      40000

AVG_LEAF_BLOCKS_PER_KEY AVG_DATA_BLOCKS_PER_KEY CLUSTERING_FACTOR BUFFER_ tablespace

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

                      1                       1             40000 DEFAULT L_U_M01

SQL> @q_t_mwf02_m

TABLE_NAME     PCT_FREE  FREELISTS   NUM_ROWS     BLOCKS ROWS_PER_BLOCK AVG_ROW_LEN

MWF02_M               0         20      40000        403     99.2555831          75

EMPTY_BLOCKS DEGREE CACHE COMPRESSION

0                 1     N    DISABLED

So most notably, there are now 101 leaf blocks (instead of 76) and only 396 keys per leaf block (instead of 536), and the clustering factor is 40,000 instead of 400. Now I find that really interesting, because 101/76 is 1.32895, so the index for the unordered insert is nearly 33% larger.

SQL> @xp_mwf02_m_frontcount

SQL> explain plan for

  2  select access_order,ctag,rownum+9999, dbms_rowid.rowid_block_number(rowid) block_no,

  3  dbms_rowid.rowid_row_number(rowid) row_in_block

  4  from mwf02_m

  5  where access_order > 9999 and access_order < (&total+10000)

  6  /

Enter value for total: 1

PLAN_TABLE_OUTPUT

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

Plan hash value: 1686714467

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

| Id  | Operation                    | Name       | Rows  | Bytes | Cost (%CPU)| Time     |

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

|   0 | SELECT STATEMENT             |            |     1 |    64 |     4   (0)| 00:00:01 |

|   1 |  COUNT                       |            |       |       |            |          |

|   2 |   TABLE ACCESS BY INDEX ROWID| MWF02_M    |     1 |    64 |     4   (0)| 00:00:01 |

|*  3 |    INDEX RANGE SCAN          | MWF02_M_PK |     1 |       |     2   (0)| 00:00:01 |

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

Query Block Name / Object Alias (identified by operation id):

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

   1 - SEL$1

   2 - SEL$1 / MWF02_M@SEL$1

   3 - SEL$1 / MWF02_M@SEL$1

Predicate Information (identified by operation id):

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

   3 - access("ACCESS_ORDER">9999 AND "ACCESS_ORDER"<10001)

Column Projection Information (identified by operation id):

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

   1 - ROWID[ROWID,10], "ACCESS_ORDER"[NUMBER,22], "CTAG"[VARCHAR2,100], ROWNUM[4]

   2 - ROWID[ROWID,10], "ACCESS_ORDER"[NUMBER,22], "CTAG"[VARCHAR2,100]

   3 - ROWID[ROWID,10], "ACCESS_ORDER"[NUMBER,22]

SQL> @xp_mwf02_m_frontcount

SQL> explain plan for

  2  select access_order,ctag,rownum+9999, dbms_rowid.rowid_block_number(rowid) block_no,

  3  dbms_rowid.rowid_row_number(rowid) row_in_block

  4  from mwf02_m

  5  where access_order > 9999 and access_order < (&total+10000)

  6  /

Enter value for total: 50000

old   5: where access_order > 9999 and access_order < (&total+10000)

new   5: where access_order > 9999 and access_order < (50000+10000)

Explained.

SQL> @q_xplan_all

SQL> SELECT PLAN_TABLE_OUTPUT FROM TABLE(DBMS_XPLAN.DISPLAY(null,null,'ALL'))

  2  /

PLAN_TABLE_OUTPUT

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

Plan hash value: 3612684366

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

| Id  | Operation          | Name    | Rows  | Bytes | Cost (%CPU)| Time     |

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

|   0 | SELECT STATEMENT   |         | 40000 |  2500K|    91   (2)| 00:00:02 |

|   1 |  COUNT             |         |       |       |            |          |

|*  2 |   TABLE ACCESS FULL| MWF02_M | 40000 |  2500K|    91   (2)| 00:00:02 |

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

Query Block Name / Object Alias (identified by operation id):

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

   1 - SEL$1

   2 - SEL$1 / MWF02_M@SEL$1

Predicate Information (identified by operation id):

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

   2 - filter("ACCESS_ORDER">9999 AND "ACCESS_ORDER"<60000)

Column Projection Information (identified by operation id):

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

   1 - ROWID[ROWID,10], "ACCESS_ORDER"[NUMBER,22],

       "CTAG"[VARCHAR2,100], ROWNUM[4]

   2 - ROWID[ROWID,10], "ACCESS_ORDER"[NUMBER,22], "CTAG"[VARCHAR2,100]

So, as expected for the polar cases of 1 row versus all rows, we get an index range scan versus a full table scan and the costs are comparable to the sorted insert order.

But where is the break point in plan generation by the CBO and what are the differences in costs?

Instead of getting 7425 rows by the IRS plan, the unsorted begins using an FTS plan at 88 rows. At large numbers of rows where both tables are using FTS plans, the difference in access are negligible. But, for example, at 256 rows the sorted table needs only 40 consistent gets while the unsorted data needs 424 consistent gets. At 87 rows the required gets are 15 and 95, respectively, even though both are using index range scan plans.

This level of improvement would seem to justify a pretty aggressive program of physically sorting data if you are going to be selecting small percentages of rows from large tables predominantly by a particular key path. At least these results indicate that this is true for “manual” segment space allocation. Now let’s move on to ASSM.

