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Who Am I

• Senior DBA / Performance Evangelist for SolarWinds
• Janis.Griffin@solarwinds.com
• Twitter® - @DoBoutAnything
• Current – 25+ Years in Oracle®, DB2®, ASE, SQL Server®, MySQL®
• DBA and Developer

• Specialize in Performance Tuning
• Review Database Performance for Customers and Prospects
• Common Question – How do I tune it?
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Agenda

• Oracle Index Structures and Options  
• Understanding B-Tree Indexes
• When to use Bitmap Indexes

• Indexes on Referential Constraints
• Differences on unique and not unique indexes
• Foreign keys vs. primary keys
• Nullable columns and indexes

• New 12.2 Index Features
• Partial indexes
• Advanced index compression 

• Index Statistics
• Dictionary views – DBA_INDEXES, INDEX_STATS, V$SEGMENT_STATISTICS
• Collection strategies



Index Overview

• Optional structure associate with a table or table cluster
• Can be on one or more columns of a table

• Can be unique or non-unique values

• Can speed up data retrieval 
• Reduces disk I/O

• Two types of indexes
• B-Tree indexes

• The default when using ‘create index’ clause

• Bitmap indexes

• Index states
• Default is Usable  

• Can make  unusable so optimizer won’t use or maintain
• Takes no physical space

• Default is Visible  
• Can make invisible so optimizer will maintain but won’t use it
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ALTER SESSION/SYSTEM SET

optimizer_use_invisible_indexes=false;



B-Tree Index Overview

• B-Tree Indexes  (Default)
• Two types of blocks

• Branch
• Leaf 

• Root points to branch 
• Branch points to leaf
• Leaf points to rowid

• In table
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B-Tree Index Sub-types 

• Descending indexes
• Physically stores data in descending order

• FUNCTION-BASED NORMAL index type
• Can take up more space

• Default is stored in ascending order
• Can reduce query sorts

SELECT c_last, c_zip FROM customer
WHERE c_last LIKE 'O%'
ORDER BY c_last ASC, c_zip DESC; 
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B-Tree Index Sub-types - cont.

• Reverse key indexes
• Helps with index block contention 
• Physically reverses the bytes of index key

• To spread sequential inserts over many blocks 
• Example: 123, 124, 125 

• stored as 321, 421, 521 respectively 

• Reduces high waits on index segments
• Look for “buffer busy waits” wait event

• Or  “read by other session” wait event

• May be useful  in RAC environments
• Many nodes inserting into same hot index block 

• Great if needing insert performance
• Optimizer may not use it for index range scans

• Be careful of using ‘between’ or ‘like’
• Might use it with  ‘in’, ‘=‘,  and  ‘or’
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Another Reverse Key Index Example
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B-Tree Index Sub-types - cont.

• Index-organized tables (IOT)
• Rows are physically sorted and stored by primary key

• The index is the data 
• Requires less storage space

• Can further be reduced by using key compression

• Can significantly reduce IO 
• When accessing a range of primary key values
• No table access as data is in the index leaf

• Rows are accessed via a logical rowid
• Not a physical rowid like in heap-organized tables

• Disadvantages
• IOT must have a primary key
• IOT can’t be in a cluster
• IOT can’t have LONG data type columns

• Or virtual columns
• Inserts and updates may be much slower
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Index-Organized Tables (IOT) Example

• Uses logical rowids
• Not physical rowids
• Contains a physical guess of data block

• Used by secondary indexes

• Key Compression on IOTs
• Eliminates repeated key values

• E.g. Keys  1,2,3  and 1,2,4  
• Values 1,2 are compressed
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Metadata only
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Index-Organized Tables (IOT) Example

• Single row lookup
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Index-Organized Tables (IOT) Example

• Index Range Scan
• Significant performance gain
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Index-Organized Tables (IOT) Example

• Secondary Indexes
• Can be unique or non-unique,

• function-based, b-tree or bitmap

• Use physical guess of data block
• Can become stale overtime
• PCT_DIRECT_ACCESS (USER_INDEXES)

• Also contains primary key
• Used if ‘guess’ becomes stale

• Are still usable after
• ‘ALTER TABLE… MOVE’

