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  Ө ♄ 

 Ῡ  ֥  Ὥṯ  ʊӀ ᷄Ớ 

Ԃ ḻἜ Ὥṯ ᷄ḁ. 

- †ὔ  
Umberto Eco

, ῦ  Ὑ
The Name of the Rose

 

 

  ᶞԂὗ  ҍ ? 

  ḫ †    №ủῷ   ֜   Ὥ   ʊₒṯ   ᷄ḁ.   ә  

 ʊ  ә, ῄҍ   ֚ḓἛ Ώ ṯ ֥⁫ḁ  ʊ Ἓ ᾧṭ ҹ  ә   ʊₒ Ớᾠ 

  ẁỚ  ֥ῶở᷄ḁ. 

 

 ʊḼ ҍ ῦ PostgreSQL  ▐  ⁮ Ӓ  ә,  ֚ ṅ    ḓ   ƫ ḻ ֥⁮  ҍ 

ḁә ҍ ᷄ḁ. ⁫  ʊ   ᵒ  ḁ  ꜙ ἑӀ ᶵ  Oּב ᷄ḁ. ὗ ṯ , ♄― ♥   “, psql 

ᾤἔ Ἅ  “, ♥  ὺҟ″ּב   “ Ṵ  ḓ ♄  ʊ♥ᾤ   ҹ ᷄ḁ. 

 

Ắ    ḁὖ ḫ † גּ   Ὥ PostgreSQLἛ ᾠ♄  ֚  ә  

 ʊₒṯ Ӏḻ  ҹ Ớ ◕Ҏ ᷄ḁ. ᾥ ᵹ  Ỷ  ḁᾠ   Ὦ  ҏ  בּ  

 ҹ ᷄ḁ. ֚Ủ♄  ʊὫ  o   Ӏ ṍ ᷄ḁ. 

 

 ♄ ḁἶ   ʊᵒ  

  Ḅּד  ἄ  ᾧ  U ὣ  ᷊᷄ḁ. ᾧṭ ◄  ḓ  Ӎ  Ӥ  ʊ Ὥ, ⁬

  ὣὗ Ἓ  ḁὖ ▐Ởṯ  Ӓ  ₒ♅ ә ℮ Ἓ ҍ  Ὥ  ӍἝ  

ḻ ḻἜ ṃ בּ  ᷄ḁ. ὗ   ʊ  ҍ ҍ ₔₒᾤ  ⁫  ʊⱢ  a▐ ṯḻ ḁἹ ҹ

᷄ḁ. 

 

  ҍ ḝ Ө   ʊᾥ ҍ  ₒ  ḓ  ְ  Ӏ ḁἶ Ὥ, ḁὖ ₒ  ʊ  ḁἶ  ḻבּ  

᷄ḁ. Ắ ,   ἄ Ỷ ҍ ᷊᷄ḁ. Ⱡ  ḓ  Ἄ ᶂἍ Ὥ, ῄ♄ὗ ḓ  ʊҹ  ᾨ

 ᷄ῡἛ  ḁә ◕Ҏṍ  ʊ  aⱢ  a▐  ◕Ự ḁ. ₔ᷄ בּ   ◄  ḁᾠ 

◄ Ӥ  ῄ♄ὗ ә ὗ֥ ῶở᷄ḁ. 

 

  PostgreSQL   ҟῼ  “  ҍὔ  ᾞ, C  ḓ   Ԃ  ᷄ḁ.   

 ḓ◄  ḫ †  Өὣ  ὣ Ɑ ҟῼ ᷄ḁ. ֚Ỵ  Uꜙ  ṫ  ḓ  ὗ Ӥ

Ἓ   ʊὭ  Ɫ  a ⁫ὗ  ּב ḻἜ ḻ  ҹ ᷄ḁ. 

 

 ♄ Ӥ  ʊᵒ  

♄ῄ ♄  ʊ    ꜚᵒ   ʊḫ   ḫ †  ҟᵻ  ҏḄ  ꜙҟ ᷄ḁ. ῇἝ,  

♄  ʊὮ  ○Ἓ  ⁫ὗ  ᾯ ḻ Ὥ,  ὗ  ᷄ḁ.  ḁὖ ḫבּ  †

 ♄ ᵨ  ʊₒṯ Ӏ  ⁫ὗ Ӥ ᷄ḁ. 

 

1ₐ ♄  ʊḫ  ӨⱠӦ Ӊὣ  ḓ  Ἓ ḁἻ᷄ḁ. ᾌ  ▐  Ө ♄ ὗ Ԃ ә (▐  

בּ ʊӉὣ  בּ Ӧ  ֚ Ӧὗ    ҹ ᷄ḁ),  ֚  ᵒ  aṅ  Ɫ  ♥ᾤ ᷄ḁ. ὗ  ḁ  ―  



 15 

ṅ Ⱡ  ᵗָא Ӊὣ  Ԃ  Ɫ  a▐ , ֚ὣә ỦṎ  ―  ὣ  Ө   ְ  ♥ᾤ  Ӥ

᷄ḁ. 

 

2ₐ ♄  ʊ―   WAL(  ῼ◕  ḫ  ӨⱠ ⁬Ԃ  ▐ Ṑ)  Ө  ♥ᾤ ᷄ḁ. 

 

3ₐ ♄  ʊḁ  Ὂ  ֠
lock

 Ԃ  ▐   “  Ө  Ἓ ḁἻ᷄ḁ. ᾕᾧὣ
RAM

 ḓ  Ӓỳ
lightweight

 

,֠ ӨӔ
relations

 Ө  ῁ұ
heavyweight

  ֠ῳ  ּב
row -level

 ֠   ▐ ṑ᷄ḁ. 

 

4ₐ ♄  ʊ♄―ҍ ẢӀ SQL ὣὗ Ӕ ә ᶷ  ḓ  ♥ᾤ ᷄ḁ. ▐ ʊḫ  בּ    ֜

 “, ҍᶾ  
join

  “, ֚ὣә ּב Ṏ Ӕҍ ẢӀ ṍᶷ  Ἄṫὦ ҹ ᷄ḁ. 

 

5ₐ ♄  ʊB- ὣ  ḁὖ Ḭ   ֜ “  Ө  ᶄ ὗ ᷄ḁ. Ḭ   , Ḭ  

 ֜ “, ֚ὣә ḫ   ҏ ӒӔὗ  ʊ Ὼ   Ṵ  ♥ᾤ ᷄ḁ.  ֚  Ҏ ▐  ҍᶾ   

“  Ө  Ɫ  ḁἹ ҹ ᷄ḁ. 

 

PostgreSQL  ʊἶ  ♄ ▐ ṍ  Ὥ, ♄―  ᵒ  aṅ  □ "ʊ  בּ ⁯ Ἓ ⃰
introspective

"   ֥ᶾ  Ὦ  ṍ  ᷄ḁ.  ♄  ʊ Ỷ  ֥ᶾ  ᷄ḁ. Ỵ   

֥ᶾ  ♄― ᵒₐὗ  ʊḫ ḻ  ᾞ, ⁬  ▐  ᵁὣ ♄ ῄ  Ӎ Ӏ Ὥṯאל   ᷄ḁ. 

 

֗  

ḻἜ ԂⱠṍ בּ  ḓἛ♄דּ    ᷄ḁ. ֚ἃ Ὥ ᾧṭ ᵒ   ‗  ♥ᾤ ֥  ʊ Ἄ

, Ҝ  ὗ Ỵ ‗ ḁἶӀ ṍ ᷄ḁ. "  ḁἹ " Ớ  ʊὰ  Ὼ⁬ Ἓ  ʊҹ  ὗ 

֩Ӏ Ὥṯ ּב , ḓ   ‗ ὗ ֥  ҍ ♥ᾤ   ₐₒ  .Ӏ ᷄ḁ בּ  

Ắ ,  ֡Ṏ ὗ  ẋḻ  ‗ ὗ ֥ ᷄ḁ. 

 

  ᵒ Ӧ ᾧṭ ṫ  ʊPostgreSQL  ―  14  ṑ᷄ḁ.  aᵒ   ʊ―  ‗ ὗ ֥

ᶷḫ,  ʊ ḏ ⁫ҍ ḏ ―  PostgreSQLa  Ṏḁ  ʊҹ  ῦ ᷄ḁ.  ― ♄  ʊ

ḏ ֥ᶾ  ұ  UḁὔӀ Ԃ ṍ ᷄ḁ. Ỷ  ʊ   ― Ἓ ֚ἄ ṫ   ₒṯ Ӏ 

ḻ  ṏ ҹ ᷄ḁ. 

 

 ♄  ʊ     ὺҟ″ּב  ֥⁮Җ  ᷄ḁ. Ὼ ὺҟ″ּב   ὺҟ″ּב  Ὑ  

ὤ Ἓ ṑ᷄ḁ, ὗ ṯ , work_mem . 

 

Ҏ ♄  ʊḁ  ⁫  Ἓ  ʊὪ ὗ Ӥ ᷄ḁ. Ỷ   ҍ  ᾌ  ֡ṍ  ʊҹ  

PostgreSQL ῄ♄
1
᷄ḁ.  ῄ♄  ʊ  ֜ ᾞ, PostgreSQL ҟῼ ṯ  ◄  ⁫ὗ ῡἛ 

Ἓ ἰ  ש  ᷄ḁ. ֚Ỵ  Uҍ   ә ἰ  ʊꜙ  ṫ
2
᷄ḁ. ꜙ  ṫὗ ә 

♅  ⁫ᾠ, C  ּג  ḻ Ὦ  ⁫ὗ  ּב ᷄ḁ. ẋẋἛ commitfest  ᾨ
3
ḻ ᷄

ḁ. ᾕ  ᵒ  Ḽ ֥  ʊ Ἄ Ὥ, psql בּ  - hackers ᾕ Ὢ ὣ ♄ ӨἎ Ἕ  ᾠ ᾧṭ 

″Ӓ ▐   ӒӦ ҟῼ ṯ  Ӎ  Ӧ  .ḁ᷄ בּ  

 

 
1
 postgresql.org/docs/14/index.html  

2
 git.postgresql.org/gitweb/?p=postgresql.git;a=summary  

3
 commitfest.postgresql.org  
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╪ ⁄Ѥ לⱠ₮ ⱳ͔ Ḻ‡ϱ Ṩʺ♠╬ Ͽ↔ҵ Ӈ‡ ▓ᾋѱѻ. ╪׳ Ͽ↔╘ ѻᵎ˭ 

ᾎ ⁴ ẖᵎ˭ ˠЎֲ ὡ ▓ҵᴜ ₄ᾋѱѻ. 

 

ḏ ,   ʊ Ἓ PostgreSQL ♄ ▐ ṍ  ʊḁ  ṫ ṯ  ṍ  ᷄ḁ. ṫ  ʊ'=>'  

ἡ Ӥṍᾞ,  Ӓ כ   ♄―  Ḍ  ♄ ṑ᷄ḁ. 

=> SELECT now();  

now 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

2023̮ 03̮ 06 14:00:08.008545+03 

(1 )  

 

Ὥ    ᵁ  ᾧṭ ᾤἔ  PostgreSQL 14 ♄  ְӀ ẁỚ ḁᾠ,  Ҝ  ӍӦὗ  ּב 

 ᷄ḁ.  ʊ Ứ Ɑ  Ɫ  a▐  Ҝ  ₔ  ₐₒֱ ḻ ṑ᷄ḁ. Ἓ,   ᾧṭ ṫ 

 ʊ  Ҝ  ᾤἔ  ▐  Ὠ Ἓ ◕Ⱡṍ ᷄ḁ. 

 

, Ỵ Ứ Ɑ  ṅ   ʊₐₒ  ♥ᾤ  ֥ ♄  ʊḁὖ ⱢⱭ ♄ ṍ  ʊ ṫ ₐₒ  ṯ

֥ ә ּב ♠ Ἓ Ԃₒ ᷄ḁ. 

=> SHOW server_version;  

server_version      

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

14.7 

(1 )  

 

Ỷ ᾤἔṯ   ḻ ⁫  ʊҹ   U  ᷄ḁ. ὗ ♄  ʊṔ ҟ  psql  ῦᵥ  

 ᶌ  ʊҹ  ᷄ḁ. 

 

ᾤἔ  ḫ †  Ҡ  Ὑ( : № ῳ , ּב,  Ṵ)  D2Coding ὗ ▐  ҙ  

᷄ḁ. ὗ ṯ , UPDATE, pg_class Ṵ ᷄ḁ.  ♄ ὣ ὗ  ʊӒ  ʊ'$'Ἓ ᴸᵁ  ʊ

ἡ Ἓ ᷄ḁ. ὗ ṯ , 

postgres$ whoami 

postgres  

 

 ʊὣᶟ ὗ ▐ Ὥ, ‴ וּ֥   Ԃ  ᷄ḁ. ḏ   Ө  ֥⁮  Ὥ 

ḁᾠ ₒ ᷄ḁ. 

 

Ҕ▐ ▐ 

♄   ʊҹ  ₔҍᶾ ᷄ḁ.  ʊ Ὥṯ כ    ὓ  ▐Ởṯ Ӏ Ҕ▐  ὰ   

֥ ᷄ḁ.  

 

‪ ἶ ᶂ
Pavel Luzanov

Ӏ  ʊ  ҍ   ʊ  ḻἜ   ḫ ḓ  Ἓ Ҕ▐ṫὨ᷄ḁ. Ắ

 ҍ    Ὦ  ҏ ḻἜ  ֚ἄ בּ    Ἓ Ⱬᵥ
Postgres Professional

ḻ Ҕ▐

 ὰ  ᷄ḁ. Ὥ ▐ Ṡ  ʊ ◄ ▐Ởṯ  ᷄ḁ. ἄ  ֚ῶὔ ᶂ
Oleg Bartunov

 ʊ Ṷ
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 ᵡ ὗ ῁  Ӥ ә, Ὼ 
Ivan Panchenko

 ʊ  ᴹ  ә Ớ
LATEX
ὗ Ӥ   

᷄ḁ.  Ṕ ₒ Ӏ ְ  Ҕ▐  ὰ  ᷄ḁ.  

 

ӽ  ṅἰṯ Ӏ  ʊ  ₒ ֥  Ἕ  Ҕ▐ṫὣᾞ, ὣ ӽ  Ӧ  ὗ Ὥṫ  ʊḫ Ӏ ῶ

  ҹ  Ҕ▐ṫὨ᷄ḁ.  Ɫ Ӏ ҷ   ‪ Ὣ
Pavel Tolmachev

Ӏ  ʊ ‴  Ҕ▐  ὰ

 ᷄ḁ. 

 

  Ὦ  ṯ  ᾌ  Habr №Ἓ֚
4
♄ ֥▐Ἓ Ӏ ṍ ᷄ḁ. Ḽ ṯἛₐ  Ώ  ӋӦ ṫ   Ҕ

▐ṫὨ᷄ḁ.  Ḟₒ    Ⱡ  ֽḅә,   ⅎ  ᵒ  ᵒ  ҟ♠  ʊḫ ḻ  

ṍ ᷄ḁ. 

 

  ὗ ḁṱ  ʊḫ Ὦ  ᶂἍ  ֥  ὣ ṫῪỚ Ὥ Ἓῶ
Liudmila Mantrova

Ӏḻ Ҕ▐  ὰ  

᷄ḁ. ֚ᵷ Ḟₒ  Ҏ ῄ  ὺᴭỹӀ ᷄ḁ. Ắ , ὣ ṫῪỚ  ʊ   Ἓ ‗  ʊḫḻ  

 ᷄ḁ. ֚ᵷ әבּ   Ἓ Ҕ▐ṫὨ᷄ḁ. 

 

 ♄ ֡Ṏ Ҏ ּב  U֥ᶾ Ὦבּ   ▐Ởṯ ᵹ ṅבּ   ᶂἍ  ӍӦ ᷄ḁ.  ʊPostgreSQL ҟῼ

ṯ  Ӓ ᾞ, ֚ṯ  Ὦ  ₒ  ṅἰἛ ₔỴ,  ֚ Ӯ  ᶞὣӀ ṍ  ὺ  ֥╨᷄ḁ. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
4
 habr.com/en/company/postgrespro/blog  
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1. ꜙҟ 

1.1. ḫ  ԂⱠ 

ḫ †  

PostgreSQL  ḫ † ὗ Өὣ  ʊ Ἓ֚Ừ   Ὂ ᷄ḁ.  Ἓ֚Ừ  ṅ ᾠ, ὗ 

' PostgreSQL ♄―' Ắ  ʊ
instance

Ớә ᷄ḁ.  

 

PostgreSQL  Өὣ  ʊᾧṭ ḫ  ʊḫ †  ṍᾞ
5
,  ‗  Ỵ ҟ  ḫ † ὗ Өὣ

ḁ. ἃӀ Ỵ ḫ᷄ בּ  † ὗ ḫ ῃ  ҹ  'ḫ †  Ỵ 'Ớә ₐὛ᷄ḁ. 

 

Ỵ ὗ ▐ Ἄᾠ ᾌ  Ὥṯ  ᷄ḁ.
6
 Ỵ  ӨἎṎ ᾧṭ  Ṏ ḝ  ʊ⁫  'ḫ  

Ṷἅ ὣ'Ớә ₔὨ᷄ḁ.  Ὑ ,  ḝὗ ҍὣ  ʊPGDATA Ӓ ″ּב  Ὑ ♄ ỦṎ ҹ ᷄ḁ. 

 

Ḉᵙ ᵣө‡ֿתּ בᴛ ἒ  ԅѤ, ⅝  ᶛӧ ἒ♬˃╙ ֹתּ ♪ו♬ Ἄ PostgreSQL╥ 

▀ḙ♠╬ ͙ѫ ─⁄ Ṋҵ╥ ' Ữ  ́
abstraction layers

'╙ ᵣө ὡ ▓ᾋѱѻ. ╪״ ԅ, 

ҥ╪ ḽ╪ᾅ ἌḲѤ ⇔₅ Ⱡ╥ Ἄẋᾅᴛ ᾒ Ӈᶒ, PGDATA ṉὡᵑ ֹו♪ ἒ♬  ⅝Ѥ ′╙ 

ὡ ▓ᾋѱѻ. ּתᵣ ╪ ↔‡Ѥ Вᵙ ῼᴎⱨ ▓╖ḃᴛ Ợ↔ ˳ᾋѱѻ. 

 

Ỵ ὗ ֥ ᾠ, PGDATAʊ  Ɫ ҍ  ḫ † ҍ ṯ  ᷄ḁ: 

 

 ̧ template0  ᶄὣ    ♄ ḫ ὗ ⁬Ԃ ұ ,U ṿ  ḁὖ ḫ † ὗ Ὥṯ ẋ Ṵ  

Ӓ  ▐ ᷄ḁ. ҹ  ḓἛ ″Ӓ ᾠ  ṑ᷄ḁ. 

 ̧ template1  ▐ ҍ Ỵ ♄ ○Ἓ  ḫ † ὗ Ὥṯ ẋ ▐  ʊ Ὡ ᷄ḁ. 

 ̧ postgres  ʊ ἢӀ ▐ ʊ  בּ  Ὼ  ḫ † ᷄ḁ. 

 

 

 
5
 postgresql.org/docs/14/managing - databases.html  

6
 postgresql.org/docs/14/app - initdb.html  
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 Ἓ  ֚

Ỵ  Ҡ ṯ( №, Ḭ , ḫ   Ắ  ʊ (Ṵ בּ  ᾕ ḫ  ʊ  Ἓ֚
system catalog

Ớ  ʊ №  ṑ᷄ḁ.
7
 Ҏ ḫ †  ʊ  Ҡ ὗ ♥ᾤ  ʊә  №Ӧ ₱   ә 

᷄ḁ. ᾥᾥ  Ἓ  ֚ №   Ỵ ♄ Ӥ Ἓ ▐ ṍә,  ḫ †  ꜚ

 ᷄ḁ.  №ṯ  ᾧṭ ḫ † ♄ ֜  .ḁ᷄ בּ 

 

 Ἓ֚  ʊ Ὼ  SQL ὗ   ּב ә, ּב  Өὣ  ᾤἔ Ἓ ἶ ᷄ḁ. psql  

Ớ  ʊ  Ἓ֚  ᵒ  ⁫  ʊḁ  ᾤἔ ὗ Ӥ ᷄ḁ. 

 

 Ἓ  ֚ №  Ὑ  'pg_ 'Ἓ ᷄ḁ. ὗ ṯ  pg_database  Ҝ  ᷄ḁ. Ỹ 

Ὑ  № Ὑ  ḏ  ʊⱢ ֞  Ṕ▐Ἓ  ʊӒ ҍ Ὼ ᷄ḁ. ὗ ṯᾠ datname  ᷄

ḁ. 

 

 Ἓ  ֚ № ♄ ֥⁮ Ἓ ♠ Ṏ Ỹ  oid (Ҡ  ‴ )Ớә ₐὔᾞ,  Ỹ  ḫ  

 oidḻ 32℮ בּ  ᷄ḁ. 

 

oid ˍ Ѥג  ᾏṊ▫╥ ▬ҿ Ḣᾏ╘ ỢᾒỮ ᾎ ᾅ
sequences

₮ ᵰ↕ ẋᾌ ѱѻ. ͎ױϮ ╪׳ 

Ḣᾏ╘ PostgreSQL⁄ ΅ ᶀ♇ Ⱶ◓ ᾋѱѻ. ╪׳ Ḣᾏ╪ Ṋ  ╪┬Ѥ, ̑  ⇔ ⁄Ἄ 

ḛ͕ӈ ̆┬ ᾏṊ▫ʺ ᾎᾅ  ᴛ͎╥ ѻᵐ ╪ẇ⁄Ἄҵ Ợ↔Ӈ͙ ԅᶷ░ѱѻ. ᵣ– ҉ӈ 

ᾏṊ▫ʺ ғ˃╙ Е‡ʺᶔ, ⇔ Ѥ ѻᾎ ᾎ▬ ѱѻ. ♬ ╪ẇ╥ ᶛӧ ˃╪ ̆┬ ˭ 

Ӈҵᴜ, ѻ╛⁄ ḛ͕Ӊ oidתּ┬ Ѥ ̆┬
unique

 ╬Ҧᾅᵑ  ╬Ӌѱѻ. ᵣ– ╪Ḉ ҉ 

╪ẇ⁄Ἄ Ợ↔ ַג╪אᶔ, ⇔ ᵑ ּשʺᾎ ̆ ѻᾎ ╬ Ѥ ̓♬╙ ḙṓ ѱѻ.8 

 

Ὣ 

Ὣ
Schemas9

 ʊḫ †  ᾧṭ Ҡ ὗ  ʊӤҏ ᷄ḁ. ▐   Ὣ ḻ, 

PostgreSQL  ᾥ ҍ  ῦὣ Ṏ Ὣὗ Ӥ ᷄ḁ: 

 

 ̧ public  ▐  Ҡ  ֥⁮ ὫἛ, ḁὖ ♥   ẋ ▐ ṑ᷄ḁ. 

 ̧ pg_catalog  ʊ  Ἓ  ֚ №   ▐ ṑ᷄ḁ. 

 ̧ information_schema  ʊSQL ♄  ʊ  Ἓ֚  ḓ  ₱ὗ Ӥ  ʊḫ ▐ ṑ

᷄ḁ. 

 ̧ pg_toast  ʊTOAST ֥ᶾӦ ӨἎṎ Ҡ ὗ  ▐ ṑ᷄ḁ. 

 ̧ pg_tempʊ   №  Ὥṫ  ʊḫ ▐ ṑ᷄ḁ. Ỵ ▐ ҍ pg_temp_N Ớ  ʊ♄Ἓ ḁὖ 

Ὣ ♄  №  ◕Ⱡ Ὥ, ᾧṔ pg_temp ‴  ▐  Ҡ  ֜ ᷄ḁ. 

 

Ҏ Ὣ  ʊ  ḫ †  ṍᾞ, ᾧṭ ḫ †  Ҡ  ʊ  Ὣ  ꜚ  ᷄ḁ. 

 

Ҡ  ֜  ẋ Ὣҍ ᾤ Ἓ ṍ  ᾠ, PostgreSQL  ҷ◌ ӒἛ ♄ ҍ  ᾌ   

Ὣὗ ♠ ᷄ḁ. ҷ◌ ӒἛ  ʊsearch_path ὺҟ″ּיҖ  ֥Ὼ ᾞ, ῂ Ἓ pg_catalog   Ӓ

 
7
 postgresql.org/docs/14/catalogs.html  

8
 backend/catalog/catalog.c, GetNewOidWithIndex function  

9
 postgresql.org/docs/14/ddl - schemas.html 
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 pg_temp Ὣ ṑ᷄ḁ. ẁỚ♄, ♄Ἓ ḁὖ Ὣ כ   Ҝ  Ὑ  Ҡ ҍ  ּב ᷄ḁ. 

 

№  

ḫ †  Ὣ  ʊҠ ҍ ẢӀ ᶄὣ Ἓ ₒ ṍᶷ ὗ Ӎ  ʊῺᾠ, № 
Tablespaces

 ʊḫ ҍ ῇὣ Ἓ ẢӀ   ṍᶷ ὗ ᷄ḁ. №  ʊ⁮ Ἓ   Ṷ

ἅ ὣ ᷄ḁ. № ὗ ᾠ ḫ ὗ ₒ▓  ʊҹ  ҍᶾ ᾞ, ὗ   ֜ṍұ  U

בּ ṍ  ʊḫ  ʊ↑ὖ Ṷ , ℮ӽ  ֜   ḫ  ʊᶵὥ Ṷ  .ḁ᷄ בּ  

 

Ҝ  №  ʊ Ỵ ḫ † ♄ Ӥ  ▐ ә, Ҏ ḫ בּ  †  ʊ Ỵ № 

 ḫ ὗ  ּב ᷄ḁ.  ʊᶄὣ  Ԃ  ῇὣ  ḫ    ҍ ♄Ἓ ḼὨ  

ῦ ᷄ḁ. 

 

ᾧṭ ḫ †  ʊ  ֥⁮ № ὗ ҍ ә ᷄ḁ. ‴  ҍ ṍ  ᶷḁᾠ, ᾧ

ṭ ḫ †  Ҡ  ʊ  ֥⁮ №  ◕Ⱡṑ᷄ḁ. Ắ ,  ḫ †  ӨἎṎ  

Ἓ  ֚Ҡ ḻ ḏ №  ṑ᷄ḁ. 

 

 
 

Ỵ ὗ ֥  ẋ, Ṕ ҟ  № ҍ ◕Ⱡṑ᷄ḁ: 

 

 ̧ pg_default  ʊ$PGDATA/base Ṷἅ ὣ  ᾞ,  № ҍ ᾤ ṍ   ʊӒ  

֥⁮ Ἓ ▐ ṍ  ʊ № ᷄ḁ. 
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 ̧ pg_global  $PGDATA/global  Ṷἅ ὣ  ә, Ỵ  ♄ Ӥ Ἓ ▐ ṍ  ʊ

 Ἓ  ֚Ҡ ὗ ᷄ḁ. 

 

▐ ҍ  № ὗ ◕Ⱡ  ẋ,  ʊṶἅ ὣὗ  ּב ᷄ḁ. PostgreSQL   

 Ө  ⁯ὤ Ὢ ὗ $PGDATA/pg_tblspc  Ṷἅ ὣ  ◕Ⱡ ᷄ḁ. Ἓ PostgreSQL  ▐  ʊᾧṭ Ӓ

Ἓ  ʊ$PGDATA/base Ṷἅ ὣὗ ֥ Ἓ, ◄ḓ Ἓ ṍῡἛ, ♄―ὗ  ◄ ♄ ḁὖ Ἓ 

ṅ  .ḁ᷄ בּ 

 

  ֚ὧ ♄  ʊḫ † , Ὣ, № ҍ כ ṍ  ᷄ḁ. ֚ὧ ♄ 

postgres  ḫ †  ʊxyzzyὗ ֥⁮ № Ἓ ▐ ә, template1  ḫ †  ʊ

pg_default ὗ ▐ ә ᷄ḁ. ḁ  ḫ †  Ҡ  ʊ №  Ὣ  ӽ  

᷄ḁ. 

 

ὦἄ Ɑ 

ḫ † ♄ ҍ   Ҡ  №Ӧ Ḭ  ʊ♄Ἓ ḁὖ Ⱡ  Ὥ,  ҍ  Ӥ  ҍ

ә ᷄ḁ. ῶἛ Ἓ ԂⱠṍ  ḁ  ʊ ᷄ḁ. № אל֥   Ὥ,  ҟᵻ  B- ὣ ᶂṫ ḻ 

Ὣ ҍ Ἓ ṑ᷄ḁ. B- ὣ ᶂṫ  ʊ Ḭ ҖӦ ḁὖ ᶂṫ Ắ  ʊ №  Ө  ὗ ә 

᷄ḁ. 

 

ḁὖ ᾥᾥ Ҡ ṯḻ Ҝ  Ԃ Ἓ ṍ  ᷄ḁ. ὗ ṯ ,  ʊ▐ ◄  Ὥ  ʊ № ᾞ, 

Ṏ ₱
materialized views

 ʊ ḏ  ӍӦὗ  ʊ №Ἓ ⁯ ּב ᷄ḁ. Ắ  ḫ ὗ  

Ὥ, №Ӧ ὺ  ▐  Ԃ ὗ ҍ  ₱ḻ ᷄ḁ. 

 

PostgreSQL ♄  ʊ Ỵ  ᾧṭ Ҡ ὗ 'ὦἄ Ɑ
Relations

' Ớ  ʊ Ὼ  Ἓ ᷄ḁ. 

 

Ⱡ ˌ╬♠╬ Ỹʻ╖ᴛѤ, 'ᵜᴆ╪Ἢ'╪גѤ ↔‡Ѥ ҥ╪ ḽ╪ᾅ ╪ẇ̓ ́̕ ╪ᴝ⁄Ἄ ♬╥ӈ 

♬בֿ' ' ᵜᴆ╪Ἢ╙ ҿ ˭ ᵣө‡, ꜜ╘ ↔‡̆ג Ṓ͙ ‡ᴓᾋѱѻ. ⁴͙Ἄ ѢΜּתѤ ˦╘ 

PostgreSQL ᴛⱡ ╥ ᶷ♠ Ḥ˿̓ ᾎ▫ ᵡ╪  ᾅ Ẅᴆ╪
Michael Stonebraker

╥ Ἓ  סּ ,╪

ᶛӧ ˦╙ 'ᵜᴆ╪Ἢ'╖ᴛ ṒᴎѤ ˿ ╪ ӥױϮѤ ˦░ѱѻ. ͎╥ ѻᵐ ▬‰⁄ἌѤ '♬ᴑӈ 

ᵜᴆ╪Ἢ'╪גѤ ˌШ╙ ҵ░ ⁴, ╥ ὣἌʺ ╬Ҧᾅ⁄ ╥  ♬╥ӇѤ ╪ẇ⁄ ̕  

ἒᶘ ₄ᾋѱѻ. 

 

ᾎᾅ  ᴛ͎ ╪ẇ⁄ ̕  'ᵜᴆ╪Ἢ'╪גѤ ↔‡Ѥ ∟מ pg_relation ╖ᴛ Ṭᴕᾋѱѻ. 

ˍ ᵣתּ תּ  ♠╬ Ἕᵑ ӻג pg_class ᴛ ╪ᵒ╪ ḕϔ‴ᾋѱѻ. ╪Ⱡ ↕ᵙѤ ╪ ╪ᵒ⁄ 

╫ὢ Ɑᾋѱѻ. ּתᵣ ҉ ╪ẇ╥ ᴀө╘ ⁴♣  rel  ♪ӎỢᵑ ʺּ̆ת ▓ᾋѱѻ. 

 

Ӧ  

ὦἄ ⱭӦ ӨἎṎ ᾧṭ ⁫  ʊ Ỵ ҟ  ḁὖ 
forks
Ớ  ʊӣ  ṍᾞ

10
, Ҏ  ʊ   ḫ

ὗ ḋә ᷄ḁ. 

 

 
10

 postgresql.org/docs/14/storage - file - layout.html  
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֥  ʊ ҍ ᵁ  Ἓ ṍᾞ,   Ὑ יּ  (oid )Ἓ ἶ  ә,   ᵁ ᵒ

 ʊ ῦ▐ҍ ₦ ᷄ḁ. 

 

  ҏ  ὔᾠ♄  ә, ֥ҍ 1GB  ὔᾠ ḏ  ○Ἓ   ◕Ⱡṑ᷄ḁ. Ỷ 

ṯ  Ɫ֚ᾌ  
segments

Ớәḻ ₐὛ᷄ḁ. Ɫ֚ᾌ ‗ ♄דּ   ʊ  Ὑ  Ṥₐₒ  ҍṑ᷄ḁ. 

 

1GB    ֥   ʊḓ ỳ  ὣ  ᾯ  ʊᾥᾥ    ֥  ♥ ṍ

᷄ḁ. PostgreSQL  ⅓ṫ  ẋ   ″Ӓ -- ḁ(./configure᷄ בּ  with - segsize  Ɑ  ▐

). 

 

 
 

֚Ủ♄,  ὦἄ Ɑ  Ṷ  Ỵ ҟ  Ἓ ᵁ ᵁӀ ṑ᷄ḁ. Ḭ ҍ  ʊ  № Ớḻ 

בּ    ẁỚ  ꜙⱢ ҟ   ҍ Ӏ ṑ᷄ḁ. 

 

Ҏ №  Ṷἅ ὣ (ʊpg_global  )  ḫ † ὗ  ‴ḻ   Ṷἅ ὣὗ 

ә ᷄ḁ. Ҝ  №  ḫ †  ꜚ  ᾧṭ Ҡ   Ҝ   Ṷἅ ὣ  ὣ 

ә ᷄ḁ. Ὥ    Ṷἅ ὣ  ᵡ  ̈͂Ὦ   ὣ  ᾯ  ʊӒ ҍ ῡἛ,  

 әἌ  ᷄ḁ. 

 

 ʊ Ỵ ҍ   ṯ  ᷄ḁ. 

 

  ʊ №  U Ḭ  Ӧ Ҝ   ḫ ὗ ᵁ ᵗ᷄ḁ.   ʊ₱ὗ  ᾧṭ ὦἄ Ɑ

♄ ▐ ṑ᷄ḁ(₱  ʊḫ ҍ ṯ  ᷄ḁ). 

 

  ṯ יּ   ṶἛ Ὑ  ᾞ,  Җ  pg_class №  relfilenode  Җ  ṑ

᷄ḁ. 

 

pg_default  № ♄ Ὥṯ  №   ӒἛὗ □ ⁵ ḁ. 
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=> CREATE UNLOGGED TABLE t( 

a integer,  

b numeric,  

c text,  

d json  

);  

 

=> INSERT INTO t VALUES (1, 2.0, 'foo', '{}');  

=> SELECT pg_relation_filepath('t');  

 

pg_relation_filepath  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

base/16384/16385 

(1 )  

 

֥⁮ Ṷἅ ὣ  ʊpg_default  № ὗ ῦ ᾞ,  ֚ Ủ   ʊ  Ṷἅ ὣ  ʊḫ †  

▐ ṑ᷄ḁ. ӣ ♄ ὣҍ  ʊ  .ḁ᷄ בּ  

=> SELECT oid FROM pg_database WHERE datname = 'internals'; 

oid  

֧֧֧֧֧֧֧ 

16384 

(1 )  

 

=> SELECT relfilenode FROM pg_class WHERE relname = 't';  

relfilenode  

֧֧֧֧֧֧֧֧֧֧֧֧֧ 

16385 

(1 )  

 

     :  

=> SELECT size 

FROM pg_stat_file('/usr/local/pgsql/data/base/16384/16385');  

size  

֧֧֧֧֧֧ 

8192 

(1 )  

 

֥  
11

 ʊἛ֚ṍ   №(UNLOGGED Ἓ ◕ⱠṎ)Ӧ  ֚ №  Ḭ Ὥ ▐ ṑ᷄ḁ. Ỷ 

Ҡ ṯ  Ὼ Ҡ  Ҝ Ὥ, ֚ṯ  Ө  ᾧṭ  ▐  ֥Ἔ
write -ahead

 Ἓ֚  ᵉ֥  ᷄ḁ.  ẋ

ῄ  Ỷ  ὺ  ↑ὔ Ὥ, ҍ ῼ◕ ᾠ ӨṎ ḫ ὗ ⁬Ԃ ḁ. ֚Ủ♄ PostgreSQL᷄ בּ 

 ⁬Ԃ Ӧ ♄ Ỷ Ҡ  ᾧṭ ὗ ҏḄ  ░ ә, ֥  Ἓ  ὗ Ḫ ᾠ♄ ḝῦ 

 
11

 postgresql.org/docs/14/storage - init.html  
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 ◕Ⱡ ᷄ḁ. 

 

t  №  Ἓ֚ṍ   ◄ Ἓ ◕Ⱡṍ  ֥ẋῄ  ֥  ҍ ᷄ḁ.   ʊ   Ҝ  

Ὑ  ҍ Ὥ Ṡ  _init  ῦ▐ҍ ₦ ᷄ḁ. 

=> SELECT size 

FROM pg_stat_file('/usr/local/pgsql/data/base/16384/16385_init');  

size  

֧֧֧֧֧֧ 

0 

(1 )  

 

ⅎ Ӥҏ ᾁ
free space map  12

  ᵒ  ▐  ҍᶾ  Ӥҏ  ᷄ḁ. ᾁ  ֥  ʊ ◄ ″ ᾞ,     

 ʊ ә ○Ἓ   ―  ◕  ֩ẋὫḁ Ṳ᷄ḁ. ⅎ Ӥҏ ᾁ  ○Ἓ ▲ ṍ  ʊḫ ὗ ּב  בּ 

 ʊ ὗ ↑ὔӀ  ʊḫ ▐ ṑ᷄ḁ. 

 

ⅎ Ӥҏ ᾁӦ ӨἎṎ ᾧṭ  _fsm ῦ▐ὗ ҍ ᷄ḁ.  ʊ Ỷ ṯ  ◕Ⱡṍ  ә,  

ẋὭ Ὥṯ ᷄ḁ. Ỷ  ҍ “ Ӏ  ʊאל   №  †
vacuum

 ʊҹ ᷄ḁ. 

=> VACUUM t; 

 

=> SELECT size 

FROM pg_stat_file('/usr/local/pgsql/data/base/16384/16385_fsm');  

size  

֧֧֧֧֧֧֧ 

24576 

(1 )  

 

ҷ◌ ꜚḻὗ ◄  ֥ , ⅎ Ӥҏ ᾁ  ὣ Ԃ Ἓ Ὥṯ ᷄ḁ.  ꜙⱢ ҟ  ҍ ᾞ,  ʊ

ұ  ℮   ʊ №   ֥ ᷄ḁ. 

 

ⅎ Ӥҏ ᾁ  №Ӧ Ḭ  ᾧṔ  ṑ᷄ḁ. Ὥ Ḭ     ҍṏ ּב ᷄ḁ

( ὗ ṯ , B- ὣ  ʊ▲  ὗ Ἇ ּד♄  ẁỚ ᷄ḁ). ֚Ủ♄ PostgreSQL  Ḭ  Ԃ ♄ ▐

ʊ  בּ   ⅎ Ὥ  ᷄ḁ. 

 

ҍ Ⱡ ᾁ 
visibility map 13

 ҍ †  U Ἓ  
frozen

 ὗ ↑ὔӀ  ּב Ӏ ᷄ḁ. 

ὗ  Ҏ № Ὣḁ Ṕ ҟ  ℮ ὗ Ӥ ᷄ḁ. 

 

 ‗  ℮  ʊ   ― Ὥ  ʊ  ♥ ṑ᷄ḁ. †   Ỷ ὗ ҳᵡỀῡἛ, ὣ

 ᵒ  ᷄ḁ. Ắ , Ứ Ɑ  Ỷ ♄   ẋ ҍ Ⱡ   ʊҹ  ₔ ῡἛ, 

Ḭ    ▐   .ḁ᷄ בּ 

 

 
12

 postgresql.org/docs/14/storage - fsm.html  

      backend/storage/freespace/README 
13

 postgresql.org/docs/14/storage - vm.html 
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Ṕ ‗  ℮  ʊ Ἓ Ṏ  ― Ὥ  ʊ  ♥ ṑ᷄ḁ.    ₐₒ  Ἓ  
freeze

 ᾁ Ớ

ә ᷄ḁ. 

 

ҍ Ⱡ ᾁ  _vm ῦ▐ὗ ҍ ᷄ḁ. Ὼ Ἓ   ҍ   ֥ὗ ҍ ᷄ḁ. 

=> SELECT size 

FROM pg_stat_file('/usr/local/pgsql/data/base/16384/16385_vm');  

size  

֧֧֧֧֧֧ 

8192 

(1 )  

 

№  Ө  ҍ Ⱡ ᾁ  Ӥṍ Ὥ Ḭ  Ө  ҍ Ⱡ ᾁ  Ӥṍ  ᷄ḁ. 

 

 

ᾧṭ  Ἅ(I/O ) ֥  Ӏאל   ᶄὣ Ἓ 
Pages

 (Ắ  ʊ№Ἔ)Ἓ ₒ ṑ᷄ḁ.  ʊ ұ  U

ʊ  בּ  ꜙ  ḫ   ᵁ ᵗ᷄ḁ. ֚Ủ♄ PostgreSQL  Ὦ  ᵒ  a әὣ   ὣ  

ṍ  ᷄ḁ. 

 

 ֥  ʊ⁫  8kb ḫ,  ҍᶾ Ὥ( ḓ 32kbֱ ), ⅓ṫ ҏ Ὥ ♥ ḁ᷄ בּ 

(./configure -- with - blocksize ). ḓₐₒ  Ӓ  Ỷ ♥   ᾞ,  ‗ ⅓ṫ ә  

 ʊṅ  ֥  Ὥ ▐ ḁ. ♄Ἓ ḁὖ  ֥ὗ  ʊ᷄ בּ  № ὗ Ὥ

ṫ  ʊҹ  ₔҍᶾ ᷄ḁ. 

 

ẖ  ꜚ ṭ, ᾧṭ  ♄― ♄ ұ  ṅ    Ἓ ὣṑ᷄ḁ.  ʊᾌ  ―  Ἓ 

ṅ  ἛⱢ   ә ּב ṏ ּב ә,  ẋ Ṷ Ἓ Ỵ ṑ᷄ḁ. 

 

TOAST 

Ҏ  ᵁ   ṯ ҍ  ᾞ,  ḁ  Ἓ ᵨӈ♄ ᵁҍ  ʊ “  ᷄ḁ.  ֧  

 ֥ ♄ PostgreSQL  TOAST
14

( ―▐ Ṏ ꜚⱠ  ּ֥ו
The Oversized Attributes Storage Technique

)Ớ  ʊ

‴     ▐ ᷄ḁ. 

 

TOASTʊ  ḁ  Ự  ᷄ḁ.  ֧ꜚⱠ Җ   TOASTἛ ₒ  ‴ḻ  ♄℮  №Ἓ  ּ֩ב 

᷄ḁ. Ắ ḁὖ  “    ṯ ґ ּב ḻἜ  ֧Җ   ʊҹ ᷄ḁ. Ắ  ʊҖ  ᾌ  

  ₒ  ṅ  ʊ “ḻ ᷄ḁ. 

 

 №   ֧ꜚⱠ   ҍᶾⱠ  ḁᾠ, ֚Ỷ ꜚⱠṯ   ‴ḻ  TOAST №  ῶἛ Ὥṯ ᷄

ḁ. ὗ ṯ יּ ,  U     ʊ № ♄ ,ʊ    ֧Җ   ḻ TOAST 

№  ◕Ⱡṑ᷄ḁ. 

 

Ḭ  Ӓ , TOAST     ֥ᶾὭ Ӥ ᾞ,  ֧ꜚⱠ  ‴ḻ  №Ἓ ṅ  ʊҹ   

 
14

 postgresql.org/docs/14/storage - toast.html  

      include/access/heaptoast.h  
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᷄ḁ.  ʊ Ḭ   ֥ὗ ә, Ḭ ʊ  בּ   ֥ὗ ᷄ḁ(  Ԃ   

▓  Ủ  ẁỚ ḁὛ᷄ḁ). 

 

֥⁮ Ἓ TOAST Ự   ḫ   ẁỚ Ӎ ṑ᷄ḁ. ▐ Ṏ Ự   ʊҍ  ҏḄ   “  

psql ♄ \ d+ ᾤἔ   ʊҹ ᷄ḁ. Ὥ,  ʊ  Ἓ֚ὗ  ḝ ֵᴴ  ӍӦὗ  ʊ

 “  ♠ ᷄ḁ. 

=> SELECT attname, atttypid::regtype,    

  CASE attstorage 

   WHEN 'p' THEN 'plain'  

   WHEN 'e' THEN 'external'  

   WHEN 'm' THEN 'main' 

   WHEN 'x' THEN 'extended' 

 END AS storage 

FROM pg_attribute 

WHERE attrelid = 't'::regclass AND attnum > 0;  

 

 attname | atttypid | storage  

֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧ 

a        | integer  | plain  

b        | numeric  | main  

c        | text     | extended  

d        | json     | extended  

(4 s)  

 

PostgreSQL  ḁ Ӧ Ҝ  Ự  ᷄ḁ: 

 

 ̧ plain  TOASTὗ ▐   ʊҹ  ῦ ᾞ,  ʊ Ἓ ' ḁ'Ớә Ἄ  ḫ   

ṑ᷄ḁ. ὗ ṯ ḏ   בּ , ᷄ḁ. 

 ̧ extended  ʊꜚⱠ  ә,  Ӓ  ‴ḻ  TOAST №  .Ӏ ᷄ḁ בּ  

 ̧ external   ֧ꜚⱠ    ◄ Ἓ ‴ḻ  TOAST №  ᷄ḁ. 

 ̧ main   ֧ꜚⱠ  ᾌ  ә,  Ӧ   ẋὭ ‴ḻ  TOAST №Ἓ ṅ ᷄

ḁ. 

 

Ὼ Ἓ әὣ  ḁ Ӧ Ҝ  ṅ ᷄ḁ.
15

 PostgreSQL   ꜙ  4ҟ   ṯ ҍḻἜ 

♥Ӕṍ ᷄ḁ. ֚Ủ♄  ֥ҍ  1/4(   ֥  Ӓ   2,000ῶ )  ᵨ  Ӓ

( ḝ  ʊ ),  aҖ  TOAST ᾕ ᷄   ᷄ḁ. Ủ  ♥ᾤṎ Ӧ  ẁỚ,  ֩ ҍ ḝ 

◄ ӘҖ  Ӧ   ẋֱ  ᷄ḁ: 

 

1.  ᾌ , ҍ   ֧ꜚⱠₐ   external Ӧ extended Ự  ▐  ʊꜚⱠ  ᷄ḁ. 

extendedṎ ꜚⱠ  ṍᾞ, ӍӭҖ(ḁὖ ꜚⱠ  әἌ  ә ḼὨ Ἓ)   1/4  

Ӧ ᾠ ῶἛ TOAST №Ἓ ṅṑ᷄ḁ. external  ꜚⱠḻ Ҝ    Ἓ ὣṍ Ὥ,  Ḅ

Ӕ  ʊ◕Ự ᷄ḁ. 

 
15

 backend/access/heap/heaptoast.c  
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2.   ‗   ḻ   ί  ᾠ, external Ӧ extended Ự  ▐  ʊᵁᾊ  

ꜚⱠ  ᵁ  TOAST №Ἓ ṅ ᷄ḁ. 

3.  ἃӀ ḻ ḻ  ṍ  ᾠ, main Ự  ▐  ʊꜚⱠ   №  ֚ḓἛ 

ṙ᷄ḁ. 

4.      ḁᾠ, main ꜚⱠ  TOAST №Ἓ ṅ ᷄ḁ. 

 

ӘҖ  2,000 byte Ὥ, toast_tuple_target   ὺҟ″ּבὗ ▐  № Ḅ Ἓ  Җ   

 .ḁ᷄ בּ

 

ҍᴴ   a  ֥⁮ Ự  ῶᴒ  ʊҹ  ḻ  ṏ ּב ᷄ḁ. ὗ ṯ ,   ḫ ҍ ṏ ּב 

ḁ  ʊҹ  ῦὣ ә ḁᾠ( :  JPEG ῦ ὗ  ʊӒ ),  ֚  ḓ  external  Ự  ♥

ḁ. ὗ  ₔ᷄ בּ    ḻὗ  ּב ᷄ḁ. Ự ″Ӓ  ḁ Ӧ Ҝ  :ḁ᷄ בּ  

=> ALTER TABLE t ALTER COLUMN d SET STORAGE external; 

 

ὗ Ὼ⁬ ᾠ ḁ Ӧ Ҝ  ӍӦҍ ṑ᷄ḁ: 

 attname | atttypid | storage  

֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧ 

 a       | integer  | plain  

 b       | numeric  | main  

 c       | text     | extended  

 d       | json     | external  

(4 s)  

 

TOAST №  ⁫ ӈזּ   ᾞ, ‴ḻ  pg_toast  Ὣ  ә ᷄ḁ.  ʊTOAST №  

ҷ◌ ӒἛ  ṍ   ֥ẋῄ ᷄ḁ.  №  Ӓ  ʊpg_temp_NӦ Ҝ    Ἓ 

pg_toast_temp_N Ὣҍ ▐ ṑ᷄ḁ. 

 

 әὣ  ᵒ  aṅ  □ ⁫ӆ ᷄ḁ.  t  Ớ  ʊ №  ʊ  ֧ꜚⱠ  ṍ ֚ .ḁ᷄ בּ  

Ủ♄  ◄  ʊTOAST №   ᷄ḁ. ḁ   ֚ ᷄ḁ: 

=> SELECT relnamespace::regnamespace, relname 

FROM pg_class 

WHERE oid = ( 

SELECT reltoastrelid  

FROM pg_class WHERE relname = 't' 

);  

 

 relnamespace | relname  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 pg_toast     | pg_toast_16385  

(1 )  

 

=> \ d+ pg_toast.pg_toast_16385  
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TOAST table "pg_toast.pg_toast_16385"  

     Column | Type    | Storage  

֧֧֧֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧ 

  chunk_id  | oid     | plain  

 chunk_seq  | integer | plain  

 chunk_data | bytea    | plain  

Owning table: "public.t"  

Indexes:  

"pg_toast_16385_index" PRIMARY KEY, btree (chunk_id, chunk_seq)  

Access method: heap 

 

Ӎԃ TOASTἛ ὣṎ   ʊplain  Ự  ▐  ʊҹ  ὣ ᷄ḁ. Ṕ ‗  ḄӔ  TOASTʊ  

 ᷄ḁ. 

 

TOAST № ╝Ὥ ᷄Ớ PostgreSQL  ṅ  Ὣ  ḏ  ʊ Ḭ ḻ ◕Ⱡ ᷄ḁ.  Ḭ  ʊ

◄ TOAST  ֜  ʊḫ ▐ ṑ᷄ḁ. Ḭ  Ὑ  ӍӦ  ṍ Ὥ, ḁ Ӧ Ҝ  ὗ 

 :ḻ ᷄ḁבּ  

=> SELECT indexrelid::regclass FROM pg_index  

WHERE indrelid = (  

SELECT oid 

FROM pg_class WHERE relname = 'pg_toast_16385' 

);  

         indexrelid  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 pg_toast.pg_toast_16385_index  

(1 ) 

 

=> \ d pg_toast.pg_toast_16385_index  

Unlogged index "pg_toast.pg_toast_16385_index"  

    Column |  Type   | Key? | Definition  

֧֧֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧֧֧ 

  chunk_id |     oid | yes  | chunk_id  

 chunk_seq | integer | yes  | chunk_seq  

primary key, btree, for table "pg_toast.pg_toast_16385"  

 

֚ỴῡἛ, TOAST №  №  ▐  ʊ  ꜙ №  .ὗ ḓ 8ҟἛ ᶸὨ᷄ḁבּ    3ҟ, 

TOAST №  3ҟ, TOAST Ḭ  ʊ2ҟ    ᷄ḁ. 

 

 c  ʊextended Ự  ▐ ῡἛ ḏ Җ  ṏ ҹ ᷄ḁ: 

=> UPDATE t SET c = repeat('A',5000);  

=> SELECT * FROM pg_toast.pg_toast_16385; 

 

 chunk_id | chunk_seq | chunk_data  
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֧֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧֧֧ 

(0 s)  

 

TOAST №  ℮ ᷄ḁ.  ʊῺ⁬ṍ  ʊ֥ ҍ LZ әὣ   ṍ , Җ  №  

ίӀ ṍ  ֥ẋῄ ᷄ḁ. 

 

  Җ  ῁  ֥ Ἓ ԂⱠ  ⁫ӆ ᷄ḁ: 

=> UPDATE t SET c = ( 

  SELECT string_agg( chr(trunc(65+random()*26)::integer), '')  

  FROM generate_series(1,5000) 

 )  

 RETURNING left(c,10) || '...' || right(c,10);  

 

        ?column? 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

YEYNNDTSZR...JPKYUGMLDX 

(1 )  

UPDATE 1 

 

  ʊ № ῡἛ TOAST בּ   ṯ ҕ᷄ḁ: 

=> SELECT chunk_id, 

          chunk_seq, 

          length(chunk_data),  

          left(encode(chunk_data,'escape')::text, 10) || '...' ||  

          right(encode(chunk_data,'escape')::text, 10)  

FROM pg_toast.pg_toast_16385; 

 

chunk_id  | chunk_seq | length | ?column?  

֧֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

16390     | 0         | 1996   | YEYNNDTSZR...TXLNDZOXMY  

16390     | 1         | 1996   | EWEACUJGZD...GDBWMUWTJY  

16390     | 2         | 1008   | GSGDYSWTKF...JPKYUGMLDX  

(3 s)  

 

ῄ ṯ  Ἓ ᵁᶪ  ʊҹ ֥  .ḁ᷄ בּ    ʊTOAST №   4ҟ   ṯ

ґ ּב ḻἜ ♥ ṍ  ᷄ḁ.  Җ   ḝ  ֥  ẁỚ ― Ὣḁ ҏ  ḁὛ᷄ḁ. 

 

 ֧ꜚⱠ  ֜  ẋ, PostgreSQL  ὗ ṅ Ἓ Ủ  Җ Ἓ ⁬  Ớ  Ὼ ᷄ḁ.  Ӧ

  Ἓ֚Ừ Ӏ  ᾤ Ӏ ṑ᷄ḁ. Ὥ   ֧ꜚⱠ   ṍ  ᶷḁᾠ, TOAST 

№    ᷄ḁ. ҹ   ♥ἶⱭ ♄ ‴ (*)ὗ ▐  ʊҹ    ʊ   ᵁ

᷄ḁ. 

 

Ớ ҍ  ֧Җ   ‗    ᵁὗ  Ӓ , PostgreSQL   Ὥ ᷄ḁ. Җ  
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ṍ ḝỚḻ  ʊҜ  ṑ᷄ḁ. 

 

֚Ỵ  Uḫ ὗ ә Ἓ ᵁᶞ  ʊ  ◄ḏ  ὗ Ἓ ᾞ, Ủ  Җ  ⁬  ʊҹ  

Ὣ ҍ ᷄ḁ. ֚Ủ♄ PostgreSQL   ḫ ὗ  ʊҹ    “  ᷊᷄ḁ.  ʊ  ḫ

ҍ ῼ Ӏ ▐ ṍᾞ, Ứ Ɑ Ἓ ( : Ṏ Ӕ ῄ♄)    Ӓ  ḝ  ֚ἃ ᷄ḁ. ḝ ᵁ

 ḓ  ḫ ὗ   ә, ḫ †  ʊ ḏ  ὙὭ  ʊҹ ᷄ḁ. ֚

Ỵ  U  Ӓ , ḫ  ӨⱠ  ḫ †   ⁫  .ḁ᷄ בּ 

 

1.2 ἛⱢ  ᾕᾧὣ 

PostgreSQL ♄―  ʊ Ỵ ἛⱢ ҍ ◄ ᾞ ԂⱠṍ  ᷄ḁ. 

 

♄―ҍ ṏ ẋ ҍ  ᾌ  ṍ  ʊ ἛⱢ  ʊpostgres ḫ,  ʊ Ἓ postmasterỚә ₐὛ᷄

ḁ.  ἛⱢ  ʊᾧṭ ḁὖ ἛⱢ ὗ ◕Ⱡ ᾞ( ᷅  Ӕ  ♄  ʊ
fork

   ▐

 ◕Ⱡ ᷄ḁ), ṯ  Өὣ ᷄ḁ. Ὥ  ẖ ἛⱢ ҍ ᾠ, postmaster  ʊ ḏ ἛⱢ ὗ ḁ  

᷄ḁ. ֚ὣә Ὥ  Ӥ  ḫ  ꜜ◄  ҍᶾⱠ  ḁᾠ,  ♄―ὗ ᷄ḁ. 

 

PostgreSQL⁄ἌѤ ∟מṨ  ᴛἝᾅ ᶛҨ╪ Ѿὣ ͙ ԅᶷ⁄, ᾅᴆӥᴛ ♣ Ѥ ˦⁄ ̕  

ϝ▐′Ѥ б╥ʺ ▓‴ᾋѱѻ. 

 

◓ ᶛҨ⁄Ѥ ᶙᶙ Ѿ♩╪ ▓ᾋѱѻ. ♬♠ 
static
╬ ̑┬ ᶉᶛᵙ ҉╖ᴛ ╬  Ḳ  ᾎ Ӯ╥ 

̯ⱳᵑ ҿ♠╖ᴛ ͙ᵑ ⱳ♬ Ѥ ˦╪ Ṭʺѫ ѱѻ. Ṏᴑ ῼ̆ᵙּצ╙ ̯ Ѥ ˦╪ ‡ᴓ̆, 

͎ ═Ἓҵ ԑ‡ֿפ ὡ ▓ᾋѱѻ. ἝἪ╘ ᴛἝᾅ⁄ ♬Ӈ‡ ▓ᾋѱѻ. ᾅᴆӥᵑ Ợ↔ Ѥ 

˦╘ ꜜῷ Ṓ╪ּתᵣ, ˶ᵙ, ⇔₅ Ⱡ Ἓ, ▫∟ ̕ᵙ Ӯ⁄ ̕ᴐӈ ⁴ױ ҵ♣╪ ▓ᾋѱѻ. 

ᾅᴆӥᵑ ҵ░ ᴎᶔ ӥᵑ ♇  ˌ ̆ ᶙ Ц ҿΌ ▬‰ ‒ ḃᴛ ◓Ѥ Ṓὡ♠╬ 

ҵʺ ↕Ἕ ѱѻ. ʺͥ⇔ Ḉ׳╪ ⁄מ ṉ ʺ ▀‡ϳ ˦╖ᴛ ỸʻӇּת Ώᾋѱѻ. 

 

♄―   ֚Ớ ṫ ἛⱢ   ꜚ Ἓ ּב ṑ᷄ḁ.  ἛⱢ ṯ  ḁ Ӧ Ҝ ᷄ḁ: 

 

 ̧ startup :  ῼ◕   ⁬Ԃ  ʊ  ḋḏ ᷄ḁ. 

 ̧ autovacuum: №Ӧ Ḭ ♄ ỦṎ ḫ ὗ ұ  ʊ  ᷄ḁ. 

 ̧ wal writer : WAL ᾨ  Ṷ  ֥Ἔ  ʊ  ᷄ḁ. 

 ̧ checkpointer : ὗ  ʊ  ḋḏ ᷄ḁ. 

 ̧ writer : ″ӒṎ ὗ Ṷ  Ỵ   ʊ  ᷄ḁ. 

 ̧ stats collector :  ▐  Ӕὗ ּב  ʊ  ḋḏ ᷄ḁ. 

 ̧ wal sender : WAL ᾨ  ⁬ ⁮  ꞈ  ʊ  ᷄ḁ. 

 ̧ wal receiver : ⁬ ⁮ ♄ WAL ᾨ  Ώ  ʊ  ᷄ḁ. 

 

Ỵ  ἛⱢ ṯ  ₐ  ʊ  ἰṍᾠ ἰṍᾞ, ₐ  ʊӔꜚ ♄  ֚Ớ ṫ ♄ ṍә, Ắ 

ₐ  ʊ ἰ  .ḁ᷄ בּ 

 

ʻ ᴛἝᾅѤ ἒ♬ ᵰˌṉὡ⁄ ╥  ̕ᵙӇᶒ, ԅԅᴛ ὡᾕ ˌ╥ ᵰˌṉὡ⁄ ╥  ⱳ♬Ӌѱѻ. 

ἌḲᵑ ♣ḙ♠╖ᴛ ἒ♬ ᴎᶔ ϿṨ ҿ▬⁄ ̕  ╪ ʺ ⅝ ѱѻ. ͎ױϮ ͙ ἒ♬⁄ ̕  
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▀ḙ♠╬ ̆ᴎ Ợ ╘ ͡˃⁄ җ ♠♥  ˃╙ ἐ Ѥ ҥ ҵ∑╪ Ӊ Ỏ░ѱѻ. ╪ ⁄Ѥ 

ᶛѱ ᵠ ҥ╪ ᵑ ͙ḙ╖ᴛ ╪ױ  ἒ♬╙ ἝḌ ˭ ⱳ♬ ‒ ѱѻ. 

 

ἛⱢ  ҏ  ◄  ҍᶾ   ֥ , postmaster  ʊᾧṭ ἛⱢ ♄ ▐ ʊӤ  בּ   ᾕᾧὣ

ὗ ḏ ᷄ḁ. 

 

Ṷ (  HDD, ֚ὣә SSDḻ Ὣ ҍ )  ʊRAM⁫ḁ Ὦ  ᶵὣ  ֥ẋῄ , PostgreSQL   ᷄ḁ. 

Ӥ  RAM  ₐ  ʊ ֜   ὗ  ṍ  ,  ṯ  Ỵ ‗  ẋ Ṷ  Ɫ

 ₐ ὗ  ּב ᷄ḁ. ″ӒṎ ḫ  ʊῶἛҍ ᷄Ớ  ҏ  Ṷ  ҧ ṑ᷄ḁ. 

 

―   ʊӤ  ᾕᾧὣ  ḓₐₒ  ә, ♄―ҍ Ṷ  Ɫ ὗ ҍꜚ  ֥  ▐  ʊḁὖ ―

ḻ ṍ  ᷄ḁ. 

 

  ḻ ҍ ᶷḫ, PostgreSQL    ᾕ ᷄   ә ұ   I/Oὗ 

▐ ῡἛ   ῼ◕ ᷄ḁ. 

 

 
 

 U   ḿ Ṵ ֥   ◄  ῼ◕ ᾠ, RAM  Ṏ ḫ (―   )  ʊ▐Ớ ᷄

ḁ. Ṷ  Ṏ ṯ   ֥Ἔ ҏ  ҎҎ ḁὔῡἛ ḫ  ӨⱠ ῄ ҍ ◕  .ḁ᷄ בּ֩ 

ὗ Ӎ  ֥  PostgreSQL  Write - Ahead Log(WAL)ὗ ▐ ᷄ḁ. WAL  PostgreSQL   Ӕ  ꜚ

֥Ἔṍᾞ,  Ӓ  ꜜ Ṏ  WAL   ⁬Ԃ  .ḁ᷄ בּ 

-- ֱ֥  

1.3 Ớ  Ớ -♄― Ἓ  

Ὣ  ἛⱢ  ʊṯ  ʊ Ӎ  Ώ  ʊ ḻ ᷄ḁ. ○Ἓ  Ớ ҍ ꜚ ᾠ, Ὣ
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 ʊ‴ḻ    ṫ ἛⱢ ὗ Ὥṯ  ᷄ḁ.
16

 ֚Ỷ ḁ  Ớ  ʊ    ṫ  Ӎ  ᾅ  ⱢⱭ  

᷄ḁ.  ⱢⱭ  Ớ ҍ Ӎ  ᴰұ ,U Ӎ  ᴰ  ẋֱ  Ӕꜚṑ᷄ḁ. 

 

♄―  ʊ Ớ Ὣḁ ‴ḻ    ṫὗ ◕Ⱡ  ᶷḫ,  ʊὮ  Ớ ҍ ꜚ  ḻ ᾠ ῄ ҍ 

ṏ ּב ᷄ḁ. 

 

 ̧ Ҏ ἛⱢ  ʊ Ἓ  ֚ №, ℮Ṏ ῄ , ҏ  ӍӦ Ṵ    ֥  RAM  

᷄ḁ. ẁỚ♄ Ӎ  Ὦ ▐ Ἔ ᾕᾧὣבּ ỳḻ ҍ ᷄ḁ. 

 ̧ Ӎ  ә  ᵁ  ʊӒ ( Ớ ҍ  ὗ ә Ӎ  ᴰ  ʊӒ )  ʊ Ӎ 

♥  ℮ , ○ ἛⱢ  ◕Ⱡ ℮ , ₔ  Ἓ   ℮  Ṵ  ᶋ  .ḁ᷄ בּ 

 ̧ ἛⱢ ҍ Ὦ Ἔ  ֚ᾨἜבּ   ʊḫ ҵὣ  ʊ ҏ  ᶸ ᵁᾞ,   ὺ בּ  

ṑ᷄ḁ.  ֚ӍӦ, Ớ ҍ ҍבּ  Ἔ Ⱡבּ  ʒ ҍ ῼ◕  .ḁ᷄ בּ 

 

 ῄ  ʊ Ӎ Ὢ   Ӎ ḁ. Ӎ Ὢ᷄ בּ   ◕Ⱡṍ  ʊ  ṫ ּבὗ  ʊ “ ᷄ḁ. 

PostgreSQL  ᵒ Ṏ Ӎ Ὢ ֥ᶾ  ῡἛ ὣ Ɑ ♄―  ᵒ Ṏ Ὢ ὺ᷄  U  aḻԂ

(PgBouncer
17

, Odyssey
18

 Ṵ)ὗ ▐  ᷄ḁ.   “  ▐ ᾠ Ҏ ♄―   ṫҍ ꜚ Ἓ ḁὖ 

Ớ  Ứ Ɑ  ὣ ḁ. ֚Ỵ᷄ בּ   U      ⱢⱭ ḓ  Ứ Ɑ Ὥ Ἓ   ▐

ḻἜ ὣ Ɑ ҟῼ   ҍ ᷄ḁ. 

 

Ớ  ♄― ҏ   ◄   ṅ   Ἓ  ▐  ᷄ḁ.
19

 ḓ Ἓ 

 libpq  Ớ ⃰Ỵὣὗ ֥Ὼ Ἓ Ὥ, ▐ ҍ  Ὥṭ Ԃ ḻ ▐  .ḁ᷄ בּ 

 

ҏḄ  ὰ ᾠ,  Ἓ  Ớ ҍ ♄―  Ӎ ә SQL ὗ  ּב Ӏ ᷄ḁ. 

 

Ӎ   ḫ †   ▐ ὗ ḓ ᾞ ♥ ṑ᷄ḁ. ♄―  ʊḫ †  Ỵ ὗ 

Ὥ, ὣ Ɑ ♄ ▐  ḫ † Ὣḁ ‴ḻ  Ӎ  ♥  ᷄ḁ.  ḄӔ ♄ 
authentication

 ἶ ᷄ḁ( ὗ ṯᾠ ℮Ὺ‗ ὗ ῇ ⁮ḁṭ ).   ṫ ἛⱢ  ʊ▐   

ә, ḏ ▐ ҍ ♄―  Ṏ ḫ †  Ӎ  ԑ  ᶷ  ҷ▐ ᷄ḁ. 

 

SQL  ʊ  ῄ  Ἓ   ṫ ἛⱢ  Ḇṑ᷄ḁ. ἛⱢ  ʊ  ὗ ₒ♅ ә ὗ 

  ә,  ֚ӍӦὗ Ớ  Ὼ ᷄ḁ. 

 

 

 

 

 

 

 

 

 

 
16

 backend/tcop/postgres.c, PostgresMain function 
17

 pgbouncer.org 
18

 github.com/yandex/odyssey 
19

 postgresql.org/docs/14/protocol.html 
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2  Ӊὣ
Isolation  

2.1 ӨⱠConsistency 

ӨӔ  ḫ †   ֥ᶾ  ḫ  ӨⱠ,  ḫ  Ⱡ   ʊᶾἍ ᷄ḁ. 

 

ḫ † בּ  ♄ NOT NULL  UUNIQUE Ҝ  ῁ӍⱠ  ҳ  ♥ ḁ. ḫ᷄ בּ  †

  Ỷ  ҳ  ◄ ḻἜ ⁫ Ἓ  ḫ  ῁ӍⱠ  ᷄ḁ. 

 

ᾧṭ   ҳ  ḫ † בּ  ♄ ♥ ṏ ּב ḁᾠ, ḫ  ӨⱠ  ⁫ ṏ ҹ ᷄ḁ. ֚Ỵ

,U  a ҳ  ⁬ ♄ Ỵ №  ҵ  ṍұ ,U ḫ † ♄ ♥  Ὥ ẖ Ἓ בּ 

♥ ṍ   ḻ ᷄ḁ. 

 

ẁỚ♄, ḫ  ӨⱠ  ῁ӍⱠ⁫ḁ Ӊ  ҟᵻ Ὥ, ḫ †   ӨⱠ  ῁   

ḁ. Ὥ᷄ בּ   ὣ Ɑ ♄ ӨⱠ  ֽ Ὥ, ῁ӍⱠ  Ṏḁᾠ, ḫ †   

ὗ   “  ᷄ḁ. ֚Ủ♄ ḫ  ӨⱠ  Ө  ֥  ὣ Ɑ ♄ ♥  ᾞ,  ֥

 Ӏ Ⱡṍ   ᷄ḁ. 

 

֚Ỷḫ ὣ Ɑ  ◄ ῶὔӀ ṅ ḁᾠ, ḫ †   ẖ   ʊҵֱ ? 

 

 ʊ ῶὖ ▓ ּד♄ҍ ẋẋἛ ḫ  ӨⱠ  Ἓ ֽỆὦ ּב  ֥ẋῄ ᷄ḁ.  ʊ▐  ὺ  

◄  ◄ ᷄ḁ. 

 

Ӕ  ҏ   ֠ ὗ Ἓ ṯ ⁫ӆ ᷄ḁ. ӨⱠ ֗  '  ֠  ʊ Ώ  ʊӔ   ″ṅ

♄  ʊ  Ṏḁ'Ἓ  ּב ᷄ḁ.  ֗  SQL ♄ ῁ӍⱠ  ҳ Ἓ ♥ ֥  ʊ ἑ ᷄ḁ(ҍ

ᶾ  ֧ Ὥ). ֚Ủ♄  ֗  ὣ Ɑ ּב ♄ ♥ ә, ḫ †   ʊ ὣ  ᶷ

ḁә ҍ  ⁵ ḁ.   Ṕ ḄӔἛ ἶ ᷄ḁ:  Ӕ ♄ ḽ  −  ʊҹӦ,  ֚ḽ  ḁὖ Ӕ  

ᵭ  ʊҹ ᷄ḁ.  ‗  ḄӔ ♄ ḫ  ӨⱠ  ֽ ә, Ṕ ‗  ḄӔ ♄ ⁬Ԃṑ᷄ḁ. 

 

Ὥ   ‗  ḄӔ  ʊⱠӤ Ὥ, Ṕ ‗  ḄӔҍ ẖ Ἓ ᾠ ḫ  ӨⱠ  ֽ ᷄ḁ. Ỷ ◄

 ṍ  Ὥ, ὣ Ɑ ּב ♄ ὗ Ҕ ә ὣ ֥  ʊ ἑ ᷄ḁ. Ὥ, ḫ †  

  Ṕ ḄӔὗ ᵁ  Ứ Ɑ Ἓ ḁᾠ,  ῄ  ʊḫ †   Ӎ  בּ 

᷄ḁ. 

 

֚Ỷḫ ֥♄ ḝ ♪Ɫ  ῄ ҍ ᷄ḁ. Ứ Ɑ  ҟ‴ Ἓ  ʊ ′ Ӏ ṅ Ὥ, ‾ἏἛ ṏ 

ẋ  ʊῄ ҍ ῼ◕ ḁ.  ʊ♄Ἓ ḁὖ Ứ᷄ בּ  Ɑ  ṅ  ♆ ẋῄ֥  בּ  ᷄ḁ. ḫ †  

  Ứ Ɑ  ᾧṭ ṅ  ᴸᵒә ḁ  Ứ Ɑ Ἓ ᵨ ҏḁᾠ Ỷ ῄ  ʊῼ◕   ҹ

᷄ḁ. Ὥ ἃӀ ἕḓἛ ᾠ Ⱡᶾ  ὺ  ẗ  ҹ ᷄ḁ. 

 

ᾒⱠᴛ ҿᾎ⁄ ᾒ ӇѤ נ◔Ἢ╘ ᶁ ‡ ᴛἝἌϮ Ӱᾅ  ‡ᴆ╪ ˉ╘ ♠♥  

ӥ≢‡ᵑ ˇ  ᾎᾅ ⁄Ἄᵣ ʺѫ ѱѻ. ּתᵣ, ˉ╘ бᵙѤ ᾎʼ╙ ̑┬ ᶒ ᶘᴖ╙ 

ὣ ♠╖ᴛ ᾒ Ѥ ἌḲ⁄ҵ ♠↔Ӌѱѻ. ╪׳ Ữ ╙ ὺ˭ ╪ ͙ ─ , ԅԅᴛ ╪ᵑ 'ҿᾎ 

ᾒ  .Ṩᵎ͙ҵ ѱѻ ̆ג╪'
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ṅ  ṍ  ʊ Ứ Ɑ  ᾯ ṅ ᾠ, ὗ 'ṅ Ⱡ ◄ 
anomalies '

Ớә ₐὛ᷄ḁ. 

 

ὗ ṯ , ὣ Ɑ  ḫ † ♄ ӨṎ ḫ ὗ  ֥ ,  ṍ   ḁὖ Ứ

Ɑ  ″ ὗ ⁫   ᷄ḁ. ֚ἃ  ᾠ,  a Ứ Ɑ  ꜙṍ  Ἓ  ʊ   ʊḫ

†  ◄ ὗ ⁯ ּב Ӏ ṑ᷄ḁ. ὗ 'ḝ  ὣṫ
dirty read

'Ớә ₐὛ᷄ḁ. ḝ ⁬  ◄ ◄ṯḻ ᷄ḁ. 

 

Ứ Ɑ  ṅ   ẋ, ḫ †  ʊ  ֚ӍӦҍ ּד   ӍӦ  ҜӀ ṍḻἜ ⁫  ᷄

ḁ. , Ứ Ɑṯ  ♄Ἓ Ӊὣ  ḫ  ӨⱠ   ᷄ḁ. 

 

ᾠ, Ứ Ɑ  ḫ †  ◄ ὗ ῶὔӀ ″Ӓ  ʊ Ἆ  ᷄ḁ.  ʊ Ứ Ɑ  

 ṍ  ʊṅ  ḁὖ Ứ Ɑ   Ώ   ḁ  ʊҍ  ἶ ᷄ḁ.  ʊ ⱠӦ Ӊὣ

Ⱡ  ҟᵻ  ᷄ḁ. 

 

Ὥ  ӉὣⱠ  Ԃ  ֥ ἑә Ⱡᶾ  ₐ   ῦ ḁ. ḓₐₒ᷄ בּ    

♄  ʊ  Ӊὣ ּב  ▐   a ◄ ◄    Ὥ, ᾧṭ ◄ ◄     ʊ ᷄ḁ. ֚

Ủ♄ ḫ  ӨⱠ   ʊҹ  ὣ Ɑ ḻ  a ṑ᷄ḁ. ẁỚ♄  ẖ Ӊὣ ּב  

▐ ә,  ּ֚ב ♄ ῁  ⁫ ᾞ, ῁  ⁫  ᶷ , ֚ὣә ṫҍ ḏ Ӓ ♄ ẢӀ ḓ

Ἓ ṅ Ӏ  ּב ᶷ   ᷄ḁ. 

 

2.2 SQL  Ӊὣ ּב  ῳ ◄  

SQL  Ӊὣ ּב  ᵮ ҍ Ἓ Ԃₒ ᾞ
20

,  ʊṅ  ὣṍ  ʊ Ứ Ɑ ♄ ῼ◕ ʊ  בּ   

◄ṯ  ֥ Ἓ ṑ᷄ḁ. ֚Ủ♄ Ӊὣ ּב  Ө  ὗ  ẋ  ʊ Ỷ  ◄ṯₐ  ⁸  

᷄ḁ.  

 

 Ἕ  Ԃ  ֥ẋῄ    ӒӦ  ʊḁ    Ἓ ḁὗ ּב ᷄ḁ. ẁỚ♄ ֥♄ 

 ᾧṭ  ʊḓₐ  oҍ◄  ◄  ᵁ ᵒῡἛ ὗ ә  ᷄ḁ.  Ӕ  Ứ Ɑ  Ө

  ʊ ὗ ṃ  ֥  ҹ ᾞ,   ῁  ʊ῁Ө   ᷄ḁ.  

 

Ắ ,  ḫ †  Ἕ  Ӧ  ʊḁὔӀ ῼ ᷄ḁ.  ʊ  ḻ Ṏ  Ἕ  ҟῼṍ

ә, ῁ҍ ῦ  ♄ ᵁ Ҙ  ֥ẋῄ ᷄ḁ. 

 

―ὥ ּב Lost Update  

―ὥ ּב  ◄ ◄ Ờ, Ṕ Ứ Ɑ  Ҝ  №  ә,  Ứ Ɑ בּ    , ḁὖ 

Ứ Ɑ   ‗  Ứ Ɑ  Ὥṭ ″Ӓ ▐  ῁ ә Ҝ בּ    ẋ ῼ◕ ᷄ḁ. ὗ ṯ ,  

Ӕ   100ḆỴ ὣ  ʊṔ Ứ Ɑ  ḁә ҍ  ⁫ӆ ᷄ḁ.  ‗  Ứ Ɑ   

(1,000ḆỴ)  ә, Ṕ ‗  Ứ Ɑḻ Ҝ  Җ  ᷄ḁ.  ‗  Ứ Ɑ   ҍ  1,100

ḆỴἛ ḫ †  ֥Ἔ ᷄ḁ. ֚Ỷḫ Ṕ ‗  Ứ Ɑḻ Ὣ ҍ Ἓ  ҍ  1,100ḆỴἛ 

֥Ἔ ᷄ḁ. ӍӦ Ἓ, әҠ  100ḆỴὗ Ӏ ṑ᷄ḁ. Ỵ  ―ὥ ּב ◄  ᾧṭ Ӊὣ ּב ♄ 

Ἓ ֠ ṍ  ᷄ḁ. 

 

 

 
20

 postgresql.org/docs/14/transaction -iso.html 
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ḝ   ֥ῳ ΅ṍ   ֥Dirty Reads and Read Uncommitted  

ḝ  ὣṫ ◄ ◄   Ứ Ɑ  ḁὖ Ứ Ɑ   ṍ   ″Ӓ ▐  Ӏ ṍ ẋ ῼ◕ ᷄

ḁ. ὗ ṯ ,  ‗  Ứ Ɑ  ⅎ Ӕ  100ḆỴὗ ֠ Ὥ,  ″Ӓ ▐   ṍ   ◄

᷄ḁ. ֚Ỷḫ ḁὖ Ứ Ɑ   Ӕ  ◄ ὗ  ṯ ᷄ḁ.  Ӕ  ῦ ּב  ṍ Ὥ, 

 ṍ  ᷄ḁ.  ֚ӍӦ, әҠ  ḽ Ӏ ṑ᷄ḁ. ֚Ỵ בּ    U  ‗  Ứ Ɑ  Ḅṍ  ″Ӓ 

▐  ṍḿἌ ᾠ, Ӕ  ḁ  ⅎ ◄ ҍ ṑ᷄ḁ. ♄  ʊ ΅ṍ בּ֥    ♄ Ỵ  ḝ  ὣ

ṫ ◄  ә ᷄ḁ. 

 

Ὼ⁬ ʊ  בּ  ֥   ΅Ṏ ֥Non-Repeatable Reads and Read Committed  

Ὼ⁬ ʊ  בּ   ֥ ◄ ◄   Ứ Ɑ  ṅ   Ṕ ‗  ʊṅ , ḁὖ Ứ Ɑ  ḏ  ּב

ұ  U░ ә  ֚″Ӓ ▐   ẋ ῼ◕ ᷄ḁ.  ẁỚ  ‗  Ứ Ɑ  Ṕ ‗   ֥▐

 ӍӦҍ ḆỚ ᷄ḁ. 

 

ὗ ṯ ,  Ӕ ♄  ʊ ҍ ṍבּ   ḻἜ  ʊ֗  ḁә ҍ  ⁵ ḁ.  ‗  Ứ

Ɑ  Ӕ   100ḆỴ Ἄә ᷄ḁ.  (1,000ḆỴ)  ә,   ҍᶾ ḁә Ḅ

᷄ḁ. ֚Ỷḫ ḁὖ Ứ Ɑ  ṅ  ḏ Ӕ ♄ ᾧṭ ֠  ә  ֚″Ӓ ▐  ᷄ḁ.  

♄  ‗  Ứ Ɑ   ḁ  ᾠ 0ḆỴὗ Ӏ ṏ ҹ ᷄ḁ. ֚Ỷḫ ῦ ḽ  ֥

Ἓ  ֥ẋῄ ,   Ӧ  ῼ◕ ᷄ḁ. 

 

♄  ʊ ΅ṍ    ֥ῳ ΅Ṏ  ּ֥ב ♄ Ὼ⁬ ʊ  בּ   ֥ ◄  ә ᷄ḁ. 

 

  ֥ῳ Ὼ⁬ ֥Phantom Reads and Repeatable Read  

  ֥ ◄ ◄   Ứ Ɑ   ҳ  ₐ  ʊ   Ὼ  ʊṅ  ὗ Ṕ ‗ 

 ʊṅ , ḁὖ Ứ Ɑ   ҳ  ί  ʊ○Ἓ   ҍ ә  ֚″Ӓ ▐   ʊ ҏ ▐  ῼ◕

᷄ḁ.  ֚ӍӦ,  ‗  Ứ Ɑ  Ṕ ‗  ♄ ḁὖ   Ὼ ΏӀ ṑ᷄ḁ. 

 

ὗ ṯ ,  әҠ  Ɫ ҟ ◄  Ӕ  ҍ  ʊҹ   ʊ֗  ḁә ҍ ⁵ ḁ.  ‗  Ứ

Ɑ  ○Ἓ  Ӕ  ҟ♥ Ἄә ᷄ḁ. ֚Ủ♄  әҠ  ҍ  Ӕ ὗ ә,   ҍᶾבּ  ḁ

ә Ḅ ᷄ḁ( ὗ ṯ ,  Ṕ ҟ  Ӕ  ḁә ҍ ᷄ḁ). ֚Ỷḫ ẋ, Ṕ ‗  Ứ Ɑ  Ҝ  

әҠ  ḓ  ○Ἓ  Ӕ  ҟ♥ ә  ֚″Ӓ ▐  ᷄ḁ.  ‗  Ứ Ɑ  ḁ  Ӕ  ὗבּ 

ᾠ Ɫ ҟ  Ӕ  Ӏ ṏ ҹ ᷄ḁ. ֚Ỷḫ ῦ ○ Ӕ  ҟ♥   ῡἛ,  әҠ  Ӎԃ ᵮ 

ҟ  Ӕ  ҍ Ӏ ṑ᷄ḁ. 

 

♄  ʊ ΅ṍ   ,֥ ΅Ṏ ,֥ Ὼ⁬ ֥  Ӊὣ ּב ♄  ὣṫ ◄  ә ᷄

ḁ. 

 

◄  ῳ Ἇ  ҍᶾNo Anomalies and Serializable  

 Ἇ בּ   ә ᾞ,  ּב ♄  ʊ Ẕ  ◄ ◄ḻ ṍ  ᷄ḁ.  ʊ ―

ὥ ּב , ḝ  ,֥ Ὼ⁬ ʊ  בּ  ,֥  ֥  Ҝ  Ἄ  ◄ ◄  ֠  ʊҹ  ᵨ ♄, Ἄ

  ◄ ◄ֱ ḻ ֠ Ӏ ṑ᷄ḁ. ▐ , ♄ ֡  ʊҹ⁫ḁ  Ὦ  ◄ ◄  

ᾞ, ֚  ₐ  ʊ  Ἄ  ᷄ḁ. 
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Ἇ בּ   ᾧṭ Ὂ  ◄ ◄     ᷄ḁ.  ʊ  Ἓ֚Ừ ҟῼ ҍ Ӊὣ ּב  ḓ  ә

Ἄ  ҍ  ῦ ᷄ḁ. Ứ Ɑ  ҟ‴ Ἓ ṏ ẋ  ṅ  ῶὖ ▓ ּד♄Ἓ Ṏḁᾠ, 

ṅ  ṍ  ʊ Ứ Ɑ  ḫ  ӨⱠ  ֽỆὣ  ᷄ḁ. 

 

 ҟᵻ  ♥ᾤ  ֥ , ♄ Ӥ  ʊ  Ἄ  №  ▐ ӆ ᷄ḁ. ֥  ʊᾤ  ♥ᾤ  

 Ὣ Ὤ  ҍṍ ᷄ḁ: 

 

 
 

 Ỷ ◄ ◄  ῼ◕ ֱ ? 

♄   ◄ ◄Ὥ  ֡ ᾞ,  ֚ ♄ḻ  ῶἛ Ỷ ◄ ◄ṯ  ♠ ᶷ  ʊᾤ   

֥  ,ḁ. Ὥ᷄ בּ  ḻ ṏ ẋ Ἕ  ῁  ℮  Ὦ  Ṡẗ  Ḡ  әἌ ᾠ,  a

ḁὖ ◄ ◄ṯ  ↑  .ḁ᷄ בּ 

 

Ắ , Ӊὣ ּב  ֠  ֥Ὼ Ἓ  ḁ  ʊҍ  ᷄ḁ. ᵥὣ  ʊ  ֠
two -phase locking

 

Ἓ (2PL)  Ứ Ɑ  ṍ  ʊṅ   Ώ  ʊ  ֚ә, Ứ Ɑ  ᴸᵁᾠ ֠   

᷄ḁ. ҏḄ  ὰ ♄, Ứ Ɑ  Ṭ  ʊ ֠  Ὦ Ἔ ḁὖ Ứבּ Ɑ Ἓₐ  ḝ  Ӊὣṍ Ὥ, 

Ỷ Ӓ  ʊ  Ⱡᶾ  ṍә, Ứ Ɑṯ  ṅ  ṍ  ʊḓ  Ҝ   ֜  ֥  ḓ֥

◄  ᶌ Ӏ ṑ᷄ḁ. 

 

 ʊ  Ӊὣ ּב  ҏ  ҍ Ἓ Ҏ ּב  Ԃ   ֠  ҟּב  ẁỚ Ӎ Ṏḁә ◕Ҏ ᷄ḁ. 

 

Ὥ בּ   ṯ   ֥  ḓ ♄Ὥ ֠  ҵἌ ә,  ֥  ḓ ♄  ʊ ֠  ḁᾠ,  ʊ

΅ṍ    ֥Ӊὣ ּב  ῦ ᷄ḁ.  ּב ♄  ʊ  ΅ṍ   ḫ ὗ  ּב Ӏ ṑ᷄ḁ. 

 

בּ  ṯ  ֥   ֥ᾧṔ  ḓ  ֠  ҵἌ ḁᾠ,  ʊ ΅Ṏ  ּ֥ב  ῦ ᷄ḁ.  ּב

♄  ʊ  ΅ṍ   ḫ ὗ  ʊҹ  ֠ ṍ Ὥ, Ҝ  ὗ Ỵ ‗ ᾠ ḁὖ Җ  Ὼ Ώ

⁬ḁ(Ὼ᷄ בּ  ʊ  בּ  )֥. 

 

ᾧṭ  ḓ   Ӧ ּב   ӈ ḁᾠ,  ʊῺ⁬  ּ֥ב  ῦ ᷄ḁ.  Ӓ , Ὼ⁬ ♄ 

 ʊ  ʊ ◄ Ҝ  ӍӦὗ Ὼ ᷄ḁ. 

 

Ὥ Ἇ בּ  ♄  ʊῄ ҍ ◕֬᷄ḁ.    ʊ  ḓ  ֠  ҵ ּב  ʊ ᷄ḁ.  

ẁỚ   ֥ ◄  ῼ◕  ҍ ◕֬᷄ḁ. Ứ Ɑ    ҳ  ₐ  ʊ○Ἓ   ҍ

ә,  ○Ἓ בּ    ḁ   ӍӦ  ṏ ּב ᷄ḁ. 

 

֚ỴῡἛ Ὼ  ֠Ὥ Ἓ  ʊ  Ӊὣὗ ⁫ ḁ. ὗ Ӎ᷄ בּ   ֥ ♄  ʊ  ᷄Ớ 

ҳ(ּו ₐ
predicates

)  ֠  ҵ  ᷄ḁ. Ỷ ּו  a ֠  1976ᵹ  R  ҟῼṏ ẋ  ḻ
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ṍ Ὥ, Ἓ  ּב  ʊӒ  ʊṔ ҟ וּ  ₐҍ ḿ ᶷ בּ  ҍ ᾤ  ҏḄ  ҳ  ṍ

᷄ḁ. ҍ ֥Ἓ  ʊּו  a ֠   ֚ Ủ ḻḓἛ ẖ ḻ Ԃ Ṏ  ᷄ḁ. 

 

2.3 PostgreSQL  Ӊὣ ּב  

ҏ  ὔᾠ♄ Ứ Ɑ Өὣ  Ө   ֥֠Ὼ Ἓ  ᵗָא Ӊὣ
Snapshot Isolation

(SI) Ἓ Ἓ ḓ

ṍ ᷄ḁ.      ҟᵻ  Ҏ Ứ Ɑ    ḫ  ᵗָא  ֜ Ӏ Ṏḁ  ʊҹ ᷄ḁ. 

 ᵗָא  ʊ ᵗָא     ΅Ṏ ᾧṭ ″Ӓ ᵒ  ṑ᷄ḁ. 

 

ᵗָא Ӊὣ  ʊ  ֠ ꜙ ὗבּ  ᷄ḁ. Ἓ,  ֥  ʊӒ  ʊṅ בּ   ḻ  ẋ╝

᷄ḁ.  ֚  ᾧṭ Ӓ  ʊ  ṅ  ṏ ּב ᷄ḁ.  ֥  ֥ὗ  ֞ ҍ ᾞ, 

 ֥  ḁὖ ҹ   ֞ ḻ ᷄ḁ. 

 

PostgreSQL  ᵗָא Ӊὣ Ἓ  ḁ  ―  ὗ ▐ ᷄ḁ. ḁ  ―  ṅ Ⱡ 
Multiversion 

concurrency control
ὗ  ḫ †     Ỵ ―  Өὣ Ӏ ṍῡἛ, PostgreSQL בּ   

ỦṎ ḫ ὗ Ἄ  ʊ Ứ Ɑ  Ḅ  ʊḓ   ―  ᵗָא  .ḁ᷄ בּ   

 

PostgreSQL  ᵗָא ֥Ὼ Ӊὣ  ʊ ♄  Ԃ▐ Ӧ  ʊḁὛ᷄ḁ. Ἓ, ҏ ḝ Ӊ  ᷄ḁ. 

ḝ  ֥  ʊ Ἓ ṍ  ᷄ḁ. ΅ṍ בּ֥    בּ    ʊ Ὥ,  ֚ṅ  ΅

Ṏ ֥  Ҝ ῡἛ  ּב  ‴ḻἛ ֡  ӆ ᷄ḁ. Ὼ⁬ ֥  ʊῺ⁬ ʊ  בּ  ֥   ֥ὗ 

 ᷄ḁ(  Ӊὣ  ʊ⁫ ṍ  ᷄ḁ). ֚Ỵ  U ῧṎ  ּ֥ב ♄  ʊ″Ӓ ▐   

 ᷄ḁ. 

 

 
 

Ҏ Ӊὣ ּב  ᵒ  aᾕ ᷄  □ ⁫  ֥ , ▐  Ө ♄  Ҏ Ӊὣ ּב  ᾌ  □ ⁫ӆ ᷄ḁ. 

 

ὗ ♄  ʊӔ  №  Ὥṯ  ᷄ḁ. ὣ
Alice

  
Bob

Ớ  ʊṔ ▐Ở  ҎҎ 100ḆỴὗ ҍ ә 

ә,    Ṕ ҟ  Ӕ  ҍ ә ḁә ҍ ⁵ ḁ: 

 

=> CREATE TABLE accounts(  

id integer PRIMARY KEY GENERATED BY DEFAULT AS IDENTITY,  

client text,  

amount numeric 

);  

=> INSERT INTO accounts VALUES 

(1, 'alice', 1000.00), (2, 'bob', 100.00), (3, 'bob', 900.00);  
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΅Ṏ  ֥

ḝ  ֥  ʊ ṍ  ᷄ḁ. ḝ  ḫ ὗ  ʊҹ  ṍ  ᶷ ḁ. ֚Ỵ᷄ בּ ⁯  

 ֥  Ứ Ɑ  ⁵ ḁ. ֥⁮ Ἓ ΅Ṏ ֥
21
Ớ  ʊӉὣ ּב  ▐ ḻἜ ӆ ᷄ḁ: 

 

=> BEGIN;  

=> SHOW transaction_isolation;  

transaction_isolation  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

read committed 

(1 )  

 

ḝ Ӏ ὰ ᾠ, ֥⁮ ּב  ḁ Ӧ Ҝ  Ɫ Җ   ♥ ṍᾞ,  ẁỚ  Җ  ″Ӓ  בּ 

᷄ḁ: 

 

=> SHOW default_transaction_isolation;  

default_transaction_isolation  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

read committed 

(1 )  

 

  Ứ Ɑ ♄  ʊәҠ Ӕ ♄  aḽ  −ᵒ Ὥ  Ỷ ″Ӓ ᵒ  ( )̈́  

᷄ḁ. ֚Ỵ  U ◄   ″Ӓ ᵒ  :ḁ᷄ בּ ⁯ 

 

=> UPDATE accounts SET amount = amount -  200 WHERE id = 1;  

=> SELECT * FROM accounts WHERE client = 'alice';  

id    | client      | amount  

̮̮̮ +̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮ 

1     | alice        | 800.00  

(1 )  

 

Ṕ ‗  ⱢⱭ ♄  ʊ ΅Ṏ  ּ֥ב Ἓ Ắ ḁὖ Ứ Ɑ  ӆ ᷄ḁ: 

 

=> BEGIN;   

=> SELECT * FROM accounts WHERE client = 'alice';  

id    | client       | amount  

̮̮̮ +̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮ 

1     | alice        | 1000.00  

(1 )  

 
21

 postgresql.org/docs/14/transaction -iso.html#XACT-READ-COMMITTED 
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ὣ  ◄ḓἛ, Ṕ ‗  Ứ Ɑ ♄  ʊ  ṍ   ″Ӓ ᵒ ḁ. ḝ᷄ בּ ⁯   ֥  ʊ

ṍ  ᷄ḁ. 

 

Ὼ⁬ ʊ  בּ  ֥  Ө  □ ⁫ӆ ᷄ḁ.   ‗  Ứ Ɑ ♄ ″Ӓ ᵒ  ( )̈́ ⁫ḻἜ 

ӆ ᷄ḁ.  ֚  Ṕ ‗  Ứ Ɑ ♄  ʊҜ  ὗ ḁ  ⁫ӆ ᷄ḁ: 

 

=> COMMIT; 

 

  => SELECT * FROM accounts WHERE client = 'alice';  

  id    | client      | amount  

  ̮̮̮ +̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮ 

  1     | alice       | 800.00  

  (1 )  

  => COMMIT ;  

 

  ʊḫ   ―  ΏӀ ṍᶷḫ,  ʊ ΅Ṏ  ּ֥ב ♄ ṍ  ʊῺ⁬ ʊ  בּ   ֥

◄   ⁫ ᷄ḁ. 

 

 Ἅ: Ứ Ɑ ᵒ ♄     ḫ ὗ ֥Ὼ Ἓ Ӎ  ᵒὦ ּב ᷄ḁ. ᵛ

ᾠ ֚▐  ᾧṭ ҹ  ″ ẋῄ֥  בּ  ᷄ḁ. ḁ   Ἓ֚Ừ ṫ ♄  ῼ◕  ʊ″ Ἓ, 

 ʊә   Ἓ ҏ ʊ  בּ  ᷄ḁ: 

 

IF ( SELECT amount FROM accounts WHERE id = 1) >= 1000 THEN 

     UPDATE accounts SET amount = amount -  1000 WHERE id = 1;  

END IF;  

 

ҳ Ӧ ḫ בּ   ▐  ҏ ṅ  ḁὖ Ứ Ɑṯ  Ӕ  ◄ ὗ ἢӀ ″Ӓ ẋ֥  בּ 

ῄ  Ỷ ҳ   ῦҍ ᷄ḁ. ὗ ṃ  ֥ , ḁὖ Ứ Ɑ   ṯ   

Ứ Ɑ  ṯ ▐  ᴹ ṯ
wedged

 ḁә ◕Ҏ ḁ. ὗ ṯᾠ, ḁ᷄ בּ ⁯  Ӧ Ҝ  ṏ ּב ᷄

ḁ: 

 

IF (SELECT amount FROM accounts WHERE id = 1) >= 1000 THEN 

 

    UPDATE accounts SET amount = amount -  200 WHERE id = 1; 

    COMMIT; 

 

  UPDATE accounts SET amount = amount -  1000 WHERE id = 1; 

END IF; 

 

▓ ὗ   ᾠ♄ ῄ ҍ ῼ◕  ʊ ṫ  ʊ ῶὔ  ḁ  ʊҹ  ᾤ Ɫ . ḓἛ  Ỷ ῄ

 ↑   ҹ Ἓ ◕Ҏ  ὫⱢ . ҍᶾ  ᾧṭ ῄ  ʊῺṫ  ῼ◕ ḁ. Ỷ Ὂṯ᷄ בּ   
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֥ҍ ὺ  Ἄ בּ ,  ʊҹ   ḻ  ṏ ּב ᷄ḁ. 

 

 ̧  ṫὗ ּב  ʊ “  ʊḁ Ӧ Ҝ  Ỵ ҍ   “  ᷄ḁ: 

 

 ṫὗ ♠  ṫἛ ῶᴜ⁫Ɫ . ὗ ṯ , IF  ῄ  CHECK  ҳ Ἓ ῶᴕ ּב 

᷄ḁ: 

 

ALTER TABLE accounts 

   ADD CHECK amount >= 0; 

 

ἃӀ ᾠ ṫ ♄ ‴ḻ  ҷ▐ҍ  Ӏ ṑ᷄ḁ. ᾤἔ  ә ῁ӍⱠ  ҳ  

Ὼṏ ẋ ῼ◕  ʊ Ὥ ὣ ᾠ ṑ᷄ḁ. 

 

 ̧ Ḅ  SQL ▓ ὗ ▐  ⁫Ɫ .  

 

ḁὖ Ứ Ɑ  ▓ ▐ ♄ Ứ Ɑ  ΅ṍᾠ ḫ  ӨⱠ  ꜜ◄ṏ ּב ᷄ḁ. Ḅ  

▓ ὗ ▐ ᾠ Ỷ ῄ ὗ     .ḁ᷄ בּ 

 

PostgreSQL  ⁬   Ḅ  ῄ Ἓ ὣ ʊ֥ᶾ  בּ   Ӥ ᷄ḁ. , INSERT, 

UPDATE, DELETE ON CONFLICT ▓ ὗ ▐ ʊӤ  בּ   № (CTE)  Ӥ ᷄ḁ. 

ON CONFLICT ▓  ʊ'  ᾠ ▲ , ᾠ ּב ' Ớ  ʊἛ  Ԃ ᷄ḁ. 

 

 ̧ ᾤ Ἓ ֠  ♥ Ɫ .  

 

Ὣ Ὤ Ἓ,  ᾧṭ  ḓ   Ḽ  ֠  ♥  ʊ “  ᷄ḁ(SELECT FOR 

UPDATE).   №  ḓ ♄ḻ ҍᶾ ᷄ḁ(LOCK TABLE).   “  ◄ ṅ Ὥ 

MVCC ᾧṭ  Ӏ ṑ᷄ḁ. ṅ ʊ  בּ    a  ἕḓἛ ṏ ҹ ᷄ḁ. 

 

 ֥ Ӛ
Read skew

. Ὥ ᾧṭ ◄  ἃӀ Ḅּד  ʊ ᷄ḁ. PostgreSQL Ԃ  Ἓ ֗ ṍ  

 ḁὖ Ἄ   ◄ ◄  ᷄ḁ. ὗ ṯ ,  ‗  Ứ Ɑ     Ṕ Ӕ  ҏ  ḽ  

ḁә ҍ ⁵ ḁ: 

 

 ‗  Ứ Ɑ   ḽ  ᷄ḁ: 

 

=> BEGIN; 

=> UPDATE accounts SET amount = amount -  100 WHERE id = 2; 

 

ṅ , Ṕ ‗  Ứ Ɑ     Ӕ ὗ ҷ▐    Ӕ▓ ᷄ḁ. ẋ  ‗  Ӕ   

᷄ḁ(  ◄ ὗ ⁫Ӏ ṑ᷄ḁ): 

 

=> BEGIN; 

=> SELECT amount FROM accounts WHERE id = 2; 

amount 
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֧֧֧֧֧֧֧֧ 

100.00 

(1 )  

 

ẋ  ‗  Ứ Ɑ  ⱠӤ Ἓ ἰṑ᷄ḁ: 

 

=> UPDATE accounts SET amount = amount + 100 WHERE id = 3; 

=> COMMIT; 

 

֚ὣә Ṕ ‗  Ứ Ɑ  Ṕ ‗  Ӕ  ◄ ὗ ᷄ḁ( ῦ ּב Ṏ Җ  :(ḁ᷄ בּ ⁯ 

 

=> SELECT amount FROM accounts WHERE id = 3; 

amount 

 

1000.00 

(1 )  

=> COMMIT; 

 

ἃӀ ṍᾠ, Ṕ ‗  Ứ Ɑ  ᾯṎ ḫ ὗ  $1,000 Ớ  ʊ ᾯṎ ӍӦὗ Ӏ ṑ᷄ḁ. Ỷ 

◄   ֥ Ӛ Ớә ₐὛ᷄ḁ. 

 

 ֥ Ӛ ◄     ʊ “  ῁ ֱ ? ΅Ṏ  ּ֥ב ♄  ʊḄ  ▓ ὗ ▐  ʊҹ  Ӧ

᷄ḁ. ὗ ṯᾠ ḁ Ӧ Ҝ  ὗ Ⱡ  :ḁ᷄ בּ 

 

SELECT sum(amount) FROM accounts WHERE client = 'bob'; 

 

ֱ֠  ὰ ṳ , ḫ  ҍ Ⱡ  ▓  ▐ ♄Ὥ ῶᴩ ּב ḁә ᷄ḁ. ֚Ỷḫ Ӏ ὰ ֱ

? Ὥ  ҍ Ủ ҵὥḁᾠ ẗֱ ? Ỷ ◄ ♄  ʊḁὖ ◄  ḫ ὗ ⁯ ּב ֱ ? 

 

ὗ  ⁫  ֥ , pg_sleep ּבὗ  ▓   ҍ  ⁫ӆ ᷄ḁ.  ‗   ῶἛ 

Ὥ, Ṕ ‗   2  ṅ  ֥ḁἌ  ᷄ḁ: 

 

=> SELECT amount, pg_sleep(2) --  two seconds 

FROM accounts WHERE client = 'bob';  

 

 ᾤἔ ҍ ṍ  ʊṅ , ḁὖ Ứ Ɑ   ḽ  ḁ   ⁫ӆ ᷄ḁ: 

 

=> BEGIN; 

=> UPDATE accounts SET amount = amount + 100 WHERE id = 2; 

=> UPDATE accounts SET amount = amount -  100 WHERE id = 3; 

=> COMMIT; 
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 ֚ӍӦ, ▓  ʊ    ᾧṭ ḫ  ◄ ὗ ⁫Ӏ ṑ᷄ḁ: 

 

amount        | pg_sleep  

+  

0.00          |  

1000.00       |  

(2 s)  

 

Ὥ ᾧṭ ◄  ἃӀ Ḅּד  ʊ ᷄ḁ.  VOLATILEἛ ♠ Ṏ ּבҍ ṍ  ә,  ּב

ҍ ḁὖ ὗ ḁᾠ, Ṏ ♄ ⁫  ʊḫ  ʊᾕ   ӍӦ  .ḁ᷄ בּ   

 

ḁ Ӧ Ҝ ▐ ὗבּ   Bob  Ӕ   ⁵ ḁ: 

 

=> CREATE FUNCTION get_amount(id integer) RETURNS numeric 

AS $$ 

SELECT amount FROM accounts a WHERE a.id = get_amount.id; 

$$ VOLATILE LANGUAGE sql; 

 

=> SELECT get_amount(id), pg_sleep(2)  

FROM accounts WHERE client = 'bob';  

 

 ẋ, Ṏ ҍ ṍ  ʊṅ  ḁ  ḽ  Ӕ  ҏ  ⁫ӆ ᷄ḁ: 

 

=> BEGIN; 

=> UPDATE accounts SET amount = amount + 100 WHERE id = 2; 

=> UPDATE accounts SET amount = amount -  100 WHERE id = 3; 

=> COMMIT; 

 

Ỷ Ӓ  ʊ ӨⱠ   ʊḫ ὗ Ӏ ṑ᷄ḁ. , $100  ꜜ ṍ ᷄ḁ: 

 

get_amount        | pg_sleep  

+  

100.00            |  

800.00            |  

(2 s)  

 

֥♄ ᾨ   ҹ  Ỷ ◄  ΅Ṏ  ֥Ӊὣ ּב ♄Ὥ ῼ◕ ᾞ, ּבҍ VOLATILEἛ ♠ ṍ

 ẋὭ ҍᶾ ḁ  ʊ ᷄ḁ. ῄ  ʊPostgreSQL  ֥⁮ Ἓ  Ӊὣ ּב Ӧ ″ṅⱠ ‛ ὗ ▐ ḁ  ʊ

ҹ ᷄ḁ. ֚Ủ♄ Ỷ  Ӽ  ӽᾼ Ӏ ♥ ṍ  ḁ  ʊ▐   ᷄ḁ. 
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―ὥ ּב  ḓ   ֥ Ӛ ◄  ᵊ᷄ḁ.  ֥ Ӛ ◄ בּ   ḻ Ḅ   ᵒ ♄ ◄

 ᾯ    Ἓ ῼ◕ ḁ. Ṕ ҟ᷄ בּ   Ứ Ɑ  ṅ בּ   Ἄә ḻ  ẋ ẖ  

ᵁᶷ  □ ⁵ ḁ.     Ṕ ҟ  Ӕ   $1,000  ҍ ә ᷄ḁ: 

 

=> SELECT * FROM accounts WHERE client = 'bob'; 

id    | client     | amount  

+ +  

2     | bob         | 200.00  

3     | bob        | 800.00  

(2 s)  

 

     ʊ Ứ Ɑ   ⁵ ḁ: 

 

=> BEGIN; 

=> UPDATE accounts SET amount = amount -  100 WHERE id = 3; 

 

ṅ  ḁὖ Ứ Ɑ   $1,000 ◄  ᾧṭ әҠ Ӕ  Ө  ὗ Ӕ▓ Ἄ ᷄ḁ: 

 

=> UPDATE accounts SET amount = amount * 1.01  

WHERE client IN (  

SELECT client 

FROM accounts 

GROUP BY client 

HAVING sum(amount) >= 1000 

);  

 

בּ   Ӏ Ṕ ḄӔἛ ἶ ᷄ḁ. ᾌ , ӤṎ ҳ  ẁỚ ּב   ♠ ṑ᷄ḁ.  ‗  Ứ

Ɑ   ΅ṍ   ֥ẋῄ  Ṕ ‗  Ứ Ɑ   ֚ӍӦὗ ⁯ ּב   Ӕ▓    

᷄ḁ. ֚Ủ♄    Ӕ  ʊ ҳ  Ὥ ᾞ, ּב   ἰṍᾠ  $10 ҍ  ᷄ḁ. 

 

Ṕ ‗  ḄӔ ♄  ʊ♠ Ṏ Ҏ  ּב ṑ᷄ḁ. Ṕ ‗  Ứ Ɑ  id = 3   ӈ ῡἛ ֥ḁἌ  

᷄ḁ.  ‗  Ứ Ɑ  ḏ  ּב ә  ֥ẋῄ ᷄ḁ. 

 

 ‗  Ứ Ɑ  ″Ӓ ▐  ΅ ᾠ, ḁ Ӧ Ҝ  ӍӦὗ ᷄ḁ: 

 

=> COMMIT; 

=> SELECT * FROM accounts WHERE client = 'bob'; 

id    | client     | amount  

+ +  

2     | bob        | 202.0000  

3     | bob .       | 707.0000  

(2 s)  
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בּ    ‗  Ứ Ɑ בּ   ″Ӓ ▐  ⁫  ᾯ  Ὥ, ΅Ṏ ″Ӓ ▐  ―ὣᾠ  

ṑ᷄ḁ. 

 

֠  ṍᾠ ּב בּ     ḁ  ᷄ḁ( Ὥ  Ὥ!).  ֚ӍӦ,     $900  ֥Ὼ  

$9  ὗ ΏӀ ṑ᷄ḁ. ֚Ỷḫ Ὥ  ֚   $900 Ớᾠ, ₐ  ֚  Ӕ  ʊ  ӍӦ  ṍ

  ᷄ḁ. 

 

Ӎԃ, Ứ Ɑ  ᾯṎ ḫ ὗ Ὼ ᷄ḁ. ♄Ἓ ḁὖ ᵗָא ♄ ♄Ἓ ḁὖ  ᷄ḁ.  ʊ

―ὥ ּב  ḓ  ῼ◕   ֥ Ӛ ◄ ᷄ḁ. 

 

―ὥ ּב
Lost updates

 ◄. ֚Ỵ  U  ֧  ḁ   ʊ “ , ḫ ҍ ḁὖ SQL   ″Ӓṏ Ӓ

 ―ὥ ּב     ʊḫ  ʊḻ  ṍ  ᷄ḁ. 

 

ῦ ⁮ ҍ ᷄ḁ. ὣ Ɑ  ὣ  Ӕ   ә (ḫ †  ₐ ♄) ֥Ἔ ᷄ḁ: 

 

=> BEGIN; 

=> SELECT amount FROM accounts WHERE id = 1; 

amount 

 

800.00 

(1 )  

 

֚  ṅ , ḁὖ Ứ Ɑḻ Ҝ בּ   ᷄ḁ: 

 

=> BEGIN; 

=> SELECT amount FROM accounts WHERE id = 1; 

amount 

 

800.00 

(1 )  

 

 ‗  Ứ Ɑ   ֥Ἔ  Җ  $100 ◄ ә  ″Ӓ ▐  ΅ ᷄ḁ: 

 

=> UPDATE accounts SET amount = 800.00 + 100 WHERE id = 1 

RETURNING amount; 

amount 

 

900.00 

(1 )  

 

UPDATE 1 

=> COMMIT; 



 47 

 

Ṕ ‗  Ứ Ɑḻ Ҝ בּ   ᷄ḁ: 

 

=> UPDATE accounts SET amount = 800.00 + 100 WHERE id = 1 

RETURNING amount; 

amount 

 

900.00 

(1 )  

UPDATE 1 

 

=> COMMIT; 

 

ₔ Ӏḻ, ὣ  ʊ$100  ―ἓ ᷄ḁ. ḫ †   ֥ἜṎ $800  Җ  ẖ   Ἓ

ṭ accounts.amount  Ӎṍ  ḁ  ʊҹ   ᾯ ῡἛ, ―ὥ ּב  ◄     .ḁ᷄ בּ 

΅Ṏ  ֥Ӊὣ ּב ♄  ṫ  ʊ ᾯṎ ҹ ᷄ḁ. 

 

Ὼ⁬ ֥Repeatable Read  

Ὼ⁬ ֥  ἔ ֥
phantom reads  

. Ὼ⁬ ֥
22

 Ӊὣ ּב , Ὑ ṳ בּ  ♄ , Ὼ⁬ ֥ὗ ⁫  

᷄ḁ.  ὗ ә, ἔ ֥ḻ ῼ◕  ᶷ  ⁵ ḁ. ὗ     Ӕ ὗ  ◄

Ἓ ṍḿὣә, ὣὗ  ○ Ӕ ὗ ◕Ⱡ  ʊ Ứ Ɑ  ⁫ӆ ᷄ḁ: 

 

=> BEGIN; 

=> UPDATE accounts SET amount = 200.00 WHERE id = 2; 

=> UPDATE accounts SET amount = 800.00 WHERE id = 3; 

=> INSERT INTO accounts VALUES 

(4, 'charlie', 100.00);  

 

=> SELECT * FROM accounts ORDER BY id; 

id    | client      | amount  

+ +  

1     | alice        | 900.00  

2     | bob          | 200.00  

3     | bob         | 800.00  

4     | charlie     | 100.00  

(4 s)  

 

Ṕ ‗  ⱢⱭ ♄  ʊῺ⁬  ּ֥ב  Ứ Ɑ  ⁫ӆ ᷄ḁ. ẋ BEGIN ᾤἔ ♄ Ӊὣ ּב  ᾤ

Ἓ ᷄ḁ (  ‗  Ứ Ɑ בּ    ᷄ḁ): 

 

 
22

 postgresql.org/docs/14/transaction-iso.html#XACT-REPEATABLE-READ 
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  => BEGIN ISOLATION LEVEL REPEATABLE READ; 

  => SELECT * FROM accounts ORDER BY id; 

  id    | client     | amount  

    + +  

  1     | alice      | 900.00  

  2     | bob        | 202.0000  

  3     | bob        | 707.0000  

  (3 s)  

 

  ‗  Ứ Ɑ ♄ ″Ӓ ▐  ΅ ә, Ṕ ‗  Ứ Ɑ ♄ ṅ  ὗ ḁ  ⁵᷄ḁ: 

 

=> COMMIT; 

 

  => SELECT * FROM accounts ORDER BY id; 

  id    | client     | amount  

    + +  

  1     | alice .     | 900.00  

  2     | bob        | 202.0000  

  3     | bob        | 707.0000  

  (3 s)  

  => COMMIT; 

 

Ṕ ‗  Ứ Ɑ   Ӧ ṅ  ḫ ὗ  ּב ᷄ḁ. ○Ἓ   U בּ  ḻ ⁫  

᷄ḁ.  Ӊὣ ּב ♄ ,ʊ ▓  ҏ  ″ ҍ  ᴂҹ  Ҳ  ҍ ᷄ḁ. 

 

―ὥ ּב  ḓ  Ἇ
Serialization

 . ♄ ṳ , ΅Ṏ  ּ֥ב ♄ Ṕ Ứ Ɑ  Ҝ   

בּ ᾠ,  ֥ Ӛ ◄  ῼ◕  ҍᶾⱠ  ᷄ḁ. ḓ  ֥  Ứ Ɑ  ӈ  ʊ  ḁ   

ῡἛ, ḁὖ ṯӦ ℮ӽ  ḏ  ◄ ὗ ḁὖ ♄ ⁯ ּב ᷄ḁ.  

 

Ỷ ◄  Ὼ⁬  ֥Ӊὣ ּב ♄  ʊ ṍ  ᾞ, Ὥ  ῼ◕ ᾠ Ứ Ɑ  Ἇ  
serialization 

failure
Ἓ  Ḅṏ ּבῸ  ᷄ḁ.  Ỷ ◄   ῼ◕ ὗ   ⁵ ḁ: 

 

=> SELECT * FROM accounts WHERE client = 'bob'; 

   id | client     | amount  

+ +  

    2 | bob         | 200.00  

    3 | bob        | 800.00  

(2 s)  

=> BEGIN; 

=> UPDATE accounts SET amount = amount -  100.00 WHERE id = 3; 

 

  => BEGIN ISOLATION LEVEL REPEATABLE READ; 

  => UPDATE accounts SET amount = amount * 1.01  
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  WHERE client IN (  

  SELECT client 

  FROM accounts 

  GROUP BY client 

  HAVING sum(amount) >= 1000 

  );  

 

=> COMMIT; 

 

  ERROR: could not serialize access due to concurrent update  

  => ROLLBACK; 

 

ḫ  ʊ  ӨⱠ  ᷄ḁ: 

 

=> SELECT * FROM accounts WHERE client = 'bob'; 

id  | client | amount  

֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

2   | bob    | 200.00  

3   | bob    | 700.00  

(2 s)  

 

ḁὖ    ʊṅ בּ   Ớḻ ṅ  Ὂҍ ῼ◕ ᷄ḁ. 

 

Ắ ,  Ṏ Җ  ֥Ὼ בּ   Ἄ  ʊ ḻḻ ṅ  Ὂὗ ῼ◕ ᷄ḁ: 

 

=> BEGIN ISOLATION LEVEL REPEATABLE READ; 

=> SELECT amount FROM accounts WHERE id = 1; 

amount 

 

900.00 

(1 )  

 

  => BEGIN ISOLATION LEVEL REPEATABLE READ; 

  => SELECT amount FROM accounts WHERE id = 1; 

  amount 

    

  900.00 

  (1 )  

 

=> UPDATE accounts SET amount = 900.00 + 100.00 WHERE id = 1 

RETURNING amount; 

amount 
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1000.00 

(1 )  

UPDATE 1 

=> COMMIT; 

 

  => UPDATE accounts SET amount = 900.00 + 100.00 WHERE id = 1 

     RETURNING amount; 

     ERROR: could not serialize access due to concurrent update  

  => ROLLBACK; 

 

 Ἅ Ἓ,  Ἓ֚Ừ   ֥ Ứ Ɑ  Ὼᾨ  ֥Ӊὣ ּב  ▐  ʊӒ , Ἇ  

Ἓ  ἰṎ Ứ Ɑ  ḻ  ℮ҍ ṍ  ᷄ḁ.  ֥  Ứ Ɑ  Ӓ  Ỷ ӍӦ  ʊῼ◕

 ᷄ḁ. 

 

 ֥ Ӛ Ớ  ʊ ◄ ◄  Ө  ♥ᾤ ӆ ᷄ḁ. ♄ ṳ , PostgreSQL  Ὼ⁬  ֥Ӊὣ ּב  

♄ ♥ᾤ  ᾧṭ ◄ ◄     ʊḫ ♄ Ӧ ᷄ḁ. ֚Ỵ  Uᾧṭ ҍᶾ  ◄ ◄   

 ʊҹ  ᷊᷄ḁ. ẖ  Ὣ  UὮ  ◄ ◄  ᶷ  ʊ ῁ḻ Ӏ  ּב ᷄ḁ. 

Ὥ  ҍ   ▐  ᵗָא Ӊὣҍ ẖ ḁὖ ◄ ◄  ῼ◕ ḝỚḻ Ṕ ҍ  ◄ ◄Ὥ   

 ᾯ ḁ  ʊҹ ᷄ḁ. 

 

 ‗  ◄ ◄   ֥ Ӛ ᷄ḁ. ḁ Ӧ Ҝ  ӨⱠ ֗  ⁵ ḁ: әҠ  Ӕ   ₐ  ʊ

בּ  ᷄ ҍבּ ◄   ,Ὥ בּ   ᷄ḁ.  ‗  Ứ Ɑ     Ӕ  

 ᷄ḁ: 

 

=> BEGIN ISOLATION LEVEL REPEATABLE READ; 

=> SELECT sum(amount) FROM accounts WHERE client = 'bob'; 

sum 

 

900.00 

(1 )  

 

Ṕ ‗  Ứ Ɑḻ ṅ  Ӕὗ ᷄ḁ: 

 

=> BEGIN ISOLATION LEVEL REPEATABLE READ; 

=> SELECT sum(amount) FROM accounts WHERE client = 'bob'; 

sum 

 

900.00 

(1 )  

 

 ‗  Ứ Ɑ  ᵁ  Ӕ ♄ $600.00   ֠ҍᶾ ḁә Ḅ ᷄ḁ: 

 

=> UPDATE accounts SET amount = amount -  600.00 WHERE id = 2; 



 51 

 

Ṕ ‗  Ứ Ɑḻ Ҝ  ӍἝ  ḻḆ  ḁὖ Ӕ ♄ ֠ ᷄ḁ: 

 

  => UPDATE accounts SET amount = amount -  600.00 WHERE id = 3; 

  => COMMIT; 

 

=> COMMIT; 

=> SELECT * FROM accounts WHERE client = 'bob'; 

id    | client     | amount  

+ +  

2     | bob        | 400.00 

3     | bob        | 100.00  

(2 s)  

 

  ҍ ṍבּ     ᷄ḁ.  ʊҎ Ứ Ɑ  ҟ‴ Ἓ ṍ ḁᾠ ῶὖ ӍӦ  ҹ

᷄ḁ. 

 

 ֥  Ứ Ɑ ◄ ◄.  ֥  Ứ Ɑ ◄  Ὼ⁬  ֥Ӊὣ ּב ♄ ᵁ  ᴂּב  ʊṔ ‗

 Ὣ Ὤ ◄ ◄ ᷄ḁ.  ◄  Ἄᾠ  Ɫ ҟ  Ứ Ɑ בּ   ᷄ḁ.   Ṕ ҟ  ʊ

ḫ ὗ ּב ә, Ὣ Ὤ Ứ Ɑ   ֥ ᷄ḁ. 

 

ᾌ ,    Ӕ   ⁬  ⁵ ḁ: 

 

=> UPDATE accounts SET amount = 900.00 WHERE id = 2; 

=> SELECT * FROM accounts WHERE client = 'bob'; 

   id | client     | amount  

+ +  

    3 | bob        | 100.00  

    2 | bob        | 900.00  

   (2 s)  

 

 ‗  Ứ Ɑ       ὗ Ӕ▓  ֚   Ӕ  ḝ ᷄ḁ: 

 

=> BEGIN ISOLATION LEVEL REPEATABLE READ; --  1 

=> UPDATE accounts SET amount = amount + ( 

SELECT sum(amount) FROM accounts WHERE client = 'bob' 

) * 0.01  

WHERE id = 2; 

 

 ֚ḁ , Ṕ ‗  Ứ Ɑ     ḁὖ Ӕ ♄  ֠  ә  ֚″Ӓ ▐  Ὼ ᷄ḁ: 

 

=> BEGIN ISOLATION LEVEL REPEATABLE READ; --  2 
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=> UPDATE accounts SET amount = amount -  100.00 WHERE id = 3; 

=> COMMIT; 

 

 ♄  ‗  Ứ Ɑ  ΅ṍᾠ, ◄ ◄  ῼ◕  ᷄ḁ.  ‗  Ứ Ɑ  Ṕ ‗  

Ứ Ɑ⁫ḁ ᾌ  ΅ṍ  ֥ẋῄ ᷄ḁ( Ὥ Ὼḓ  Ӓ  ʊⱠὨ  ᷄ḁ -  ‗  Ứ Ɑ  Ṕ 

‗  Ứ Ɑ בּ   ҍ ἶ  ֥  id = 3  Ӕ  ◄ ὗ ᷄ḁ). 

 

֚Ỷḫ  ♄  ‗  Ṕ ‗  Ứ Ɑ   Ώ   ʊӔ ὗ Ἄ  ʊ  ֥  Ứ Ɑ

 ḁә ҍ  ⁵ ḁ: 

 

=> BEGIN ISOLATION LEVEL REPEATABLE READ; --  3 

=> SELECT * FROM accounts WHERE client = 'alice';  

   id | client     | amount  

+ +  

    1 | alice      | 1000.00  

(1 )  

 

֚ὣә   ‗  Ứ Ɑ  ΅ṑ᷄ḁ: 

 

=> COMMIT; 

 

 Ɫ ‗  Ứ Ɑ  ẖ ◄ ὗ ⁯ֱ ? Ṏ , ῦ ΅Ṏ Ṕ ‗  Ứ Ɑ  ″Ӓ ▐  בּ ⁯ 

ӆ Ὥ,  ‗  Ứ Ɑ  ″Ӓ ▐   ΅ṍ  ῡἛ ⁫  ᾯ  ҹ ᷄ḁ. Ὥ ♄ 

ṳ , Ṕ ‗  Ứ Ɑ   ‗  Ứ Ɑ  Ṏ  ṍ  ᷄ḁ. ẁỚ♄, Ɫ ‗  Ứ

Ɑ ʊ  בּ ⁯  ẖ ◄ ḻ ӨⱠ   ҹ ᷄ḁ. ҹ  ῶἛ  ֥  Ứ Ɑ ◄ ᷄ḁ: 

 

=> SELECT * FROM accounts WHERE client = 'bob'; 

   id | client .    | amount  

+ +  

    2 | bob        | 900.00  

    3 | bob        | 0.00  

(2 s)  

=> COMMIT; 

 

Ἇ Serializable 

Ἇ
23

 Ӊὣ ּב  ḫ † ♄ ҍ  Ӊ  Ӊὣ ּב ᷄ḁ.  ּב ♄  ʊᾧṭ ҍᶾ  ◄ 

◄    ᾞ,  ʊ▐ ◄ ᵗָא Ӊὣ  Ԃ ṍ  ᷄ḁ. Ἇ  Ӊὣ ּב ♄  ʊῺ⁬ ₔҍᶾ  

,֥ ḝ  ,֥ ἔ ֥  Ҝ  ◄ ◄  ῼ◕  ᷄ḁ. ṯ ◄  ḫ  ӨⱠ  בּ  

ῡἛ Ὼ⁬ ʊ  בּ   ֥Ӊὣ ּב ♄ḻ   ṑ᷄ḁ. Ἇ  Ӊὣ ּב ♄  ʊẮ   ֥ ӚӦ  ֥  

Ứ Ɑ ◄ Ớ  ʊṔ ҍ  ҍ  ◄ ◄  Ҕ ә   ᷄ḁ. Ỷ ◄ ◄  ῼ◕ ᾠ, 

 
23
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 Ứ Ɑ  Ḅ ә Ἇ  Ớ  ʊ Ὂὗ ῼ◕ ᷄ḁ.  ʊḁὖ Ứ Ɑ  ṅ  Ҝ  ḫ

 ֜ Ἄә  ẋ ῼ◕ ᾞ, ὗ  ḫ  ӨⱠ  Ӏ ṑ᷄ḁ. ẁỚ♄ Ἇ  Ӊὣ ּב  

ḫ † ♄ ҍ   Ӊὣ ּב Ὥ,  ẁỚ ṅ Ⱡ  Ҕꜙ ә Ⱡᶾ  ṏ ּב ᷄ḁ. 

ẁỚ♄ ὣ Ɑ  Ԃ ▐ Ӧ Ⱡᶾ  әἌ   Ӊὣ ּב  ♠  ᷄ḁ. 

 

◄ ◄ .  ֥ Ӛ  ʊӍԃ Ἇ  Ἓ ᴸᵁӀ ṑ᷄ḁ: 

 

=> BEGIN ISOLATION LEVEL SERIALIZABLE;  

=> SELECT sum(amount) FROM accounts WHERE client  = 'bob' ;  

sum 

֧֧֧֧֧֧֧֧֧֧ 

910.0000 

(1 )  

 

  => BEGIN ISOLATION LEVEL SERIALIZABLE;  

  => SELECT sum(amount) FROM accounts WHERE client  = 'bob' ;  

  sum 

  ֧֧֧֧֧֧֧֧֧֧ 

  910.0000 

  (1 )  

 

=> UPDATE accounts SET amount = amount -  600.00 WHERE id  = 2;  

 

  => UPDATE accounts SET amount = amount -  600.00 WHERE id  = 3;  

  => COMMIT;  

  COMMIT 

 

=> COMMIT;  

 

ERROR: could not serialize access due to read/write dependencies  

among transactions  

DETAIL: Reason code: Canceled on identification as a pivot, during  

commit attempt.  

HINT: The transaction might succeed if retried.  

The scenario with the read- only transaction anomaly will lead to the same error.  

 ֥  Ứ Ɑ ◄  ҍ  ḻ ṅ  ὊἛ ᷄ḁ. 

 

 ֥  Ứ Ɑ . PostgreSQL ♄  ʊ  ֥  Ứ Ɑ ◄ ◄   ֥  Ứ Ɑ  

  ẋֱ   ʊ “  Ӥ ᷄ḁ.  ʊḫ  ӨⱠ   ֥    “ ᷄

ḁ.  Ӓ בּ  , Ἓ  SELECT ῄ  Ḅṍ  ʊ  Ӓ ҍ ṑ᷄ḁ. 

 

 ֥  Ứ Ɑ ◄ ◄  ẢӀ ṅ ᶷ   ֥ , ҏḄ  ὗ Ὼ⁬ ⁫ӆ ᷄ḁ 
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=> UPDATE accounts SET amount = 900.00 WHERE id  = 2;  

=> UPDATE accounts SET amount = 100.00 WHERE id  = 3;  

=> SELECT * FROM accounts WHERE client  = 'bob'  ORDER BY id;  

 id | client | amount 

֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

  2 | bob     | 900.00  

  3 | bob    | 100.00  

(2 s)  

 

=> BEGIN ISOLATION LEVEL SERIALIZABLE; --  1 

=> UPDATE accounts SET amount = amount + (  

SELECT sum(amount) FROM accounts WHERE client  = 'bob'  

) * 0.01  

WHERE id  = 2;  

 

  => BEGIN ISOLATION LEVEL SERIALIZABLE; --  2 

  => UPDATE accounts SET amount = amount -  100.00 WHERE id  = 3;  

  => COMMIT;  

 

    READ ONLY  DEFERRABLE :  

 

  => BEGIN ISOLATION LEVEL SERIALIZABLE READ ONLY DEFERRABLE; --  3 

  => SELECT * FROM accounts WHERE client  = 'alice' ;  

 

ὗ Ἄә ᾠ ḏ Ứ Ɑ  Ḅṑ᷄ḁ. ֚ἃ  ᾠ ◄ ◄  ῼ◕  .ḁ᷄ בּ 

 

֚ὣә  ‗  Ứ Ɑ  ΅ṍᾠ, Ɫ ‗  Ứ Ɑ   Ӕꜚ  .ḁ᷄ בּ 

 

=> COMMIT; 

 

   id | client | amount  

  ֧֧֧֧I֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧ 

    1 | alice  | 1000.00  

   (1 )  

   => SELECT * FROM accounts WHERE client = 'bob'; 

   id | client | amount  

  ֧֧֧֧I֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧ 

    2 | bob    | 910.0000  

    3 | bob    | 0.00  

  (2 s)  

  => COMMIT; 
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ẁỚ♄, ὣ Ɑ ♄ Ἇ  Ӊὣ ּב  ▐  ʊӒ , Ἇ  Ἓ ᴸ  ɐ Ứ Ɑ  ḻ  בּ 

 ʊԂ ҍ ᷄ḁ.  ʊῺ⁬ ҍᶾ בּ֥   ♄ḻ ҜӀ ṍᾞ,  ʊ  ֥  Ứ Ɑ  ԃ

ṍ  ᷄ḁ. 

 

Ἇ  Ӊὣ ּב  Ἓ֚Ủῲ  Ⱡ  Ӥ Ὥ, ◄ ◄ Ҕ   a Ứ Ɑ  ҙ  ἰἛ 

 ₐ ҍ ẁὔӀ ṑ᷄ḁ.  ֥  Ứ Ɑ  ♠  ẋ ᾤ Ἓ READ ONLY  ▐ ᾠ Ỷ ₐ

ὗ  ּב ᷄ḁ. ֚Ỵ  U   ḄṎ Ứ Ɑ  ℮  Ὣ  Uṍᶷ ᷄ḁ.  ℮  ᶋ בּ

Ἔ ḻ   ʊ Ứ Ɑ ҍ Ὦבּ  ᷄ḁ. PostgreSQL  Ἓ ṍ   ʊ Ứ ⱭὭ  Ḅ

ә, ḫ  ḿ   ʊҹ Ớᾠ ֚ἃӀ ᵁ╥ ◄   ḁ. Ὥ  ʊҎ᷄ בּ᷇  

  ʊṴ  Ὦ   ꜙᾧ Ӏ ṍῡἛ, ₔҍ Ӏ ₐ ҍ ῼ◕ Ӏ ṑ᷄ḁ. 

 

 Ԃ  ᾯṎ Ⱡ ӍӦὗ ᷄ḁ. , PostgreSQL  Ḅּד  
luck

 ♄  Ứ Ɑ

 Ḅ ḁ.    Ḭ᷄ בּ    ,a ▐ ʊ  בּ  ֠   Ṵ Ỵ  ẁỚ 

ḆỚ ῡἛ,  ṅ  ▐   ֥ ἑ ᷄ḁ. 

 

Ἇ בּ   ▐  ʊӒ , ὣ Ɑ  ᾧṭ Ứ Ɑ ♄ ὗ ּב  ᷄ḁ. ḁὖ Ӊὣ ּב Ӧ 

Ӎ ᾠ Ἇ  ʊ ὧ  Ὼ⁬ ʊ  בּ  ֥  ṅ Ӏ ṅ ᷄ḁ. ẁỚ♄ Ἇ בּ   ▐ ֥

Ἓ  Ӓ , default_transaction_isolation  ὺҟ″ּיҖ  Ӏ ּב  ʊҹ  ᷄ḁ. 

 

֚ὣә Ἇ בּ  ♄ ṍ  ʊ  ʊ⁬ ⁮ ḁ. Ắ᷄ בּ  ♄ ,   ▐ Ӧ ₐ  ẋ

ῄ   Ӊὣ ּב  ▐  Ḣ ὺἍ ḁ. Ỵ᷄ בּ    ▐ ṯ  әἌ  ὣ Ɑ  Ԃ

 ҍ   Ӊὣ ּב  ♠  ʊҹ  ᷄ḁ. 

 

2.4 ẖ Ӊὣ ּב  ▐  ᵁ ? 

PostgreSQL ♄ ΅Ṏ ֥ҍ ֥⁮ Ӊὣ ּב Ἓ ♥ ṍ  ᾞ, Ὦ  ὣ Ɑ בּ  ♄  

▐ ṑ᷄ḁ. ΅Ṏ  ּ֥ב ♄  ʊ Ứ Ɑ  Ὥ Ứ Ɑ  Ḅṍᾞ,  ʊḫ  ӨⱠ  

ᾠ♄ Ἇ  Ἓ  Ứ Ɑ ḻὗ Ҳ  ḻ ṏ ּב ᷄ḁ.  

 

בּ   Ḅ  ҍᶾ  ◄ ◄  Ὦḁ  ʊҹ ḫ,  ḓ  ◄Ɫ  ♥ᾤṍ ᷄ḁ. ҟῼ  ʊ ◄ ὗ 

Ṕ  Ṕә ṫὗ Ⱡ  Ỵ  ◄  ῼ◕  ḻἜ  ᷄ḁ. Ḅ  SQL ῄ Ἓ  ᾧṭ 

 ֥ҍ ₔҍᶾ  Ӓ  ᾤ  ֠  ▐  ᷄ḁ. ҍ  Ἄ  ₐₒ  ḫ  ӨⱠӦ 

ӨἎṎ Ὂὗ  ֥ ἑḁ  ʊ ᷄ḁ. Ỵ  Ὂ  ʊ ә ұ בּ   ʊ  בּ   Ἓ 

ᵁ ᵁῡἛ ּב ֥ḻ ὺ  ἑ ᷄ḁ. 

 

Ὼᾠ  Ὼ⁬  ֥Ӊὣ ּב   a ӨⱠ ῄ ὗ Ӎ Ὥ, ᾧṭ ῄ ὗ Ӎ  ʊ ᷄ḁ. ẁỚ♄  

בּ ♄  ʊ  ◄ ◄  әἌ ә ὗ ὣ ʊ  בּ  ṫ Ⱡ  ᾞ, Ἇ  Ἓ  

Ứ Ɑ ḻḻ әἌ  ᷄ḁ. Ὥ  ּב   ֥  Ứ Ɑ  ḓ  ΅Ṏ  ּ֥ב Ӧ  ⁫

ṍᾞ, ⁬  ⁫ә♄ Ⱡ Ṵ  ᷄ḁ. 

 

Ὣ Ὤ Ἓ, Ἇ  Ӊὣ ּב  ḫ  ӨⱠ  Ө  Ҳ  ᾞ, ҟῼ Ӏ ṫ Ⱡ  ḝ  ҏ

Ӏ Ὥṯ ᷄ḁ.  ּב ♄  ʊ Ἇ  Ἓ  Ứ Ɑ ḻὗ ὣ ʊᶾἍ  בּ   Ԃṍ

Ὥ, Ἓ  ₐ ҍ ὣỳ ⁬ ,ᾞ בּ    ⁮ ♄ ṍ  ᶷḁ  ʊ Ӧ ḁὖ Ӊὣ ּב Ӧ 

Ӎ ḁ בּ   ʊ  Ṕ  Ṕ  ᷄ḁ. Ỹ Ҏ Ӊὣ ּב   ֚  Ḅ  ҍ ә ᷄ḁ. 
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ẁỚ♄ ẖ Ӊὣ ּב  ♠  ҹ ҍ  ʊ ὣ Ɑ  Ԃ ▐ , ҟῼ  ỳ,  Ⱡ  ʒṴ Ỵ 

ꜙὗ әἌ  Ӎ  ᷄ḁ. 
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3    Pages and Tuples 

3.1  Ԃ  

Ҏ  ʊ Ὼ Ἓ ḁ Ӧ Ҝ  ₐₒ Ἓ ԂⱠṎ ּב  ᵒ  aԂⱠ  ҍ ә ᷄ḁ:
24

 

 

 ̧  ḝ 

 ̧      

 ̧ ⅎ Ӥҏ 

 ̧  (  ― ) 

 ̧  Ӥҏ בּ

 

 ḝ 

 ḝ  ʊҍ  ᵎ   ὣ ә ᾞ,  ֚ ֥  ʊә ṍ  ᷄ḁ.  ḝ  ʊ

 ♪Ӧ  Ҏ ₐₒ   ֥Ṵ,  ӨἎṎ ḁ  ⁫ҍ ṍ  ᷄ḁ. 

 

pageinspectỚ  ʊ  ֥ᶾ  ᾠ Ỵ  ⁫ὗ אלӀ  ּב ᷄ḁ.
25

 ὗ ṯ , №   

‗  (  ‗  ʊ0ₐ  )ὗ ⁫ә ḁᾠ pageinspect   ֥ᶾ  ▐ ᾠ ṑ᷄ḁ. 

 

=> CREATE EXTENSION pageinspect; 

=> SELECT lower, upper, special, pagesize  

FROM page_header(get_raw_page('accounts',0));  

 

 lower | upper | special | pagesize  

֧֧֧֧֧֧֧I֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧ 

   152 | 6904  | 8192    | 8192  

(1 )  

 

 
 

 
24

 postgresql.org/docs/14/storage-page-layout.html 

     include/storage/bufpage.h 
25

 postgresql.org/docs/14/pageinspect.html 



 59 

 Ӥҏ בּ

 Ὼḓ  ,L  ҍ  ᶋ    ʊӤҏ Ӥҏ בּ  Ớә ₐὛ᷄ḁ.  ּב Ӥҏ   a

Ḭ ♄ ₐҍ ⁫ὗ  ʊḫ ṑ᷄ḁ. ֚Ỵ  Uᾧṭ Ḭ  U № ♄  Ӥҏ  ▐ ṍ

 ʊҹ  ᷄ᾞ, ▐   ʊӒ   Ӥҏ  ֥  ʊ0 ᷄ḁ. 

 

Ḭ   ԂⱠ   ֚ Ὂ  ẁỚ Ӏ  ᵊ᷄ḁ.  ᵒₐ  ᵒ  Ἓ ḏ Ḭ   

ẁỚ Ӎ ṑ᷄ḁ. Ἓ ᵁ  Ḭ  ᵒ ♄ḻ  Ὂ  ʊḁ ḁ. ὗ ṯ᷄ בּ  , B- ὣ 

Ḭ  ʊ ‴  Ԃ ὗ ҍ  ᾕ ḫ  (  0)  Ὼ №  ▐  Ԃ ὗ ҍ  

Ὼ ὗ ә ᷄ḁ. 

 

 

 ḫ † ♄ Ἓ ṍ  ʊḫ   a ҍ ⁫ὗ ә ᷄ḁ. Ỵ  בּ  

Ӥҏ ῶἛ  Ӏ ṑ᷄ḁ. 

 

№ ♄  ʊḄּד  ' ' Ớ  ʊҟᵻ⁫ḁ  ʊ'  ― ' Ớ  ʊҟᵻ  ḁἶӀ ṑ᷄ḁ.  ʊPostgreSQL ♄ 

ḁ  ―  ṅ Ⱡ   “  ▐  ֥ẋῄ ḫ,   “  ᵁ   Ỵ ― Ἓ Өὣ ᷄ḁ. Ὼᾠ, 

Ḭ  ʊ  ḁ  ―  ṅ Ⱡ   “  ▐  ᾞ, ḓ  ᾧṭ ҍᶾ   ―  Ө  ὗ ҍ

ә , ҍ Ⱡ ֗  ẁỚ  ―  ♠ Ӏ ṑ᷄ḁ. 

 

╪ẇ╥  Ḳ♣̓ ╬Ҧᾅ ᶜ╘ ꜙꜙ '  ́̕ Ѥ ↔‡ᴛ ⱳӋѱѻ. ╪ ↔‡Ѥג╪'

╪ᴝ⁄Ἄ ┬מӈ ˦╖ᴛ, PostgreSQL╥ ᶷ♠ Ḥ˿╙ ḙ₅ Ѥ ṨṪ░ѱѻ. 

 

  

 Ө       ᵒ ♄  ὗ ҍὣ  ʊ  ᾞ,  ḝ ῶἛ ḁ  

Ӏ ṑ᷄ḁ. 

 

Ḭ  ᾨ      ᶷḫ, PostgreSQL ♄  ʊ ὗ  6ῶ   ‴ (TID)

ὗ ▐ ᷄ḁ. Ҏ  ‴  ʊᾕ    ‗   ֚  ᵒ    ―  ҍὣ Ӏ ṑ᷄

ḁ. 

 

Ἕ Ἓ,   Ἓₐ  ⱨ   ṏ ּב ᷄ḁ. Ὥ ἃӀ ṍᾠ 

  ᵒ ♄ ṅ Ӏ ṍ בּ  ,  Ḅ  Ҝ  ῄ ὗ Ủ ḁ. Ỷ ῄ᷄ בּ  ὗ Ӎ

 ֥  PostgreSQL  ҏ       ▐ ᷄ḁ.  ‴  ʊ ḏ  ‗ ὗ ә, 

  ʊ   ⱨ  ᷄ḁ. ἃӀ ᾠ   ᵒ ♄ ṅ ḝỚḻ  ‴

 ʊҜ  ṍᾞ,  ᵒ  Ὥ ּב ᾠ ṑ᷄ḁ. 

 

Ҏ  ʊ  4ῶ Ἓ  

 

 ̧  Ἓₐ   ⱨ 

 ̧  ֩  

 ̧  ◄ ὗ  ʊ Ỵ ℮  

 

ә ᷄ḁ. 
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ⅎ Ӥҏ 

 ʊ   ▐   Ӥҏ  ҍ ᾞ,  ʊⅎ Ӥҏ ᾁ בּ   ṑ᷄ḁ. ֚Ỵ  U

PostgreSQL ♄  Ḅ  ʊῼ◕  ᷄ḁ. ▐ ʊᾧṭ  Ӥҏ  בּ   ◄ ᵁ  ꜚṎ 

Ἓ Ӕṍ  Өὣṑ᷄ḁ.
26

 ἃӀ Ἓ   Ӥҏ ▐ Ӧ ḫ  Өὣὗ ҍᶾ Ӏ ᷄ḁ. 

 

3.2  ―  Ԃ  

Ҏ  ―  ʊ ḝ   ḫ ҍ ṍ  ᷄ḁ. ḝ ₐₒ  ḁ Ӧ Ҝ  Ỵ ṫἛ ԂⱠṑ᷄ḁ: 

 

xmin , xmax Ứ Ɑ IDὗ ᵁ ᾞo Ҝ   ♄Ἓ ḁὖ ―  Ԃₒ  ʊḫ ▐ ṑ᷄ḁ.  

infomask  ―  ꜚⱠ   ʊ ⁫ ℮   Ӥ ᷄ḁ.  

ctid  ṅ   ḁ בּ  Ṏ ―  ҍὣ  ʊ ᷄ḁ.  

null ℮ ᾁ
bitmap

  NULL Җ ʊ  בּ     ʊ℮
bit

   ᷄ḁ. 

 

ẁỚ♄ ḝ  ֥  ʊ◄ḏ  ᾞ, Ὣḁ  ꜙ23ῶ ҍ ᷄ḁ.  ּב  ʊNULL ℮ ᾁӦ ḫ  

Ἇ    ṿ
padding

 ẋῄ   ҍ ֥ḻ ᷄ḁ. 
nar

 № ♄  ʊ Ỵ  ḁ  ᾕ

ḫ  ֥ҍ Ἓ Ṏ ḫ  ֥ὗ אלӀ Ӧ  .ḁ᷄ בּ 

 

Ṷ  ◄  ḫ  Ԃ  ʊ ᾕᾧὣ ᵒ  ḫ  Ӧ  ᾞ,   ֚   Ẕ  

″   ֚ḓἛ ―  Ἓ ᷄ḁ.  ẋῄ  ḫ   ḁὖ Ử  ҏ  ṍ  ᷄ḁ.
27

 

 

Ỵ  Ⱡ ῄ   ҍ   ῶ
byte

Ṷ  ,♄דּ 
Endian

᷄ḁ. ὗ ṯ , x86 Ԃ  ʊὣ  

Ṷ  ▐ ә, z/Architecture  ʊ⅍ Ṷ  ▐ ᾞ, ARM  ῶ ♥ ὗ♄דּ   .ḁ᷄ בּ 

 

Ắ ḁὖ  ʊ֥Ӕ ṫ ӒӔ  ẁὖ ḫ  Ἇ ᷄ḁ. Ὦ  Ԃ ♄  ʊ בּ  Ԃ▐ ᷄ḁ. 

ὗ ṯ , 32℮  x86 ♄  ʊ בּ  ḫ (4ῶ )ҍ 4ῶ  ṫ ӒӔ  ί  Ἇṍә, ḝ№ 

ὣ  ₐṅ ꜙּב יּ  (8ῶ )  4ῶ  ṫ ӒӔ  ί  Ἇṑ᷄ḁ. Ὼᾠ 64℮  ♄  ʊ

ḝ№ ὣ  ₐṅ ꜙּב יּ  ҍ 8ῶ  ṫ ӒӔ  ί  Ἇṑ᷄ḁ. 

 

ḫ  Ἇ  №  ṫ ּד♄  ẁỚ  ֥ҍ ḆỚ Ӏ ὭṲ᷄ḁ.  Ӧ  ʊ Ὼ Ἓ ῁  

Ὥ Ὥ,  aӒ  ʊ ֥ҍ ◄ḏ  ҍ ḁ. ḁ᷄ בּ   ᷄ḁ: 

 

=> CREATE TABLE padding(  

b1 boolean,  

i1 integer,  

b2 boolean,  

i2 integer  

);  

=> INSERT INTO padding VALUES (true,1,false,2);  

=> SELECT lp_len FROM heap_page_items(get_raw_page('padding', 0));  

lp_len  

 
26

 backend/storage/page/bufpage.c, PageRepairFragmentation function 
27

 include/access/htup_details.h 
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֧֧֧֧֧֧֧֧ 

40 

(1 )  

 

pageinspect   ֥ᶾ  heap_page_items     Ө   aⱢ  a ⁫ὗ  

⁫ ᷄ḁ. 

 

PostgreSQL⁄Ἄ ╪ẇ╙ 
heap

 ♠Ṩᵓѱѻ. ╪ ↔‡Ѥ ╥ ̑ʼ ҉̓ ҿ ꜙꜙ ̆ג╪ 

ᶉᶛᵙ ҉ Ợ╪⁄ ‡Ѣ ♬ҵ ┬ỢἛ╪ ▓╛╙ ᾎỢ Ϯ, ᾒⱠᴛ ╪ẇ╘ ♣  ѻᵐ 

ῼ̆ᵙּצ╖ᴛ ̕ᵙӋѱѻ.  ╪גѤ ↔‡Ѥ "ᶛӧ ˦╪ ⁄ ᾢ⁴ ▓ѻ"Ѥ ╥Ḉᴛ ╪  ὡ 

▓╖ᶒ, ╪Ѥ ♬ᴑӈ ╬Ҧᾅ₮Ѥ ḙҍӇѤ ˌШ░ѱѻ. 

 

 ֥ҍ 40ῶ  Ӓ , ḝ  ʊ24ῶ ὗ ә, ּ4   בῶ ὗ ᾞ, ₔὣ  

 ҎҎ 1ῶ ὗ ᷄ḁ. ἃӀ Ӕ▓ ᾠ  34ῶ ҍ ▐ ṍ  ʊҹ Ὥ, ּ4  בῶ  

Ἇ   6ῶ ҍ ᵍ℮ṍ  ʊ◄ ᷄ḁ. 

 

№  Ԃ ḁᾠ,  Ӥҏ  ḝ Ἓ ▐ ḁ.  ʊḫ᷄ בּ   ῇὣ    ὗ 

  Ӥҏ  ә, ḫ  Ɫ  Ⱡᶾ  ◄  ʊ   “ ᷄ḁ. 

 

=> DROP TABLE padding;  

=> CREATE TABLE padding( 

i1 integer,  

i2 integer,  

b1 boolean,  

b2 boolean 

) ;  

 

=> INSERT INTO padding VALUES (1,2,true,false) ;  

=> SELECT lp_len FROM heap_page_items(get_raw_page('padding' , 0)) ;  

lp_len  

֧֧֧֧֧֧֧֧ 

34 

(1 )  

 

Ⱡ  ʒ  ḁὖ ҍᶾ   “  ᵁ  ʊNULL Җ    ʊә  ֩  Ἓ №   ʊҹ

᷄ḁ. ἃӀ ᾠ  ᵒ ♄  ⱨ Ỵ , בּ     Ө  ֜  ḝ Ἓ ṏ ּב 

᷄ḁ. , ḫ  ὗ ↑ὔӀ  ᴗּב  ὣ ꜚḻҍ ◄ṏ ּב ᷄ḁ.
28

 

 

3.3  Ө  ṯ 

PostgreSQL ♄  ʊṅ   ♄Ἓ ḁὖ ―  Ԃₒ  ֥  Ҏ ―  xminӦ xmaxỚ  ʊṔ ҍ  Җ  

ₐ ᷄ḁ.  Җṯ  Ҏ  ―  '  ֥ҏ
validity time

'  ᶷḫ ▐ ṍ Ὥ,  ҏ  ᷄Ớ ҍ

 
28

 backend/access/common/heaptuple.c, heap_deform_tuple function 
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 ʊ Ứ Ɑ ID  ֥Ὼ ᷄ḁ. 

 

 ◕Ⱡṏ ẋ, ḏ  xmin Җ   ֚  ◕Ⱡ  INSERT  Ứ Ɑ  IDἛ ♥ ṑ᷄ḁ. Ὼᾠ  

 ░ ṏ ẋ ,ʊ  ―  xmax Җ  DELETE  Ứ Ɑ  IDἛ ♥ ṑ᷄ḁ. 

 

◄ בּ  ♄ ⁫ᾠ, UPDATE  ʊṔ ḄӔ  Ἓ ṏ ּב ᷄ḁ: DELETE I NSERT᷄ḁ. 

 ‗  ḄӔ ♄ ,ʊ   ―  xmax Җ  UPDATE ὗ ּב  Ứ Ɑ IDἛ ♥ ṑ᷄ḁ. ֚ὣә Ṕ 

‗  ḄӔ ♄ ,ʊ ḏ  ○Ἓ  ―  ◕Ⱡṍә,  ○ ―  xmin Җ   ―  xmax ҖӦ ҜӀ ♥

ṑ᷄ḁ. 

 

  Ө  ḁ בּ    Ɫₐ▐  Ө  ⁫ӆ ᷄ḁ.
29

 

 

    
column

 Ḭ ҍ ◕ⱠṎ Ṕ ҟ  Ἓ ԂⱠṎ №  ᷄ḁ. 

 

=> CREATE TABLE t( 

id integer GENERATED ALWAYS AS IDENTITY, 

s text  

);  

=> CREATE INDEX ON t(s); 

 

Insert 

Ứ Ɑ  ә   ▲ Ɫ : 

 

=> BEGIN; 

=> INSERT INTO t(s) VALUES ('FOO'); 

 

 Ứ Ɑ  ḁ Ӧ Ҝ ᷄ḁ: 

 

=> --  v.13  txid_current()   

SELECT pg_current_xact_id();  

pg_current_xact_id  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

776 

(1 )  

 

PostgreSQL⁄ἌѤ xact Ἢ╙ Ϯ◔נ Ѥ Ѿ‡ᵑג ϿѤ ↔‡ᴛ Ợ↔ ѱѻ. ╪ Ѿ‡Ѥ ὡ 

╪ᵒ╪Ϯ ἵᾅ ӥ⁄Ἄҵ ῷṖ ὡ ▓ᾋѱѻ. ͎מἌ נ◔Ἢ╙ xact , txn  ֞Ѥ ʼѾ  

tx ᴛҵ  ὡ ▓ᾋѱѻ. ╪ױ  –‡ө╘ ▫ל ḙṓ Ἄ Ϯ₡͙ ԅᶷ⁄ ╫ὢ ˭ Ӊ 

˦░ѱѻ. 

 
29

 backend/access/transam/README 
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heap_page_items ּבὗ  ᾧṭ  ⁫ὗ  ּב Ὥ, ḫ ҍ  Ἓ Ӥṍ  ֥ẋῄ  

Ἅ   ʊḫ ҏ Ἄ  .ḁ᷄ בּ  

 

=> SELECT * 

FROM heap_page_items(get_raw_page('t' ,0)) \ gx 

[֧ RECORD 1 ]֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

lp          | 1  

lp_off      | 8160  

lp_flags    | 1  

lp_len      | 32  

t_xmin      | 776  

t_xmax      | 0  

t_field3    | 0  

t_ctid      | (0,1)  

t_infomask2 | 2  

t_infomask  | 2050  

t_hoff      | 24  

t_bits      |  

t_oid       |  

t_data      | \ x0100000009464f4f 

 

ḝ  ֥אלӀ Ὥṯ  ֥ ♄  ʊ  a ⁫ὗ ◕Ự ә,    ʊҹ  ҍᶾ ᷄ḁ. 

 

=> SELECT '(0,'||lp||')' AS ctid,  

            CASE lp_flags  

                 WHEN 0 THEN 'unused'  

                 WHEN 1 THEN 'normal'  

                 WHEN 2 THEN 'redirect to '||lp_off  

                 WHEN 3 THEN 'dead'  

            END AS state,  

    t_xmin as xmin,  

    t_xmax as xmax, 

   (t_infomask & 256) > 0 AS xmin_committed, 

   (t_infomask & 512) > 0 AS xmin_aborted,  

   (t_infomask & 1024) > 0 AS xmax_committed, 

   (t_infomask & 2048) > 0 AS xmax_aborted 

FROM heap_page_items(get_raw_page('t',0)) \ gx 

 

[̮ RECORD 1 ]̮ +̮̮̮̮̮̮̮̮ 

ctid             | (0,1)  
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state            | normal  

xmin             | 776  

xmax             | 0  

xmin_committed   | f  

xmin_aborted     | f  

xmax_committed   | f  

xmax_aborted     | t  

 

ḁ Ӧ Ҝ בּ   ἶ ᷄ḁ: 

 

 ̧ ' lp '  ʊ     (  ‗ ,  ‗ )Ἓ ″ ṍ ᷄ḁ. 

 ̧ ' lp_flags ' ◄  ʊ◄Ɫ Ӏ ṍ ᷄ḁ. ֥♄, Ὼ Җ Ἓ ♥ Ṏ ҹ  Ἓ  ҍ

ὣ ә  ῦ ᷄ḁ. 

 ̧ ᾧṭ ⁫ ℮  ♄, ὣ  ʊ ֱ֠  Ṕ ҟ  Ὥ  ẁἛ ᷄ḁ. 'xmin_committed'

 'xmin_aborted' ℮  ʊxmin Ứ Ɑ  ΅ṍ ᶷ  ᷄ᾠ Ḅṍ ᶷ ὗ ᵁ ᵒᾞ, 

'xmax_committed'  'xmax_aborted' ℮  ʊxmax Ứ Ɑ  Ө  ▐  ⁫ὗ Ӥ ᷄ḁ. 

 

pageinspect  ◑ ͙ѫ╘ ᶛӧ ♬Ṓ ẋ ᵑ ἒᶘ Ѥ heap_tuple_infomask_flags  ὡᵑ 

Ⱡ̑ ⅝ ◓ ,ᵣתּ  ♬Ṓᵣ╙ ἐ ♠╖ᴛ ˤự ̆ ͎˦╙ җ ʼ˺ ˭ Ѥ ˦╪ 

ꜜ╙ ˦░ѱѻ. 

 

 Ӕꜚ  ⁫ӆ ᷄ḁ. INSERT ᾤἔ    1‗ ὗ ҍ ᶷḫ,  ʊ  Ӏ 

 ʊ  ‗   ҍὣ ᷄ḁ. 

 

 xmin ṫ  ʊ  Ứ Ɑ IDἛ ♥ ṍ  ᷄ḁ.  Ứ Ɑ    ῡἛ, 

xmin_committed ῳ xmin_aborted ℮  ʊ  ♥ ṍ  ᷄ḁ. 

 

xmax ṫ  ʊ0  ṯ  ᷄ḁ.  ʊ  ░ ṍ  , ֚ὣә    ―  ᵁ ᵒ  ʊ

ḝῦ ּי ᷄ḁ. Ứ Ɑ יּ   ὗ ῁  ҹ ᷄ḁ, ᵛ ᾠ xmax_aborted ℮ ҍ ♥ ṍ   ֥ẋ

ῄ ᷄ḁ. 

 

ῷֹו ḛỸ Ἢ⁄ ҍ◔נ ╘Ώ תּ Ἢ╙ Ϯ◔נ Ѿӈאַ  ϿѤ ẋ ʺ ἒ♬ӇѤ ˦╘ 

╪Ữ ˭ Ṓ▀ ὡ ▓ᾋѱѻ. ͎ױϮ, ˶ᵙἛ╥ ̕♩⁄Ἄ Ṓᶔ ╪ױ  Ἢө Ợ╪⁄Ѥ◔נ 

╪ʺ ′ᾋѱѻ. ַאѾӈ נ◔Ἢ╘ ‡Ԏ  ♠ҵ ϶ּ͙ת Ώ͙ ԅᶷ⁄, ỢᾒỮ Ⱶ◓  ΏѤ תּ

˦̓ ˉѻ̆ Ṗ ὡ ▓ᾋѱѻ. 

 

 ὗ Ỵ ‗ ▐  ῡἛ, ּבἛ Ὥṫ ҹ  ӆ ᷄ḁ. ṅ , ⁫ ℮ ә Ứ֥זּ  

Ɑ  ◄  IDὗ כ Ἓ  Ἅ  ḝ ҏӍ Ӏ Ὥṯ ּב ᷄ḁ. 

 

=> CREATE FUNCTION heap_page(relname text, pageno integer)  

    RETURNS TABLE 

            (  

                ctid  tid,  
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                state text,  

                xmin  text,  

                xmax  text  

            ) AS $$  

    SELECT (pageno, lp)::text::tid AS ctid, CASE lp_flags  

                                            WHEN 0 THEN 'unused' 

                                            WHEN 1 THEN 'normal' 

                                            WHEN 2 THEN 'redirect to ' || lp_off  

                                            WHEN 3 THEN 'dead' 

           END AS state, 

       t_xmin || CASE  

                     WHEN (t_infomask & 256) > 0 THEN ' c'  

                     WHEN (t_infomask & 512) > 0 THEN ' a'  

                     ELSE ''  

           END AS xmin, 

       t_xmax || CASE 

                     WHEN (t_infomask & 1024) > 0 THEN ' c'  

                     WHEN (t_infomask & 2048) > 0 THEN ' a'  

                     ELSE ''  

           END AS xmax 

FROM heap_page_items(get_raw_page(relname, pageno)) 

ORDER BY lp; 

$$ 

LANGUAGE sql; 

 

            .  

 

=> SELECT * FROM heap_page('t',0);  

      ctid |       state |     xmin |     xmax  

̮̮̮̮̮̮+̮̮̮̮̮̮̮̮+̮̮̮̮̮̮+̮̮̮̮̮̮ ̮

     (0,1) |      normal |      776 |     0 a  

(1 )  

 

№ ♄ xminӦ xmax ▐  Ἓ , ℮ Ὥ ◄Ɫḻҍ ҏ ẗ  ʊ ⁫ὗ  ּב 

᷄ḁ. 

 

=> SELECT xmin, xmax, * FROM t;  

xmin  | xmax | id | s  

֧֧֧֧֧֧+֧ ֧֧֧֧֧+֧֧֧֧+֧ ֧֧֧֧ 

  776 | 0    |  1 | FOO 

(1 )  
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Commit  

Ứ Ɑ  ⱠӤ Ἓ ἰṍᾠ, ḏ Ứ Ɑ  ◄ ὗ Ẕ    Ἓṭ  ᷄ḁ. Ứ Ɑ  

΅ṍ ḁ  ʊ▐  ֥Ἔ  ᶷḫ, ὗ  PostgreSQL  ‴  CLOG(  ̈́Ἓ )֚ Ԃ ὗ ▐ ᷄

ḁ.
30

  Ԃ  ʊ  Ἓ  ֚ №  ᷄Ớ $PGHOME/PGDATA/pg_xact Ṷἅ ὣ   Ἓ 

ṑ᷄ḁ. 

 

╪♣⁄Ѥ ╪ױ  ▀ө╪ $PGHOME/PGDATA/pg_clog Ӱᴇ ᵙ⁄ ─  ,ᵣתּ‴

ᾅ ͎ᴆᾅ͋⁫ 10 Ḳ♣⁄Ἄ ╪ Ӱᴇ ᵙ╥ ╪ᵒ╪ ṉ˿Ӈ‴ᾋѱѻ.31 ᾅ ͎ᴆᾅ͋⁫⁄ 

╫ὢ ╪Ώ╘ ҥ תּ ḽ╪ᾅ ̕ᵙ▫ө╘ "ᴛ͎"ᵑ ⅝ ′Ѥ ˦╖ᴛ Ỹʻ ̆, ⁴┬ Ӱᾅ  

̑ʼ╙ Ṓ ͙ ─  ╪ Ӱᴇ ᵙᵑ ợⱠ Ѥ ˿↕ʺ ᵤ ᾋѱѻ. 

 

CLOGʊ   ֜ Ⱡ   Ỵ Ἓ ₒ ṍᾞ,  ṯ  ♄―  Ӥ  ᾕᾧὣὗ   Ḅ Ἓ 

֜ṑ᷄ḁ.
32

 

 

 ḝ  Ҝ , CLOGḻ Ứ ⱭὫḁ ΅Ṏ ◄  ḄṎ ◄ ὗ ᵁ ᵒ  ʊṔ ҟ  ℮ ҍ ᷄ḁ. 

Ứ Ɑ  ΅ṍᾠ, CLOG  ΅Ṏ ℮ Ἓ ṑ᷄ḁ. 

 

ḁὖ Ứ Ɑ    Ɫ  ẋ  ʊḁ  Ṕ ҍ  ῄ  Ḍ  ᷄ḁ: 

 

 ̧ xmin Ứ Ɑ  ῦ ἰṍ ᶷҍ? 

᷄Ớᾠ, ◕ⱠṎ  ⁫   ᷄ḁ. PostgreSQL  Ứ Ɑ   Ⱡ ◄  

 ֥   Ӥ  ᾕᾧὣ   ʊẮ ḁὖ Ԃ  ProcArrayὗ ▐ ᷄ḁ.  Ԃ

 ʊᾧṭ Ⱡ ἛⱢ  ᾨἜ  ṍᾞ, Ҏ ἛⱢ  ḓ  ḏ  ʊ  Ⱡ Ứ

Ɑ  ṑ᷄ḁ. 

 ̧ ֚ἃḁᾠ, ΅ṍ ᶷ  ᷄ᾠ Ḅṍ ᶷ ? 

Ḅṍ ḁᾠ, ḏ   ⁫   ᷄ḁ. ὗ  ֥  CLOGҍ ᾞ,  

בּ   ʊҹ  ὺ‗ ℮  Ὦ  Ṳ᷄ḁ,  ֜  CLOG ṯ  ᾕᾧὣ ―  

ṍ  ḝỚḻ ὰ . 

 ̧ Ứ Ɑ ◄ ҍ Ӎ ṍᾠ, ḏ ◄  ʊ  ḝ  ֥Ἔṑ᷄ḁ. Ԃ Ἓ  ʊxmin_committed 

ῳ xmin_aborted ⁫ ℮ ,   ℮  ֥Ἔṑ᷄ḁ.  ℮   ᵁҍ ♥ ṍ  ḁᾠ, 

xmin Ứ Ɑ ◄  ʊ ῦ Ἄ  ◄ Ἓ ҏ ᾞ, ḁ  Ứ Ɑ  CLOGU  ProcArray  Ɫ

 ҍ ᷄ḁ. 

 

 ▲  ʊ Ứ Ɑ  Ỵ  ℮ ὗ ♥   ʊ  ʊ ḏ ♄ Ứ Ɑ  ⱠӤ Ἓ ἰ

ṏ ẋῄ֥  בּ    ᷄ḁ. Ắ   ̈́ ♄ ẖ  U ҍ ″Ӓṍ ᶷ   ʊҹ  

ὺ  ℮  Ὦ  ṫ  ʊ  ṏ ּב ᷄ḁ. ᵁ  Ứ Ɑ  Ὦ    ῦ  ʊӒ , ὗ 

 ʊҹ  ◄ḏ  ℮  ṯ ּב ᷄ḁ. ḝ ,  a  ʊḝ ◄   ּב ῡἛ,  

℮ ὗ ҏḄ בּ   ֥  ḁ   ʊҹ  ΅  ꜚḻὗ Ҏ Ӏ ᶿ  .ḁ᷄ בּ 

 

 
30

 include/access/clog.h  

    backend/access/transam/clog.c  
31

 commitfest.postgresql.org/13/750  
32

 backend/access/transam/clog.c  



 67 

Ỵ  ℮  Ҕ  Ὼḓ ,ʊ ẖ Ứ Ɑ(  ֥  SELECT ᾤἔ )ḻ  ℮ ὗ ♥  בּ 

ᾞ, Ἓ  ―   'ḝỴ
dirtied

'   ᵉӀ ṏ ּב ḁ  ʊ  ᷄ḁ. 

 

֚Ỹ , INSERT ῄ Ἓ Ṏ Ứ Ɑ  ΅ ⁫ḻἜ ӆ ᷄ḁ. 

 

=> COMMIT; 

 

 ʊ ῁Ỷ ″ ҍ ᷄ḁ. (֚Ỵ  U ὣ  ʊ ῦ Ứ Ɑ ◄ ҍ CLOG  ֥Ἔṍ ḁ  ʊҹ  

ә ᷄ḁ.) 

 

=> SELECT * FROM heap_page('t',0); 

  ctid |  state | xmin | xmax  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧+֧ ֧֧֧֧֧ 

 (0,1) | normal |  776 | 0 a  

(1 )  

 

 "
standard

"   Ἓ  ֜  ʊ  ‗  Ứ Ɑ(pageinspectὗ ▐   ʊ  )  

xmin Ứ Ɑ  ◄ ὗ Ӎ ә  ℮ ὗ ּב  ᷄ḁ. 

 

=> SELECT * FROM t; 

 id | s  

֧֧֧֧+֧֧֧֧֧ 

  1 | FOO 

(1 )  

 

=> SELECT * FROM heap_page('t',0); 

  ctid |  state |  xmin | xmax  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧ 

 (0,1) | normal | 776 c | 0 a  

(1 )  

 

Delete 

 ░ ṏ Ӓ , ḏ   ―  xmax ṫ  ʊ░ ὗ ּב  Ứ Ɑ IDἛ ♥ ṍᾞ, 

xmax_aborted ℮  ʊ ṑ᷄ḁ. 

 

Ἢ╪ Ἓ Ữ◔נ ╪ ╬ ҿΌ xmax ˃╘  ○͔╥ ⁵ ╙ ѱѻ. ѻᵐ נ◔Ἢ╪ ╪ ╙ 

ὡ♬ ˞Ϯ ợⱠ ᴎᶔ, xmax נ◔Ἢ╪ ₰ᴮӉ ԅּͥת ҍ͙ ‒ ѱѻ. 

 

 

  ░ ⁫ӆ ᷄ḁ. 
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=> BEGIN;  

=> DELETE FROM t;  

=> SELECT pg_current_xact_id() ;  

pg_current_xact_id  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

777 

(1 )  

 

Ứ Ɑ ID  ʊ ῦ xmax ṫ  ֥Ἔṍ Ὥ, ⁫ ℮  ʊ  ♥ ṍ  ᷄ḁ. 

 

=> SELECT * FROM heap_page('t',0);  

  ctid |  state |  xmin | xmax  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧ 

 (0,1) | normal | 776 c | 777  

(1 )  

 

Abort  

Ứ Ɑ  Ḅ  ʊᾕ ᷄  ΅  ʊҹӦ ▐ ᾞ, ὺ  ↑ὔӀ ᵁ Ὥ, CLOG♄ ΅Ṏ ℮  

ḓ  ḄṎ ℮ ὗ ♥ ᷄ḁ.  ṅ  ἠ 
ROLLBACK

Ớә ₔὣ Ὥ, Ἓ ḫ  ἠ   ῼ◕  

᷄ḁ. ḄṎ Ứ Ɑ   ḫ בּ ♄  Ṏ ᾧṭ ″Ӓ ▐  ֚ḓἛ ṑ᷄ḁ. 

 

=> ROLLBACK; 

=> SELECT * FROM heap_page('t',0); 

  ctid |  state |  xmin | xmax  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧ 

 (0,1) | normal | 776 c | 777  

(1 )  

 

 ֜  ẋ, Ứ Ɑ ◄ ҍ ṍә,  xmax_aborted  ℮ ὗ ΏӀ ṑ᷄ḁ. xmax ‗  

 ʊ   ᵉ  Ὥ,  ʊḝ ◄ ֚ҹ  ḓ  Ӓ   ҍ Ӏ ṑ᷄ḁ. 

 

=> SELECT * FROM t;  

 id | s  

֧֧֧֧+֧֧֧֧֧ 

  1 | FOO 

(1 )  

 

=> SELECT * FROM heap_page('t',0); 

  ctid | state  |   xmin | xmax  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧֧ 

 (0,1) | normal | 776 c | 777 a  

(1 )  
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Update  

בּ    ░ Ṏ ҹ Ỹ ὣṍᾞ,  ֚  ○Ἓ   ▲ ṍ  ʊ  Ἓ ṑ᷄ḁ. 

 

=> BEGIN; 

=> UPDATE t SET s = 'BAR';  

=> SELECT pg_current_xact_id();  

pg_current_xact_id  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

778 

(1 )  

 

   (  )  .  

 

=> SELECT * FROM t;  

 id | s  

֧֧֧֧+֧֧֧֧֧ 

  1 | BAR 

(1 )  

 

֚Ỵ  U  ʊṔ ―   ᾧṔ ᷄ḁ. 

 

=> SELECT * FROM heap_page('t' ,0) ;  

  ctid | state   | xmin | xmax  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧ 

 (0,1) | normal | 776 c | 778  

 (0,2) | normal | 778   | 0 a  

(2 s)  

 

 ░ Ṏ ―  xmax ṫ  ʊ  Ứ Ɑ IDҍ ṍ  ᷄ḁ.  Җ   Ứ Ɑ  Ḅ

ṍ  ֥ẋῄ   Җ  Ḫ ᷄ḁ. xmax_aborted ℮  ʊ  Ứ Ɑ  ◄ ҍ  Ἄ   ֥

ẋῄ  ṑ᷄ḁ. 

 

  ἰ  ֥  Ứ Ɑ  ΅ ⁫ḻἜ ӆ ᷄ḁ 

 

=> COMMIT; 

 

3.4 Ḭ  

Ḭ  ʊ  ―  Өὣὗ ