Indexes

Who needs them anyway?



Access Methods

Anticipating patterns of access
— Key lookup
— Pre-sorted keys

Query performance vs DML performance
Brings to fore the physicality of the data
A cheat



Access Methods

e B*Tree Indexes
e Hashed Clusters
e Bitmap Indexes



B*Tree Indexes

Conventional
Compound Key
Descending Indexes
Reverse Key Indexes
Index Organized Tables



Standard B*Tree

le=ft most

50L> create table emp {empno int
2 ; mame varchar? {30} L
: , =al int
1 )
Table created.
S0L= create index empli on emp {name) ;
Index created.
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Root, Branch and Leaves
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Where’s Waldo?

> select empno left_most
, =al L
Lrom emp
where name = 'WALDO'

EMFHO

left_most
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Normal Insertion “Edward”

S0L> insexrt into emp valuwe={4_, 'EDWARD' _  2%000): I::~:-H_rr| ot
1 row created. L
S0L> commit;

Commit complete.
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What about Betty?

SOL> insert into emp values{(5, 'BETTY', 35000): left_most
1 row created. L

S0L> commit;

Commit complete.
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Leaf block split

S0L> insert into emp valuwesi{5, 'BETTY', 35000);
1 row created.

S0L> commit;

Commit complete.
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Periodic rebuilds with pct_free

S0L- drop index empd;

Index dropped.

S0L> create index empi on emgp{name)} pctfree 50;
Index created.
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Queries which benefit

S0L> =elect min{name) from emp;
Execution Plan

SELECT STATEMENT
0 SORT (AGGREGITE}
1 INDEX (FULL SCAR (MIHFMAX)) OF 'EMPI' (HOH-UHIQUE}

consiztent gets

S0l =plect =al from pmp where name = 'WALDO'
Execution Plan

SELECT STATEMEHT

0 TABLE ACCES:S (BY IHDEX ROVWID)} OF 'EMP'
i INDEX {RAHGE SCAHY OC 'CMPI' (HOH-UHIDULE)
Statistics

4 consiztent gets

S0L> =zelect name from emp order by name;
Execution Plan

SELECT STATEHEHT Dptimizer=CHODSE
LI} SORT (ORDER BY)
2 1 TABLE ACCESS (FULL) OF 'EMP'
Statigtics

db block get=s
consiztent gets
physical reads
sorts (disk)
131076 rows processed
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Compound Key

o Concatenation of two or more keys
 More cheating



S0L>= create table emp {(empno int
, deptno int
, Tame varchar {30}
, =al int

Tahle created.

S0L> create index empi on emp{deptno, namej;
Index created.
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Queries which benefit

E0L> =elect =al
2 from emp
3 where deptmo = 1
1 and name = 'FRAHK'
o

10 rows selected.
Execution Plan

SELECT STATEMEHT Optimizer=CHOOSE
0 TRBLE RCCESS (BY IMDEX ROWID) OF 'EMP!
1 THDEX {(RAHGE SCAH) OF 'EMPI' (HOH-UHIQUE)
Statistics

S0L> select avygi{lengthiname))
2 from emp
3 where deptmo = 1
4

Execution Plan

SELECT STRTEMEHT Optimizer=CHOOSE
0 SO0RT (AGGREGRTE}
1 IHDEX (RRAHGE SCAM) OF 'EMPI' {HOH-UHIQUE)
Statistics

2 conzistent gets

SOL>= select name
2 from emgp
3 where deptno = 1
4 order by 1
5
30 rows selected.

Execution Plan

o SELECT STATEMEHT Optimizer=CHOOSE

1 0 IHDEX (RAHGE SCAH) OF 'EMPT' {HOH-UHIQUE}
Statistics

consistent gets

\ A
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Descending

o Stores keys In reverse order

 Oracle can already scan indexes
backwards so why this?

e Again anticipation of sort



Descending

S0L> create index empi on emp {deptno, name de=c); Ieft_r‘ru::::z—:t
Index created. 4

S0L= select deptno, name
2 from emp
3 order by 1, ! desc:

ledt_rrost lefl_rmost
1.- 4 DE
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Functional Indexes

Index on f(x)

Oracle built in functions
User defined functions
Whopper of a cheat



Oracle Functions

UPPER()

TRIM()

SUBS]
MONT
LENG
DECO

'R()
HS BETWEEN()

"H()

DE()



User Functions

o student_rank(SAT, GPA, Is_residentp)
e credit_score(income, years_on_job,...)
 astro(birth_date)



Functional Indexes

50L>= alter session =et guery rewrite enabled=-TRUE;
Ses=ion altered.

50L> alter session =set guery rewrite integqrity=TRUSTED:
Ses=ion altered.

S0L> create index astro on empi{extract (month from birthdate)):
Index created.