ASSM

When a table is loaded using ASSM in a similar fashion to mwf01_m, the rows from a table scan look like this:

Using

select

   rownum "rownum",

   dbms_rowid.rowid_block_number(rowid) block_number,

   access_order access_order,

   substr(ctag,1,16) ctag

from mwf01_a

/

SQL> @q_dump_mwf01_a

Rownum     block    access  ctag

         1           13        15700  00000000000570                            

         2           13        15701  00000000000570                            

         3           13        15702  00000000000570                            

So you see that instead of row 10000, we are starting out with row 15700, which in freelist managed tables we would not see until block 57 of the table’s row storage.

Using

select 

   min(fts."physorder") min_physorder,

   min(fts.access_order) min_accorder,

   max(fts.access_order) max_accorder,

   min(ctag) min_ctag,

   count(*),

   block_number

from

(select

   rownum "physorder",

   dbms_rowid.rowid_block_number(rowid) block_number,

   access_order access_order,

   substr(ctag,1,16) ctag

from mwf01_a)fts

group by block_number

order by min_physorder

/

We can get a reasonably terse summary of the order:

SQL> /

Rownum    Access order range     min(ctag)                   count        block

              1        15700        15799  000000000005701        100           13

          101        11300        11399  000000000001301        100           14

          201        12700        12799  000000000002701        100           15

          301        14200        14299  000000000004201        100           16

          401        15800        15899  000000000005801        100           17

          501        11200        11299  000000000001201        100           18

          601        12800        12899  000000000002801        100           19

          701        14300        14399  000000000004301        100           20

          801        15900        15999  000000000005901        100           21

          901        11400        11499  000000000001401        100           22

         1001        12900        12999  000000000002901        100           23

         1101        14400        14499  000000000004401        100           24

         1201        10000        10099  000000000000001        100           25  

         1301        11500        11599  000000000001501        100           26

         1401        13000        13099  000000000003001        100           27

         1501        14500        14599  000000000004501        100           28

         1601        10100        10199  000000000000101        100           29

         1701        11600        11699  000000000001601        100           30

         1801        13100        13199  000000000003101        100           31

         1901        14600        14699  000000000004601        100           32

         2001        10200        10299  000000000000201        100           33

         2101        11700        11799  000000000001701        100           34

         2201        13200        13299  000000000003201        100           35

         2301        14700        14799  000000000004701        100           36

         2401        10300        10399  000000000000301        100           37

         2501        11800        11899  000000000001801        100           38

         2601        13300        13399  000000000003301        100           39

         2701        14800        14899  000000000004801        100           40

         2801        10500        10599  000000000000501        100           41

         2901        11900        11999  000000000001901        100           42

         3001        13400        13499  000000000003401        100           43

         3101        14900        14999  000000000004901        100           44

         3201        10400        10499  000000000000401        100           45

         3301        12000        12099  000000000002001        100           46

         3401        13500        13599  000000000003501        100           47

         3501        15000        15099  000000000005001        100           48

         3601        10600        10699  000000000000601        100           49

         3701        12100        12199  000000000002101        100           50

         3801        13600        13699  000000000003601        100           51

         3901        15100        15199  000000000005101        100           52

         4001        10700        10799  000000000000701        100           53

         4101        12200        12299  000000000002201        100           54

         4201        13700        13799  000000000003701        100           55

         4301        15200        15299  000000000005201        100           56

         4401        10900        10999  000000000000901        100           57

         4501        12300        12399  000000000002301        100           58

         4601        13800        13899  000000000003801        100           59

         4701        15300        15399  000000000005301        100           60

         4801        10800        10899  000000000000801        100           61

         4901        12400        12499  000000000002401        100           62

         5001        13900        13999  000000000003901        100           63

         5101        15400        15499  000000000005401        100           64

         5201        11000        11099  000000000001001        100           65

         5301        12500        12599  000000000002501        100           66

         5401        14000        14099  000000000004001        100           67

         5501        15500        15599  000000000005501        100           68

         5601        11100        11199  000000000001101        100           69

         5701        12600        12699  000000000002601        100           70

         5801        14100        14199  000000000004101        100           71

         5901        15600        15699  000000000005601        100           72

         6001        22100        22199  000000000012101        100           73

         6101        17300        17399  000000000007301        100           74

         6201        18900        18999  000000000008901        100           75

         6301        20500        20599  000000000010501        100           76

         6401        22200        22299  000000000012201        100           77

         6501        17400        17499  000000000007401        100           78

         6601        19000        19099  000000000009001        100           79

         6701        20600        20699  000000000010601        100           80

         6801        22300        22399  000000000012301        100           81

         6901        17500        17599  000000000007501        100           82

         7001        19100        19199  000000000009101        100           83

         7101        20700        20799  000000000010701        100           84

         7201        16000        16099  000000000006001        100           85

         7301        17600        17699  000000000007601        100           86

         7401        19200        19299  000000000009201        100           87

         7501        20800        20899  000000000010801        100           88

         7601        16200        16299  000000000006201        100           89

         7701        17700        17799  000000000007701        100           90

         7801        19300        19399  000000000009301        100           91

         7901        20900        20999  000000000010901        100           92

         8001        16100        16199  000000000006101        100           93

         8101        17800        17899  000000000007801        100           94

         8201        19400        19499  000000000009401        100           95

         8301        21000        21099  000000000011001        100           96

         8401        16300        16399  000000000006301        100           97

         8501        17900        17999  000000000007901        100           98

         8601        19500        19599  000000000009501        100           99

         8701        21100        21199  000000000011101        100          100

         8801        16400        16499  000000000006401        100          101

         8901        18000        18099  000000000008001        100          102