• Index structure
• See Appendix

ALTER SYSTEM DUMP DATAFILE 16 BLOCK 1134035;
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Partial dump of orders_iot_carrier index block
col 0 = index value

col 1 – col 4 = pk values

tl = table overhead 
(needed for guess)

col 0 = 4 byte ‘guess’ 

(of last known location)



Secondary Indexes on IOTs

• Example of performance when stale       
• PCT_DIRECT_ACCESS = 0
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Advantage is that you can quickly rebuild index online 



DML Performance on IOTs 

• Insert 10000 random records 
• In both ORDERS_HEAP_INS and ORDERS_IOT_INS
• See Appendix for scripts

• No significant difference
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DML Performance on IOTs 

• Bulk inserts 
• New warehouse values added to:

• Orders_heap from orders_heap
• Using ‘insert into table select …’

• Orders_iot from orders_iot
• Orders_iot from orders_heap

• After starting over 
• .i.e. Delete, move and rebuild indexes

• Update and Delete Performance



Final B-Tree Index Sub-type – Cluster Indexes

• Need to first understand Oracle clusters
• A method for storing more then one related table in the same block

• E.g. EMP and DEPT tables could be clustered on DEPTNO
• Data for both tables stored in same block

• Related tables benefit from:
• Less disk I/O for joins
• Less storage as cluster key values only stored once
• Faster access for related tables

• Clusters aren’t good if:
• Tables are updated frequently

• Especially if the updates occur on cluster key as data must move
• Data takes up more than one or two blocks

• Cluster key points to first cluster block
• Tables need to be truncated
• Full single table scans happen frequently
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B-Tree Cluster Index Example
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Primary Key

Primary Key



B-Tree Cluster Index Example
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Select Customer Order Summary by State

• Heap table with PK indexes

SELECT c_first, c_last, c_phone, c_balance,

o_id, o_entry_d, o_ol_cnt

FROM customer, orders

WHERE c_id = o_c_id

AND c_w_id = o_w_id

AND c_d_id = o_d_id

AND c_state = :b1;

• Cluster with PKs and cluster index
SELECT c_first, c_last, c_phone, c_balance,

o_id, o_entry_d, o_ol_cnt

FROM customer_cl, orders_cl

WHERE c_id = o_c_id

AND c_w_id = o_w_id

AND c_d_id = o_d_id

AND c_state = :b1;



Bitmap and Bitmap Join Indexes

• A bitmap index points to multiple rows 
• Where a B-Tree index points to a single row
• Bitmap join index is a bitmap index for joining tables

• Good for:
• Data warehouse applications

• Where queries access many columns in ad hoc fashion

• Indexed columns which often have low cardinality 
• E.g. cust_gender column contains ‘M’ or ‘F’

• Tables that are read-only or not significantly modified
• Usually aren’t used in OLTP applications

• Due to locking

• Easier to drop and recreate than maintain
• Can’t be used as a primary key
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Bitmap Indexes

• Stored in B-Tree format
• Same branch pointing to leaf 
• Leaf block contains

• Column value, starting and ending rowids
• Plus a series of bits

• If ‘1’ the row contains the value,
• If ‘0’ the row doesn’t have the value

• Can store null values
• Unlike B-Tree indexes

• Where null aren’t allowed

• Useful with count operations
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Bitmap Join Indexes

• Used in joining two or more tables
• Equi-inner join

• Between primary key and foreign key
• Constraint must exist – index won’t do

• Columns of dimension tables and fact table 
• I.e. Star model

• Alternative to materialized join views
• Bitmap join indexes take up less space
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Case Study – Select Customer Order Summary by State
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B-Tree               IOT              Cluster            Bitmap           BitmJoin

See Appendix for 

specific execution plans



Case Study

• HammerDB testing B-Tree, IOT, table cluster, and bitmap indexes
• Configured two warehouses in 4 different schemas

• Five virtual users
• One million transactions each 
• Mix of inserts, updates and selects
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IOT        = 28:23 

CLUST  = 29:40

B-TREE = 35:24

BITMAP = 53:09



Function-Based Indexes

• Can be created for columns using function or expressions
• E.g. UPPER(last_name) 

