<
solarwinds 7

Getting the most out of your Oracle
12.2+ Optimizer (i.e. The Brain)
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Who Am | solarwmds"fz

 Senior DBA / Performance Evangelist for SolarWinds
* Janis.Griffin@solarwinds.com @
e Twitter® - @DoBoutAnything

e 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 | tune it?

ORACLE
ACE
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Agenda solarwmds"fz

* 12.2 Optimizer
* Adaptive Plans

e Adaptive Statistics
* Dynamic Statistics / Statistic Feedback review
* New Sql Plan Directives features explained
* New Optimizer Statistics Advisor

* SQL Plan Management - What’s new?
* How it coexists with adaptive plans
* How to control baselines

* Approximate Query Processing
* Whatis it
* When and how to use it
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In The Beginning... Optimizer Overview solarwinds #

* Rule Based Optimizer (Version < 7.3)

* Rules based on 17 possible access paths
* Only one execution plan chosen and only simple rewrites of ‘OR’ to ‘Union ALL’

* Cost Based Optimizer (Version >=7.3)
e Multiple plans generated with estimated cost of I0/CPU
* Plan with lowest cost chosen
* Allows for hash joins, histograms, partitioning and parallel queries
* More complex rewrites and transformations

* Required statistics gathering and plans changed
e 8.1.7, Stored outlines to control plan changes
* 9.2, Dynamic sampling of statistics
10g, SQL Profiles / Tuning Advisor
« DBMS_SQLTUNE — Costs SSS
Oracle 11, Adaptive cursor sharing / SQL plan management / SQL patches
Oracle 12.1, Adaptive optimizer — could only turn on or off feature
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Adaptive Optimizer 12.2 solarwinds %

* Two new parameters
* Adaptive statistics turned off (default) Adaptive Query Optimizer

e SQL plan directives

 Statistics feedback for joins

* Performance feedback

* Dynamic sampling for parallel query P—— Adaptive

Statistics

NAME TYPE VALUE
optimizer adaptive plans boolean TRIE
optimizer adaptive reporting only boolean FAL3E
optimizer adaptive statistics boolean FAL3E
optimizer capture sgl plan baselines hoolean FALZE
optimizer dynamic sampling integer 4 Join Parallel Bitmap Index  Dynamic Automatic Sql Plan
SpfEe b SIS fuSElie) Eo ot string [ 12.2.0.1 | Methods Distribution Pruning Statistics Reoptimization Directives
optimizer index caching integer 0
optimizer index cost ad] integer 100
optimizer inmemory aware boolean TRIE
optimizer mode string ALL ROW3
optimizer secure View merging boolean TRUE /
optimizer use invisible indexes boolean FLLIE <=
optimizer use pending statistics boolean FALSE /
optimizer use sql plan haselines boolean TRUE 4~
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How the Optimizer Works solarwinds %

Parsed Query (from Parser)ll

OR EXxpansion
View Merging Query Transformer — rewrites

Predicate Pushing query to be more efficient
Subqguery Unnesting

Query Rewrite with

Materialized Views ‘L Transformed Query
Star Transformation

In-Memory Aggregation
Table Expansion

Join Factorization

Estimator — looks at Qa chtlonary/

selectivity, cardinality & cost
A Schema Definition

‘L Query + Estimates Statistics

N~ @~

femmm——————T

Plan Generator — creates
multiple plans using different
access paths & join types.

Plan with lowest cost is chosen

“' Default Plan sent to Row Source Generator
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Execution Plan

e
solarwinds 7

* Show the sequence of operations performed to run SQL Statement
Order of the tables referenced in the statements
Access method for each table in the statement

Data manipulations

Statistic Collectors

INDEX
INLIST ITERATOR
TABLE ACCESS

VIEW

method in accessing multiple tables
HASH JOIN

MERGE JOIN

NESTED LOOPS

CONCATENATION
COUNT

FILTER

SORT

New in 12C

SQL> explain plan for

select order id, product _name, list price, unit price,quantity
from product p, order items oi

where p.product_id = oi.product id

and unit price <« 1.05;

tn s Lo R

SQL> zelect * from table (dbm= xplan.displawy(}):
Explained.

Plan hash wvalue: 2408771214

| Id | Operation | Hame | Rows | Bytes | Cost (ZCPU) |
] 0 | SELECT STATEMENT ] | 1 55 | 4 (0} 1
] 1 | HESTED LOOES ] | 1 55 | 4 (0} 1
] 2 | HESTED LOOPS ] | 1 55 | 4 (0} 1
|* 3 | TABLE ACCESS FULL | ORDER_ITEMS | 1 16 | 3 (0} 1
| * 4 | INDEX UNIQUE SCAN | FRODUCT FE | 1 | 0 (0} 1
] S | TABLE ACCESS EY INDEX ROWID| PRODUCT | 1 35 | 1 (0} 1

3 - filcer ("UNIT PRICE"«<1.05)
4 - access ("P"."PRODUCT ID"="0I"."PRODUCT ID")

Hote
—

— this=s i=s an adaptive plan
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EXGCUtIOn Plan so|arw|nd5.'/:

e Optimizer instruments default plan with statistics collector (SC)
* SC buffers a portion of rows coming into each sub-plan on initial execution

* Optimizer computes inflection points =2 szerzi e sicesrice, wnie price, musmsscs
* Determines optimal join type
* At runtime expiained.

 Works only on: SQL> select * from table (dbms xplan.display( format=> '+adaprive’)):

Plan hash wvalue: 2408771214

* Join Methods e

from product p, order items oi
where p.product id = oi.product id
and unit price < 1.05;

s L kg

.. | Id | Operation | Hame | Bows | Bvte= | Cost (3CPU) |

* Nested loops and hash joins -7

| 0 | SELECT STATEMENT | | 1] 55 | 4 (0} |

e Parallel Distribution Method e o e | Cr

N . \ | 3 WESTED LOOES | | 1] 55 | 4 (0} |

() d |- 4 | STATISTICS COLLECTOR | | | | |
O a aptatlon Occurs | * 5 | TLELE LCCESS FULL | ORDER ITEMS | 1] 16 | 3 [ay |

. e g @ . . . . . | ® 6 | INDEX UNIQUE SCAN | PRDDUCT_PK | 1] | ] {0} ]

* If initial join is sort merge join | 71  TABLE ACCESS BY INDEX ROWID| PRODUCT | 11 391 1 (0]

|- g | TRELE ACCESS FULL | PRODUCT | 1] 39 | 1 (0} |

1 - access("F"."PRODUCT ID"="0I"."FRODUCI ID")

5 - filter("UNIT FRICE"<1.05)

& — access ("P"."PRODUCT ID"="0I"."PFRODUCI ID")
Hote
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Optimizer Computes Inflection Points (IPs) solarwinds 7

* |Ps are statistics where two plan choices are equally good

SQL> select /i+ gather plan statistics */ order id, 5QL> alter session set tracefile identifier='INFLECTICH':
2 product_name, list price, unit price,guantity -
3 from product p, order items oi ; . .
4 yhere p.product id = oi.product id SQL> exec dbms sgldiag.dump trace(p sgl id=>'&sgl id', -
5 and unit price < 1.05; > p child number=>&fchild,p component=>'Compiler',p file id=>'"'"'}):
ORDER_ID FRODUCT MNAME LIST PRICE UNIT PRICE QUANTITY Enter value for =gl _id: 38ghzugntgzgs
________________________________________________________________ Enter value for child: 0O
2404 Paper Tablet LY & 1/2 x 11 1 0 37 CBO trace Or
SQL» select * from table PL/5QL procedure successfully completed. 10053 event
2 {dbm=s xplan.display cursor (format=»>'rowstats last adaptive report')): .
£ ¥ " ~ " -~ o -
% grep -hE DP| ~AP oral2? ora * inflection.trc (See append|X)
SQL ID 38ghzugntgzgs, child number 0 DPF - distinct placement
______________ cTTTTTttTTTtTTTTTTTTT ) AP - adaptive plans
select /%4 gather plan statistics *f order id, product name, . B o ) - oo .
list price, unit price,quantity from product p, order items oi where AF: Checking wvalidity for gquery block SEL:1, sqglid=gdbgklhmszbxz
p.product id = oi.product id and uwnit price < 1.05 AP: Computing costs for inflection point at max value 131070.00
AP: Costing Hested Loops Join for inflection point at card 131070.00
Plan hash walue: 2408771214 AP: Costing Hash Join for inflection point at card 131070.00
"";E_i""““"f _________________________ 1:1 _____________ ; ______ (- ;_; ______ ;_;""‘ AP: lcost=131104.77, rcost=185.65
tior tart - - - . . .
_l________l_?l_:ff_f:‘______________________l__flf_________l___fi_f_l_____?‘f__l____i’f__l AP: Searching for inflection point at wvalues 1.00
| 0 | SELECT STATEMENT I I i | | 1] AP: Costing Hested Loops Join for inflection point at card &5535.74
|- * 1 | HASH JOIN I I i | 1] 1] AP: Costing Hash Join for inflection point at card &5535.74
| | HESTED LOOPS | | i | 1] 1] . .cut for brevity...
| 31 NESTED LCOFS | | i | 11 11 AP: Searching for inflection point at value 5.48
- 21 SLLAERINRES (EGIHASEG L | | . | 11 AP: Costing Hested Loops Join for inflection point at card 7.48
| ¥ 5 ] TABLE ACCESS FULL | ORDER_ITEMS | iR | 1] 1] LE: [ ti Hash Joi £ infl i Urie - d 7.48
| * 6| INDEX UNIQUE SCAN | PRODUCT XK | 1) 1] 1] : Costing Hash Join for inflection point at car 7.48
| 7 |  TABLE ACCESS BY INDEX ROWID| PRODUCT | o | 1] 1] frrs llemaiemlllolily, seaale=L= L
|- 8 | TAELE ACCESS FULL | PRODUCT | 0! 1] o AF: Searching for inflection point at wvalue 7.48
e e e e e e ———————————————) ﬁ’: Co=ting Nested Loops Join for inflection point at card 8.48 \
Predicate Information (identified by operation id): APF: Costing Hash Join for inflection point at card 8§.48

...cut for brevity... LP: lcost=11.0l1, rcost=10.03

Hote AP: Costing Hash Join for inflection point at card §.48

_____ DP: Found point of inflection for NHLJ vs. HJ: card = 8.
- thiz iz an adaptive plan (rows marked '-' are inactive) ﬁ?: gesdpResolveSlaveSamehsQC — HOT SLAVE SQL )
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Optimizer Computes Inflection Points — cont. solarwinds %

SQL> select f*+ gather plan statistics */ order id,
product name, list price, unit price,guantity
from product p, order items oi

where p.product id = oi.product id

and unit price < 2.1;

* NLJ vs. HJ plans are equally good
 When cardinality = 8.48

tnob Lh R

25 rows =selected.