         9001        19600        19699  000000000009601        100          103

         9101        21200        21299  000000000011201        100          104

         9201        16600        16699  000000000006601        100          105

         9301        18100        18199  000000000008101        100          106

         9401        19700        19799  000000000009701        100          107

         9501        21300        21399  000000000011301        100          108

         9601        16500        16599  000000000006501        100          109

         9701        18200        18299  000000000008201        100          110

         9801        19800        19899  000000000009801        100          111

         9901        21400        21499  000000000011401        100          112

        10001        16700        16799  000000000006701        100          113

        10101        18300        18399  000000000008301        100          114

        10201        19900        19999  000000000009901        100          115

        10301        21500        21599  000000000011501        100          116

        10401        16800        16899  000000000006801        100          117

        10501        18400        18499  000000000008401        100          118

        10601        20000        20099  000000000010001        100          119

        10701        21600        21699  000000000011601        100          120

        10801        17000        17099  000000000007001        100          121

        10901        18500        18599  000000000008501        100          122

        11001        20100        20199  000000000010101        100          123

        11101        21700        21799  000000000011701        100          124

        11201        16900        16999  000000000006901        100          125

        11301        18600        18699  000000000008601        100          126

        11401        20200        20299  000000000010201        100          127

        11501        21800        21899  000000000011801        100          128

        11601        17100        17199  000000000007101        100          129

        11701        18700        18799  000000000008701        100          130

        11801        20300        20399  000000000010301        100          131

        11901        21900        21999  000000000011901        100          132

        12001        17200        17299  000000000007201        100          133

        12101        18800        18899  000000000008801        100          134

        12201        20400        20499  000000000010401        100          135

        12301        22000        22099  000000000012001        100          136

        12401        28300        28399  000000000018301        100          267

        12501        23700        23799  000000000013701        100          268

        12601        25300        25399  000000000015301        100          269

        12701        26800        26899  000000000016801        100          270

        12801        28400        28499  000000000018401        100          271

        12901        23800        23899  000000000013801        100          272

        13001        25400        25499  000000000015401        100          273

        13101        26900        26999  000000000016901        100          274

        13201        28500        28599  000000000018501        100          275

        13301        23900        23999  000000000013901        100          276

        13401        25500        25599  000000000015501        100          277

        13501        27000        27099  000000000017001        100          278

        13601        22400        22499  000000000012401        100          279

        13701        24000        24099  000000000014001        100          280

        13801        25600        25699  000000000015601        100          281

        13901        27100        27199  000000000017101        100          282

        14001        22600        22699  000000000012601        100          283

        14101        24100        24199  000000000014101        100          284

        14201        25700        25799  000000000015701        100          285

        14301        27200        27299  000000000017201        100          286

        14401        22500        22599  000000000012501        100          287

        14501        24200        24299  000000000014201        100          288

        14601        25800        25899  000000000015801        100          289

        14701        27300        27399  000000000017301        100          290

        14801        22700        22799  000000000012701        100          291

        14901        24300        24399  000000000014301        100          292

        15001        25900        25999  000000000015901        100          293

        15101        27400        27499  000000000017401        100          294

        15201        22800        22899  000000000012801        100          295

        15301        24400        24499  000000000014401        100          296

        15401        26000        26099  000000000016001        100          297

        15501        27500        27599  000000000017501        100          298

        15601        23000        23099  000000000013001        100          299

        15701        24500        24599  000000000014501        100          300

        15801        26100        26199  000000000016101        100          301

        15901        27600        27699  000000000017601        100          302

        16001        22900        22999  000000000012901        100          303

        16101        24600        24699  000000000014601        100          304

        16201        26200        26299  000000000016201        100          305

        16301        27700        27799  000000000017701        100          306

        16401        23100        23199  000000000013101        100          307

        16501        24700        24799  000000000014701        100          308

        16601        26300        26399  000000000016301        100          309

        16701        27800        27899  000000000017801        100          310

        16801        23200        23299  000000000013201        100          311

        16901        24800        24899  000000000014801        100          312

        17001        26400        26499  000000000016401        100          313

        17101        27900        27999  000000000017901        100          314

        17201        23400        23499  000000000013401        100          315

        17301        24900        24999  000000000014901        100          316

        17401        26500        26599  000000000016501        100          317

        17501        28000        28099  000000000018001        100          318

        17601        23300        23399  000000000013301        100          319

        17701        25000        25099  000000000015001        100          320

        17801        26600        26699  000000000016601        100          321

        17901        28100        28199  000000000018101        100          322

        18001        23500        23599  000000000013501        100          323

        18101        25100        25199  000000000015101        100          324

        18201        26700        26799  000000000016701        100          325

        18301        28200        28299  000000000018201        100          326

        18401        23600        23699  000000000013601        100          327

        18501        25200        25299  000000000015201        100          328

        18601        34700        34799  000000000024701        100          329

        18701        29900        29999  000000000019901        100          330

        18801        31500        31599  000000000021501        100          331

        18901        33100        33199  000000000023101        100          332

        19001        34800        34899  000000000024801        100          333

        19101        30000        30099  000000000020001        100          334

        19201        31600        31699  000000000021601        100          335

        19301        33200        33299  000000000023201        100          336

        19401        34900        34999  000000000024901        100          337