• Will turn off an index on last_name column
• Need to create index on UPPER(last_name)

• Created as a virtual column

• Can be a B-Tree or bitmap index
• Unique or non-unique

• Index must return not null values
• Columns need ‘not null’ constraint or use NVL when creating index

• Useful when sorting by function or expression
• Can’t use with ‘or’ expressions or aggregate functions
• Other restrictions for PL/SQL

• https://docs.oracle.com/cd/E11882_01/appdev.112/e41502/adfns_indexes.htm#ADFNS257
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https://docs.oracle.com/cd/E11882_01/appdev.112/e41502/adfns_indexes.htm#ADFNS257


Function-Based Indexes Example
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SELECT table_name, index_name, column_expression

FROM dba_ind_expressions

WHERE table_name = 'EMP1'

AND table_owner = 'SOE'

ORDER BY index_name, column_position;



New 12.2 Index Features

• Partial Indexes for Partitioned Tables
• Local indexes – index partition is created usable or unusable
• Global indexes – include only those partitions where indexing is turned on 
• Unique index can’t be a partial index
• The ‘INDEXING’ clause determines how the partition is to be indexed

• It can be set at table level , individual partition and subpartition level
• Default setting is at table level

• Partition level overrides table level
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CREATE TABLE sales_order (o_id number, o_w_id number, o_d_id number, o_c_id number, o_carrier_id number, o_ol_cnt

number, o_date date, order_status varchar2(10))

INDEXING OFF

PARTITION BY RANGE (o_date)

(PARTITION ord_20181003 VALUES LESS THAN (TO_DATE('03-OCT-2018','DD-MON-YYYY')),

PARTITION ord_20181004 VALUES LESS THAN (TO_DATE('04-OCT-2018','DD-MON-YYYY')) INDEXING ON,

PARTITION ord_20181005 VALUES LESS THAN (TO_DATE('05-OCT-2018','DD-MON-YYYY')) INDEXING ON,

PARTITION ord_20181006 VALUES LESS THAN (TO_DATE('06-OCT-2018','DD-MON-YYYY')) INDEXING OFF,

PARTITION ord_20181007 VALUES LESS THAN (TO_DATE('07-OCT-2018','DD-MON-YYYY')) INDEXING ON,

PARTITION ord_20181008 VALUES LESS THAN (TO_DATE('08-OCT-2018','DD-MON-YYYY')));



Partial Indexes for Partitioned Tables
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Partial Indexes for Partitioned Tables – Cont.
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Even Better Partial Index Using Subpartition

CREATE TABLE sales_order2 (o_id number, o_w_id number, o_d_id number, o_c_id number, o_carrier_id number, o_ol_cnt number, o_date date, order_status varchar2(10))

INDEXING OFF

PARTITION BY RANGE (o_date) subpartition by list(order_status) 

subpartition template (subpartition closed values ('COMPLETE') indexing off, subpartition open values ('OPEN') indexing on)

(PARTITION ord_20181003 VALUES LESS THAN (TO_DATE('03-OCT-2018','DD-MON-YYYY')),

PARTITION ord_20181004 VALUES LESS THAN (TO_DATE('04-OCT-2018','DD-MON-YYYY')) INDEXING ON,

PARTITION ord_20181005 VALUES LESS THAN (TO_DATE('05-OCT-2018','DD-MON-YYYY')) INDEXING ON,

PARTITION ord_20181006 VALUES LESS THAN (TO_DATE('06-OCT-2018','DD-MON-YYYY')) INDEXING OFF,

PARTITION ord_20181007 VALUES LESS THAN (TO_DATE('07-OCT-2018','DD-MON-YYYY')) INDEXING ON,

PARTITION ord_20181008 VALUES LESS THAN (TO_DATE('08-OCT-2018','DD-MON-YYYY')),

PARTITION ord_20181009 VALUES LESS THAN (TO_DATE('09-OCT-2018','DD-MON-YYYY')) INDEXING ON,

PARTITION ord_201810max VALUES LESS THAN (maxvalue))

enable row movement;

CREATE INDEX sales_order2_local_partial_idx ON sales_order2(o_date) LOCAL INDEXING PARTIAL;

CREATE INDEX sales_order2_global_partial_idx ON sales_order2(order_status) GLOBAL INDEXING PARTIAL;

All partitons



New 12.2 Index Features – Cont.