5QL> select * from table
2 (dbm= xplan.display cursor (format=>'rowstats last adaptive report')):

SQL TD 1lbgsgvchnslg, child number O

select /*+ gather plan statisties */ order id roduct name
Nested Loop Hash : (TT gataer_poam sanis Sr_iSe B _nEmss
X ) list _price, unit price,quantity from product p, order_ items oi where
Join Join p.product_id = oi.product_id and unit price <« 2.1

Plan hash walue: 158447987

| Id | Cperation | Hame | Starts E-Rows | A—-Rows i

Statistics ————————————————————————————:;;;;: ————————————————————————————————————————————————

| 0 | SELECT STATEMENT | | 1 | 25 |

Collector | * 1 | HASH JOIN | | 1 26 | 25 |

|- 2 | NESTED LOCES | | 1 & | 25 |

1= 3 | WESTED LOCPES | | 1 | 25 |

|- 4 | STATISTICS COLLECTOR | | 1 | 25 |

| * 5 | TARLE ACCESS FULL | ORDER ITEMS | 1 26 | 25 |

- * & | INDEX UNIQUE SCAN | PRODUCT PK | 0 | o

Order_Items Product Product |- 7 TARLE ACCESS BY INDEX ROWID| PRODUCT | 0 1] o |
Table Scan Index Scan Table Scan | 2 | TARLE ACCESS FULL | PRODUCT | 1 2 | 288

i(
N

Predicate Information (identified by operation id):

1 - access ("P"."PRODUCT ID"="0I"."PRODUCT_ ID")
5 — filter ("UNIT PRICE™<Z.1)
& — access ("P"."PRODUCT ID"="0QI"."PRODUCT TID")

— this is an adaptive plan (rows marked '-' are inactive)
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How

To Identify Adaptive Plans

e
solarwinds 7

* New

columns in VSSQL:

* IS_RESOLVED_ADAPTIVE_PLAN

* If 'Y’, the plan was adapted & is the final plan
* If ‘N’, the plan is adaptive

e But final plan has not been selected
* If NULL, the planis non-adaptive

* |S REOPTIMIZABLE is for next execution

alter

* Y - the next execution will trigger a reoptimization
* R—has reoptimization info

e But won’t trigger due to reporting mode
* N -the child cursor has no reoptimization info

(system / session) set optimizer_adaptive_reporting_only=TRUE;

£
T
£

5QL> select =sgl _id,child number, substr(sgl text,1,30) =gl teXt,
2 IS5 RESOLVED ADALPTIVE FLAN, IS5 RECOPTIMIZABLE
3 from wS=sgl
1 where plan _hash walue = 1581076404
QL ID CHILD NUMBER S5SQL TEXT I I
neExTTx1hTs6g L8] explain plan for select aor]¥Y MW
nex7Trlh7=6g 1 explain plan for select or]l¥ M
nex7rTxlh7T=6qg 2 explain plan for select or]¥ M

SQL>» explain plan for

2 szelect order id, product name, list price, UNIT PRICE, QUANTITY
3 from products p, order items ol
4 where p.product id = oi.product id
S5 and unit price < :bl:
Explained.

SQL> select * from table (dbms xplan.display( format=> '+adaptive')):

Plan hash value: 1581076404

| Id | Operation | Name | Rows | Bytes | Cost (%CPU)
| 0 | SELECT STATEMENT | | 65 | 5200 | =1 {Q)
| 1 | HESTED LOOPS OUTER | | 65 | 5200 | 56 ({Q)
| * 2 | HaASH JOIN | | 48 | 182 | 8 {0)
| - 3] HESTED LOOPS | | 48 | 1820 | 8 {Q)
| - 4 | STATISTICS COLLECTICER | | | |

] * 5 | TAELE ACCESS FULL | ORDER_ITEMS | 48
| - & | TABLE ACCESS BY INDEX ROWID| PRODUCT INFORMATION | 1
- * T 1 INDEX UNIQUE SCAN | PRCDUCT INFOEMATION PE |

| g | TABELE ACCESS FULL | PFRODUCT INFORMATION | 288
| g | TABLE ACCESS BY INDEX ROWID | PRODUCT DESCRIFTIONS | 1
| * 10 | INDEX UNIQUE SCAN | | 1

PRD_DESC_PK

2 - accessz ("I"."PRODUCT ID"="0I"."PRODUCT ID")
5 - filter ("UNIT_ PRICE"<TO NUMEER(:Bl})
7 - access ("I"."PRODUCT_ID"="0OI"."PRODUCT ID")
10 - access ("D"."PRODUCT_ID" (+)="1"."PRODUCT ID" AND
"D"."LANGUAGE ID" (+)=5Y5 CONTEXT ('USERENV', 'LANG'"))
Hote
— this is an adaptive plan (rows marked '-' are inactive)
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Why P|anS ChangeS solarwmds"/:

e Execution plans can change as underlying inputs to optimizer change

* Same Sql — Different Schemas
» Different table sizes / statistics / indexes

 Same Sql — Different Costs
e Data volume & Statistic Changes over time
* Bind variable types and values
* Initialization parameters (set globally or session level)
e Adaptive Cursor Sharing — 11G
* VSSQL - IS_BIND_SENSITIVE: optimizer peeked —plan may change
e VSSQL - IS_BIND_AWARE: ‘Y’ after query has been marked bind sensitive
» Adaptive Plans / Statistics — 12C

« V$SQL_SHARED CURSOR

e Can give clues to why plan changed
e 70 columns showing mismatches /differences
* Hard to view
 Script, ‘shared_proc.sql’ in appendix
© 2018 SolarWinds Worldwide, LLC. All rights reserved.



V$SQL_SHARED_CURSOR solarwmds.'/:

* Shared_proc.sql script in appendix

SQL TEXT = egxXxplain plan for select order id, product name, list price, UNIT PRICE, .
p, order items oi where p.product_id = oi.product_id and unit price < :bl EXpIaIn Plans
S5QL ID = fn6xT7Txlh7=6g i
ADDRESS = D0000D00&EBFTF3EQ are b“ndlu)

i = CooOOO00ETET 1 1S b|nd Var|ab|es
CHILD WUMEER = O A

RELSON = < ChildNode><Childiunber>0<,/ChildNunber><ID>20«,/ID><reason>Explain Plan curi

cur5DI}5D{fctxf1g_cur5Dr}{Litera1_Rep1acEEEnt_Enab1Ed}l{ILitEIa1_Replacement_EnabledbiﬁC%}

SQL_TEXT = explain plan for s=elect order id, product name, list price, UNIT

B, order items ol where p.product id = oi.product id and unit price < :bl

SQL ID = fnexTTxlhT=6g

LDDRESS = 000000006BFTF3ED

CHILD ADDRESS = QOO00000ARC2a04 8

(CHILD NUMBER = 1 )

EXFLAIN PLAN CURSOR = ¥

RELSON = «ChildNode><ChildMunber>1<,/Childfumber><ID>20«</ID><reason>Explain P1

ctxflg_curSGI}EG{Ictxflg_cursur}{LitEral_REplacement_EnabledbliﬁLiteral_REplacement_EnablE

S — J

SQL_TEXT = explain plan for s=elect order id, product name, list price, UNIT /Mjapﬁve

B, order items ol where p.product id = oi.product id and unit price < :bl

S5QL. TD = fnexTTxlhT=6g [erorﬂng

LDDRESS = 000000006BFTF3ED

CHILD ADDRESS = QOO0000032CAI4290 Only MOde
HILD NUMBER = 2 )

EXFLAIN PLAN CURSOR = ¥
RELASOM= <« ChildNode><ChildNumber>2«<,/ChildNumber><ID>3</IDx<reason>0ptimizer mismatcch (12) </ ry
prive reporting only»> false trues {faptimizEr_adaptive_repurting_anly}1

) ~= - g
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Get Real Execution Plan (reporting_only)

-
solarwinds 7

SQL» exec bl = 10.25;
5QL>» select f*+ gather plan statistics

*/ order_id,

2 product _name, list price, unit _price,guantity
3 from product p, order items oi

4 where p.product id = ol.product id

5 and unit _price < :bl;

63 rows selected.

SQL>» select * from table

2 (dbms =xplan.display curscor|('bcocxéeSbhgfjrcji', "0',
3 format=>'rowstats last adaptive reportc')):

SQL ID beoxef8bhgfjrt], child number O

select &+ gather plan statistics = order id, product_ name,

list _price, unit price,quantity from product p, order items oi where
p.product_id = ci.product_id and unit price < :bl

Plan hash wvaluese: 158447987

| Id | Cperation | Hame | Starts | E-Rows | A-Rows |
| 0 | SELECT STATEMENT | | 1] | 63 |
| A R | HASH JOIN | | 1] 63 | 63 |
|- 2 1 NESTED LOCCPS | | i | 63 | 63 |
|- 3 |1 NESTED LOCPS | | 1] | 63 |
|- 4 | STATISTICS COLLECTCR | | 1] | 63 |
| * 5 | TABLE ACCESS FULL | ORDER_ITEMS | 1] 63 | 63 |
- * & | INDEX UNIQUE SCAN | PRODUCT PKE | [V | | [V |
|- T 1 TABLE ACCESS BY INDEX ROWID| PRODUCT | o | 11 o |
| 8 | TABLE ACCESS FULL | PRODUCT | 1] 288 | 288 |

Predicate Information (identified by operation id):

1 - access("P"."PRCDUCT ID"="QI™."PRODUCT ID™)
S — filter ("UNIT PRICE"<:Bl)
& — access("PF"."PRODUCT ID"="0QI"."PRODUCT ID")

— this=s i=s an adaptive plan (rows marked '-' are inactive)

o~ -~

Adaptive plan:

Thi=s cursor has an adaptive plan, but adaptive plans are enabled for
reporting mode only. The plan that would be executed if adaptive plans
were enabled is displayed below.

& b-sy y

Plan hash wvalue: 158447987

| Id | Operation | HName | Rows |
| 0 | SELECT STATEMENT | | |
|* 1 | H&ASH JOIN ] ] 63 |
| * 2 | TABELE ACCESS FULL| ORDER ITEMS | 63 |
] 31 TABLE ACCESS FULL| PRODUCT ] 288 |

Predicate Information (identified by operation id):

1 - access ("P"."PRODUCT_ ID"="0I"."PRODUCT ID")
2 - filter ("UNIT PRICE"<:El)

— this=s i=s an adaptive plan

SQL> select =gl id,child number,substr(sgl text,l,30)
2 I5 RESOLVED ADAPTIVE PLAWN, IS5 REOFTTMIZAELE,
3 1I5 BIND AWARE,IS5 BEIND SENSITIVE
4 from vi=sgl
S5 where sgl text like 'select %gather3';

=gl text,

CHILD NUMEER SQL TEXT

bex6B8bhgfjrt] 0 select /#+ gather plan statist ¥ N N ¥

© 2018 SolarWinds Worldwide, LLC. All rights reserved.



