QO@O0 _ kERemz
= © uml.orgen

SIEETINERR

The Query Optimize Engine Of
PostgreSQL(9.2.3)

LiHaiXiang



CO@O0_ kiR.msm
= © uml.org.en

SIEETINERR

What is the technology Of Query Optimization ?

What is the Query Optimization Technology Of PostgreSQL ?

an i

How to implement the Query Optimization Of PostgreSQL ?
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The Technology Of Query Optimization

4.
5.
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—
Query reuse

@D The query result reuse
@ The query plan reuse
The Rule Of Query Rewrite
1 Based on Relational Algebra and Heuristic Rule
@ View Rewrite. Sub—query Optimization. Equivalent
Predicate Rewrite. Condition Simplification. Quter Join
Elimination. Join Elimination. Nest Join Elimination
B Sematic Optimization
The Algorithm Of Query Optimization
@ Single Table Scan Algorithm
@ Two Table Join Algorithm
® Multi-table Join Algorithm
Parallel Query Optimization
Distribute Query Optimization
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2 The Query Optimization Technology Of PostgreSQL
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Query reuse = ——— PostgreSQL 9. 2.3 Not Support
(1) The query result reuse
2) The query plan reuse
2. The Rule Of Query Rewrite
@ Based on Relational Algebra and Heuristic Rule
@ View Rewrite. Sub—query Optimization. Equivalent
Predicate Rewrite. Condition Simplification. Outer Join
Elimination. Join Eliminations Nest Join Elimination
(3) Sematic Optimization
3. The Algorithm Of Query Optimization
@1 Single Table Scan Algorithm
2 Two Table Join Algorithm
3@ Multi-table Join Algorithm
4. Parallel Query Optimization

5. Distribute Query Optimization
—
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Core question 1:

How to implement the
Query Optimization of PostgreSQL ?
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How to implement the
& Query Optimization Of PostgreSQL ?

Query Optimizer Frame

The Sub-query Optimization Technology

Other Query Optimization Technology
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Core question 2 :

How to implement the Sub-Query
Optimization of PostgreSQL ?

11
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How to implement the Sub-query Optimization Of PostgreSQL ?

—

s

3.2.1 Sublink
3.2.2 Sub-query N
)
Sublink + Sub-query | == | Sub-query
PostgreSQL y . Database v

—

Sub-Query : Subquery is an approach that provides the
capability of embedding the first query into the other

PostgreSQL includes :

—

12
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3.2 Sub-query Optimization Technology

(B

01: Plan * //R[O(HZE GRITd
02 : Squuery_plannBr(E'lannerG_Lobal *glob, Query *parse,/*parse, (£ AN 1HH*/
03: PlannerInfo *parent root,
04. bool hasRecursion, d-:rub_Le tuple fraction,
05: PlannerInfo **subroot)
J6: {
D7:  ceeeas
08: /* ANYHIEXISTSSERN I F@EE, EHEIEETER LIEELRE +/
09; if (parse->hasSubLinks)
10: pull up sublinks (root);
11: _
12: s esees
15:
14: /* A
5: arse->jointree = (FromExpr=)
16 pull up subqueries (root, /(Node *) parse->jointree, NULL, NULL) ;
17
18 : if (parse->setOperations)
19: flatten simple union_all (root);///F S ESEFfE UNION ALL"
20: suenns

Z21: } ?2 end subgquery planner

13
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B what is sublink ?

. - ———
/*
* SubLink
* A SubLink represents a subselect appearing in an expression, and in some
* cases also the combining operator(s) just above it. The subLinkType
* indicates the form of the expression represented:
* EXISTS_SUBLINK EXISTS(SELECT ...)
*  ALL_SUBLINK (lefthand) op ALL (SELECT ...)
*  ANY_SUBLINK (lefthand) op ANY (SELECT ...)
* ROWCOMPARE_SUBLINK (lefthand) op (SELECT ...)
* EXPR_SUBLINK (SELECT with single targetlist item ...)
* ARRAY_SUBLINK ARRAY(SELECT with single targetlist item ...)
* CTE_SUBLINK WITH query (never actually part of an expression)
%k
*/ .....
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How to optimize the Sublink Of PostgreSQL

pull up_sublinks_qual_recurse riannerinfoc *root, Hode *node, Node **jtlinkl,

{

I

Relids available relsl, Node **jtlink?, Relids available rels2)

if [(node == NULL)
return NULL;
if (IsA(node, SubLink))