        19501        30100        30199  000000000020101        100          338

        19601        31700        31799  000000000021701        100          339

        19701        33300        33399  000000000023301        100          340

        19801        28600        28699  000000000018601        100          341

        19901        30200        30299  000000000020201        100          342

        20001        31800        31899  000000000021801        100          343

        20101        33400        33499  000000000023401        100          344

        20201        28800        28899  000000000018801        100          345

        20301        30300        30399  000000000020301        100          346

        20401        31900        31999  000000000021901        100          347

        20501        33500        33599  000000000023501        100          348

        20601        28700        28799  000000000018701        100          349

        20701        30400        30499  000000000020401        100          350

        20801        32000        32099  000000000022001        100          351

        20901        33600        33699  000000000023601        100          352

        21001        28900        28999  000000000018901        100          353

        21101        30500        30599  000000000020501        100          354

        21201        32100        32199  000000000022101        100          355

        21301        33700        33799  000000000023701        100          356

        21401        29000        29099  000000000019001        100          357

        21501        30600        30699  000000000020601        100          358

        21601        32200        32299  000000000022201        100          359

        21701        33800        33899  000000000023801        100          360

        21801        29200        29299  000000000019201        100          361

        21901        30700        30799  000000000020701        100          362

        22001        32300        32399  000000000022301        100          363

        22101        33900        33999  000000000023901        100          364

        22201        29100        29199  000000000019101        100          365

        22301        30800        30899  000000000020801        100          366

        22401        32400        32499  000000000022401        100          367

        22501        34000        34099  000000000024001        100          368

        22601        29300        29399  000000000019301        100          369

        22701        30900        30999  000000000020901        100          370

        22801        32500        32599  000000000022501        100          371

        22901        34100        34199  000000000024101        100          372

        23001        29400        29499  000000000019401        100          373

        23101        31000        31099  000000000021001        100          374

        23201        32600        32699  000000000022601        100          375

        23301        34200        34299  000000000024201        100          376

        23401        29600        29699  000000000019601        100          377

        23501        31100        31199  000000000021101        100          378

        23601        32700        32799  000000000022701        100          379

        23701        34300        34399  000000000024301        100          380

        23801        29500        29599  000000000019501        100          381

        23901        31200        31299  000000000021201        100          382

        24001        32800        32899  000000000022801        100          383

        24101        34400        34499  000000000024401        100          384

        24201        29700        29799  000000000019701        100          385

        24301        31300        31399  000000000021301        100          386

        24401        32900        32999  000000000022901        100          387

        24501        34500        34599  000000000024501        100          388

        24601        29800        29899  000000000019801        100          389

        24701        31400        31499  000000000021401        100          390

        24801        33000        33099  000000000023001        100          391

        24901        34600        34699  000000000024601        100          392

        25001        40900        40999  000000000030901        100          395

        25101        36300        36399  000000000026301        100          396

        25201        37900        37999  000000000027901        100          397

        25301        39400        39499  000000000029401        100          398

        25401        41000        41099  000000000031001        100          399

        25501        36400        36499  000000000026401        100          400

        25601        38000        38099  000000000028001        100          401

        25701        39500        39599  000000000029501        100          402

        25801        41100        41199  000000000031101        100          403

        25901        36500        36599  000000000026501        100          404

        26001        38100        38199  000000000028101        100          405

        26101        39600        39699  000000000029601        100          406

        26201        35000        35099  000000000025001        100          407

        26301        36600        36699  000000000026601        100          408

        26401        38200        38299  000000000028201        100          409

        26501        39700        39799  000000000029701        100          410

        26601        35200        35299  000000000025201        100          411

        26701        36700        36799  000000000026701        100          412

        26801        38300        38399  000000000028301        100          413

        26901        39800        39899  000000000029801        100          414

        27001        35100        35199  000000000025101        100          415

        27101        36800        36899  000000000026801        100          416

        27201        38400        38499  000000000028401        100          417

        27301        39900        39999  000000000029901        100          418

        27401        35300        35399  000000000025301        100          419

        27501        36900        36999  000000000026901        100          420

        27601        38500        38599  000000000028501        100          421

        27701        40000        40099  000000000030001        100          422

        27801        35400        35499  000000000025401        100          423

        27901        37000        37099  000000000027001        100          424

        28001        38600        38699  000000000028601        100          425

        28101        40100        40199  000000000030101        100          426

        28201        35600        35699  000000000025601        100          427

        28301        37100        37199  000000000027101        100          428

        28401        38700        38799  000000000028701        100          429

        28501        40200        40299  000000000030201        100          430

        28601        35500        35599  000000000025501        100          431

        28701        37200        37299  000000000027201        100          432

        28801        38800        38899  000000000028801        100          433

        28901        40300        40399  000000000030301        100          434

        29001        35700        35799  000000000025701        100          435

        29101        37300        37399  000000000027301        100          436

        29201        38900        38999  000000000028901        100          437

        29301        40400        40499  000000000030401        100          438

        29401        35800        35899  000000000025801        100          439

        29501        37400        37499  000000000027401        100          440

        29601        39000        39099  000000000029001        100          441

        29701        40500        40599  000000000030501        100          442

        29801        36000        36099  000000000026001        100          443

        29901        37500        37599  000000000027501        100          444

        30001        39100        39199  000000000029101        100          445