Get Real Execution Plan colarwinds%

. . . S5QL> exec (bl := 1000000.5
* Opt M tch
ptimizer ISMatcC sor> @sql
665 rows selected.
SQL> alter session sSet optimizer adaptive reporting only=FA4L5E;
SQL _ID CHILD NUMEER 5QL TEXT ITITI
S3ession altered. e —————— - - - -
bexedbhgfjrt] 0 select /*+ gather plan statist Y N N ¥
5QL> select /%+ gather plan statistics #/ order id, bex68bhgfirt] 1 select f*%+ gather plan statist YN N ¥
2 product_name, list price, unit price,quantity bexedbhgfjrt] 2 gelect /*+ gather plan statist YN Y ¥
3 from product p, order items oi
4 where p.product_id = oi.product_id S5QL> select * from table |
o and unit price < :bl; Z dbms_xplan.display cursor('bcx&8bhgfjirci',"2'));
63 rows selected. 5QL ID bex68bhgfjrtj, child number 2
SQL> select sgl id,child number, substr(sgl text,l1,30) =gl text, select /*+ gather plan statistics =) order id, product name,
2 I5 EESOLVED ADAPTIVE PLAN, IS5 EEOFTIMIZLELE, lizt price, unit price,quantity from product p, order items ol where
3 IS5 BIND AWALRE,I5 BIND SENSITIVE p.product_id = oi.product id and unit price < :bl
4 from wi=sgl
o where sgl _text like 'select %gatheri':; Plan hash value: 615102885
SQL ID CHILD WUMBER S5QL TEXT rrrx> 0
—————————————————————————————————————————————————————————— = | Id | Cperation | Hame | Rows | Byte= | Cost (FCPU)
bcx&8bhgfirt] 0 select /*+ gather plan statist YWNY | = | -—F7F-""m""Hm»m""mrc- ++—+H—7"""—"—"—"""—- "
bex68bhgfirt] 1 select /*+ gather plan statist YN N ¥ | 0 | SELECT STATEMENT | | | | 10 (100)
|* 1 | HASH JOIN | | 665 | 38575 | 10 (0}
| 2 | TABLE ACCESS FULL| PRODUCT | 288 | 11232 | T (0)
|* 3 | TABLE ARCCESS FULL| ORDER ITEMS | 665 | 10640 | 3 (0)

© 2018 SolarWinds Worldwide, LLC. All rights reserved.



Adaptive Cursor Sharing solarwinds #

* VSSQL CS_SELECTIVITY (BIND AWARE)

SQL> select SQL ID,CHILD NUMBER, PREDICATE, RANGE ID,LOW,HIGH

2 from visql_cs_selectivity

3 where sgl id = 'bexéSbhgfjrtj' order by 2;
SQL ID CHILD NUMBER PREDICATE FEANGE ID LOW HIGH
bexeBbhgfjrt] 2 <Bl 0 0.900000 1.100000 ‘bl = 1000000.5
becxeBbhgfjrt] 3 <B1 0 0.732837 1.100000 ‘bl = 150.0
bexeBbhgfjrt] 4 <Bl1 0 0.0019589 0.002444 ‘bl = 1.05

° V$SQL CS H ISTOG RAM SQL> select SQL_ID,CHILD NUMBER,BUCKET ID,COUNT from v$sgl cs_histogram
— —_ 2 where 5QL ID = 'binbhsbxEtgzs'

o o 3 order by =gl id, child number:
 Summary of monitoring

SQL_ID CHILD NUMEER EUCEET ID COUNT

* Three buckets (S/M/L)  [omomrs T, T T ;
benbhahxBtgzh 2 0 2

* VSSQL_CS_STATISTICS  boecee : : :
* Show rows processed e . ; ;

° Empty in 122? Eii:iii:igii 2 é mﬂg
benbhahxBtgzh L) 2 0

© 2018 SolarWinds Worldwide, LLC. All rights reserved.



Parallel Distribution Method A ERTIEET

* Optimizer must distribute data across all parallel processes
* Parallel queries are useful for sorts, aggregation & join operations

* Optimizer chooses between broadcast or hybrid hash (NEW in 12c)

e Chosen method depends on number of rows and Degree of Parallelism (DOP)
e Hybrid hash, if rows > than threshold

* Broadcast, if rows < than threshold
 Threshold is defined as 2 X DOP

* Optimizer decides final data distribution method during each execution time
» Different from adaptive joins which are limited to first execution only

e Statistic collectors are inserted in front of the parallel server processes
* On producer side of the operation

* Hybrid hash distribution can help with data skew
* Potential performance problem if few parallel processes distribute many rows

© 2018 SolarWinds Worldwide, LLC. All rights reserved.



Parallel Distribution - Hybrid Hash Example solarwinds 7

* Alter session set optimizer_adapt

5QL» exec bl := T79.71
S5QL> exec :b2 :=9

SQL> SELECT /*+ GATHER PLAN STATISTICS PARALLEL(10) *®f i name
from order line ol, item i

where ol amount = :bl and ol quantity > :b2

and ol i id = i id;

[ LI % ]

oNinakylt051jzadzlQ

21 rows selected.

e Other parameters

ive_statistics = TRUE;

SQL> SELECT * FROM TAELE (DEMS XPLAN.display cursor (format => 'allstats last adaptive')):

SQL_ID T86lww3vwntTa, child number 2

SELECT /#+ GATHER PLAN STATISTICS PARALLEL(10) * i name from
order line ol, item i where ol amcount = :bl and ol _guantity > :b2 and ol i id = i_id

Plan hash wvalue: 1339474084

e parallel_degree policy (Manual)

* Can be Adaptive or Auto
e parallel_adaptive_multi_user

e parallel _degree limit
e parallel_min_time_threshold

* vSpq_tgstat

e Valid only in current session
* Shows message traffic
e At table queue level © 201

| Id | Operation | Hame | Starts | E-Rows | A-BRows | L-Time | Buffers
| 0 | SELECT STATEMENT | | 1] | 21 |00:00:22.10 | 38
| 1| PBX COORDINATOR | | 1] | 21 |00:00:22.10 | 38
| 2 | BX SEND QC (RANDOM) | :TQ10002 | 0 | 30516 | 0 |00:00:00.01 | 0
|* 3 | HaSH JOIN EUFFERED | | 0 | 30516 | 0 |00:00:00.01 | 0
| 4 | JOIN FILTER CREATE | :EF0000 | 0 | 30516 | 0 |00:00:00.01 | 0
| CI | BX RECEIVE | | 0 | 30516 | 0 J00:00:00.01 | 0
| 6 | PX SEND HYBRID HASH | :TQ10000 | 0 | 305316 | 0 |00:00:00.01 | 0
| T 1 STATISTICS COLLECTOR | | 0| | 0 |O0:00:00.01 | 0
| g | PX BLOCE ITERATOR | | 0 | 305316 | 0 |00:00:00.01 | 0
|* 9 | INDEX FAST FULL SCAN| IOEDL | 0 | 305316 | 0 |00:00:00.01 | 0
| 10 | PX RECEIVE | | o 101K| 0 |00:00:00.01 | 0
| 11 | PX SEND HYBRID HASH | :TQ10001 | o 101K| 0 |00:00:00.01 | 0
| 12 | JOIN FILTER USE | :BFO0O0O | o 101K| 0 |00:00:00.01 | 0
| 13 | PX BLOCE ITERATOR | | o 101K| 0 |00:00:00.01 | 0
|* 14 | TABLE ACCESS FULL | ITEM | o 101K| 0 |00:00:00.01 | 0

- dynamic statistics used: dynamic sampling (level=2)
- Degree of Parallelism i=s 10 because of hint

- =tatistics feedback used for thi=s =tatement

- performance feedback used for thi=s statement
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Bitmap Index Pruning (Star Schemas)

* Adaptive plans will prune out insufficient bitmap indexes

e STAR_TRANSFORMATION_ENABLED parameter must be enabled (TRUE)
* Defaultis FALSE

* Hidden parameter: optimizer_strans_adaptive _pruning
* see appendix for script to get all 12.2 hidden optimizer parameters

* |f optimizer generates a star transformation plan

* Needs to decide which bitmap indexes to use
* If too many indexes, some may not reduce the numbers of rows returned
e Can cause unnecessary cost and overhead

SELECT /*+ GATHER PLAN STATISTICS *f o.carrier, uc.description 45 carrier name ,
ao.descriprion AS origin airport,co.Description AS origin city ,o.fl date,o.fl num,
o.tail num ,ad.description AS destination airport ,cd.Description AS destination city,
W.Description Day of Week

FRCH © ontime o INMER JOIN L UNIQUE CARRIERS uc CON
INNHEER JOIN L AIRPCRT ID ac ON aoc.Code = o.
INNHEER JOIN L AIRPCRT ID ad ON ad.Code = o.
INNHEER JOIN L CITY MARKET ID co CN co.Code
INNHEER JOIN L CITY MARKET ID cd CN cd.Code
INNHEER JOIN L WEEKDAYS w ON w.Code = o.DRY

BHND cd.Description = '"Denver,

uc.Code = o UNIQUE CARRIER
CRIGIN AIRPCET ID

US DOT - On-time

Performance

DEST AIRPORT ID
= 0.CRIGIN CITY MARKET ID
= 0.DEST_CITY MARKET ID
OF WEEK

WHERE to date (f1 date, 'YYYY-MM-DD') BETWEEN to date('08/01/15', 'mm/dd/yy")
BNMD to date('12/01/15', 'mm/dd/vy') AND co.Description = 'New York City, NY (Metropolitan Area)’
CC' AND ao.Description = "Hew York, HY: LaGuardia'

AND w.Description =

'Sunday’
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http://www.transtats.bts.gov/DL_SelectFields.asp?Table_ID=236&DB_Short_Name=On-Time

Bitmap Index Pruning T———

Plan hash wvaluse: 2123677140
| Id | Cperation | Hame | Starts | E-Rows | A-Rows
| 0 | SELECT STATEMENT | | 1 | | 446
| = 1 | FILTER | | 1 | | 446
| - 2 HASH JOIN | | A | a7 | 446
| = 3 | HOSEH JOIM | | 1 1 47 | 446
| - 4 | HASH JOIM | | A | a7 | 446
| = 5 | TLRBLE LACCESS FULL | L WEEEDAYS | 1 | 1 | 1
| - & | HASH JOIM | | | 47 | 446
| # A | TLRBLE ACCESS FULL | L CITY MARKET ID | 1 | 1 | 1
l = 8 | H&S5H JOIN | | i | 47 | 446
| = = I | TABLE ACCESS FULL | L CITY MARKET ID | 1 | 1 | 1
| * 10 | HASH JOIN | | i | 47 | 12300
| # 11 | TABLE ACCESS FULL | L ATRPORT ID | 1 | 1 | 1
| * 12 | TABLE ACCESS BY INDEX ROWID BATCHED| T ONTIME | i R | 47 | 12300
| 13 | BEITMAP CCOCHVERSICH TO ROWIDS | | 1 | | 32458
| 14 | BEITHMLP LMD | | 1 | | 2
| 15 | BITHMALP MERGE | | A | | a8
| 1a | BEITHMAP FEY ITERATICH | | 1 | | 210
| = 17 | TABLE ACCESS FULL | L. CITY MARKET ID A | R | 1
| = 8 | EITHMAFP IMNDEX EBRANGE SCRN | © D CITY MARKET BMX 1 | | 210
= 19 | STATISTICS COLLECTOR | | A | | 17
| 20 | BEITHMAP MERGE | 1 | | 17
| 21 | BEITHMAFP EEY ITERATICH | | | | 153
| = 22 | TABLE ACCESS FULL | L WEEEDAYS | 1 | 1 | 1
| = 23 | EITHMAFP THNDEX RANGE SCLN | DAY OF WEEE BMX l 1 | | 153
fl — 24 | STATISTICS CCOLLECTICR | | 1 | | 32 )
| - 25 | BEITHMAP MERGE | | i | | 32
| — 26 | BEITHMAP HEEY ITERATICH | | 1 | | 28
- = 27 | TARELE ACCESS FULL | L ATRPORT ID | 1 | 1 | 1
- * 28 | BEITHMAFP INDEX RANGE SCLON | ¢ ATRPORT BMX | 1 | | 281
I P TAELE ACCESS FULL | L UNIQUE CARRIERS ] T 1 Te20 | 1620
| 30 | TABELE ACCESS FULL | I. ATRFORT TID | A | 6438 | 6438
Predicate Information (identified by operation id) :

1 — filter(TC DATE ("12/01/15", "mm/dd/yy ")} >=T0O_DATE ( "08/01/15", "mm/dd/vv ")} )

..cut for brevity. ..