AAARETTEE £, REF LA E I Eavailable rel=s2 3TREATIM
if (availahl L

[ nunvgit ANY sublink to joinixroot, sublin
arailable rels2))] !'= N

else if (sublink-»subLinkType == EXISTS SUBLINK) // _~FFEXNTSTS SUBLINKESSRH FHERE

f* AhEIEE T Eublink-sUbLinkType —— —~— E) LR EE S
if (7 conrert EXISTS sublink te join(xroot, sublink, false;
arailahle relsl)) !'= NULL )

&% Else return it ummodified */
return node;

return node; 15

? end pull up sublinks qual recurse ?
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convert_ANY_sublink_to_join

‘I:Il: cnnven_ﬂNY_SUb"nk_tﬂ_iﬂin[Plannerlnfu *root, ZubLink *sublink, Felids availahle rels)
nz:

03: JoinExpr  *result; / / # FEFEFRA —-NEEASR

0d: ...,

05: Al THESREATRGDEESE: FTHETEESS £ ERRIATvarss AR maE +/

O6: if {contain vars of level ((Node *) subselect, 1))

a07: return NULL;

nz:

n[=F £ TFEEREFRI A REE

10: al —ES EEFRMAP " Var S AR EEHEHEE: WEREEH, NTFEES EEET T RE,
11: B LIEEF#E, THeHFINLEEFES —TXENEAREIIERITRIMIEELTE

12 : b T~EESI AR EESR RIS R

13: c) EIEfEFREEH +/

14: upper wvarnos = pull rarnos (sublink->testexpr); FAEHz a

15: if (bms is empty(upper wvarnos))

1a: return NULL;

17: if (!'bms is subset (upper warnos, available rels) ) SATEMe b

12 : return NULL;

19: if (contain volatile functions [sublink->testexpr)) SOIEE e

Z20: return NULL;

£21:

22 A BT ty) F| FERTEETE (RangeThlEntry) B, fERFRIZEMFITE */
23 rte addRangeTahleEntryForSubguery WULL, subselect, makeAlias ("ANY subguery”™, NIL),false);
24 L

25: £ ﬁi?ﬂﬁ%ﬁtﬂﬁ%ﬁ%%ﬁ (JoinExpr  *result;) BIEEEMNS +/

26: gquals conrert testexpr ¥oot, sublink->testexpr, subguery wvars);

2T ...

28 result = makeHode [Joi r S rmEnlE == TninExne

20: result->jointype % JDIH_SEMI':P* THEFRE, BLUIFEEFRES LERbxRHTIESE *f16
d: ..., 1

31: return result;
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a1 -:
0z :
(Whe -
04 :
05:
0G:
a7 .
as -
a9 :
10 :
11:
12«
13 :
14:
15:
16:

17:
138 :
19:
20:
Z1:
Z2E
23
I
Z25:
26
270
Zd:
29
a0:
31:
32
33

MIBETIONEER
convert_EXISTS_sublink_to_join

cDnven_EXISTS_EUb"nk_tD_iDin(Plannerlnfn *yoot, SubLink *sublink,

L.

bhool under not, Felids available rels)

A* 1. EXISTSSEAI T EEEIEIEF T EEIFE (EXIsTs FEHEETTFEIZEIEE Y it
ay A3 SR HWITHT o) B9 4E =,
b TEFFTEHESEF. T HFFESEEE . CTE. HAVING. LIMIT/OFFIETSE T o1& =
o S FROMEEWHERE T =] 9 = B0t */
if (subselect—->ctelList) A& F1. 2
return NULL;
if (!simplify EXISTS guery (subselect) ) o o
return NULL;
if [(subselect—->jointree—>fromlist == NIL) fﬁﬁﬁfi.c
return NULL:

T B EEMouboe lect T REE. & L /= o o0 DR A9 1E (o] "var " 65 2 (R 72 7 RO XT3, 15 A (FIANTY
FEEEE .. EFFsubselect B4 iTH] (subselect—>jointree—>guals = NULL; » */
if {Euntain_vaxs_uf_level[I:I-Icn:le *! subselect, 111
return NULL;
A* WHERETF S/ 2irF EESRE a1 "var™, = A PTREFARNIERE +/
if ('contain wvars of level (whereclause, 1))
return NULL;