        30101        40600        40699  000000000030601        100          446

        30201        35900        35999  000000000025901        100          447

        30301        37600        37699  000000000027601        100          448

        30401        39200        39299  000000000029201        100          449

        30501        40700        40799  000000000030701        100          450

        30601        36100        36199  000000000026101        100          451

        30701        37700        37799  000000000027701        100          452

        30801        39300        39399  000000000029301        100          453

        30901        40800        40899  000000000030801        100          454

        31001        36200        36299  000000000026201        100          455

        31101        37800        37899  000000000027801        100          456

        31201        47300        47399  000000000037301        100          457

        31301        42500        42599  000000000032501        100          458

        31401        44100        44199  000000000034101        100          459

        31501        45700        45799  000000000035701        100          460

        31601        47400        47499  000000000037401        100          461

        31701        42600        42699  000000000032601        100          462

        31801        44200        44299  000000000034201        100          463

        31901        45800        45899  000000000035801        100          464

        32001        47500        47599  000000000037501        100          465

        32101        42700        42799  000000000032701        100          466

        32201        44300        44399  000000000034301        100          467

        32301        45900        45999  000000000035901        100          468

        32401        41200        41299  000000000031201        100          469

        32501        42800        42899  000000000032801        100          470

        32601        44400        44499  000000000034401        100          471

        32701        46000        46099  000000000036001        100          472

        32801        41400        41499  000000000031401        100          473

        32901        42900        42999  000000000032901        100          474

        33001        44500        44599  000000000034501        100          475

        33101        46100        46199  000000000036101        100          476

        33201        41300        41399  000000000031301        100          477

        33301        43000        43099  000000000033001        100          478

        33401        44600        44699  000000000034601        100          479

        33501        46200        46299  000000000036201        100          480

        33601        41500        41599  000000000031501        100          481

        33701        43100        43199  000000000033101        100          482

        33801        44700        44799  000000000034701        100          483

        33901        46300        46399  000000000036301        100          484

        34001        41600        41699  000000000031601        100          485

        34101        43200        43299  000000000033201        100          486

        34201        44800        44899  000000000034801        100          487

        34301        46400        46499  000000000036401        100          488

        34401        41800        41899  000000000031801        100          489

        34501        43300        43399  000000000033301        100          490

        34601        44900        44999  000000000034901        100          491

        34701        46500        46599  000000000036501        100          492

        34801        41700        41799  000000000031701        100          493

        34901        43400        43499  000000000033401        100          494

        35001        45000        45099  000000000035001        100          495

        35101        46600        46699  000000000036601        100          496

        35201        41900        41999  000000000031901        100          497

        35301        43500        43599  000000000033501        100          498

        35401        45100        45199  000000000035101        100          499

        35501        46700        46799  000000000036701        100          500

        35601        42000        42099  000000000032001        100          501

        35701        43600        43699  000000000033601        100          502

        35801        45200        45299  000000000035201        100          503

        35901        46800        46899  000000000036801        100          504

        36001        42200        42299  000000000032201        100          505

        36101        43700        43799  000000000033701        100          506

        36201        45300        45399  000000000035301        100          507

        36301        46900        46999  000000000036901        100          508

        36401        42100        42199  000000000032101        100          509

        36501        43800        43899  000000000033801        100          510

        36601        45400        45499  000000000035401        100          511

        36701        47000        47099  000000000037001        100          512

        36801        42300        42399  000000000032301        100          513

        36901        43900        43999  000000000033901        100          514

        37001        45500        45599  000000000035501        100          515

        37101        47100        47199  000000000037101        100          516

        37201        42400        42499  000000000032401        100          517

        37301        44000        44099  000000000034001        100          518

        37401        45600        45699  000000000035601        100          519

        37501        47200        47299  000000000037201        100          520

        37601        48900        48999  000000000038901        100          524

        37701        49000        49099  000000000039001        100          528

        37801        49100        49199  000000000039101        100          532

        37901        47600        47699  000000000037601        100          535

        38001        49200        49299  000000000039201        100          536

        38101        47800        47899  000000000037801        100          539

        38201        49300        49399  000000000039301        100          540

        38301        47700        47799  000000000037701        100          543

        38401        49400        49499  000000000039401        100          544

        38501        47900        47999  000000000037901        100          547

        38601        49500        49599  000000000039501        100          548

        38701        48000        48099  000000000038001        100          551

        38801        49600        49699  000000000039601        100          552

        38901        48200        48299  000000000038201        100          555

        39001        49700        49799  000000000039701        100          556

        39101        48100        48199  000000000038101        100          559

        39201        49800        49899  000000000039801        100          560

        39301        48300        48399  000000000038301        100          563

        39401        49900        49999  000000000039901        100          564

        39501        48400        48499  000000000038401        100          567

        39601        48600        48699  000000000038601        100          571

        39701        48500        48599  000000000038501        100          575

        39801        48700        48799  000000000038701        100          579

        39901        48800        48899  000000000038801        100          583

400 rows selected.

So you can see that the rows are clustered in the inserted order, but the blocks used scatter all over. Instead of using block 13 for the first rows, it used block 25. Exactly the intent of ASSM to scatter the insert points, and of course a single inserter should not have to jump around, so it completely makes sense except for the part about not using the first one first. Probably that is a side effect of the algorithm they use to (I presume) mathematically choose a next block.