Note

— dynamic statistics used: dyvnamic sampling (level=2)

— star transformation used for this statement

— this=s iz an adaptiwve plan (rows marked "—'" are inmactiwve)
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Adaptive Statistics: Quality of Plan = Quality of Statistics solarwinds %

* Optimizer can re-optimize a query several times
* Learning more info and further improving the plan

* Dynamic statistics
* Automatic reoptimization

e Statistics feedback
e Performance feedback

* Sgl plan directives

What's wrong
with these
pictures?
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Dynamic Statistics R ——

* Augment missing or insufficient base table statistics
e Table / index block counts
* Table /join cardinalities (estimated number of rows)

e Join column statistics
* GROUP BY statistics

* Are gathered during the parse stage
e Uses recursive SQL to scan a random sample of table blocks
 Statistics gathered are not as high a quality as DBMS_STATS
* Due to sampling
* Controlled by dynamic sampling init.ora parameter
* OPTIMIZER_DYNAMIC_SAMPLING
* Newin12.1-level 11
e Automatically controls the creation of dynamic statistics
e Results are stored to minimize performance impact

e 12.1-1In Server Result Cache
e 12.2-As SQL Plan Directive

alter session set OPTIMIZER_DYNAMIC_SAMPLING = 11;
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Dynamic Statistics Example solarwinds #

5QL> explain plan for
2 select O ID,0 C TD, 0 CARRIER ID,0 OL CHT,O ENTRY D
3 from orders
4 where O W_TD=2
5 and O D TD=3;
SQL> alter session set optimizer dynamic sampling=11;
Explained. B B

Session altered.

SQL> select * from table (dbms xplan.display( format=> '+adaptive')]):
SQL>» explain plan for

Plan hash value: 1275100350 2 select 0 ID,0 C ID,0 CARRIER ID,0 OL CNT,C ENTRY D
———————————————————————————————————————————————————————————————— 3 from orders

| Id | Operation | Hame Bytes | Cost (ECPU) | Time 4 where O W ID=2
—————————————————————————————————————————————————————————————————————— 5 and O D ID=3;

| 0 | SELECT STATEMENT | 8627TK| 8553  (1)| 00:00:

|* 1 | TABLE ACCESS FULL| ORDERS 8627K| 8553 (1) | 00:00:|Explained.

Predicate Information (identified by operation id): SQL> select * from table (dbms xplan.displayv( format=> '+adaptive')):

1 - filter("O D ID"=3 AND "O W ID"=2)

Plan hash wvalue: 1275100350

| Id | Operation | Hame Bytes | Cost (%CPU)| Time

| O | SELECT STATEMENT | 4530K]| (1) ] 00:00:01
1

/7|~ | TABLE ACCESS FULL| ORDERS a1 5337K| 855 (1) ] 00:00:01

Predicate Information (identified by operation id):

Notes:

Parse time takes longer.
Results are persisted &
used elsewhere

Estimates
2X offl

- dynamic statistics used: dyvnamic sampling (level=AUTO)
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StaUSthS FeedbaCk so|arW|nd5.'/:

e Optimizer enables monitoring for statistics feedback when

* Missing statistics, inaccurate statistics, or complex predicates
e Such as multiple conjunctive or disjunctive filter predicates on a table

* After 1st execution, estimates are compared with actual rows

* |f they differ significantly, optimizer stores correct estimates for future use
* Stored as OPT_ESTIMATE hints in V$SQL_REOPTIMIZATION_HINTS
e Can create a SQL PLAN DIRECTIVE for other SQL statements

* |f they differ, the cursor is marked IS_REOPTIMIZABLE
* |S_REOPTIMIZABLE column in VSSQL is updated to ‘Y’
e Cursor will not be used again

* After 1st execution, optimizer disables statistics collectors

* Next execution will incur a hard parse
* Optimizer uses the statistics found during 15t execution to determine better plan
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Statistics Feedback Example solarwinds #

SQL_ID 1dch7djzpyg3g, child number 0O SQL ID 1dch7djzpyg3g, child number 1

select /*4+ GATHER PLAN STATISTICS */ c.cust first name,c.cust_last name,o.order id, select /*+ GATHER PLAN STATISTICS LT c.cust_first name,c.cust last name,o.order id,
o.order status,o.order total,i.line item id, p.product _name, i.unit_price,i.quantity o.order status,o.order total,i.line item id, p.product_name, i.unit price,i.guantity
from customers c, orders o, order items i, product p where c.customer id = o.customer id from customers c, orders o, order items i, product p where c.customer id = c.customer id
and o.order id = i.order id and i.product_id = p.product id and and o.order_id = i.order_id and i.product_id = p.product_id and

{cust_first_name like '%i%' or c.cust_last_name like 'Igriy’) (cust first name like '%i%' or c.cust last name like '3%gri%')

and p.product_id in (select p.product id from inventories i, product p and p.product id in (select p.product id from inventories i, product p

where i.product_id = p.product_id and i.quantity on hand> 10 and product name like '%a%') where i.product id = p.product id and i.quantity on hand> 10 and product name like '%a%')

Plan hash value: 361536262 Plan hash wvalue: 2503326313

| Id | Operation | Name | Starts [ E-Rows | A—Row;‘\ A-Time | Buffers | Id | Operation | Name | Starts |fE:Row5 | BR-Rows A-Time | Buffers
:# i : 5i;§iT_g§§TEHENT : : i o : :22 ggfggfgg-gi : igg | 0 | SELECT STATEMENT | | 1] | 733 [o0:o0:00.02 | 205
1 HASH J 8 . :00:00. |* 1 | HASH JOIN I | 1 733 | 733 [00:00:00.02 | 205
|* 21  TIRBLE ACCESS FULL | CUSIOMERS | : 311 118 §00:00:00.01 | 16 | l|* 2 | TABLE ACCESS FULL | CUSTOMERS | 1| 118 | 118 [00:00:00.01 | 16
" - o o
I# j I ﬂii;qu?£§u I I i ifg I zg: gg:gg:gg'gi | 132 |* 3 | HASH JOIN I | 1] 936 | 936 [oo:o0:00.01 | 144
:,r . : o oom mIHT SEHI: : . i& : 7o boioo 00 o1 : i |* 4 | TABLE ACCESS FULL | ORDERS | 1] 840 | 840 [00:00:00.01 | 16
| 61 e - | VW NSO 1 | 1 14 | 70 fo0:00:00.01 | 35 | |7 21 HRSH JOTH | | 1 236 | 936 100:00:00.01 | .
PR ansH JOIN SEMI e | N e 70 foos0o:00 01 | e 1* & | HASH JOIN RIGHT SEMI | | 1 70 | 70 foo:00:00.01 | 83
' HESHE 7 VIEW VW NSO 1 1 70 70 foo:00:00.01 35
1* & | TABLE ACCESS FULL| PRODUCT | 1 14 | 101 §00:00:00.01 | 28 :H i : GnsH JOIN SEMT : S : y : 20 : 20 loo:i00:00.01 : s
[=] I I W i i - - -
1* 9 ] TABLE ACCESS FULL| INVENTORIES | 1 1080 | 1069 §00:00:00.01 | 7 2
| 10 | TABLE ARCCESS FULL | PRODUCT | 1 288 | e e . 1* 9 ] TABLE ACCESS FULL| PRODUCT | 1] 101 | 101 [00:00:00.01 | 28
- B o o o T
| 11 ] TABLE ACCESS FULL | ORDER ITEMS | 1 2526 | 2526 §00:00:00.01 | 16 | ii ' TAE?ELECgEEESEUEELll EEEEgEERIES ! i gg:gg:gg'gi I o
% 12 | TABLE ACCESS FULL | ORDERS I 1 \;, 840 | SQE‘JOO 00:00.01 | 61 | ' | | ' 288 | == TEmree I ==
_________________________________________________________________________________ | 12 | TLBLE ACCESS FULL | ORDER_ITEMS | 1 1\ 2526 | 2526 J00:00:00.01 | &

Predicate Information (identified by operation id): Predicate Information {identified by operation id}:

1 - access("C"."CUSTCMER ID"="{Q", "CUSTCOMER ID"™) 1 - access("C". "CUSTG‘I‘LER_ID"="O" - "CUSTOH.ER_ID"J

2 —_ filter t [HCUST FIRST EM" LIKE I%i%l DE FIC". FICUSI‘ LAST NAI.LE" LIKE '%gl’i%' ] J 2 - filtEI E irrCUST_FIRST_NM" ]-_IKE I%i%l DR "C"- "CUST_LAST_NM" T_IKE '%g’l’i%' :l :l
3 - access("0". "D‘EDER IBrr=rrIrr ."ORDER ID") - - 3 - access{"0". "C‘RDER_ID"="I" - "C’RDER_ID":I

g — access["l"."PRoDUET ID"="p"  "PRODUCT D7) 4 - filter ("O"."CUSTOMER ID">0)

5 — access ("B","PRODUCT ID"="PRODUCT ID") 5 - access("I"."PRODUCT_ID"="F"."PRCDUCT_ID")

7 - access ("I"."PRODUCT ID"="P" . "PRODUCT ID") 6 - access ("P"."PRODUCT_ID"="PRODUCT_ID")

8 - filter(("PRODUCT MAME" LIKE U'%a%' AND "PRODUCT NAME" IS NOT NULL)) g8 - access ("I"."PRODUCT ID"="P"."PRODUCT_ ID")

9 - filter("I"."QUANTITY ON HAND">10) 9 - filter(("PRCDUCT WNAME" LIKE U'%a%' AND "PRCDUCT WAME™ IS5 NOT NULL)
12 - filter["O"."CUSTDMER_IDF>OJ 10 - filter("I"."QUANTITY ON HAND">10)

Hote Hote
— this is an adaptive plan - statistics feedback used for this statement
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Statistics Feedback Example — Cont. solarwinds #

