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1 What is the technology Of Query Optimization ？ 

What is the Query Optimization Technology Of PostgreSQL ？ 2 

3 How to implement the Query Optimization Of PostgreSQL ？ 
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1. Query reuse 
① The query result reuse 
② The query plan reuse 

2. The Rule Of Query Rewrite 
① Based on Relational Algebra and Heuristic Rule 
② View Rewrite、Sub-query Optimization、Equivalent 

Predicate Rewrite、Condition Simplification、Outer Join 
Elimination、Join Elimination、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 

The Technology Of Query Optimization 1 
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1. Query reuse                ------PostgreSQL 9.2.3 Not Support 
① The query result reuse 
② The query plan reuse 

2. The Rule Of Query Rewrite 
① Based on Relational Algebra and Heuristic Rule 
② View Rewrite、 Sub-query Optimization、 Equivalent 

Predicate Rewrite、Condition Simplification、Outer Join 
Elimination、Join Elimination、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     

The Query Optimization Technology Of PostgreSQL 2 
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Core question 1： 
 

How to implement the  
Query Optimization of PostgreSQL ? 

3 How to implement the Query Optimization Of PostgreSQL ？ 

6 



数据库查询优化技术 

 

3.1 Query Optimizer Frame 

The Sub-query Optimization Technology 3.2 

3.3 Other Query Optimization Technology 

How to implement the  
Query Optimization Of PostgreSQL ？  3 
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Query  
Optimizer  
Frame 

3.1 
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planner()

standard_planner

()

subquery_planner

()

pull_up_sublinks()

standard_join_search ()

make_rel_from_joinlist ()

join_search_one_level ()

make_rels_by_clause_join

s()

pull_up_subquerie

s()

build_join_rel()

标

准化表达式

make_one_rel()

set_base_rel_path

list()

第
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第
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第
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第

7层

第
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reduce_outer_join

s()

生

成查询执行计划

grouping_planner

()

query_planner()

optimize_minmax

_aggregates()

create_plan()

set_plain_rel_pathlist()

add_path(rel, create_seqscan_path(root, rel, 

NULL)); //

顺序扫描方式

create_index_paths(root, rel); //

索引扫描方式

create_tidscan_paths(root, rel);//Tid

扫描方式
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make_join_rel() 

上

拉子链接

上

拉子查询

生

成2个候选的最优路径

对

min、 max聚集计划优化

创

建查询执行计划
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set_cheapest(rel)

访

问基表的方法

表

连接

动

态规划

求

最优路径

第

9层

第

10层

第

11层

 

Query  
Optimizer  
Main 
Function 
Process 

3.1 

http://blog.163.com/li_hx/blog/static/183991413201322982935548/  PostgreSQL查询优化器源码分析--整体流程   
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查

询语句分析、优化与执行

查

询优化器模块

动态规划算法—最优路径（Path）

系统表

pg_class

【M1】src\backend\parser

语法分析模块

pg_statistic

【M2】Rewitite

查询重写模块

【M3】Planner

查询优化器

【M4】Executer

查询执行器器

SQL语句

查找对象定义等
返回结果

语法查询树（Query）

辅助代码

【M3-S1】Planner

查询优化器---逻辑查询优化

【M3-S2】Planner

查询优化器---物理查询优化

求解最优路径、生成查询执行计划

SQL结果

视图被替换为基表  rc\backend\rewrite

用关系代数的原理进行逻辑查询优化

查找对象定义 返回结果

生成最优的查询执行计划（Plan）

代价估算 clausesel.c

遗传算法--最优查询路径（Path）

获取数据
返回结果

返回结果

构造连接关系
src\backend\optimizer\path

joinrels.c(

make_join_rel函数

)

代价估算 路径生成

逻辑优化

执行器目录

src\backend\executor

 

Query  
Optimizer  
Main 
File 

3.1 
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Core question 2： 
 

How to implement the Sub-Query 
Optimization of PostgreSQL ? 

 
 

3 How to implement the Subquery Optimization Of PostgreSQL ？ 
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Sub-Query ： Subquery is an approach that provides the 
capability of embedding the first query into the other 
 
PostgreSQL includes： 
3.2.1   Sublink                   
3.2.2  Sub-query 
 
 
Sublink + Sub- query     ==     Sub-query 
-----------------------               ------------ 
      PostgreSQL                          Database 

 

3 How to implement the Sub-query Optimization Of PostgreSQL ？ 
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Sub-query Optimization Technology 3.2 
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 What is sublink ? 3.2.1 

/* 
 * 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) 
* …… 
*/ 
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How to optimize the Sublink Of PostgreSQL ？  3.2.1 
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convert_ANY_sublink_to_join (1) 
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convert_EXISTS_sublink_to_join (2) 
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Conclusion of Sublink 3.2.1 

1 ANY = SOME 
src/backend/parser/gram.y ： 
sub_type: ANY  { $$ = ANY_SUBLINK; } 
  | SOME  { $$ = ANY_SUBLINK; } 
  ALL  { $$ = ALL_SUBLINK; } 
 
2  ANY     semi join 
 
3  EXISTS   semi join 
    NOT EXISTS   anti-semi join 
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Conclusion of Sublink 3.2.1 

 

Question:   
 
1 Whether do PostgreSQL support IN Sub-query ? 
 
2 How to optimize In Sub-query in PostgreSQL ? 

19 
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How to optimize In Sub-query ? 3.2.1 In this file :  src/backend/parser/gram.y 
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Conclusion of Sublink 3.2.1 

1 ANY = SOME 
src/backend/parser/gram.y ： 
sub_type: ANY  { $$ = ANY_SUBLINK; } 
  | SOME  { $$ = ANY_SUBLINK; } 
  ALL  { $$ = ALL_SUBLINK; } 
 

2  ANY     semi join                IN     =ANY 
                                                      IN         semi join 
 

3  EXISTS   semi join 
    NOT EXISTS   anti-semi join 
 

4 other sublink type： 
    …… 
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3.2.2 

Be bitten： 
Sublink of PostgreSQL 

Hang over： 
Sub-query  

of  
PostgreSQL 

The whole apple： 
Sub-query of Database 

 What is sub-query ? 
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How to optimize the Sub-query Of PostgreSQL ？  3.2.2 
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Condition Of Sub-query Optimization 3.2.2 
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Condition Of Sub-query Optimization 3.2.2 

25 



数据库查询优化技术 

 

Method Of Sub-query Optimization 3.2.2 
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Conclusion of Sub-query 3.2.2 

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? 
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Example 3.2.3 

CREATE TABLE t1 (id1 INT, a1 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  id1  IN (SELECT  id2  FROM t2); 
Statement 2: 
    EXPLAIN SELECT * FROM t1 WHERE  id1  IN (SELECT  a2  FROM t2); 
Statement 3: 
    EXPLAIN SELECT * FROM t1 WHERE  id1  IN (SELECT  b2  FROM t2); 
 
Statement 4: 
    EXPLAIN SELECT * FROM t1 WHERE  b1  IN (SELECT  id2  FROM t2); 
Statement 5: 
    EXPLAIN SELECT * FROM t1 WHERE  b1  IN (SELECT  a2  FROM t2); 
Statement 6: 
    EXPLAIN SELECT * FROM t1 WHERE  b1  IN (SELECT  b2  FROM t2); 
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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) 
   ->  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) 
(5 行记录) 
 
 
Statement 3: 
                            QUERY PLAN                                
------------------------------------------------------------------------ 
 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) 
(6 行记录) 

Example 3.2.3 

State
ment 

Left  Right 

1 Primary 
Key 

Primary 
Key 

2 Primary 
Key 

Unique 
Key 

3 Primary 
Key 

Commo
n col 
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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) 
   ->  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) 
(5 行记录) 
 
 
Statement 6: 
                               QUERY PLAN                                
------------------------------------------------------------------------ 
 Hash Join  (cost=77.38..165.74 rows=3000 width=12) 
   Hash Cond: (t1.b1 = 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) 
(6 行记录) 

Example 3.2.3 

State
ment 

Left  Right 

4 Common 
col 

Primary 
Key 

5 Common 
col 

Unique 
Key 

6 Common 
col 

Common 
col 
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3.3 

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 ? 
 
6 …… 

 

Please think about 
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