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Who am |

Independent consultant since 1996
specializing in Oracle and Peoplesoft setup,
administration, and performance tuning

25+ years In database management
DL/1, IMS, ADABAS, SQL/DS, DB2, Oracle

OCP certified DBA -7, 8, 8I, 9i
Oracle since 1993 (7.0.12)

Mathematics major at University of Stuttgart



DBA
Developer

Management

Who are YOU ?

Oracle9 R1/R2

Oracle 8

Oracle 7 ?7?

Oracle 10 7?



Cost vs. Performance

Correlation between cost and performance?

Why not ?



Assumptions

“» Uniform Distribution Assumption

o Uniform Distri
s Uniform Distri

o Uniform Distri

oution over Blocks

oution over Rows

pution over Range of Values

¢ Predicate Independence Assumption

¢ Join Uniformity Assumption



Selectivity and Cardinality

Selectivity = FF = cardest / cardpase

Cardest =FF* Cardbase



The Makeup of Plan Costs

¢ The base table access cost is dependent on estimated #
of blocks accessed which is - directly or indirectly - a
function of the estimated row cardinality:

¢ Table scan nblks / k
s+ Unique scan nlevel + 1
¢ Fast full scan eaf blocks 7 k
“* Index-only nlevel + FF * leaf blocks
“* Range scan dlevel + FF * leaf blocks
+ FF * clustering_factor




The Makeup of Plan Costs

Join cost Is dependent on cardinality of row sources
<+ Nested Loop  Souter + Cardouter * Sinner
< Sort-Merge Souter + $SOIMouter + Binner + $SOMinner

s Hash $outer+ $inner + $hash



Plan Costs Recap

Estimated cardinality = selectivity » base cardinality

The cost of an access plan is a function of the estimated
cardinalities of its components.

Incorrect estimates lead to incorrect plan component costs
and sub-optimal or wrong access plans.

This Is why accurate cardinality estimates are so important.



Distribution over blocks

uniform clustered




Distribution of Value Frequencies

“for an equality predicate (last_name = 'Smith’) the
selectivity Is set to the reciprocal of the number of
distinct values of last_name, because the query
selects rows that all contain one out of N distinct
values.*”

* Oracle 91 Performance Tuning Guide and Reference



Distribution of Value Frequencies

Power distribution
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Distribution of Value Frequencies

col um NDV density Sel ect enplid, jobcode, salary
"""""""""""""""""" fromps_job5 b where b.conpany = 'BO1l
EMPLI D 10, 000 1. 0O000E- 04 P pany

e expl ain plan

COVPANY 200 5. 0000E- 03

card operation

50 SELECT STATEMENT
50 TABLE ACCESS BY | NDEX RON D PS_JOB5

execution pl an 50 | NDEX RANGE SCAN PSBJCBS
card operation
530 SELECT STATEMENT
530 TABLE ACCESS BY | NDEX RON D PS _JOB5

531 | NDEX  GOAL: ANALYZED ( RANGE SCAN) OF ' PSBJOB5' ( NON- UNI QUE)
cal | count cpu el apsed di sk query current r ows
Par se 1 0.47 0.47 21 359 5 0
Execut e 1 0. 00 0. 00 0 0 0 0
Fetch 37 0.48 0. 47 420 567 0 530



Distribution of Value Frequencies

col um NDV density Sel ect enplid, jobcode, salary
"""""""""""""""""" fromps_job5 b where b.conpany = 'BOl'
EMPLI D 10, 000 1. O000E- 04 P pany

e expl ain plan

COVPANY 200 5. 0000E- 03

600 - card operation

COM  COUNT( 0) e e

BO1

500 BO1 530 50 SELECT STATEMENT
co2 350 50 TABLE ACCESS BY | NDEX ROW D PS JOB5
03 ord 50 | NDEX RANGE SCAN PSBJOBS
BO4 231

400 7 05 202

coz A06 181

BO7 165

300 1} ¥ 203 08 152

BO4 C00 28

200 T

100 -+




Distribution of Value Frequencies

With Histogram on company

Anal yze table ps_job5 conpute statistics for columms conpany [ size 75 ];

col um NDV density Sel ect enplid, jobcode, salary
"""""""""""""""""" from ps_job5 b where b.conpany = ' B0l
EMPLI D 10,000 1. 0000E- 04 P pany