S5QL» =elect SQ]'__ID,CHILD_NUHEER,HINT_ID,:—IINT_TE}[T | Hams= | Ecarts= E—F_Q-.;g | ;.._-5_:.'_'51‘1
2 from vS.sql_rer:nptirr.izatir:nn_'nints where =2gl id = 'ldch7djzpyg38':
_ _ _ | | 1 . 733
SQL_ID CHILD HIN 7 :IINT_TE}[T | | i TAN | TAR
_________________________________________________________________________________ | COSTOMERE | 1 118 | 118
ldeh7djzpyvg3s 0 1 DPT_ESTIHFLTE (E"SELES5DATIOD3™ JOIN ("C"@"SELS1™ "O i I 1 SHE | 956
"EATSELS1™ "I"@A"SELS1™ "‘.’T'T_NSD_J."@"SET_SEDFL'?J.CIDE" np | CRDERS 1 q WEA 1 B4
"E"SELS1"™) ROWS=T733.000000 ) I | 1 I SIE | 1T S
) ) R _ R i | 1 70 | T
ldeh7djzpyvg3s 0 2 DPT_ESTIHFLTE (E"SELES5DATI0OD3™ JOIN ("O"@VSELS1™ "I | VN N%O 1 1 3 - i T
"EATSELS1™ "‘.’T'T_NSD_J."@"SET_SEDFL'?J.CIDE" "pTEUSELE1™) R | — = | : 20 T
CWS=936.000000 — . I . X -
A | PRODUCT | 1 101 | 101
THVENTOATES 1 1684 10649
ldeh7djzpyvg3s 0 3 OPT ESTIMATE (@"SELSSDATIODI™ JOIN ("IV"@"SELS1™ "V : _R::D__:_ - : - —— 5 0 il
— = | B0 - Fa=E- . I 0
W N5Q 1"@"SELSSDATIOD3I™ "P"@vSEL:1") ROWS=936.0000 — — - -
— — . y = C,
C”:' :| I -\.-R.DLF'_IIL::‘I:E I F h‘ﬁ_ z-cliE E-\.l.y
ldeh7djzpyvg3s 0 4 DPT_ESTIHFLTE (E"SELSSDATIOD3I™ JOIN I:"VII'T_NSD_J."@"SE SQL> @shared proc
LESDATI0OD3™ "P"@E"SELS1™) ROWS=70.000000 ) Enter valus for 1: 1dch7dizpyg3s
ldeh7djzpyvg3s (1] 5 OPT ESTIMATE I:@"SET_EEEEBC'J.C"?" JOIN I:"I"@"SET_EZ" np S5QL TEXT = gelect /*+ GATHER PLAN STATISTICS *f
"@"EET_EZ"] ROWS=70.000000 ) c.c;lst_first_na_r_f.e, c.cust_ last name,
..cut for brevitvy...
SQL ID = 1dch7dizpyg3s
ldech7djzpvag38 0 & OPT ESTIMATE (@"SEL$2" TAELE "P"@"SELS$2" ROWS=101. ADDRESS = 0000000071B12608
000000 ) CHILD ADDRESS = Q000000071FEL1R48
CHILD NUMEER =0
. . o o _ USE FEEDEBACEK STATS =Y
ldch7djzpyg38 0 7 OPT_ESTIMATE (B"SEL£1" TABLE "C"@U"SELS£1" ROWS=118. RELSON = ...<reason>Auto Reoptimization Mismatch (1)
gooooo Yy
SQL_TEXT = select /#+ GATHER PLAN STATISTICS ®f
c.cust_first name, c.cust_last name
..cut for brevity...
SQL_ID = 1ldch7dizpyg38
ADDRESS = 0000000071B12608
CHILD ADDRESS = 000000007365FDCO
CHILD NUMEER =1
RERSCON =
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Performance Feedback colarwinds%

e Automatically improves the degree of parallelism
* |nit.ora parameter, PARALLEL DEGREE_POLICY =’ADAPTIVE’

* On 1st execution, the optimizer decides
 Whether to execute the statement in parallel
* The degree of parallelism based on estimates

e After 1st execution, optimizer compares

» Estimates with actual performance statistics
* e.g. CPU Time
* j.e. PARALLEL_MIN_TIME_THRESHOLD

* |f significantly different, the statement
e Cursor is marked for reparsing
* New execution statistics are stored as feedback

* Following executions use the performance feedback to determine DOP
* If PARALLEL_DEGREE_POLICY not set, statistics feedback may change DOP
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Performance Feedback — Strange Behavior solarwinds #

* OPTIMIZER_ADAPTIVE_STATISTICS

* Set to FALSE by default
e Can set to TRUE to enable adaptive parallel distribution
* Dynamic sampling for parallel query

* Statistics feedback o — — — - — : —
optimizer adaptiwve statistics paralle egree policy optimizer performance feedbac
* Performance feedback |- — i —— e S — —
FALSE ADARPTIVE ALL
* PARALLEL DEGREE_POLICY APRFTIVE s
arallel degree policy optimizer adaptive statistics optimizer performance feedback
* Set to MANUAL by default -— - - A — S
ADARPTIVE TRUE ALL

* Must be ADAPTIVE

* To enable Performance feedback

* Check hidden parameter OPTIMIZER _PERFORMANCE_FEEDBACK

e Must be set to ALL
* http://www.oaktable.net/content/activating-and-deactivating-performance-feedback
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Performance Feedback T———

selest %+ GATHER PLAN STATISTICS PARALLEL(10) */ select tq_id , cast(server_type as varchar2(10)) as server_type
o ID,o © ID,OL AMOUNT,OL QUANTITY from orders o, order line ol where .
Sl w id = 2 and ol d id = 1 and ol o id = o id and ol ¥ id = o v id and ,mstance,_cast(process as varchar2(8)) as process, num_rows
ol d id = o _d id , round(ratio_to_report(num_rows)
over (partition by dfo_number, tg_id, server_type) * 100) as "%"
Flan hash walue: 283z8elszs , cast(rpad(‘#, round(num_rows * 10 / nullif(max(num_rows)
| e [ R P | Name | Starts | E-Rows | A-Rows | over (partition by dfo_number, tq_id, server_type), 0)), '#) as varchar2(10)) as
———————————————————————————————————————————————————————————————————————————————— graph
I O | SELECT STATEMENT I I 1 I 3 , round(bytes / 1024 / 1024) as mb
' t I RE COORDINATOR ' ' L ' : | round(bytes / nullif(num_rows, 0)) as "bytes/row"
I 2 | PX SEND QC [RANDOM) | :TQio002 | o 3 | o J yt — J yt
| % 3 | HASH JOIN EUFFERED I I oo 3 oo from v$pq_tqstat
| 1 JOIN FILTER CREATE | #BFDODD | oo 3 0 1l order by dfo_number, tq_id, server_type desc, instance , process;
| — 5 | WNESTED LOOPS I I oo 30 oo
l & l BUFFER 3ORT l l o l l o l To ID SERVER TYP IMNSTANCE PROCESS NUM ROW3 % GRALPH ME bytes/row
I 7 FX RECEIVE I I o I [ T O - T It - oI
I g | PX SEND HASH | :TQio0o00 | o I o 0 Producer 1 POOL 0 o o
| — = STATISTICS COLLECTOR | | 1 | 159K g grﬂgucer 1 gggg g g g
rodaducer

I 10 | INDEX RANGE SCAN | ORDERS Iz | 1] 130E]| 159K]| O Produser 1 POOD o o o
| - 11 | INDEX RANGE SCAN | IORDL I o 4313K]| o 0 Producer 1 DOOE 0 o o
I 1z | PX RECEIVE I I o 4513 K| oo 0 Producer 1 POOF 0 o o
I 13 | PX SEND HASH | :TQio001l | o 4313E]| o O IEEEkEse il e o o o

. 0 Producer 1 FOOH o a a
l 14 l JOIN FILTER USE l :BFOOOO l 0 l 43131{' 0 l 0 FProducer 1 POOI g 100 HEFHEANHHHEH u] =1}
| 15 | PX ELOCE ITERALATOR | | o 4313EKE]| oo 0 Producer 1 poOg 0 o o
| % 16 | INDEX FAST FULL SCAN | IORDL I o | 4313E]| o 0 Consumer 1 POOO 1 33 HESEESEHEE o 256
________________________________________________________________________________ I e L T Pool [a] a] u]

) ) ) ) ) ) ) 0 Consumer 1 pOOZ ] u] u]
Predicate Information (identified by operation id): 0 Conswner 1 pooa o o o
——————————————————————————————————————————————————— 0 Consumer 1 POO4 o a a

3 - access("OL_ o ID"="0 ID® AND "OL W ID"="0C W ID™ AND "OL D ID"="C D ID"™) 0 Consumer 1 POOS 0 o o
10 - access ("0 W IDM=2 AND "0 D IDM=1) D) GERSEEEE i g a o o
e e T e " - " 0 Consumer 1 rOO7 o a a
11 - access("0OL_W _ID"=z AND "OL D ID"=1 AND "OL O ID"="O IDM") =S — 1 SEEE a 33 HESEHREHER a PG
16 — access(:12»=:12 AND :Z<=:2) 0 Consumer 1 POOS 1 I3 HEHdHsEESE a 2565
filter|("™OL D ID"=1 AND "OL W ID"=Z)] 1 Producer 1 rOOO 1 33 HESHERHHEE a 45
- - - - I Producer 1 PUOCT [u] a a
1 Producer 1 PO0DZ o a a
HNote 1 Producer 1 POO3 0 0 0
————— 1 Producer 1 POOC4 o [u] [u]
— dynamic statistics used: dynamic sampling (level=2) il BPEEehEEE il oS O o o
. . . 1 Producer 1 POOE o [u] [u]
— Degree of Parallelism iz 10 khecause of hint 1 Producer i pooe o o o
- statistics feedback used for this statement 1 Producer 1 POOS 1 33 HESSHEEHEY a] 45
— performance feedback used for this statement 1 Producer 1 POOS 1 33 HEFSRSEIEH [u] 45
- this is an adaptive plan (rows marked '-' are inactiwve] i (CEREREEEE 1Qc e 100 g#EERRRaE o 20
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SQL Plan Directives solarwinds%

* Are additional instructions for missing column group statistics or histograms

* The optimizer performs dynamic sampling on directive
* Until statistics are gathered for the column group or extension

* Not tied to a specific sql statement — defined on a query expression
e Can be used by similar queries (e.g. city, state, zip in where clause)

* Are created in shared _pool & periodically written to the SYSAUX tablespace
e D BA_SQL_P LAN_D| RECT|VES SELECT TO_CHAR(d.directive_id) dir_id,

o.owner, 0.0bject_name, o.subobject_name col_name,

e D BA_SQL_P LA N_D | R_O BJ E CTS 0.object_type, d.type,d.state,d.reason

FROM dba_sql _plan_directives d, dba_sql_plan_dir_objects o

° DBMS_SPD package WHERE d.directive_id = o.directive_id

AND o.owner IN ('SOE') ORDER BY 1,2,3,4,5;

DIF_ID OWNER OBJECT MNAM COL_NAME OBJECT TYP TYPE STATE REASCH

107252 19980802248772 SCE  ORDERS TAELE DYNAMIC SAMPLING TSAELE JOIN CARDINALITY MISESTIMATE
107252 19980802248772 SCE  ORDER_LINE TAELE DYNAMIC SAMPLING TSAELE JOIN CARDINALITY MISESTIMATE
1189336296155233026 SCE  ORDER_LINE TAELE DYNAMIC SAMPLING RESULT USAELE VERIFY CARDINALITY ESTIMATE
120250485724965058512 SCE  ORDERS TAELE DYNAMIC SAMPLING RESULT USAELE VERIFY CARDINALITY ESTIMATE
ja1aapd-oni3agss ooy SOE DEDEES TLELE DYMANIC SAMPLING BESILT IISAELE SRR TR G ABDTRAT T T FSTTMLTE
715972 698853 608706 SCE  ORDERS TAELE DYMAMIC SAMPLING RESULT USABLE VERIFY CARDINALITY ESTIMATE
E715972 698853 608706 SCE  ORDER_LINE TAELE DYNAMIC SAMPLING RESULT USAELE VERIFY CARDINALITY ESTIMATE
SR N VR LR LT SUE  ORDER_LINE TAOLE T — 3

£70343786507795725 SCE  ORDERS TAELE DYNAMIC SAMPLING RESULT USAELE VERIFY CARDINALITY ESTIMATE
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* Must enable adaptive statistics
* New directive type in 12.2 - DYNAMIC_SAMPLING_RESULTS
* Results are stored for future use