• Object identifiers including index names increase to 128 bytes
• Used to be 30 bytes

• Multiple indexes on same columns
• Only one index must be visible 
• All indexes are different in some way
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New 12.2 Index Features – Cont.

• Basic index key compression (v 8.1.3+)
• CREATE INDEX idx ON tbl (col1,col2,col3) COMPRESS;

• Must know prefix column count
• Compress 1, compress 2, etc… 

• DBA needs to know selectivity of columns
• Can make performance worse 

• Can take more space than uncompressed

• Advanced index compression
• 12.1 – COMPRESS ADVANCED LOW

• Oracle figures out the prefix column count
• Prevents making index performance worse

• 12.2 – COMPRESS ADVANCED HIGH
• More complex compression algorithms
• Stores the index in a Compression Unit 

• Similar to Hybrid Columnar Compression
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Index Leaf Block

User Keys
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5,1,2,300,14518,rid

6,1,3,100,18175,rid

7,1,3,100,18739,rid

8,1,3,100,19986,rid 

Index Leaf Block
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Uncompressed Compress 2 
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12.2 – Advanced Compression HIGH

• More than just deduping index values
• Stores index entries in Compression Units

• Similar Hybrid Columnar Compression
• DBMS_COMPRESS (See Appendix)
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LEAF_BLOCK Size

orders_i1 = 34% 

orders_i2 = 50%

Storage Saving

orders_i1 = 94m

orders_i2 = 96m



Understand Statistics Gathering

• GATHER_*_STATS procedures have many parameters
• Consider taking the default values
• exec dbms_stats.gather_schema_stats(‘SOE’);

• New 12.2 optimizer statistics advisor
• Based on 23 predefined rules

• V$stats_advisor_rules

• Makes recommendations on collecting stats
• Can generate scripts for statistics gathering

• Uses statistic gathering best practices

• More details on how it works in my session tomorrow

Getting the most out of your Oracle 12.2 Optimizer (i.e. The Brain)
Thursday, May 17, 2018
LL10AB, 11:15 am - 12:15 pm

DBMS_STATS package

• Rewritten in 11g 

• A Faster & better AUTO_SAMPLE_SIZE 

• 100% in less time & more accurate than 10% 

estimate

• Avoid using ESTIMATE_PERCENT
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Index Statistics 

• Useful index views and tables
• DBA_INDEXES and DBA_IND_COLUMNS 

select index_name, num_rows, blevel, leaf_blocks, distinct_keys

from dba_indexes where index_name = '&index‘;

• INDEX_STATS 
analyze index &index_name validate structure;

• V$SEGMENT_STATISTICS for runtime stats
select object_name, statistic_name, value
from V$SEGMENT_STATISTICS where object_name = '&index_name‘;

• sys.WRI$_OPTSTAT_TAB_HISTORY
• Shows historical statistics

SELECT ob.owner, ob.object_name, ob.object_type,
rowcnt, avgrln ,samplesize, analyzetime
FROM sys.WRI$_OPTSTAT_TAB_HISTORY, dba_objects ob
WHERE owner=upper('&OWNER')
AND object_name=upper('&TABLE')
AND object_type in ('TABLE')
AND object_id=obj#
ORDER BY savtime ASC; © 2018 SolarWinds Worldwide, LLC. All rights reserved.