FivH & REE Tl

if (contain volatile functions (whereclause) )

return NULL;

fr ERrTEEIMERRTEES (parse-zrtakble? . M E3FE, FFIE Errt B £ TF S wEH
FfaEFE & FIMMEMFrRoM TSI, fEWHERESE R & 3F +/

parse—>rtable = list concat arsze—>rtakle, subhselect—>rtakle) ;

x . NOT EXISTIEFS

result—>jointype = undexr not ? JTOIN ANTI : JOIN SEMI;

= = o= o= 17

return result;
end convert EXISTS sublink £to join 2
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@ Conclusion of Sublink
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1 ANY = SOME
src/backend/parser/gram.y :
sub_type:  ANY  {SS$S=ANY_SUBLINK; }
| SOME {$$ = ANY_SUBLINK; }
ALL  {SS=ALL_SUBLINK; }

2 ANY = semijoin

3 EXISTS -2 semi join
NOT EXISTS = anti-semi join

i 18‘
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Question:

1 Whether do PostgreSQL support IN Sub-query ?

2 How to optimize In Sub-query in PostgreSQL ?
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H)  How to optimize In Sub-query ? In this file : src/backend/parser/gram.y
O01: | & expr IN F in expr
Oz = {
O3 = if (X=sAa (53, SubLink) )
(- {
o5: A* generate foo = ANY [(=subcguerw) *.
O& = LT — | oL e i
07 = < n—=subLinkTvpe = AHY_EUBLIIEE;:)
g : ——
a9 s I
10: el=e
11: 1
1= : A* generate scalar IN expression * 7
13 : §% = [(Node *) makeSimpleh Expyx» (AEXFER _IN, =,
14: ¥
15: v
15: | & expr NOT INMN F in expr
1°7 1
15 if [(X=ma(54, SubLinlk) )
19 1
20 AF MMake an = ANY node * .7
S1bhL itk o  — e I ' P B Sl | e
n—subLinkType = AI-IY_ET_TBLII-IK:,::;
X

A* generate scalar NOT IN expression * 7
§8% = [([(NMode *) makeSimplef Expx (AEXPR TN, <=",

20

[0 L) [ [
W L

Cd ) B3 ) [ [
Qnow-lmm
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@ Conclusion of Sublink

—

—
" 1 ANY = SOME

src/backend/parser/gram.y :
sub type:  ANY  {$$=ANY SUBLINK;}

| SOME {$$ = ANY SUBLINK; }
ALL {SS = ALL_SUBLINK; }
2 ANY - semijoin IN €-> =ANY

IN - semijoin

3 EXISTS - semi join
NOT EXISTS -2 anti-semi join

4 other sublink type:
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—

¢~ The whole apple:
Sub-query of Database

| .,I:.Be bitten:
Sublink of PostgreSQL

22
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<wWi How to optimize the Sub-query Of PostgreSQL

—

01 pull up SUuner|ES[PlannerInfD *root, HNode *Jjtnode,

0z : JoinExpr *lowest outex join, AppendRelInfo *containing appendrel)
023: {......

04: if (IsaA(jtnode, |RangeThlRef) ) /5 EPRangeTh1Rer 57 F & 15

05 f e

06: if (cemseet——FTE SUCUOERT &L

a7 < is simple su.hquer}r(rte =subgquery) £& fﬁﬁﬁ_ﬁgﬁiﬁij’?fi@; Jﬁlﬂf_&?ﬁ‘_:::’
os . I rte—>SECUr Ity DEITIET &5 77 P mr 28 30 o = v A iy

[NE=1H (containing appendrel == NULL | |

10: :i_s_s _ | er (rte— ~==1:|hque]-:?:|:l ::I

11: return puJJ._up_s:hnple_su.hquerﬂrnnt, Jjtnode, rte, lowest outex join, cont:
12: ... ..