Let’s just see whether we can get that back in order.

drop table phys_accorder;

create table phys_accorder

   (

   acc_join number,

   accorder  number,

   block_number number,

   constraint phys_accorder_pk primary key (accorder,acc_join)

   );

insert into phys_accorder

select

   rownum "acc_join", 

   phys.min_accorder accorder,

   phys.block_number

from

   (

   select 

      min(fts."physorder") min_physorder,

      min(fts.access_order) min_accorder,

      min(ctag) min_ctag,

      block_number

   from

      (

      select

         rownum "physorder",

         dbms_rowid.rowid_block_number(rowid) block_number,

         access_order access_order,

         substr(ctag,1,1) ctag /* force table access so I don't have to drop pk */

         from mwf01_a

      )fts

   group by block_number

   order by min_physorder

   ) phys;

commit;

define tabname = phys_accorder

@gs_onetab

undefine tabname

drop table accorder;

create table accorder

   (

   acc_join number,

   accorder number,

   block_number number,

   constraint accorder_pk primary key (acc_join)

   );

insert into accorder

select

   rownum "acc_join",

   acc.min_accorder accorder,

   acc.block_number

from

   (

   select

      min(ix.access_order) min_accorder,

      block_number

   from

      (

      select

         dbms_rowid.rowid_block_number(rowid) block_number,

         access_order access_order

         from mwf01_a

      ) ix

   group by block_number

   order by min_accorder

   ) acc;

commit;

define tabname = accorder

@gs_onetab

undefine tabname

create table block_order

   (

   accorder      number,

   block_number  number,

   constraint block_order_pk primary key (accorder,block_number)

   );

insert into block_order

   select 

      p.accorder,

      a.block_number

   from phys_accorder p, accorder a

   where p.acc_join = a.acc_join

   order by p.accorder;

commit;

define tabname = block_order

@gs_onetab

undefine tabname

insert into mwf01_as

   select 

      ao.access_order,

      ao.ctag,

      ao.cpad

   from

      (

      select

         rownum, 

         a.access_order,

         a.ctag,

         a.cpad,

         dbms_rowid.rowid_block_number(a.rowid),

         dbms_rowid.rowid_row_number(a.rowid),

         p.block_number,

         p.accorder

      from 

         mwf01_a a, 

         block_order p

      where p.block_number = dbms_rowid.rowid_block_number(a.rowid)

      order by p.accorder, dbms_rowid.rowid_row_number(a.rowid)

      ) ao;

commit;

So you see how I’ve done a join on the physical order and the desired access order to figure out when to insert the rows to use the blocks in the order Oracle uses them. I put on the bit about rowid because if the rows are not constant in length that might make a difference.

Oh – you probably want the proof:

SQL> r

  1  select substr(ctag,1,16), dbms_rowid.rowid_block_number(rowid) block_number,

  2  dbms_rowid.rowid_row_number(rowid) row_number

  3  from mwf01_as

  4* where substr(ctag,15,16) = '01'