Summary

• Indexes are optional structures that can speed up performance
• B-Tree sub-types can be descending, reverse key, IOT, or cluster indexes 

• Default index type is B-Tree ascending

• Bitmap and Bitmap Join Indexes
• Useful in data warehouse or OLAP queries
• Star schemas

• Function-Based Indexes are useful when sorting by function or expression
• Can be a B-Tree or Bitmap index

• Partial indexes for partitioned tables in 12c
• Useful when partitions contain rows that are rarely accessed

• Consider advanced index compression 
• Save space and increases performance 

• Index statistics gathering is important
© 2018 SolarWinds Worldwide, LLC. All rights reserved.
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www.solarwinds.com/dpa-download/

Resolve Performance Issues quickly—Free Trial

• Try Database Performance Analyzer FREE for 14 days

• Improve root cause of slow performance

o Quickly identify root cause of issues that impact end-user 
response time

o See historical trends over days, months, and years

o Understand impact of VMware® performance 

o Agentless architecture with no dependence on Oracle Packs, 
installs in minutes
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Appendix

• Index Structure (index_dump.sql)
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accept sowner prompt 'Enter Schema Name: '

accept index_name prompt 'Enter Index Name: '

col header_file for 9999999  new_value header_file_no

col root for 999999999 new_value root_block

col rdba for 999999999 new_value rdb_addr

col object_id for 999999999 new_value obj_id

col data_object_id for 999999999 new_value data_obj_id

col relative_fno for 999999999 new_value rfno

SELECT header_file, relative_fno, header_block+1 root

FROM dba_segments

WHERE segment_name = UPPER('&&index_name')

AND owner = UPPER('&&sowner');

-- get relative data block address

SELECT DBMS_UTILITY.MAKE_DATA_BLOCK_ADDRESS(&&rfno, &&root_block) rdba

FROM dual;

SELECT object_id, data_object_id FROM dba_objects

WHERE object_name = UPPER('&index_name');

ALTER SYSTEM DUMP DATAFILE &header_file_no BLOCK &root_block;

SELECT DBMS_UTILITY.DATA_BLOCK_ADDRESS_FILE(&rfno),

DBMS_UTILITY.DATA_BLOCK_ADDRESS_BLOCK(&&rdb_addr)

FROM dual;

-- get a treedump of the index

ALTER SESSION SET EVENTS 'immediate trace name treedump level &&obj_id';

An example of the index dump is 

on the next slides.    



Appendix

• Dump of B-Tree index (from .trc file)
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Start dump data blocks tsn: 3 file#:16 minblk 1133899 maxblk 1133899

Block dump from cache:

Dump of buffer cache at level 4 for pdb=5 tsn=3 rdba=43076939

Block dump from disk:

buffer tsn: 3 rdba: 0x02914d4b (10/1133899)

scn: 0x0.1b416abe seq: 0x01 flg: 0x04 tail: 0x6abe0601

frmt: 0x02 chkval: 0x88ab type: 0x06=trans data

Hex dump of block: st=0, typ_found=1

Dump of memory from 0x00007F07B8D30E00 to 0x00007F07B8D32E00

7F07B8D30E00 0000A206 02914D4B 1B416ABE 04010000  [....KM...jA.....]

7F07B8D32DF0 80010BC1 01757807 20081411 6ABE0601  [.....xu.... ...j]

...memory dump cut..

Block header dump:  0x02914d4b

Object id on Block? Y

seg/obj: 0x174f9  csc: 0x00.1b416abe  itc: 1  flg: E  typ: 2 - INDEX

brn: 0  bdba: 0x2914d48 ver: 0x01 opc: 0

inc: 0  exflg: 0

Itl Xid Uba Flag  Lck Scn/Fsc

0x01   0x0008.002.0005b24a  0x010262e8.597c.02  C--- 0  scn 0x0000.1b416a14

Branch block dump

=================

header address 139671142338124=0x7f07b8d30e4c

kdxcolev 2

KDXCOLEV Flags = - - -

kdxcolok 0

kdxcoopc 0x80: opcode=0: iot flags=--- is converted=Y

kdxconco 2

kdxcosdc 0

kdxconro 123

kdxcofbo 274=0x112

kdxcofeo 6474=0x194a

kdxcoavs 6200

kdxbrlmc 43077516=0x2914f8c

kdxbrsno 70

kdxbrbksz 8056

kdxbr2urrc 0

row#0[8042] dba: 43078030=0x291518e

col 0; len 2; (2):  c1 02

col 1; len 6; (6):  09 01 1e 4c 00 1d

row#1[8028] dba: 43078545=0x2915391

col 0; len 2; (2):  c1 02

...cut..