- expl ain plan

COVPANY 200 6. 0644E-03

card operation

534 SELECT STATEMENT

execution plan 534  TABLE ACCESS FULL PS_JOB5

card operation
530 SELECT STATEMENT GOAL: CHOOSE
530 TABLE ACCESS GOAL: ANALYZED (FULL) OF 'PS_JOB5'

cal | count cpu el apsed di sk query current r ows
Par se 1 0.17 0.15 25 424 0 0
Execut e 1 0. 00 0. 00 0 0 0 0
Fetch 37 0.24 0.22 912 943 15 530



Distribution of Value Frequencies

With Histogram and bind Variable on company

col um NDV density  Select enplid, jobcode, salary

"""""""""""""""""""" fromps_job5 b where b.conmpany = :bl
EMPLI D 10,000 1. 0000E- 04 bs ey

expl ain plan

COVPANY 200 6. 0644E- 03
card operation
61 SELECT STATEMENT
61  TABLE ACCESS BY | NDEX RON D PS JOB5
61 | NDEX RANGE SCAN PSBJOB5

10,000 * 6.0644¢-3 = 60.644 rounded up to 61.



Distribution of Value Frequencies

With Histogram and bind Variable on company

Anal yze table ps_job5 conpute statistics for colums conpany size 10;

col um NDV density Sel ect enplid, jobcode, salary
"""""""""""""""""""" fromps_job5 b where b.conmpany = :bl
EMPLI D 10,000 1. 0000E- 04 PsJ pany

- expl ain plan

COVPANY 200 1. 0870E- 02

card operation

109 SELECT STATEMENT
109 TABLE ACCESS FULL PS JOB5



Distribution over Range of Values

“The optimizer assumes that employee id values
are distributed evenly in the range between the
lowest value and highest value.”

* Oracle 91 Performance Tuning Guide and Reference



Distribution over Range of Values

t abl e col um NDV density |l o hi

PS LEDGER  ACCOUNTI NG_PERI GD 15 6. 6667E-02 O 999

Period 0 holds opening balances, periods 1-12 hold the ledger entries
for the months, and periods 998 and 999 are used for special
processing.



Distribution over Range of Values

t abl e col um NDV density |l o hi

PS LEDGER  ACCOUNTI NG_PERI GD 15 6. 6667E-02 O 999

accounting_period=n[ne{l. 12} ]
b selectivity = 1/ndv = 1/15 = 6.6667e

accounting_period between 1 and 12
P selectivity = 12/(999-0) + 1/15 = 7.8679¢2

accounting_period < 12
P selectivity = (12-0)/(999-0) = 1.2012¢e?



Distribution over Range of Values

Adjusting the high-value statistic

sel ect sun{posted total _ant) from ps_| edger
where accounting _period between 1 and 12

Col um: ACCOUNTI NG Col #: 11 Table: PS LEDGER Alias: PS _LEDGER
NDV: 15 NULLS: O DENS: 6.6667e-002 LO. O H: 999
TABLE: PS_LEDGER ORI G CDN:. 745198 CMPTD CDN: 58632
Col utm: ACCOUNTI NG Col #: 11 Table: PS LEDGER Alias: PS LEDGER
NDV: 15 NULLS: O DENS: 6.6667e-002 LO O H: 14
TABLE: PS_LEDGER ORI G CDN: 745198 CWVMPTD CDN: 684873

sel ect sun{posted total _ant) from ps_| edger
where accounting_period < 12

Col um: ACCOUNTI NG Col #: 11 Table: PS LEDGER Alias: PS _LEDGER
NDV: 15 NULLS: O DENS: 6.6667e-002 LO. O H: 999
TABLE: PS_LEDGER ORI G CDN: 745198 CWMPTD CDN: 49680
Col utm: ACCOUNTI NG Col #: 11 Table: PS LEDGER Alias: PS LEDGER
NDV: 15 NULLS: O DENS: 6.6667e-002 LO O H: 14

TABLE: PS_LEDGER ORI G CDN: 745198 CQWVPTD CDN: 638742



P1 AND P2
P1 OR P2

select emplid, jobcode, salary

from ps_joblb

where b.company = 'CCC’
and b.paygroup = 'FGH',

250 rows selected.