SUBSTR(CTAG,1,16 BLOCK_NUMBER ROW_NUMBER  

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

 000000000000001          653          0  

 000000000000101          654          0  

 000000000000201          655          0  

 000000000000301          656          0  

 000000000000401          657          0  

 000000000000501          658          0  

 000000000000601          659          0  

 000000000000701          660          0  

 000000000000801          661          0  

 000000000000901          662          0  

 000000000001001          663          0  

 000000000001101          664          0  

 000000000001201          665          0  

 000000000001301          666          0  

 000000000001401          667          0  

 000000000001501          668          0  

 000000000001601          669          0  

 000000000001701          670          0  

 000000000001801          671          0  

 000000000001901          672          0  

 000000000002001          673          0  

 000000000002101          674          0  

 000000000002201          675          0  

 000000000002301          676          0  

 000000000002401          677          0  

 000000000002501          678          0  

 000000000002601          679          0  

 000000000002701          680          0  

 000000000002801          681          0  

 000000000002901          682          0  

 000000000003001          683          0  

 000000000003101          684          0  

 000000000003201          685          0  

 000000000003301          686          0  

 000000000003401          687          0  

 000000000003501          688          0  

 000000000003601          689          0  

SUBSTR(CTAG,1,16 BLOCK_NUMBER ROW_NUMBER  

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

 000000000003701          690          0  

 000000000003801          691          0  

 000000000003901          692          0  

 000000000004001          693          0  

 000000000004101          694          0  

 000000000004201          695          0  

 000000000004301          696          0  

 000000000004401          697          0  

 000000000004501          698          0  

 000000000004601          699          0  

 000000000004701          700          0  

 000000000004801          701          0  

 000000000004901          702          0  

 000000000005001          703          0  

 000000000005101          704          0  

 000000000005201          705          0  

 000000000005301          706          0  

 000000000005401          707          0  

 000000000005501          708          0  

 000000000005601          709          0  

 000000000005701          710          0  

 000000000005801          711          0  

 000000000005901          712          0  

 000000000006001          713          0  

 000000000006101          714          0  

 000000000006201          715          0  

 000000000006301          716          0  

 000000000006401          717          0  

 000000000006501          718          0  

 000000000006601          719          0  

 000000000006701          720          0  

 000000000006801          721          0  

 000000000006901          722          0  

 000000000007001          723          0  

 000000000007101          724          0  

 000000000007201          725          0  

 000000000007301          726          0  

SUBSTR(CTAG,1,16 BLOCK_NUMBER ROW_NUMBER  

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

 000000000007401          727          0  

 000000000007501          728          0  

 000000000007601          729          0  

 000000000007701          730          0  

 000000000007801          731          0  

 000000000007901          732          0  

 000000000008001          733          0  

 000000000008101          734          0  

 000000000008201          735          0  

 000000000008301          736          0  

 000000000008401          737          0  

 000000000008501          738          0  

 000000000008601          739          0  

 000000000008701          740          0  

 000000000008801          741          0  

 000000000008901          742          0  

 000000000009001          743          0  

 000000000009101          744          0  

 000000000009201          745          0  

 000000000009301          746          0  

 000000000009401          747          0  

 000000000009501          748          0  

 000000000009601          749          0  

 000000000009701          750          0  

 000000000009801          751          0  

 000000000009901          752          0  

 000000000010001          753          0  

 000000000010101          754          0  

 000000000010201          755          0  

 000000000010301          756          0  

 000000000010401          757          0  

 000000000010501          758          0  

 000000000010601          759          0  

 000000000010701          760          0  

 000000000010801          761          0  

 000000000010901          762          0  

 000000000011001          763          0  

SUBSTR(CTAG,1,16 BLOCK_NUMBER ROW_NUMBER  

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

 000000000011101          764          0  

 000000000011201          765          0  

 000000000011301          766          0  

 000000000011401          767          0  

 000000000011501          768          0  

 000000000011601          769          0  

 000000000011701          770          0  

 000000000011801          771          0  

 000000000011901          772          0  

 000000000012001          773          0  

 000000000012101          774          0  

 000000000012201          775          0  

 000000000012301          776          0  

 000000000012401          907          0  

 000000000012501          908          0  

 000000000012601          909          0  

 000000000012701          910          0  

 000000000012801          911          0  

 000000000012901          912          0  

 000000000013001          913          0  

 000000000013101          914          0  

 000000000013201          915          0  

 000000000013301          916          0  

 000000000013401          917          0  

 000000000013501          918          0  

 000000000013601          919          0  

 000000000013701          920          0  

 000000000013801          921          0  

 000000000013901          922          0  

 000000000014001          923          0  

 000000000014101          924          0  

 000000000014201          925          0  

 000000000014301          926          0  

 000000000014401          927          0  

 000000000014501          928          0  

 000000000014601          929          0  

 000000000014701          930          0  

SUBSTR(CTAG,1,16 BLOCK_NUMBER ROW_NUMBER  

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

 000000000014801          931          0  

 000000000014901          932          0  

 000000000015001          933          0  

 000000000015101          934          0  

 000000000015201          935          0  

 000000000015301          936          0  

 000000000015401          937          0  

 000000000015501          938          0  

 000000000015601          939          0  

 000000000015701          940          0  

 000000000015801          941          0  

 000000000015901          942          0  

 000000000016001          943          0  

 000000000016101          944          0  

 000000000016201          945          0  

 000000000016301          946          0  

 000000000016401          947          0  

 000000000016501          948          0  

 000000000016601          949          0  

 000000000016701          950          0  

 000000000016801          951          0  

 000000000016901          952          0  

 000000000017001          953          0  

 000000000017101          954          0  

 000000000017201          955          0  

 000000000017301          956          0  

 000000000017401          957          0  

 000000000017501          958          0  

 000000000017601          959          0  

 000000000017701          960          0  

 000000000017801          961          0  

 000000000017901          962          0  

 000000000018001          963          0  

 000000000018101          964          0  

 000000000018201          965          0  

 000000000018301          966          0  

 000000000018401          967          0  

SUBSTR(CTAG,1,16 BLOCK_NUMBER ROW_NUMBER  

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

 000000000018501          968          0  

 000000000018601          969          0  

 000000000018701          970          0  

 000000000018801          971          0  

 000000000018901          972          0  

 000000000019001          973          0  

 000000000019101          974          0  

 000000000019201          975          0  

 000000000019301          976          0  

 000000000019401          977          0  

 000000000019501          978          0  

 000000000019601          979          0  

 000000000019701          980          0  

 000000000019801          981          0  

 000000000019901          982          0  