col 1; len 6; (6):  09 01 50 61 00 0c

row#122[7184] dba: 43109596=0x291ccdc

col 0; len 2; (2):  c1 0b

----- end of branch block dump -----

End dump data blocks tsn: 3 file#: 16 minblk 1133899 maxblk 1133899



Appendix

• Tree dump of B-Tree index (from .trc file)
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----- begin tree dump

branch: 0x2a7ed23 44559651 (0: nrow: 169, level: 1)

leaf: 0x2a7ed24 44559652 (-1: row:361.361 avs:830)

leaf: 0x2a7ed25 44559653 (0: row:356.356 avs:832)

leaf: 0x2a7ed26 44559654 (1: row:356.356 avs:831)

leaf: 0x2a7ed27 44559655 (2: row:356.356 avs:832)

leaf: 0x2a8c8b0 44615856 (3: row:356.356 avs:831)

leaf: 0x2a8c8b1 44615857 (4: row:356.356 avs:832)

leaf: 0x2a8c8b2 44615858 (5: row:356.356 avs:831)

leaf: 0x2a8c8b3 44615859 (6: row:356.356 avs:832)

leaf: 0x2a8c8b4 44615860 (7: row:361.361 avs:831)

leaf: 0x2a8c8b5 44615861 (8: row:356.356 avs:831)

…

leaf: 0x2a8c8b6 44615862 (9: row:356.356 avs:832)

leaf: 0x2a920b3 44638387 (165: row:356.356 avs:832)

leaf: 0x2a920b4 44638388 (166: row:356.356 avs:832)

leaf: 0x2a920b5 44638389 (167: row:91.91 avs:6129)

----- end tree dump

Relative Block Address = 44559651 

Root block starts with 0

Number of distinct index blocks in level below root = 169

Level: 1 means index has a height of 2 (blocks below root are leaf blocks)

First leaf block always start with -1 

Row:361.361 = number of index entries in leaf block

Row:361.361 = number of non-deleted index entries in leaf block

(no rows deleted)

Avs:830 = Available free space in leaf block



Appendix

• Scripts for random IOT inserts
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set serverout on size 1000000

set long 100000

alter system flush buffer_cache;

alter system flush shared_pool;

truncate table orders_iot_ins;

declare

v_num number :=10000; v_offset number :=-4; v_o_id number;

v_o_w_id number; v_o_d_id number; v_o_c_id number;

v_o_entry_d date; v_o_carrier_id number; v_o_all_local number;

v_o_ol_cnt number; v_num_1 number(2) :=10; v_num_2 number(2) :=15;

begin

dbms_output.put_line('IOT insert');

dbms_output.put_line (to_char(SYSTIMESTAMP,'HH24:MI:SS.FF'));

for i in 1..10000 loop

v_o_id := 1000000+i;

v_o_w_id :=mod(1,3)+1;

v_o_d_id := 5+(trunc(dbms_random.value(1,3))*5); -- 10 or 15

v_o_c_id :=trunc(dbms_random.value(1,v_num/2)); -- 1 to 5000

v_o_carrier_id :=mod(1,3)+1;

v_o_ol_cnt :=mod(1,3)+1;

v_o_all_local :=trunc(dbms_random.value(1,v_num/2)); -- 1 to 5000

v_o_entry_d :=trunc(sysdate-v_offset)+(i/(60*60*24));

INSERT INTO orders_iot_ins (o_id,o_w_id,o_d_id,o_c_id,o_carrier_id, o_ol_cnt,o_all_local,o_entry_d)

values

(v_o_id,v_o_w_id,v_o_d_id,v_o_c_id,v_o_carrier_id, v_o_ol_cnt,v_o_all_local,v_o_entry_d);

commit;

end loop;

dbms_output.put_line (to_char(SYSTIMESTAMP,'HH24:MI:SS.FF'));

end;