Explain Plan

card operation
251 SELECT STATEMENT
251 TABLE ACCESS BY INDEX ROWID PS_JOB1
251 INDEX RANGE SCAN PSBJOB1

Predicate Independence Assumption

S(P1&P2) = S(P1) * S(P2)
S(P1|P2) = S(P1) + S(P2) -[S(P1) * S(P2)]

select emplid, jobcode, salary

from ps_job2 b

where b.company = 'CCC’
and b.paygroup = 'FGH',

2500 rows selected.

Explain Plan

card operation

251 SELECT STATEMENT

251 TABLE ACCESS BY INDEX ROWID PS_JOB2
251 INDEX RANGE SCAN PSBJOB2




\ Predicate Independence Assumption

tabl e r ows bl ks enpty chai n avg _rl tabl e r ows bl ks enpty chai n avg_rl
PS JOB1 50, 000 4,547 3 0 317 PS JOB2 50, 000 4,547 3 0 317
tabl e col um NDV density bkts tabl e col um NDV density bkts
PS JOB1 EMPLI D 10, 000 1. 0000E- 04 1 PS JOB2 EMPLI D 10, 000 1. 0000E- 04 1
PS JOB1 JOBCODE 198 5. 0505E- 03 1 PS JOB2 JOBCODE 199 5.0251E-03 1
PS JOB1 COVPANY 10 1. 0000E- 01 1 PS JOB2 COVPANY 10 1. 0000E- 01 1
PS JOB1 PAYGROUP 20 5. 0000E- 02 1 PS JOB2 PAYGROUP 20 5. 0000E- 02 1
PS JOB1 SALARY 49, 597 2.0163E-05 1 PS JOB2 SALARY 49, 848 2. 0061E- 05 1

cardy = card, . * sel (company AND paygroup)
= sel(company) * sel(paygroup)
= 50000 * 1.0000e91 * 5.0000e% = 250

I ndex col um NDV #LB I ndex col um NDV _#LB
PSBJOB1 200 400 PSBJ B2 20 449
COVPANY 10 COVPANY 10

PAYGROUP 20 PAYGROUP 20



Join Uniformity Assumption

join cardinality = card, * card; * join selectivity

join selectivity = 1/max(ndv,, ndvy)

“principle of inclusion”, 1.e. each value of the
smaller domain has a match in the larger domain —
which is frequently true for joins between foreign
keys and primary keys.



Join Uniformity Assumption

SQL> select 'A-'||a.n1, 'B-'||b.n1 A-0 B-0 0« . 0
2 fromtla, tlb A-1 B-1 \ /

3 where a.nl = b.n1; A-2 B-2 1< > 1

A-3 B-3 2 < » 2

A-4 B4 3« > 3

10 SELECT STATEMENT A-5 B-5 4 < > 4

10 HASH JOIN A-6 B-6 5 < > 5

10 TABLE ACCESS FULL T1 A-7 B-7

10 TABLE ACCESS FULL T1 A-8 B-8 6« > 6

A-9 B9 7 < > /

8 < » 8

10 rows selected. 0 < / \ » 9

Join cardinality = card, * cardg * join selectivity
= card, * cardg * 1/max(ndv,, ndv,)
=10* 10 * 1/max(10, 10 ) = 10




Join Uniformity Assumption

SQL> select 'A-'||a.n1, 'B-'||b.n1 A-5 B-5 0 A
2 fromtla,t2b A-6 B-6
3 where a.nl = b.n1; A-7 B-7 - 11
A-8 B-8 2 12
A-9 B-9 3 13
10 SELECT STATEMENT 4 14
10 HASH JOIN 5 rows selected. 5 < >
10 TABLE ACCESS FULL T2
10 TABLE ACCESS FULL T2 6 < >6
7 < » /
8 < » 8
0« \Lo

Join cardinality = card, * cardg * join selectivity
= card, * cardg * 1/max(ndv,, ndv,)
=10* 10 * 1/max(10, 10 ) = 10