* Need to turn on feature to automatically create extended statistics
e exec DBMS_STATS.SET _PARAM ('AUTO_STAT EXTENSIONS','ON");

DIRECTIVE_ ID TYPE STATE

[10125300680606620270 DYNAMIC SAMPLING USABLE

4047921719485763684 DYNAMIC SAMPLING EESULT USAELE

[13326698477835124075 DYNAMIC SAMPLING RESULT USABLE

SINGLE TABLE CARDINALITY MISESTIMATE Y
<internal_state>HISSING_5TAT5<!interna
_statex
P T TN A L

VERIFY CARDINALITY ESTIMATE

VERIFY CARDINALITY ESTIMATE

<spd_text>{E [TEST.T ONTIME) [ORIGIN ATR
PORT ID, ORIGIN CITY MARKET ID]}</spd te
XC>

</spd _note>

<spd note>
<interna1_5tatebNEW<iinternal_5tate>
<redundant>N0</ redundant>
<spd text>{ (TES5T.T_ONTIME, num rows=67
T5800) - (SQL_ID:cur722y6&p3fgs, Stopped,
T.CARD=31[-2 -1])}</=pd text>
</spd _note>

<spd note>
<interna1_5tatebNEW<iinternal_5tate>
<redundant>N0</ redundant>
<spd text>{ (TES5T.T_CNTIME, num rows=67
T5800) - (SQL_ID:5tl8ywgrhéhde, T.CARD=5
279[-2 -2])i</=pd_text>
</spd _note>

<2pd note>
<internal_5tate>ﬂﬂs_5TAT5<finternal_5t
o

<redundant>N0</redundant>

<spd text>{E (TEST.T_ONTIME) [ORIGIN ATE
PORT ID, DRIGIN_CITY_HARKET_ID]}<f5pd_te
XL
</spd note>
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* Automatically gathered
* Index, insert append, CTAS

SQL> CREATE TABLE ord (id NUMBER, cust_name VARCHARZ (30), total NUMEER):
Table created.
SQL> INSERT INTC ord

2 SELECT ROWNUM, 'Customer First Middle Last Nam', MOD (ROWNUM, 10)
3 FECM dual connect by lewvel <=1000000;

5QL> CREATE TLELE ord2 (id NUMBER, cust_ name VARCHLRZ (30),
Table created.
S5QL> CREATE TINDEX ord2 total idx ON ord2(total):

Index created.

S5QL> INSERT /*+ APFEND */ INTC ordZ SELECT ROWNUM,
2 MOD (ROWNUM, 10) FROM dual CONNECT BY LEVEL <=1000000;

1000000 rows created.

S5QL> SELECT table name, num rows, blocks, avg space,
2 FROM dba tables WHERE table name='ORD2"':

TABLE NAME

BLOCES

1000000

avg _row_ len,

total WUOMBER) ;

39 0151952018 13:58:

"Customer First Middle Last Nam',

last_ analyzed

ALWG SPACE AVG ROW_LEN LAST ANALYZED

1000000 rows created.

SQL> SELECT table name, num rows, blocks, avg_space, avg row len, last analyzed
2 FROM dba_ tables WHERE table name="ORD':

TABLE NAME

BLOCES

AVG SPACE AVG ROW _LEN LAST ANALYZIED

1 row selected.
SQL> CREATE INDEX ord total idx ON Ord(total):
Index created.

SQL> SELECT index name, num rows, blevel, leaf blocks, distinct_keys
2 FROM dba indexe=s WHERE index name = 'CRD TOTAL IDX';

1 row selected.

5QL> SELECT column name, num distinct, density, histogram, notes

= FROM dba_ tab col_ statistics WHERE table name="'ORD2':
COLUMN_ NAME HUOM DISTINCT DENSITY HISTOGRAM HNOTES
TOTATL 10 1 MOMNE STATS_ON_LOAD
CUST_ HNAME 1 1 MOMNE STATS ON_ LOAD
ID 1000000 000001 MCNE STATS ON_ LOAD
3 rows selected.
5QL> SELECT index name, num rows, blevel, leaf blocks, distinct keys

2 FROM dba_ indexes WHERE index name = 'CORDZ_TOTAL TIDX®:;

ORD2Z TOTALL IDX 3] 3] 3]

ELEVEL LEAF BLOCKS DISTINCT KEYS

INDEX NAME

ORD_TOTAL_IDX

BLEVEL LEAF BLOCEKS DISTINCT EKEYS

1000000 2

1 row selected.

© 2018 SolarWinds Wa

1 row selected.

S5QL> EXEC
-3 {ownname

DEMS STATS.GATHER TABLE STATS -
=»'soe ', tabname=>"0ORD2 "', options=>"GATHER AUITO") ;

5QL> SELECT index name, num rows, blevel,
= FROM dba_ indexes WHERE index name =

leaf blocks,
'ORD2 TOTAL TDX';

INDEX NAME

1000000 2

CORD2_TOTAL IDX

distinct_ key=

BLEVEL LEAF BLOCKS DISTINCT FKFEYS
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e GATHER * STATS procedures have many parameters

* Consider taking the default values DBMS_STATS package
* Rewritten in 11g
e exec dbms_stats.gather schema_stats(‘'SOFE’); - A Faster & better AUTO_SAMPLE_SIZE
* 100% in less time & more accurate than 10%
. . . . . estimate
* New 12.2 optlmlzer statistics advisor - Avoid using ESTIMATE_PERCENT
* Based on 23 predefined rules
select
* VSSTATS_ADVISOR_RULES dbms_stats.get_prefs(PREFERENCE_OVERRIDES_ PARAMETERY)
e Run using DBMS_STATS from dual
e View tasks in DBA_ADVISOR_TASKS e e
o . CLSCADE DBMS STATS5.AU0TC CASCADE
 Makes recommendations on collecting stats coNcusgen: oFz -
* Can generate scripts for statistics gathering Y e RS
» Uses statistic gathering best practices i e
 Advisor scripts on next slides / INCREMENTAL STALENESS At1OW MIXED FORMAT
GET PREES function e DEMS STATS.AUTO INVALIDATE
— CPTICHS GATHER
PUBLISH TRUE
STF!J_E_PERFENT ) 10
© 2018 SolarWinds Worldwide, LLC. All rights resnﬁ%;:hE_mchD:mCﬁ -
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1 . C reate ta S k 2 . Defi ne fi |te 'S> | fiterl CLOB; -- disable advisor on all objects

filter2 CLOB; -- enable advice on SOE.ORDER_LINE
filter3 CLOB; -- disable rule AvoidDropRecreate

EXEC DBMS_STATS.DROP_ADVISOR_TASK('STAT_ADVICE); filter4 CLOB; -- enable rule UseGatherSchemaStats
BEGIN
DECLARE filterl := DBMS_STATS.CONFIGURE_ADVISOR_OBJ_FILTER(
. task_name =>'STAT_ADVICE',
task_name VARCHARZ(]'O(_))’ stats_adv_opr_type => 'EXECUTE',
results VARCHAR2(32767); rule_name => NULL,
BEGIN ownname => NULL,
task_name :='STAT_ADVICE tabname => NULL,
results := DBMS_STATS.CREATE_ADVISOR_TASK(task_name); action => 'DISABLE");
END; filter2 := DBMS_STATS.CONFIGURE_ADVISOR_OBJ FILTER(
/ task_name =>'STAT_ADVICE',
stats_adv_opr_type => 'EXECUTE/,
select task_name, advisor_name, created, status from rule_name => NULL,
dba_advisor_tasks where advisor_name = 'Statistics Advisor; ownname =>'SOE/,

tabname => 'ORDER_LINE/,
action =>'ENABLE");

3 ° Exe C Ute ta S k filter3 := DBMS_STATS.CONFIGURE_ADVISOR_RULE_FILTER(
task_name =>'STAT_ADVICE',
DECLARE stats_adv_opr_type => 'EXECUTE/,
task_name VARCHAR2(100); rulg_name => 'AvoidDropRecreate’,
results VARCHAR2(32767); action => DISABLE");
BEGIN filter4 := DBMS_STATS.CONFIGURE_ADVISOR_RULE_FILTER(
task_name :='STAT_ADVICE task_name =>'STAT_ADVICE/,
results := DBMS_STATS.EXECUTE_ADVISOR_TASK(task _name); stats_adv_opr_type =>'EXECUTE',
END: rule_name => 'UseGatherSchemaStats',
/ ’ action => 'ENABLE');
END;

/

© 2018 SolarWinds Worldwide, LLC. All rights reserved.



Optimizer Statistics Advisor — Cont. solarwinds %

set linesize 132
4. Report task 6. Display script> |setinesize 132
set pagesize 0
set pagesize 1000 set longchunksize 100000
set linesize 132 set serveroutput on
set long 1000000
select doms_stats.report_advisor_task('STAT_ADVICE',null,'text’,'all','all') as report from dual; DECLARE

v_len NUMBER(10);
v_offset NUMBER(10) :=1;
. v_amount NUMBER(10) :=10000;
5. Generate script BEaIN
v_len := DBMS_LOB.getlength(:script);
WHILE (v_offset < v_len)
LOOP

VAR script CLOB
DECLARE
task_name VARCHAR2(100);
BEGIN
task_name :='STAT_ADVICE
:script := DBMS_STATS.SCRIPT_ADVISOR_TASK(task_name);

DBMS_OUTPUT.PUT_LINE(DBMS_LOB.SUBST
R(:script,v_amount,v_offset));

_ v_offset := v_offset + v_amount;
END; END LOOP;
/ END;

/
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REPORT

Task Name STAT ADVICE
Execution Name EXEC 611
Created: 02-05-18 10:41:33
Last Modified 02-05-18

For execution EXEC 611 of task STAT_ADVICE, the Statistics Advisor has 2
finding(s). The findings are related to the following rules:
LVOIDSETPROCEDURES, USEDEFAULTPARAMS. Please refer to the finding section for
detailed information.

Rule Name:AvoidSetProcedures

Rule Description: &Avoid Set Statistics Procedures

Finding: There are 11 SET_[COLUMN|INDEX|TAELE |SYSTEM] STATS procedures being
uszed for stati=stics gathering.

Operation:

set table stats (tabname=>'WAREHCOUSE', numrows=>2,
set_table stats(tabname=>"'STOCK', numrows=>200000, numblks=>3077,
set_table stats(tabname=»>"SQL5SAT IND', numrows=>2473, numblks=>80, avgrlen=>107, flags=>6):
set_table_stats (tabname=3>'S5QLSAT CNT', numrows=>107, numblks=>5, avgrlen=>83, flags=>6);

set table stats (tabname=>'ORDER LINE', numrows=>§1031984, numblks=>0, avgrlen=>&3, flags=>€);
set_table stats(tabname=>"CORDERS', numrows=>6l03866, numblks=>29477, avgrlen=>31, flags=>&):
set_table_stats (tabname=>'NEW_ORDER', numrows=>181977, numblks=>0, avgrlen=>11,flags=>6);
set_table_stats (tabname=>'ITEM', numrows=>100000, numblks=>1126, avgrlen=>72, flags=>6);

numblk=s=>5, avgrlen=>88, flags=>&):;

avgrlen=>30&, flags=>&):;

REPCRT

set_table_stats (tabname=>'HISTORY', numrows=»>5318656, numblks=>36617, avgrlen=>44, flags=>§);
set table stats(tabname=>'DISTRICT', numrows=>20, numblks=>20, avgrlen=>30, fla gs=>6);
set_table statsg(tabname=:>'CUSTOMER', numrows=>42000, numblks=>3394, avgrlen=>5T76, flags=>&):;

Recommendation: Do not use SET_[COLUMN | INDEX|TABLE | SYSTEM]_ STATS procedures.
Gather stati=stics instead of setting them.
Rationale: SET_[COLUMN | INDEX | TAELE | 5YSTEM]_STATS will cause bad plans due to

\ wrong or inconsistent statistics.