S0L- analyze table emp
compute statistics

for table

for all indexes

for all indexed columns

6
Table analyzed.

S0L> =elect empno
2 from emp
3 where extract (month from birthdate) = &

SELECT STATEMEHT Optimizer=CHOOSE
TABLE RCCESS (BY IHDEX ROWID) OF 'EMP'
THDEX {(RAHGE SCAH) OF 'ASTRO' (HOH-UHIOLUE)

9 consiztent gets
6 phyeical reade
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Issues

Query rewrite_enabled=TRUE

Query rewrite_integrity=TRUSTED
Substr(varchar2)

“deterministic” for user defined functions
DML more expensive




Compressed Indexes

e Saves space in concatenated indexes with
highly repetitive data

 Particularly good for large keys



Call List (Uncompressed)

S0L* create tabhle call{area int

2 , pfix int

3 , sfix int

4 ; name wvarchar?{3i0}

5 )
Tahle createad.
S0 create index calli on calliarea, pfix, =sfix);
Index created.
SOL> insexrt into call values{d0&, 23, 0467, 'Becky'):
1 row created.
SOL>= insext into call values{408, 23, 2937, 'Sue'):
1 row created.

S0L>= insexrt into call valwes{408&, &23, 5018, 'Mike'):
1 row created.

=0 insert into call values{40%, &23, 5065, 'John'):;
1 row created.
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Call List (Compressed)

create dndex calli on call{area, piix, sfix) compress 2;
Index created.

TERLINGUA



Issues with Compression

e Saves space
* Potentially reduces physical I/Os
* Increased CPU usage



Reverse Key

* Purpose built for parallel server
 Reverses Oracle representation of key
 Generates pseudo-randomness



Reverse Key

S0L> select object id id
- rpatl{sﬁhstr{dmm{ object id) , 14y, 10) mormal
; rpad{substr (dump (reverse{object id}), 14k, 10} reversed
from all_phjects
where object id = 6700
and object id < 6T06

ID HORMAL REYERSED

6702 194, 64, 3 3,686,191
6703 194,68,4 468,194
6704 194,68, 5 5,686,194
6705 194,68,6 6,68,194
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Issues with Reverse Keys

* Index can be used for equality (x = 7)
 But not for range scans (x > 7)



Index Organized Tables

B*Tree without the table
Table becomes superfluous

Co-location of rows with similar or identical
key values

Great for large lookup tables



Patient Table

> create table patient{age
patid
weight int
height
name varchar?2(3l)
primary key{age, patid)

organization index
including weight
10 over flow
11 storage {(initial 2000K)
12 ;
Tahle created.

S0L> inzert imto patient

zelect 100 + modd{rownum, 100} age
5 LOWIWN patid
, 125 + modd{rownum, 200} weight
, 1% + modd{rownum, 36} heidght
, object name AMEe

from all_uhj?ec:t.s
&
27154 rows created.

\ A

TERLINGUA



Patient Ta

S0 melect awg{weight})
2

3

from patient

where age = 52

SELECT STATEMEHT Optimizer=CHOOSE
S0RT (AGGREGATE)
INDEX (RRHGE SCQIH) OF 'S¥YS TOT TOP 1720

T consistent gets :
left_rme

Cn oonon

e
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Index

Overflow Table

11 _pinced
21

&A1 _rncel

QCARLD
[
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Full Table Scan Problem

45 165,213
47 209 245
48 854,187
49 753

54, TIM

69 JAMES
167,66, J0E
68,RAY




Full scans IOT vs. heap

> create table patient heap{age int
- patid int
weight int
height int
name varchar?2 {30}
primary key{age, patid)
¥i
Tahle created.

S50L> ingert into patient heap select * from patient;
27194 rows created.

S0L> =elect avg{height) from patient:
AVG{HEIGHT )

65.4477124

Execution PFlan

SELECT STATEMEHT Optimizer=CHOOSE
SO0RT {(AGGREGATE)
IHDEX (FAST FULL SCAN) OF 'S¥S T0T TOP 7720

{UHIQUE)

1934 consistent gets

S50L> =select awg(height) from patient heap:;
AVG{HEIGHT )

65.4477124
Execution PFlan
SELECT STATEMEHT Optimizer=CHOOSE

SO0RT {(AGGREGATE)
TABLE RCCESS (FULL) OF 'PATIEHT HERP'

\
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Hashed Clusters

e Avoids index all together
o Great for very large fixed size tables



taxpayer Hashed Cluster

S0L> create cluster tpc (taxdd wvarchar2 {11}}
2 hazhkeys 10000
3 size 200
1

Cluster created.

varchar2{11)
, Iname varchar2{ 30}
; 1lname varchar2{ 30}
, incone 1int
, taxowed int)

- create table tp clustered (taxid

cluster tpci(taxid)

Table created.

= insert inkn tp rlnstered
select to chari mod{roywnum, 1000), 'FMO00')
||_'—I Il to_char (mod{rownum, 100), 'FHOD'})
Il '-' |l to_char({mod{rowmum, 10000), 'EMO000'})
« ohjcct namc
, Dhject name
. COWmUm
; FOo¥mum
Irom all objects
2760 rows created.
S0L> commit;
Commit complete.

taxid
fnam:
1name
income
taxowed

varchar2 (11}
2 , Inane varchar2 {30}
3 ;, lnane varchar2 {30}
4 s Lk inl
i , tacowed int)

S0L> create table tp heap (taxd

&
Table created.