13: if (rte—ortekind oSS PR SUREOUELY —c

14: & i is simple union all (rte->subguery) ) o G R R TN T ONEE S, S
15: return pull 0Op simplie Mo ar b iroot, JtoasE, Foo) ;

1la: }

17: el=s=e if (IsA(jtnode,| FromExpr])

13: fe e

19: S+ 1B e From-list RS-~ TE ., NEE ELrMHE LT EmAa = Edr+/

20z foreachi(l, f->fromwmli=t)

21: 1first(l) = pull up subgueries (root, 1first(l), lowest outer join, NULL) ;
22 }

23« el=s=e if (IsA(jtnode, |[ToinExprj )

249 fe e

Z5: AT Toin-list P EIE - LR Wi RE Er i iE EERIEE A+ Sfr s

26 AAANEERNED FHE A REFApull up subqueries

27T }

28 : el=e

20 elog (ERROR, "unrecognized node type: 4", (int) nodeTag(jtnode) ) ;

30: return Jtnode; 23

31: } 2 end pull up subgqueries 7
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o1: 1S_simple_subquery cus=rv *subgquery;
O2: {......

a3 : if (subguery—>setOperations)

04 : = =T I

O5:

OeE: subgquery—hashAgogs | |

o7 : subgquery—>hasWindowFuncs

a5 : subquery—>groupClause | |

o9 subgquery—havingfual ||

10: subgquery—>sortClause ||

11: subiuery—>distinctClause | |

1Z: subguery—>limitoffset | |

13: subgquery—>limitCount | |

14: subiyuery—>hasForUpdate ||

15: ubguery—>ctelist)

16: T false;

17 if {Expressinn_returns_set((Hnde *! subguery—>targetList) )
13 : return false;

19: it {nuntain_vulatilg_funntiuns(EHDdE * suhquerf—}targetList]}
20: return false;

21: if [(subguery->jointree->fromlist == NIL)

22 return false;

23

24qs return true:; 24

25 } 7 end i= simple suboguery P
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o1: 1S_simple_union_all (cuery * subgquery:

OZ: {oeean..

03 A* Let's just make sure it's a walid subselect ... *FS

04 : if [ ! IsA(subgquery, Cuesry) ||

O5: subgquery—>commandType !'= CMD IELECT | |

Ui : subgquery—>utilityStmt !'= NULL)

07 : elog (ERROER, "subguery is bogus"™) ;

o8 :

09 £* I= it a set—operation gquery at all? */

10: topop = ([(SetOperation3tmt *) subguery-—>setOperations;

11: it [('topop)

12 : return fal=se;

15:

14: S Aan 't handle ORDER LIMITSOFFIET, locking, or WITH *./
15: [subyguery—>sortClause |

16: subgquery—>1limitoftf=et |

17: subguery—>limitCount | |

15 : subquery—>rowkMarks | |

19: subguery—>ctelList)

20 eturn false;

21:

ERE #* Recursively check the tree of set operations */

43 return is simple union all recurse [ (Hode *) topop, subguery,
24 : topop—>colTypes) ; 25

25: } ? end i=s simple union all 2
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pLI" up Slmple Squueryl:PlannerlnfD *root, Node *jtnode, RangeThlEntry

01:

0z
Q03
[WE
O5:
O&:
o7
Qg -
o9:
10:
11:
12«
13«
14:
15:
16:
17:
18:
19:
Z0¢
£21:
LR
L3
£
Z25¢
e
27
£8 ¢

NBETAMRLIRR
Method Of Sub-query Optimization

JoinExpr *lowest outer join,
AppendRelIntfo *containing appendrel)

Adjust lewel-0 warnos in suboguery so that we can append its rangetable
* to_upper query's. We have to fix the subquery's append rel list as

* wmell.

i

rtoffset = list lengthiparse->rtable);

DffsetVarHodes [ (Node *) subguery, rtoffset, 0) ;

DffsetVarHodes ( (Node *) subroot-zappend rel list, rtoffset, 0] ;

parse—fptargetList|= [List *|

pullup replace vars [ (Node *) parse->targetList, &rvcontext) ;
parse—FreturningListl= (List *)

pullup_replacg_vars{(Hude *! parse->returninglist, srvcontext) ;

* Now append the adjusted rtable entries to upper guery. (We hold off
* until after fixing Tthe upper rtable entries; no point in running that
* pode on the subguery ones too.)
i
parse->rtable = list concat (parse->rtable, subgquery->rtable);

return [(Node *) subgquery->jointree; 26

1o? end pull up simple subguery ?
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@ Conclusion of Sub-query
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- —
1 What kind of sub-query can be optimized (pull up)?