 000000000020001          983          0  

 000000000020101          984          0  

 000000000020201          985          0  

 000000000020301          986          0  

 000000000020401          987          0  

 000000000020501          988          0  

 000000000020601          989          0  

 000000000020701          990          0  

 000000000020801          991          0  

 000000000020901          992          0  

 000000000021001          993          0  

 000000000021101          994          0  

 000000000021201          995          0  

 000000000021301          996          0  

 000000000021401          997          0  

 000000000021501          998          0  

 000000000021601          999          0  

 000000000021701         1000          0  

 000000000021801         1001          0  

 000000000021901         1002          0  

 000000000022001         1003          0  

 000000000022101         1004          0  

SUBSTR(CTAG,1,16 BLOCK_NUMBER ROW_NUMBER  

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

 000000000022201         1005          0  

 000000000022301         1006          0  

 000000000022401         1007          0  

 000000000022501         1008          0  

 000000000022601         1009          0  

 000000000022701         1010          0  

 000000000022801         1011          0  

 000000000022901         1012          0  

 000000000023001         1013          0  

 000000000023101         1014          0  

 000000000023201         1015          0  

 000000000023301         1016          0  

 000000000023401         1017          0  

 000000000023501         1018          0  

 000000000023601         1019          0  

 000000000023701         1020          0  

 000000000023801         1021          0  

 000000000023901         1022          0  

 000000000024001         1023          0  

 000000000024101         1024          0  

 000000000024201         1025          0  

 000000000024301         1026          0  

 000000000024401         1027          0  

 000000000024501         1028          0  

 000000000024601         1029          0  

 000000000024701         1030          0  

 000000000024801         1031          0  

 000000000024901         1032          0  

 000000000025001         1035          0  

 000000000025101         1036          0  

 000000000025201         1037          0  

 000000000025301         1038          0  

 000000000025401         1039          0  

 000000000025501         1040          0  

 000000000025601         1041          0  

 000000000025701         1042          0  

 000000000025801         1043          0  

SUBSTR(CTAG,1,16 BLOCK_NUMBER ROW_NUMBER  

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

 000000000025901         1044          0  

 000000000026001         1045          0  

 000000000026101         1046          0  

 000000000026201         1047          0  

 000000000026301         1048          0  

 000000000026401         1049          0  

 000000000026501         1050          0  

 000000000026601         1051          0  

 000000000026701         1052          0  

 000000000026801         1053          0  

 000000000026901         1054          0  

 000000000027001         1055          0  

 000000000027101         1056          0  

 000000000027201         1057          0  

 000000000027301         1058          0  

 000000000027401         1059          0  

 000000000027501         1060          0  

 000000000027601         1061          0  

 000000000027701         1062          0  

 000000000027801         1063          0  

 000000000027901         1064          0  

 000000000028001         1065          0  

 000000000028101         1066          0  

 000000000028201         1067          0  

 000000000028301         1068          0  

 000000000028401         1069          0  

 000000000028501         1070          0  

 000000000028601         1071          0  

 000000000028701         1072          0  

 000000000028801         1073          0  

 000000000028901         1074          0  

 000000000029001         1075          0  

 000000000029101         1076          0  

 000000000029201         1077          0  

 000000000029301         1078          0  

 000000000029401         1079          0  

 000000000029501         1080          0  

SUBSTR(CTAG,1,16 BLOCK_NUMBER ROW_NUMBER  

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

 000000000029601         1081          0  

 000000000029701         1082          0  

 000000000029801         1083          0  

 000000000029901         1084          0  

 000000000030001         1085          0  

 000000000030101         1086          0  

 000000000030201         1087          0  

 000000000030301         1088          0  

 000000000030401         1089          0  

 000000000030501         1090          0  

 000000000030601         1091          0  

 000000000030701         1092          0  

 000000000030801         1093          0  

 000000000030901         1094          0  

 000000000031001         1095          0  

 000000000031101         1096          0  

 000000000031201         1097          0  

 000000000031301         1098          0  

 000000000031401         1099          0  

 000000000031501         1100          0  

 000000000031601         1101          0  

 000000000031701         1102          0  

 000000000031801         1103          0  

 000000000031901         1104          0  

 000000000032001         1105          0  

 000000000032101         1106          0  

 000000000032201         1107          0  

 000000000032301         1108          0  

 000000000032401         1109          0  

 000000000032501         1110          0  

 000000000032601         1111          0  

 000000000032701         1112          0  

 000000000032801         1113          0  

 000000000032901         1114          0  

 000000000033001         1115          0  

 000000000033101         1116          0  

 000000000033201         1117          0  

SUBSTR(CTAG,1,16 BLOCK_NUMBER ROW_NUMBER  

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

 000000000033301         1118          0  

 000000000033401         1119          0  

 000000000033501         1120          0  

 000000000033601         1121          0  

 000000000033701         1122          0  

 000000000033801         1123          0  

 000000000033901         1124          0  

 000000000034001         1125          0  

 000000000034101         1126          0  

 000000000034201         1127          0  

 000000000034301         1128          0  

 000000000034401         1129          0  

 000000000034501         1130          0  

 000000000034601         1131          0  

 000000000034701         1132          0  

 000000000034801         1133          0  

 000000000034901         1134          0  

 000000000035001         1135          0  

 000000000035101         1136          0  

 000000000035201         1137          0  

 000000000035301         1138          0  

 000000000035401         1139          0  

 000000000035501         1140          0  

 000000000035601         1141          0  

 000000000035701         1142          0  

 000000000035801         1143          0  

 000000000035901         1144          0  

 000000000036001         1145          0  

 000000000036101         1146          0  

 000000000036201         1147          0  

 000000000036301         1148          0  

 000000000036401         1149          0  

 000000000036501         1150          0  

 000000000036601         1151          0  

 000000000036701         1152          0  

 000000000036801         1153          0  

 000000000036901         1154          0  

SUBSTR(CTAG,1,16 BLOCK_NUMBER ROW_NUMBER  

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

 000000000037001         1155          0  

 000000000037101         1156          0  

 000000000037201         1157          0  

 000000000037301         1158          0  

 000000000037401         1159          0  

 000000000037501         1160          0  

 000000000037601         1164          0  

 000000000037701         1168          0  

 000000000037801         1172          0  

 000000000037901         1175          0  

 000000000038001         1176          0  

 000000000038101         1179          0  

 000000000038201         1180          0  

 000000000038301         1183          0  

 000000000038401         1184          0  

 000000000038501         1187          0  

 000000000038601         1188          0  

 000000000038701         1191          0  

 000000000038801         1192          0  

 000000000038901         1195          0  

 000000000039001         1196          0  

 000000000039101         1199          0  

 000000000039201         1200          0  

 000000000039301         1203          0  

 000000000039401         1204          0  

 000000000039501         1207          0  

 000000000039601         1211          0  

 000000000039701         1215          0  

 000000000039801         1219          0  

 000000000039901         1223          0  

400 rows selected.
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