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Objectives 

ÅDispel many myths associated with Oracle B-Tree 
Indexes

ÅExplain how to investigate index internals

ÅExplain and prove how Oracle B-Tree Indexes work

ÅExplain when index rebuilds might be appropriate
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ά9ȄǇŜǊǘέ ǉǳƻǘŜǎ ǊŜƎŀǊŘƛƴƎ LƴŘŜȄŜǎ

ÅάbƻǘŜ ǘƘŀǘ hǊŀŎƭŜ ƛƴŘŜȄŜǎ ǿƛƭƭ ǎǇŀǿƴ ǘƻ ŀ ŦƻǳǊǘƘ 
level only in areas of the index where a massive 
insert has occurred, such that 99% of the index 
has three levels, but the index is reported as 
ƘŀǾƛƴƎ ŦƻǳǊ ƭŜǾŜƭǎΦ έ 5ƻƴ .ǳǊƭŜǎƻƴΥ 
comp.databases.oracle.server newsgroup post 
dated 31st January 2003

ÅάLŦ ǘƘŜ ƛƴŘŜȄ ŎƭǳǎǘŜǊƛƴƎ ŦŀŎǘƻǊ ƛǎ ƘƛƎƘΣ ŀƴ ƛƴŘŜȄ 
rebuild may be beneficialέΦ Don Burleson: Inside 
Oracle Indexing dated December 2003 at 
www.DBAzine.com
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ά9ȄǇŜǊǘέ ǉǳƻǘŜǎ ǊŜƎŀǊŘƛƴƎ LƴŘŜȄŜǎ

Åά¢ƘŜ ōƛƴŀǊȅ ƘŜƛƎƘǘ ƛƴŎǊŜŀǎŜǎ Ƴŀƛƴƭȅ ŘǳŜ ǘƻ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ ǘŀōƭŜ ŀƴŘ 
the fact that the range of values in the indexed columns is very 
ƴŀǊǊƻǿέΦ Richard Niemiec Oracle Performance Tuning 1999.

Åά¢ƘŜ ƛƴŘŜȄ ǿƛƭƭ ōŜ ƛƳōŀƭŀƴŎŜŘ ƛŦ ǘƘŜ ƎǊƻǿǘƘ ƛǎ ŀƭƭ ƻƴ ƻƴŜ ǎƛŘŜ ǎǳŎƘ 
ŀǎ ǿƘŜƴ ǳǎƛƴƎ ǎŜǉǳŜƴŎŜ ƴǳƳōŜǊǎ ŀǎ ƪŜȅǎΧ wŜŀŘƛƴƎ ǘƘŜ ƴŜǿ ŜƴǘǊƛŜǎ 
will take longerέΦ Richard Niemiec Tuning for the Advanced DBA; 
Others will Require Oxygen 2001

Åά¢Ƙƛǎ ǘŜƭƭǎ ǳǎ ŀ ƭƻǘ ŀōƻǳǘ ƛƴŘŜȄŜǎΣ ōǳǘ ǿƘŀǘ ƛƴǘŜǊŜǎǘǎ ƳŜ ƛǎ ǘƘŜ ǎǇŀŎŜ 
the index is taking, what percentage of that is really being used and 
what space is unusable because of delete actions. Remember, that 
when rows are deleted, the space is not re-ǳǎŜŘ ƛƴ ǘƘŜ ƛƴŘŜȄΦέ WƻƘƴ 
Wang: Resizing Your Indexes When Every Byte Counts at  
www.DBAzine.com
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ά9ȄǇŜǊǘέ ǉǳƻǘŜǎ ǊŜƎŀǊŘƛƴƎ LƴŘŜȄŜǎ

ÅLƴŘŜȄ ŘƛŀƎǊŀƳ ǎƘƻǿƛƴƎ ŀƴ άǳƴōŀƭŀƴŎŜŘέ hǊŀŎƭŜ ƛƴŘŜȄ ǿƛǘƘ ƭŜŀŦ 
nodes to the right of the index structure having more levels than 
leaf nodes to the left. Mike Hordila: Setting Up An Automated Index 
Rebuilding System at otn.oracle.com