S0L>= insert into tp heap select * from tp clustered;
27160 rows created.

S0L> commit;
Commit complete.

SQL: create index tp heapi on tp heap(tasdd}:
Index created.

\
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Hash Cluster

SUL> select lnamne
i from tp_clustersd
3 where taxid = '507-07-1507';

Execution Plan

SFLECT STATEMEHT nNptim zer=CHONSE

0 TABLE ACCESS (HRASH) OF 'TP CLUSTERED' 507-07-1507

Statistics

1 conzxistent gets

HASH(507-07-1507)

= select lname
from Ep heap
where Laxid = 'S07-AT-1A07"'

Exccution Flan

SELECT STATEMEHT Optindzer=CHOOSE
INBLE QCCEEE (BY THLEX POWID) OF 'TP HELP'
IHDEYX (HAHGE SCAH) OF 'TP HERPT' (HOH-UHTOUE )

consiztent gots

v
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Hash Cluster Overflow

901-32-8956

HASH(901-32-8956)

\ A
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Hashed Cluster Issues

Great for large fixed sized table
Can be space inefficient

Hash collisions possible
Overflow blocks defeat gains
May need periodic rebuild



Bitmapped Indexes

* Low cardinality data

e Great for ad-hoc queries when testing for
equality

 Efficiently represented list of rowids that
have the same key value

o Excellent for count(*) or existence test



Dating Example

SQL:= create table men (guyno int
2 name rarchar? {30}

phonenum rarchar?(19)
state rarchar2(2)
metatus wvarchar?(l)
degree rarchar?{1}
rotedl rarchar?(10)
ha=seball wvarchar2(15)

Table:I created.

> insert into n wralwes({1l, 'Harry', '5355-555-53555"', 'Bush', 'BMets'}):

insert into ' walues(2, 'John', '555-555-5535"', 'Kerry', 'Bed Sox');
ow created.

insert into n walwes({3, 'Larry', '5355-555-53555"', 'Bush', 'Bed Sox'}):
1 row created.
S0QL>= insert into n walues(d, 'Mike',6 '#555-555-5535"', 'Bush' . 'Bed Sox');
1 row created.
S0L> insert into n waluwes (5, 'Steve', '555-555-5555"', 'Bush', 'Cubs'j};:
1 row created.
S0QL>= insert into ' walues (6, 'Waldo', '555-555-5535"', 'Kerry', 'Bed Sox');
1 row created.
S0L> commit;
Commit complete.

SQL> create bhitmap index men state menistate) ;
Index created.

SQL> create hitmap index men mstatus menimstatusj;
Index created.

S50L> create bitmap index men degree nen{degree} ;
Index created.

S0L> create bitmap index I'I'IE:]l_‘I.'Dt-E:ﬂ-'-l men{votedd) ;
Index created.

S0L> create bitmap index men bhaseball mnen{basehal 1} ;
Index created.
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Bush vote’n, Div, MA, Edu, Sox

guyno
5 6 7 8 9 10 11 12 13 14 15
state="MA' 1 1 1 0

mstatus='D" 1 0O 1 0
voted4="Bush' 0 0 1 0
baseball="Red Sox

degree="Y"

myguy?




Dating Example (cont.)

D OSE =d h N Pa [

> zelect guyno

; Name
from men
where {{state

{state
)
and wotedd

and mstatus =

and degree

r

GUYHO HAME

5 Stewve

Execution Flan

'Mi' and bhasehall
'IL' and baseball

= 'Bush'

IDI

'Red Sox') or
'Cubs' ]

SELECT STATEMENT Optimdzer=CHOOSE
TABLE RCCESS (BY IHDEX ROWED) OF
BITHMRF COHVYERSTOH (TO ROWIDS)
BITHAF IHNDEX (SIHNGLE VRALUE) OF 'HEH MSTATUS'

consistent gets

'MEH

\A

' TERLINGUA



Dating Example (cont.)

state='"MA'
baseball='Sox’

2,431

state="lL'
baseball='Cubs'

voted4='Bush’

mstatus='D’




Now It's your turn...



Dictionary

S0L>= create table words (word wvarchar?{30)
2 ; def num int
3
1 )

; def rarchar2{2000)
Table created.

S0L>= insert into words values('Hi', 1, 'A greeting'j;
1 row created.

e Large number of words
e Query mostly



Inventory Table

S0L> create table invent (partno
; Subpartno
; oty int
, name varchar? {50}
, descript wvarchar? {2000}

int
int

Moderate insert of new parts
subpartno affinity

gty updated/queried frequently
descript queried rarely



Likely Voter Table

rarc
rarc
rarc
rarc
rarc
rarc
int
int
nt

 Phone# or count(*) based on unforeseen
criteria

 Reloaded from scratch weekly
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