Join Uniformity Assumption

SQL> select 'A-'||a.n1, 'B-'||b.n1 A-0 B-0
2 fromt2a,t2b A-0 BO
3 where a.nl = b.n1; A-0 B-O

A-0 B-O
20 SELECT STATEMENT A-1 B-1
20 HASH JOIN A-2 B-2

10 TABLE ACCESS FULL T2 A-3 B-3
10 TABLE ACCESS FULL T2 A-4 B4

40 rows selected. 3 < / \ » 3
4 < > 4

Join cardinality = card, * cardg * join selectivity
= card, * cardg * 1/max(ndv,, ndv,)
=10*10* 1/max(5,5) = 20




Join Selectivity and Cardinality

Insert into t1l(nl, n2) col umm NDV density
sel ect nod(rownum 10), nod(r ownum 5) N1 10 1. 0O000E-01
from dba_obj ects where rownum <= 50; N2 5 2. 0000E-01
select "A.'"||A nl]|"'-B."||B.nl Expl ai n Pl an

| |
fromtl a, t2 b

where a.nl = b.nl; card operation
250 SELECT STATEMENT

250 HASH JO N
50 TABLE ACCESS FULL T1
50 TABLE ACCESS FULL T2

Executi on Pl an

Rows Execution Pl an
O SELECT STATEMENT GOAL: CHOGCSE
250 HASH JO N
50 TABLE ACCESS GOAL: ANALYZED (FULL) OF 'TI'
50 TABLE ACCESS GOAL: ANALYZED (FULL) OF 'T2'




Join Selectivity and Cardinality

sel ect I A
fromtl a, t2 b
where a.nl = b.nl

and a.n2 = b5;

Executi on Pl an

Rows Executi on Pl an

.nl||'-B."||B.nl Expl ai n Pl an

card operation
50 SELECT STATEMENT
50 HASH JO N
10 TABLE ACCESS FULL T1
50 TABLE ACCESS FULL T2

0 SELECT STATEMENT
50 HASH JO N

10 TABLE ACCESS
50 TABLE ACCESS

GOAL: CHOGSE

GOAL: ANALYZED (FULL) OF 'T1'
GOAL: ANALYZED (FULL) OF 'T2'



Join Selectivity and Cardinality

sel ect

"I A-nl]|"-B."||B.nl Expl ai n Pl an
fromtl a, t2 b

where a.nl = b.nl card operation
and a.nl = 5 5 SELECT STATENENT
| 5  HASH JOI N
5 TABLE ACCESS FULL T1
5 TABLE ACCESS FULL T2

Executi on Pl an

Rows Execution Pl an
O SELECT STATEMENT GOAL: CHOGCSE
25 HASH JO N
5 TABLE ACCESS GOAL: ANALYZED (FULL) OF 'TI'
5 TABLE ACCESS GOAL: ANALYZED (FULL) OF 'T2




Oracle 91 (9.2.0.4) and 10g

select "A'"||Anl]|'-B."||B.nl fromtl a, t2 b
where a.nl = b.nl1l and a.n2 = 5;

Join Selectivity and Cardinality

Card Pl an 91 & 10g
50  SELECT STATEMENT (all _rows) (Cost 5)
50 HASH JO N (Cost 5)
10 TABLE ACCESS (anal yzed) TABLE SCOIT T1 (full) (Cost 2)
50 TABLE ACCESS (anal yzed) TABLE SCOTT T2 (full) (Cost 2)

select "A'"||Anl]|'-B."||B.nl fromtl a, t2 b

where a.nl = b.nl and a.nl = 5;

Card Pl an 9i 109
25 SELECT STATEMENT (all _rows) (Cost 12) (Cost 4)
25 MERGE JAO N (cartesian) (Cost 12) (Cost 4)
5 TABLE ACCESS (anal yzed) TABLE SCOIT T1 (full) (Cost 2) (Cost 2)
5 BUFFER (sort) (Cost 10) (Cost 2)
5 TABLE ACCESS (anal yzed) TABLE SCOIT T2 (full) (Cost 2) (Cost 0)
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