\

Rule Name:UseDefaultcParams

Eule Description: Use Default Parameters in Statistics Collection Procedures

Finding: There are 33 statistics operation(s) using nondefault parameters.

Operation:

gather schema stats (ownname=>'soe', estimate percent=>1, method opt=>'FOR ALL
COLUMNS SIZE 1', gather temp=>FRLSE, gather fixed=>FARL3E):;

delete_schema stats (ownname=>'"soe', stattype=>'ALL'):

gather table stats (ownname=>'soe', tabname=>'orders',
method opt=>'FOR ALL COLUMNS SIZE 1'):

gather table stats (ownname=>'soe', tabname=>'corder line', estimate_ percent=>1,
method opt=>'FOR ALL COLUMNS SIZE 1°):

estimate percent=>-1,

\Effonmendation: Use default parameters for statistics operations. AA‘//
Example:
—-— (Fathering statistics for 'SH' schema using all default parameter values:
BEGIN dbms stats.gather schema stats('SH'); END:
—— Al=p the non default parameters can be overriden by setting
'PREFERENCE OVERRIDES PARRMETER' preference.
—— Owerriding non default parameters and preferences for all tables in the
system and to use dbms stats for gathering statistics:
begin dbms stats.set _global prefs ('PREFERENCE OVERRIDES PARRMETER', 'IRUE');

end;

—— Owverriding non default parameters and preferences for 'S5H.S5ALES':
begin dbms stats.set_table prefs('S5H', 'SALES',

'PREFERENCE OVERRIDES PARBMETER', 'TRUE'); end;

Eationale: Using default parameter values for statistics gathering operations
is more efficient.
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—-- Script generated for the recommendationz from execution EXEC 983
-- in the statistics advisor task STAT ADVICE
—-- Secript version 12.2
-- No scripts will be provided for the rule USEAUTCJOE.
Please check the report for more details.
—-- No scripts will be provided for the rule COMPLETEAUTCJOE.
-- No scripts will be provided for the rule MATNTATNSTATSHISTORY.

..cut for brevity...

—-- Scripts for rule USECONCURRENT

—- Rule Description: Use Concurrent preference for Statistics Collection
-- Scripts for rule USEDEFAULTPREFERENCE

-- Rule Description: Use Default Preference for Stats Collection

-- Scripte for rule USEDEFAULTOBJECTPREFERENCE

—— Rule Description: Use Default Object Preference for atatistics collection
-- Setting object-level preferences to default values

—-- setting CASCADE to default wvalue for object level preference

—-- setting ESTTIMATE PERCENT to default value for object level preference
-- getting METHOD OPT to default value for object level preference

-- getting GRANULARITY to default value for object level preference

-- setting NO INVALIDATE to default valve for object level preference

—- Scripts for rule USEINCREMENTAL
-- Rule Description:
-— Statistics should be maintained incrementally when it is beneficial

begin dbms stats.zet table prefs('SH', 'COSTS', 'INCREMENTAL', 'TRUE'}; end;
/
begin dbms stats.sef table prefs('SH','SALES', 'INCREMENTAL', 'TRUE'}: end;
/

declare
obj filter list dbm2 stats.0bjectTab:;
obj filter

dbmsz stats.CbjectElem;

obj cnt number := 0;

begin
obj filter list(obj ent) := obj filter;
obj_filter.ownname := 'SH';

cbj filter.objtype 'TABRLE' ;
obj filter.objname 'PROMOTICONS" ;
obj filter list.extend():

obj cnt := obj ent + 1;

obj filter.ownname := 'SC0E';

cbj filter.objtype := 'TAELE';

obj filter.objname := 'CUOSTOMER®;

obj filter list. ExtEﬂd(]

obj cnt := obj ent + 1;

obj filter list(obj cnt) := obj filter;
cbj filter.ownname := 'SOE';

obj filter.objtype := 'TAELE';

obj filter.objname := 'DISTRICT';

obj filter list.extend():

obj filter list(obj cnt) := obj filter;
cbj filter.ownname := 'SOE';

obj filter.objtype := 'TAELE';

obj filter.objname := 'ITEM';

obj filter list.extend():

obj_ent := obj_ecnt + 1;

cbj filter list({ocbj cnt) := obj filter;

dbms stats.gather database stats |
obj filter list=%obj filter list):;
end;

/

declare
obj filter list dbms stats.0bjectTab;

obj filter dbm= stats.0bjectElem;
cbj_cnt number := 0;
begin

cbj filter list :=
dbms stats.CbjectTab ()
cbj filter.ownname := 'S0E';
ob] filter.objtvpe '"TABLE' ;
cbj filter.objname 'ORDEE_LINE';

cbj filter list.extend():;

cbj_cnt := obj_cnt + 1;
obj filter list(obj cnt) := obj filter:
cbj filter.ownname := 'S0E';

cbj filter list({obj cnt) := obj filter:
obj filter.ownname = 'SQE';
cbj filter.objtype := 'TAELE';
cbj filter.objname := 'STOCK';

ob) filter list.extend();

cbj cnt := obj cnt + 1;
obj filter list(obj cnt) := obj filter:
cbj filter.ownname := 'S0E';
ob] filter.objtype := 'TAELE';
cbj filter.objname := 'WAREHOUSE';
cbj filter list.extend():;
obj cnt := obj cnt + 1;
obj filter list(obj cnt) := obj filter:

dbms stats.gather database stats|
obj filter list=>obj filter list);:
end;

/
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e 12.1 SPM/Baseline Changes
 SPM evolve advisor is an Auto Task (SYS_AUTO_SPM_EVOLVE_TASK)

* Runs nightly in maintenance window
e Automatically runs the evolve process for non-accepted plans in SPM
* DBA views results of nightly task using DBMS_SPM.REPORT_AUTO_EVOLVE_TASK

 Can Manage via OEM or DBMS_AUTO_TASK_ADMIN
e Still can manually evolve an unaccepted plan using OEM or DBMS_SPM
* DBMS SPM.EVOLVE_SQL PLAN_BASELINE has been deprecated but still there

e 12.2 New ability to limit which SQL statements are captured using filters

alter system set optimizer_capture_sql_plan_baselines=true;
exec dbms_spm.configure(‘AUTO_CAPTURE_PARSING_SCHEMA_ NAME’,’SOF’, true);

SQL> select PARAMETER NAME, PARAMETER VALUE from dba sgl management config;

PARAMETER NAME PAEAMETER VALUE

SPRCE BUDGET PERCENT 10

PLAN RETENTION WEEES 53

AUTC CRAPTURE PARSING SCHEMA NAME parsing schema IN (50E) AND parsing schema NOT IN (5Y5)

AUTCO_CAPTURE MODULE
AUTO CAPTURE ACTION
AUTO CAPTURE SQL_TEXT
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e 12.2 Can manually capture baselines from AWR
« DBMS_SPM.LOAD PLANS FROM AWR

* Takes begin and end snapshots
* How SPM works with adaptive plans

* |f auto-capture is enabled
e Only the final plan is captured in baseline
 When unaccepted adaptive plans evolve, the optimizer considers all subplans
* If 1.5x better than existing baseline, the plan is accepted
* Accepted plans are never adaptive

* How SPM works with adaptive cursor sharing (ACS)

* |f auto-capture is enabled, only one plan will be accepted
e Recommendation is to manually load and accept all possible plans
* So ACS will work
e Otherwise the cursor will not be marked bind sensitive
* Because the baseline will prevent it
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* Used for approximate ‘count distinct” values and adds percentile aggregation

* Allows for faster processing of large data sets
* Not exact but usually within 95%+ range

* Three new parameters — alter system/session
» approx_for _aggregation  Default=FALSE

e Can be overridden by the next 2 parameters
* If true, sets approx_for_percentile=ALL

e approx_for _count_distinct Default=FALSE
* Overrides exact COUNT DISTINCT clause

e approx_for_percentile Default=NONE
» Overrides MEDIAN clause (PERCENTILE_CONT)
* Values can be PERCENTILE_CONT, PERCENTILE_DISC, and ALL

* Can be used without any changes to existing code
» Replaces exact functions with SQL functions that return approximate results
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* Approximate query functions
« APPROX_COUNT_DISTINCT (Introduced in 12.1)
* APPROX_COUNT DISTINCT _DETAIL
« APPROX_COUNT DISTINCT AGG
« TO APPROX COUNT DISTINCT
* APPROX_MEDIAN
* APPROX_PERCENTILE
* APPROX_PERCENTILE_DETAIL
* APPROX PERCENTILE_AGG
* TO _APPROX_ PERCENTILE

* Alsoin 12.2, support for approximate query functions
* For materialized views and subsequent query rewrites
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SQL> SELECT /*+ no parallel #/ COUNT (DISTINCT ol o id)} FROM order line;

COUNT (DISTINCTCL O ID)

SQL ID 98358namwS5713, child number O

95% accurate

SELECT /*+ no parallel */ count (distinct ol o id) from order line

Plan hash walue: 3590512611

| Id | Operation | Hame | Rows | Bytes |TempSpc| Cost (
| 0 | SELECT STATEMENT | | | | | 522K
| 1 | S5CRT AGGREGATE | | 1] 13 | |

| 2 | VIEW | VW DAG O | TT9E| 9S9893%E| | 522K
| 3] HASH GRCUP BY | | TTOE| 3807E| 112eM]| 522K
| 4 | INDEX FAST FULL SCAN| ICRDL | gEM| 46TH| | 41 3E

— Degree of Parallelism is 1 because of hint

SQL> SELECT /*+ no parallel */ APPROX COUNT DISTINCT (ol o id) FRCM order line;

APPROX COUNT DISTINCT (OL © ID)

| Id | Operation | Hame | Rows | Byte=s | Co=st (%CPU)} | Time |
| 0 | SELECT STATEMENT | | | | 413K ({100} | |
| 1 | SCRT AGGREGATE APPROH| | 1] 5 | |
| 2 | INDEX FAST FULIL S5CAN| ICRDL | S8M| 46TH | 413K (1) ©00:00:17 |
Hote

— Degree of Paralleli=m i= 1 because of hint
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SQL> AITER SESSION SET approx for count distinct = true; LEE BINET PIIAILSAETE FIatany s

3 HNAME TYPE VLLUE

segzion altered. 0y
_ approx for aggregation boolean FLLSE
SQL> show parameter approx approx:for:count_distinct boolean FALSE
approx for percentile string none

HAME TYEFE VALUE
“““““““““““““““““““““““““““““““““““““““““““ S5QL> ALTER SESSICN SET approx for aggregation = true;
approx for aggregation boolean FALSE
approx for count distinct boolean TRUE Sezs=zion altered.
approx for percentile string none

SQL> SELECT /*+ no_parallel */ COUNT (DISTINCT ol o _id) FROM order line;

SQL» SELECT [*+ no parallel #/ COUNT (DISTINCT ol o id) from order line

= commermee o | Why s it exact?
RN

COUNT (DISTINCTOL C© ID) TTE3TO0
750823 5QL> show parameter approx
________________________________________________________________________________ HAME TYEPE VLLUE
0 - o T
SQL ID fgbtb985nfccr, child number O approx for aggregation boolean TRIE
T ) ) approx for count distinct boolean FALSE
SELECT /*+ no_parallel *#f count (distinct ol o id) from corder line 2DDIOX TOT DErcentile STTing T PJEBEECj t()
Plan hash wvalue: 2038893387 SEt both
““““““““““““““““““““““““““““““““““““““““““““““““ S5QL> ALTER SESSICN SET approx for count distinct = true:;
| Id | Operation | Hame | Rows | Bytes | Cost (ECPU) | Time |
——————————————————————————————————————————————————————————————————————————————— 5QL> show parameter approx
| 0 | SELECT STATEMENT | | | | 413K {100} | |
| 1 | S5ORT AGGREGATE APPROX| | 1] 5] | | HAME TYPE VLLUE
| 2 ] INDEX FAST FULL S5CAN| IORDL | 9BM| 46THM| 413K (1)] 00:00:17 | | (-~ TTTTTT T T T T T T oo oo oo T T oo oo oo oo s S ——————
_______________________________________________________________________________ approx_for aggregation boolean TRUE
approx for count distinct boolean TRUE
approx for percentile string ALL
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SQL> ALTER SESSION SET approx for aggregation
Session altered.