1.1 RangerTable
1.2 From clause
1.3 Join clause

2 What is the condition that sub-query can be optimized (pull up)?
a sub-query not include GROUP/ORDER/LIMIT/DISTINCT etc

3 How to optimize (pull up) subquery?
SELECT * FROM &, (SELECT # FROM B WHERE B.b<1) WHERE A.a>1

~
subquery s FROM --> parent s FRONM
~
/subquer}rﬂs WHERE —-“> parent s WHERE

i
SELECT * FRON &, B WHERE A.a>1{AND) B.b<l
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CREATE TABLE 11 (id1 INT, al INT UNIQUE, b1 INT, PRIMARY KEY(id1));

CREATE TABLE t2 (id2 INT, a2 INT UNIQUE, b2 INT, , PRIMARY KEY(id2));

Statement 1:

EXPLAIN SELECT * FROM t1 WHERE
Statement 2:

EXPLAIN SELECT * FROM t1 WHERE
Statement 3:

EXPLAIN SELECT * FROM t1 WHERE

Statement 4:

EXPLAIN SELECT * FROM t1 WHERE
Statement 5:

EXPLAIN SELECT * FROM t1 WHERE
Statement 6:

EXPLAIN SELECT * FROM t1 WHERE

idl

idl

idl

bl

bl

bl

IN (SELECT
IN (SELECT

IN (SELECT

id2

a2

b2

FROM t2);
FROM t2);

FROM t2);

N (SELECT
N (SELECT

N (SELECT

id2

a2

b2

FROM t2);
“ROM t2);

FROM t2);

28
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Statement 1 AND Statement 2 (Plan is similar but not identical)
QUERY PLAN

Hash Semi Join (cost=85.17..181.71 rows=3030 width=12)

Hash Cond: (t1.id1 = t2.a2) Left
-> Seq Scan on t1 (cost=0.00..47.30 rows=3030 width=12)
-> Hash (cost=47.30..47.30 rows=3030 width=4)

-> Seq Scan on t2 (cost=0.00..47.30 rows=3030 width=4) 1 Primary Primary
(5 170 %) Key Key
2 Primary Unique
Statement 3: Key Key
QUERY PLAN 3 Primary Commo
"""""""""""""""""""""""""""""""""""""""""""""" Key n col

Hash Join (cost=77.38..145.94 rows=1000 width=12)
Hash Cond: (t1.id1 =t2.b2)
-> Seq Scan on t1 (cost=0.00..47.30 rows=3030 width=12)
-> Hash (cost=64.88..64.88 rows=1000 width=4)
-> HashAggregate (cost=54.88..64.88 rows=1000 width=4)
-> Seq Scan on t2 (cost=0.00..47.30 rows=3030 width=4) 29
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SW¥] Example

N —
Statement 4 AND Statement 5 (Plan is similar but not identical) :
QUERY PLAN

Hash Semi Join (cost=85.17..181.31 rows=3000 width=12)

Hash Cond: (t1.b1 = t2.a2) Left
-> Seq Scan on t1 (cost=0.00..47.30 rows=3030 width=12)

-> Hash (cost=47.30..47.30 rows=3030 width=4)

-> Seq Scan on t2 (cost=0.00..47.30 rows=3030 width=4) 4 Common  Primary
(5 171C %) col Key
5 Common Unique
Statement 6: € s
QUERY PLAN 6 Common Common
----------------------------------------------------------------------- col col

Hash Join (cost=77.38..165.74 rows=3000 width=12)
Hash Cond: (t1.b1 =12.b2)
-> Seq Scan on t1 (cost=0.00..47.30 rows=3030 width=12)
-> Hash (cost=64.88..64.88 rows=1000 width=4)
-> HashAggregate (cost=54.88..64.88 rows=1000 width=4)
-> Seq Scan on t2 (cost=0.00..47.30 rows=3030 width=4) 30
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MIZETIMEIRA
Please think about

—

- —

1 Why can not IN sub-query statement 3 and statement 6 be converted into
semi-join ?

2 What does equivalent predicate rewrite include ?
3 Why can outer join be optimized ?

4 How to implement multi-table join optimization in PostgreSQL ?

5 What is difference between PostgreSQL and MySQL query optimizer ?
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Any Question
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