/

IOT_INS.sql

set serverout on size 1000000

set long 100000

alter system flush buffer_cache;

alter system flush shared_pool;

truncate table orders_heap_ins;

declare

v_num number :=10000; v_offset number :=-4; v_o_id number; v_o_w_id number;

v_o_d_id number; v_o_c_id number; v_o_entry_d date; v_o_carrier_id number;

v_o_all_local number; v_o_ol_cnt number; v_num_1 number(2) :=10;

v_num_2 number(2) :=15; 

begin

dbms_output.put_line('HEAP insert');

dbms_output.put_line (to_char(SYSTIMESTAMP,'HH24:MI:SS.FF'));

for i in 1..10000 loop

v_o_id := 1000000+i;

v_o_w_id :=mod(1,3)+1;

v_o_d_id := 5+(trunc(dbms_random.value(1,3))*5); -- 10 or 15

v_o_c_id :=trunc(dbms_random.value(1,v_num/2)); -- 1 to 5000

v_o_carrier_id :=mod(1,3)+1;

v_o_ol_cnt :=mod(1,3)+1;

v_o_all_local :=trunc(dbms_random.value(1,v_num/2)); -- 1 to 5000

v_o_entry_d :=trunc(sysdate-v_offset)+(i/(60*60*24));

INSERT INTO orders_heap_ins (o_id,o_w_id,o_d_id,o_c_id,o_carrier_id, o_ol_cnt,o_all_local,o_entry_d)

values

(v_o_id,v_o_w_id,v_o_d_id,v_o_c_id,v_o_carrier_id, v_o_ol_cnt,v_o_all_local,v_o_entry_d);

commit;

end loop;

dbms_output.put_line (to_char(SYSTIMESTAMP,'HH24:MI:SS.FF'));

end;

/

HEAP_INS.sql

create table orders_iot_ins

(O_ID         NUMBER not null

,O_W_ID       NUMBER not null

,O_D_ID       NUMBER not null

,O_C_ID       NUMBER not null

,O_CARRIER_ID NUMBER

,O_OL_CNT     NUMBER

,O_ALL_LOCAL  NUMBER

,O_ENTRY_D    DATE

,constraint orders_iot_pk primary key (o_w_id,o_d_id,o_c_id,o_id)

)

ORGANIZATION INDEX

tablespace data_01;

create table orders_heap_ins

(O_ID         NUMBER not null

,O_W_ID       NUMBER not null

,O_D_ID       NUMBER not null

,O_C_ID       NUMBER not null

,O_CARRIER_ID NUMBER

,O_OL_CNT     NUMBER

,O_ALL_LOCAL  NUMBER

,O_ENTRY_D    DATE

,constraint orders_heap_ins_pk primary key (o_c_id,o_id,o_w_id,o_d_id)

using index tablespace index_01

) tablespace data_01;
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• Cluster Index
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• Bitmap Index
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• Bitmap Join
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Appendix

• DBMS_COMPRESSION – list all indexes and estimate of compression ratio
SET SERVEROUTPUT ON
DECLARE

l_index_cr DBMS_COMPRESSION.compreclist;
l_comptype_str VARCHAR2(32767);

BEGIN
DBMS_COMPRESSION.get_compression_ratio (

scratchtbsname => 'USERS',
ownname => 'SOE',
tabname => 'ORDERS',
comptype => DBMS_COMPRESSION.comp_index_advanced_low,
index_cr => l_index_cr,
comptype_str => l_comptype_str,
subset_numrows => DBMS_COMPRESSION.comp_ratio_lob_maxrows

);

FOR i IN l_index_cr.FIRST .. l_index_cr.LAST LOOP
DBMS_OUTPUT.put_line('----');
DBMS_OUTPUT.put_line('ownname : ' || l_index_cr(i).ownname);
DBMS_OUTPUT.put_line('objname : ' || l_index_cr(i).objname);
DBMS_OUTPUT.put_line('blkcnt_cmp : ' || l_index_cr(i).blkcnt_cmp);
DBMS_OUTPUT.put_line('blkcnt_uncmp : ' || l_index_cr(i).blkcnt_uncmp);
DBMS_OUTPUT.put_line('row_cmp : ' || l_index_cr(i).row_cmp);
DBMS_OUTPUT.put_line('row_uncmp : ' || l_index_cr(i).row_uncmp);
DBMS_OUTPUT.put_line('cmp_ratio : ' || l_index_cr(i).cmp_ratio);
DBMS_OUTPUT.put_line('objtype : ' || l_index_cr(i).objtype);