S5QL> =show parameter approx

false

r

HAME TYFE

approx for aggregation boolean
approx for count distinct boolean
approx for percentile string

SQL> SELECT ol d id, MEDIAN (ol amount)
2% ORDER BY MEDIAN(ol amount):

CL D ID MEDIAN (OL_ AMGUNT)

FROM order line GROUP BY ol _d_id

5 196.57
9 187.36
10 198.09

7 204.33

1 204.65

8 206.8

4 206.9

2 207.53

& 209.39

3 211.51
10 rows =selected.
FPlan hash wvalue: 1081856132
| Id | Cperation | Hame | Rows
| 0 | SELECT STATEMENT |
| 1 | 5CRT CRDER BY | | 10
| Z | 50RT GROUP BY | | 10
| 31 INDEX FAST FULL SCAN| IORDL | o8

Cost (3CPU)| Time |
419K (100) | |
419K  (2)] 00:00:17 |
419K  (2)] 00:00:17 |
413K (1)] 00:00:17 |
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SQL> alter session set approx for aggregation=TRUE:;

Sesg=zion altered.

5QL> show parameter approx

HNAME TYFPE VALUE
approx for aggregation boolean TRUE
approx for count distinct boolean FLLSE
approx for percentile string ALL

SQL> SELECT ol d id, MEDIAN (ol amount)

i

FROM order line
GROUP BY ol d id ORDER BY MEDIANW (ol amount]):

CL D ID MEDIAN (OL_AMOUNT)

99.68% accurate

[
o w

204.56
205.34
208.55
206.72
208.85
205.54

212.27

Wom Mo -]

10 rowzs selected.

Plan hash wvalue: 1081856132

| Id | Cperation | Hame | Bows | Bvtes | Cost (ECPU) | Time |
| 0 | SELECT STATEMENT | | | | 419K (100} | |
| 1] 5C0RT CORDER BY |‘(/’/, | 10 | 80 | 419K {(2)y] 00:00:17 |
| | S50RT GROUP BY APPROX | | 10 | 80 | 419K (2] 00:00:17 |
| 3 1 INDEX FAST FULL SCRN| IORDL | SEM| T48M | 413K (1) ] 00:00:17 |
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* The 12.2 Optimizer is getting smarter and easier to control

* TWO nhew parameters
* Optimizer_adaptive _plans (true)
* New feature: bitmap index pruning
* Optimizer_adaptive_statistics (false)
e Controls SQL plan directives, statistics feedback for joins,
* Performance feedback, dynamic sampling for parallel query

* Plans can and do change
« VSSQL SHARED_CURSOR can help find out the why

* New 12.2 optimizer statistics advisor can help fine-tune statistics gathering
* SQL plan management
e Can filter which SQL gets captured for baselines

* Approximate query processing
e Consider this for analytic queries
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e CBO trace or 10053 event

-- trc.sql
alter session set tracefile_identifier="&trc_name’;
exec dbms_sqgldiag.dump_trace(p_sql _id=>'&sql_id',p_child_number=>&child,p_component=>'Compiler’,p_file_id=>");

————— Current 3QL Statement for this session (=gql_id=4rdftbfisrnmy)} -----
° ﬂ( >k /* SQL Analyze(77,0) */ select /*+ gather plan statistics */ order_ id, product_ name
[ ] Ed It &t rC n a m e trc from products p, order items oi
—_— ° where p.product_id = oi.product_id
and unit price < :bl

————— PL/SQL Stack --—--—-
————— PL/SQL Call Stack -----

object line object

handle number name
0xT735fd1ds 161 package body 5Y5.DBMS SQLTUNE INTEERNAL.I PROCESS SQL CALLOUT
0x735fdids 14130 package body 5Y5.DBM5 SQLTUNE INTERNAL.I PROCESS 5QL
0xT737cBasl 1585 package body 5YS.DBMS5 SQLDIAG.DUMP TRACE
OxbfT72a730 1 anonymous block

o R R R R R R R R R R R R R R R R

Legend

The following abbreviations are used by optimizer trace.
CBQT - cost-based gquery transformation
JPPD - join predicate push-down

CJPPD - old-style (non-cost-based) JPPD
FPD - filter push-down

PM - predicate move—-around

CVM - complex view merging

5PJ - select-project-join

EJC - set join conversion

50U - subgquery unnesting

OBYE - order by elimination

05T - old style star transformation

5T - new (cbgt) star transformation

CHT - count {col) to count(*) transformation
JE - Join Elimination

JF - join factorization

CBY - connect by

SLP - select list pruning

DP - distinct placement

VI - wvector transformation

© 2018 SolarWind|aatr - approximate Aggregate Transformation
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* 10053 Event TreeViewer Ul (2011 but still works)
* https://jonathanlewis.files.wordpress.com/2011/12/tvzipl.doc

o 10053 TreeViewer v1.0 10g = =

C\Users'janis.griffin\Downloadsora 122 _ora_25156_jan3 trc Open trace file Registered gb: SEL$FSBBT4El Oxe3550150 (VIEW ME w Show trace file

Registered gb: SEL$FSEB74El 0Oxe3550150 (VIEW MERGE SELsl; SEL$32; SELsl)
QUERY BLOCE SIGHNATURE
Considering Query Transformations on gquery block SEL$FSBB74E1l (§0)
Peeked wvalues of the binds in S5QL statement
Final guery after transformations:***%+*+ TNPARSED QUERY IS5 *w*&ssss
QUERY BLOCE SIGHNATURE
SYSTEM STATISTICS INFORMATION
BASE STATISTICAL INFCEMATION
=- OPTIMIZER STATISTICS AND COMPUTATICNS
O GENERAL PLANS
- Considering cardinality-based initial join order.
- Bermutations for Starting Teble :0
[ Join order[1]: FRODUCT INFORMATICN[I]#0 PRODUCT DESCRIPTIONS[DI#1 ORDER ITEMS[OI]#2

- check parallelism for statement [<unnamed¥]

- kkfdPaPrm_l:curInst:1l, curpxEnabled=1, curCPUCount=1

- kkfdPaPrm.Z:segsInst:1l, sesspxEnabled=l, sesCEUCount=1

- kkfdPaForcePrm: dop:1l ()

use dictionary DOE(l) on tabkle

- kkfdPaPrm:- The table : T75Z&7

- kk£dPaPrm:DOP = 1 (computed from hint/dictiocnary/sutcdop)
- kkfdiPaPrm: dop:l serial(?) flags: 1

- check parallelism for statement [<unnamed>]

- kkfdPaPrm.1l:curInst:1l, curpxEnabled=1, curCPUCount=1

- kkfdPaPrm_Z:sessInst:1, sesspxEnabled=l, sesCPUCount=l

- kkfdPaForcePrm: dop:l ()

use dictionary DOE(l) on tabkle

- kkfdPaPrm:—- The table : 75Z&%3

- kkfdPaPrm:DOP = 1 (computed from hint/dictionary/autodop)
- kkE£diPaPrm: dop:l serial(?) flags: 1

[f-Now joining: PRODUCT DESCRIPTIONS[D]#1

[-Now joining: ORDER ITEMS([OI]&2

[#- Join order([2]: FPRODUCT INFORMATION[TI]§0 ORDER ITEMS[OI]§Z FPRODUCT DESCRIPTICNS[D]#1
[#- Join order[3]: ORDER_ITEMS[0I]§Z PRODUCT INFCRMATICNII]E#0 PRODUCT DESCRIPTICNS[DI#1
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--shared_proc.sql --formats output from vSsql_shared_cursor

set serverout on size 1000000
Declare
¢ number;
col_cnt number;
col_rec dbms_sql.desc_tab;
col_value varchar2(4000);
ret_val number;
Begin
¢ :=dbms_sqgl.open_cursor;
dbms_sql.parse(c,'select g.sql_text, s.* from vSsql_shared_cursor s, vSsql g where s.sql_id = g.sql_id
and s.child_number = g.child_number and q.sql_id ="&1"', dbms_sql.native);
dbms_sql.describe_columns(c, col_cnt, col_rec);
foridxin 1 .. Col_cnt loop
dbms_sqgl.define_column(c, idx, col_value, 4000);
end loop;
ret_val := dbms_sql.execute(c);
while(dbms_sql.fetch_rows(c) > 0) loop
foridxin1 .. Col_cntloop
dbms_sqgl.column_value(c, idx, col_value);
if col_rec(idx).col_name in (‘'SQL_ID', 'ADDRESS', 'CHILD_ADDRESS','CHILD_NUMBER', 'SQL_TEXT', 'REASON') then

dbms_output.put_line(rpad(col_rec(idx).col_name, 30) || '="|]| col_value);
elsif col_value ="'Y' then
dbms_output.put_line(rpad(col_rec(idx).col_name, 30) || '=" || col_value);
end if;
end loop;
dbms_output.put_line(" ";
end loop;
dbms_sqgl.close_cursor(c);
End; © 2018 SolarWinds Worldwide, LLC. All rights reserved.
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* 191 optimizer_* hidden parameters

« OPTIMIZER_ADAPTIVE_PLANS control: COLUMN Ksppinm FORMAT AS0
- - COLUMN ksppstvl FORMAT A50
e _OPTIMIZER_NLJ_HJ_ADAPTIVE_JOIN SELECT
e PX_ADAPTIVE_DIST METHOD bl
« OPTIMIZER_STRANS_ADAPTIVE_PRUNING o i
* OPTIMIZER ADAPTIVE_STATISTICS controls: V\jﬁ‘gggsvb
e _OPTIMIZER_GATHER_FEEDBACK aindx=b.indx
« OPTIMIZER_USE_FEEDBACK substr(ksppinm, 1,1) ="
* _OPTIMIZER_DSDIR_USAGE_CONTROL OROER BV Kemm

« _OPTIMIZER USE_FEEDBACK_FOR_JOIN
 OPTIMIZER_ADS_FOR_PQ

* Many others not listed

© 2018 SolarWinds Worldwide, LLC. All rights reserved.