Åά5ŜƭŜǘŜŘ ǎǇŀŎŜ ƛǎ ƴƻǘ ǊŜŎƭŀƛƳŜŘ ŀǳǘƻƳŀǘƛŎŀƭƭȅ ǳƴƭŜǎǎ ǘƘŜǊŜ ƛǎ ŀƴ 
exact match key inserted. This leads to index broadening and 
increase in the indexes clustering factor. You need to reorganize to 
reclaim white space. Generally rebuild index when the clustering 
factor exceeds eight times the number of dirty blocks in the base 
table, when the levels exceed two or when there are excessive 
ōǊƻǿƴ ƴƻŘŜǎ ƛƴ ǘƘŜ ƛƴŘŜȄέέ aƛƪŜ !ǳƭǘ !ŘǾŀƴŎŜŘ hǊŀŎƭŜ ¢ǳƴƛƴƎ 
Seminar at www.tusc.com/oracle/download/author_aultm.html
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Metalink Quote
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άwŜōǳƛƭŘ ǘƘŜ ƛƴŘŜȄ ǿƘŜƴΥ

- deleted entries represent 20% or more of the current entries.
-ǘƘŜ ƛƴŘŜȄ ŘŜǇǘƘ ƛǎ ƳƻǊŜ ǘƘŜƴ п ƭŜǾŜƭǎΦέ

It then details a script that will basically automatically Validate 
Structure all indexes in database that do not belong to SYS or 
SYSTEM !!

Oracle Corporation as responsible as anyone. 

For Example - Metalink Note: 122008.1 states:



Classic Oracle Index Myths

ÅOracle B-ǘǊŜŜ ƛƴŘŜȄŜǎ Ŏŀƴ ōŜŎƻƳŜ άǳƴōŀƭŀƴŎŜŘέ 
over time and need to be rebuilt
Å5ŜƭŜǘŜŘ ǎǇŀŎŜ ƛƴ ŀƴ ƛƴŘŜȄ ƛǎ άŘŜŀŘǿƻƻŘέ ŀƴŘ ƻǾŜǊ 

time requires the index to be rebuilt
ÅLŦ ŀƴ ƛƴŘŜȄ ǊŜŀŎƘŜǎ άȄέ ƴǳƳōŜǊ ƻŦ ƭŜǾŜƭǎΣ ƛǘ 

becomes inefficient and requires the index to be 
rebuilt
ÅIf an index has a poor clustering factor, the index 

needs to be rebuilt
ÅTo improve performance, rebuild indexes regularly
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Introduction to B-Tree Indexes

ÅOracle implements a form of B*Tree Index

ÅhǊŀŎƭŜΩǎ .-Tree index is always balanced

ÅIndex entries are always ordered

ÅAn update consists of a deleted and a insert

ÅLeaf entries consist of the index value and 
corresponding rowid

ÅLƴŘŜȄ ǎŎŀƴǎ ǳǎŜ ΨǎŜǉǳŜƴǘƛŀƭΩ ǎƛƴƎƭŜ ōƭƻŎƪ ǊŜŀŘǎ 
(with the exception of Fast Full Index scan)
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Oracle B-Tree Index
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Null- L1
Bolan ςL2
Floyd ςL3

ABBA  rowid

ACDC rowid

Move- L4
QueenςL5
Ziggy ςL6

Null- B1
Move ςB2

Bolan rowid

Bowie rowid

Clash rowid

Floyd rowid

Kinks rowid

Lennon rowid

Move rowid

Police rowid

Pop rowid

Queen rowid

Reed rowid

Velvet rowid

Ziggy rowid

Root Block

Branch Blocks

Leaf Blocks



Treedump Trace Event

ÅUseful for determining current index structure

ÅSome earlier versions of Oracle can display a full 
block dump of each leaf block

ÅtŜǊŦŜŎǘƭȅ ƘƛƎƘƭƛƎƘǘ ƛƴŘŜȄŜǎ ŀǊŜ άōŀƭŀƴŎŜŘέ ŀǎ ǘƘŜ 
number of levels to all leaf blocks is consistent
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{9[9/¢ ƻōƧŜŎǘψƛŘ Cwha ŘōŀψƻōƧŜŎǘǎ ²I9w9 ƻōƧŜŎǘψƴŀƳŜ Ґ Ψindex of interestΩΤ

![¢9w {9{{Lhb {9¢ 9±9b¢{ ΨƛƳƳŜŘƛŀǘŜ ǘǊŀŎŜ ƴŀƳŜ ǘǊŜŜŘǳƳǇ ƭŜǾŜƭ мнопрΩΤ

- where 12345 is the index object id



Example of Treedump
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-----begin tree dump
branch: 0x8405dde 138436062 (0: nrow: 3, level: 3)
branch: 0xdc11022 230756386 (-1: nrow: 219, level: 2)
branch: 0x8405f15 138436373 (-1: nrow: 138, level: 1)
leaf: 0x8405ddf 138436063 (-1: nrow: 21 rrow: 21)
leaf: 0x8405de0 138436064 (0: nrow: 18 rrow: 13)
leaf: 0x8405de2 138436066 (1: nrow: 15 rrow: 15)

block type (branch or leaf) and corresponding rdba,
position within previous level block (starting at ς1 except root starting at 0)
nrows: number of all index entries (including deleted entries)
rrows: number of current index entries
level : branch block level (leaf block implicitly 0)

Note: Treedump trace file created in the USER_DUMP_DEST 



Myth: Index becomes unbalanced

ÅCommon perception that Oracle B-Tree Indexes 
become unbalanced over time

ÅHowever, height between root block and all leaf 
blocks is alwaysconsistent

ÅTreedump can highlight this

ÅExplored further in index block split discussion
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Block Dumps

ÅOracle block dumps writes a formatted copy of a 
block to a trace file

ÅUseful for investigating actual contents of a block

ÅLǘΩǎ ƻƴƭȅ ŀ άǊŜǇǊŜǎŜƴǘŀǘƛƻƴέ ǎƻ ƛǘ Ƴŀȅ ƴƻǘ ōŜ 
complete or totally accurate

ÅIs poorly documented so meaning of values can 
be ambiguous or misleading

ÅIs not supported
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Where To Find Block Details

ÅDBA_SEGMENTS

ïHEADER_FILE

ïHEADER_BLOCK

ÅDBA_EXTENTS

ïEXTENT_ID

ïFILE_ID

ïBLOCK_ID
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Both can be used to determine starting blocks of Index segments. 
ASSM set to manual: Add 1 to BLOCK_ID to find Root Block
ASSM set to auto: Add 3 to BLOCK_ID to find Root Block (can vary)



Index Block Dump
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To create formatted dumps of blocks:

ALTER SYSTEM DUMP DATAFILE 5 BLOCK 58;
ALTER SYSTEM DUMP DATAFILE 5 BLOCK MIN 58 BLOCK MAX 60;

To determine the data file and block from a rba:

SELECT DBMS_UTILITY.DATA_BLOCK_ADDRESS_FILE(138436069),
DBMS_UTILITY.DATA_BLOCK_ADDRESS_BLOCK(138436069)
FROM dual; 

Creates the dump file in user_background_dest



Block Header
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Start dump data blocks tsn: 5 file#: 5 minblk 58 maxblk 58
buffer tsn: 5 rdba: 0x0140003a (5/58)
scn: 0x0000.0008ec3c seq: 0x01 flg: 0x04 tail: 0xec3c0601
frmt: 0x02 chkval: 0xa39c type: 0x06=trans data
Hex dump of block: st=0, typ_found=1
Dump of memory from 0x084A0200 to 0x084A220
84A0200 0000A2060140003A0008EC3C04010000  [....:.@.<.......]
84A0210 0000A39C00000002 0000C846 0008EC39  [........F...9...]

...

rdba: relative database block address of the branch block (file no/block no)
scn: system change number of the block when last changed
seq:  number of block changes within current scn
tail: consists of last 2 bytes of scn, type and seq, 
frmt: block format (02 represents a post Oracle8 block format, A2 10g format)
chkval:checksum value
type: 06 ςtransactional data block type (table/index/cluster)
Hex dump of block: only displayed on later versions of Oracle



Block Header - Continued
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Block header dump:  0x0140003a
Object id on Block? Y
seg/obj: 0xc846  csc: 0x00.8ec39  itc: 1  flg: - typ: 2 - INDEX

fsl: 0  fnx: 0x0 ver: 0x01

Itl           Xid                  Uba         Flag  Lck         Scn/Fsc
0x01   0xffff.000.00000000  0x00000000.0000.00  C--- 0  scn 0x0000.0008ec39

seg/obj ςobject id
csc: commit/cleanout SCN
itc: interested transaction count (defaults 1 branch block, 2 leaf blocks)
typςblock type (2 ςindex)
Itl ςInterested Transaction Location:

Itl: slot id,
Xid: transaction id, 
Uba: undo block address, 
Flag : state of current transaction (C ςCommitted)
Lck : number of locks help by current transaction
Scn/Fsc: scn /fsc of current transaction



Common Index Header Section
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header address 139067972=0x84a0244
kdxcolev 1
KDXCOLEV Flags = - - -
kdxcolok 0
kdxcoopc 0x80: opcode=0: iot flags=--- is converted=Y
kdxconco 2
kdxcosdc 0
kdxconro 6
kdxcofbo 40=0x28
kdxcofeo 7957=0x1f15
kdxcoavs 7917

kdxcolev: index level (0 represents leaf blocks)
kdxcolok: denotes whether structural block transaction is occurring
kdxcoopc: internal operation code
kdxconco: index column count
kdxcosdc: count of index structural changes involving block
kdxconro: number of index entries (does not include kdxbrlmc pointer)
kdxcofbo: offset to beginning of free space within block
kdxcofeo: offset to the end of free space (i.e.. first portion of block containing index data)
kdxcoavs: available space in block (effectively area between kdxcofbo and kdxcofeo)



Branch Header Section
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kdxbrlmc 20971579=0x140003b
kdxbrsno 0
kdxbrbksz 8060 
kdxbr2urrc 13

kdxbrlmc: block address if index value is less than the first (row#0) value
kdxbrsno: last index entry to be modified
kdxbrbksz: size of usable block space



Leaf Header Section
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kdxlespl 0
kdxlende 0
kdxlenxt 20971580=0x140003c
kdxleprv 0=0x0
kdxledsz 0
kdxlebksz 8036

kdxlespl: bytes of uncommitted data at time of block split that have been cleaned out
kdxlende: number of deleted entries
kdxlenxt: pointer to the next leaf block in the index structure via corresponding rba
kdxleprv: pointer to the previous leaf block in the index structure via corresponding rba
Kdxledsz: deleted space
kdxlebksz: usable block space (by default less than branch due to the additional ITL entry)



Branch Entries

Richard Foote - Index Internals 21

row#0[8052] dba: 20971772=0x14000fc
col 0; len 3; (3):  c2 06 30
row#1[8044] dba: 20971773=0x14000fd
col 0; len 3; (3):  c2 0b 51

Row number (starting at #0) followed by [starting location in block] followed by the dba

Column number (starting at 0) followed by column length followed by column value

Repeated for each indexed column

Repeated for each branch entry

Note: column value is abbreviated to smallest value that uniquely defines path



Leaf Entries (Unique)
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row#0[8025] flag: ------, lock: 0, len=11, data:(6):  01 40 00 7a 00 2d
col 0; len 2; (2):  c1 03

Row number (starting at #0) followed by [starting location within block] 
followed by various flags (deletion flag, locking information etc.) followed by 
total length of index entry followed by the rowid

Index column number (starting at 0) followed by column length followed by 
column value

Repeated for each indexed column

Repeated for each index entry

Note: Total overhead is 3 bytes for each leaf index entry (unique index)



Leaf Entries (Non-Unique)

Richard Foote - Index Internals 23

row#0[8019] flag: ------, lock: 0, len=17
col 0; len 7; (7):  41 43 43 45 53 53 24
col 1; len 6; (6):  01 40 00 0b 00 1d

Row number (starting at 0) followed by [starting location within block] followed by various 
flags (deletion flag, etc locking information) followed by length of index entry 

Index column number (starting at 0) followed by column length followed by column value

Repeated for each indexed column with last column in non-unique index being the rowid of 
index entry (hence making the index entry effectively unique anyways)

Repeated for each index entry

Note: Total overhead is 4 bytes, 1 more than unique index



Why block dumps are useful

ÅProvide details of blocks for recovery purposes

ÅAssists in studying impact of a change

ÅUseful in troubleshooting problems

ÅAssists in determining how Oracle works
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Example: Delete index entry
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SQL> CREATE TABLE test_delete (id NUMBER, name VARCHAR2(10));
Table created.
SQL> CREATE INDEX test_delete_idx ON test_delete (name);
Index created.
SQL> INSERT INTO test_delete VALUES (1, 'BOWIE');
1 row created.
SQL> COMMIT;
Commit complete.
SQL> DELETE test_delete WHERE id = 1;
1 row updated.
SQL> SELECT file_id,block_id FROM dba_extents WHERE segment_name='TEST_DELETE_IDX';
FILE_ID BLOCK_ID
-------------------------

5 3441
SQL> ALTER SYSTEM DUMP DATAFILE 5 BLOCK 3442;
System altered.

Note: add 1 to BLOCK_ID else the segment header is dumped (Non-ASSM)



Delete Index Entry

Richard Foote - Index Internals 26

Itl                    Xid                                    Uba                Flag  Lck            Scn/Fsc
0x01   0x0000.000.00000000  0x00000000.0000.00  ---- 0  fsc 0x0000.00000000
0x02 0x0008.024.0000075b  0x00804e29.0078.0b  ---- 1 fsc 0x0011.00000000

......
kdxlende 1
kdxlenxt 0=0x0
kdxleprv 0=0x0
kdxledsz 0
kdxlebksz 8036
row#0[8021] flag: ---D--, lock: 2, len=15
col 0; len 5; (5):  42 4f 57 49 45
col 1; len 6; (6):  01 40 10 0a 00 00

Itl slot number 2 shows that it has locked 1 row
kdxlende shows that 1 index row is being deleted
flag D shows that the index entry has been marked as deleted
lock:2 shows that the index entry has been locked by the transaction in Itl slot 2



Another Transaction Inserts Index Entry
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Meanwhile, in other session, another transaction comes along ...

{v[Ҕ Lb{9w¢ Lb¢h ǘŜǎǘψŘŜƭŜǘŜ ±![¦9{ όнΣ Ψa!Whw ¢haϥύΤ
1 row created.

SQL> ALTER SYSTEM DUMP DATAFILE 5 BLOCK 3442;
System altered.



Index block dump of 2 transactions
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Itl            Xid                                           Uba               Flag  Lck           Scn/Fsc
0x01   0x0000.000.00000000  0x00000000.0000.00  ---- 0  fsc 0x0000.00000000
0x02   0x0008.024.0000075b  0x00804e29.0078.0b  ---- 1  fsc 0x0011.00000000
0x03   0x0009.01b.00000762  0x00804d49.006a.0b  ---- 1  fsc 0x0000.00000000

.....
kdxconro 2
kdxcofbo 40=0x28
kdxcofeo 7978=0x1f2a
kdxcoavs 7938
kdxlespl 0
kdxlende 1
kdxlenxt 0=0x0
kdxleprv 0=0x0
kdxledsz 0
kdxlebksz 8012

Another Itl slot is created for the second transaction, the first slot reserved for recursive SQL
kdxconro count is increment to 2
kdxlebksz remaining space is decreased by the size of the new Itl slot and new index entry



Index block dump of 2 transactions
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row#0[7997] flag: ---D--, lock: 2, len=15
col 0; len 5; (5):  42 4f 57 49 45
col 1; len 6; (6):  01 40 10 0a 00 00
row#1[7978] flag: ------, lock: 3, len=19
col 0; len 9; (9):  4d 41 4a 4f 52 20 54 4f 4d
col 1; len 6; (6):  01 40 10 0a 00 01

The first index entry is still marked as deleted

New index entry allocated next index row number (#1)

Offset of new index entry is calculated as being 7997 (offset of first index entry) ς
15 (length of first index entry) = 7978

New entry is locked by the transaction in ITL slot # 3



After the transactions commit
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Itl                   Xid                                    Uba               Flag  Lck        Scn/Fsc
0x01   0x0000.000.00000000  0x00000000.0000.00  ---- 0  fsc 0x0000.00000000
0x02   0x0008.024.0000075b  0x00804e29.0078.0b  --U- 1  fsc 0x0011.0015a77c
0x03   0x0009.01b.00000762  0x00804d49.006a.0b  --U- 1  fsc 0x0000.0015a76f

....
kdxlende 1
kdxlenxt 0=0x0
kdxleprv 0=0x0
kdxledsz 0
kdxlebksz 8012
row#0[7997] flag: ---D--, lock: 2, len=15
col 0; len 5; (5):  42 4f 57 49 45
col 1; len 6; (6):  01 40 10 0a 00 00
row#1[7978] flag: ------, lock: 3, len=19
col 0; len 9; (9):  4d 41 4a 4f 52 20 54 4f 4d
col 1; len 6; (6):  01 40 10 0a 00 01

Itl Flags are set to U (Committed, Unclean)
The deleted index entry still remains and it not cleaned up (yet ...)