END LOOP;
END;
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Appendix

• Script to Find Missing Foreign Key Indexes (missing_indexes.sql)

SELECT dcc.owner,dcc.constraint_name,dcc.column_name,dcc.position
FROM dba_cons_columns dcc, dba_constraints dc
WHERE dc.constraint_name = dcc.constraint_name
AND dc.constraint_type = 'R'
AND (dcc.owner, dcc.table_name, dcc.column_name, dcc.position) IN

(SELECT dcc.owner, dcc.table_name, dcc.column_name, dcc.position
FROM dba_cons_columns dcc, dba_constraints dc
WHERE dc.constraint_name = dcc.constraint_name
AND dc.constraint_type = 'R'
MINUS
SELECT table_owner, table_name, column_name, column_position
FROM dba_ind_columns)

ORDER BY dcc.owner, dcc.constraint_name, dcc.column_name, dcc.position;
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Appendix - Optimizer Statistics Advisor

1. Create task                         2. Define filters>

3. Execute task
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EXEC DBMS_STATS.DROP_ADVISOR_TASK('STAT_ADVICE');

DECLARE

task_name VARCHAR2(100);

results VARCHAR2(32767);

BEGIN

task_name := 'STAT_ADVICE';

results := DBMS_STATS.CREATE_ADVISOR_TASK(task_name);

END;

/

select task_name, advisor_name, created, status from 

dba_advisor_tasks where advisor_name = 'Statistics Advisor‘;

filter1 CLOB;  -- disable advisor on all objects

filter2 CLOB; -- enable advice on SOE.ORDER_LINE

filter3 CLOB; -- disable rule AvoidDropRecreate

filter4 CLOB; -- enable rule UseGatherSchemaStats

BEGIN

filter1 := DBMS_STATS.CONFIGURE_ADVISOR_OBJ_FILTER(

task_name => 'STAT_ADVICE',

stats_adv_opr_type => 'EXECUTE',

rule_name => NULL,

ownname => NULL,

tabname => NULL,

action => 'DISABLE' );

filter2 := DBMS_STATS.CONFIGURE_ADVISOR_OBJ_FILTER(

task_name => 'STAT_ADVICE',

stats_adv_opr_type => 'EXECUTE',

rule_name => NULL,

ownname => 'SOE',

tabname => 'ORDER_LINE',

action => 'ENABLE' );

filter3 := DBMS_STATS.CONFIGURE_ADVISOR_RULE_FILTER(

task_name => 'STAT_ADVICE',

stats_adv_opr_type => 'EXECUTE',

rule_name => 'AvoidDropRecreate',

action => 'DISABLE' );

filter4 := DBMS_STATS.CONFIGURE_ADVISOR_RULE_FILTER(

task_name => 'STAT_ADVICE',

stats_adv_opr_type => 'EXECUTE',

rule_name => 'UseGatherSchemaStats',

action => 'ENABLE' );

END;

/

DECLARE

task_name VARCHAR2(100);

results VARCHAR2(32767);

BEGIN

task_name := 'STAT_ADVICE';

results := DBMS_STATS.EXECUTE_ADVISOR_TASK(task_name);

END;

/
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4. Report task                              6. Display script>

5. Generate script
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set pagesize 1000

set linesize 132

set long 1000000

select dbms_stats.report_advisor_task('STAT_ADVICE',null,'text','all','all') as report  from dual;

VAR script CLOB

DECLARE

task_name VARCHAR2(100);

BEGIN

task_name := 'STAT_ADVICE';

:script := DBMS_STATS.SCRIPT_ADVISOR_TASK(task_name);

END;

/

set linesize 132

set long 100000

set pagesize 0

set longchunksize 100000

set serveroutput on

DECLARE

v_len NUMBER(10);

v_offset NUMBER(10) :=1;

v_amount NUMBER(10) :=10000;

BEGIN

v_len := DBMS_LOB.getlength(:script);

WHILE (v_offset < v_len)

LOOP

DBMS_OUTPUT.PUT_LINE(DBMS_LOB.SUBST

R(:script,v_amount,v_offset));

v_offset := v_offset + v_amount;

END LOOP;

END;

/
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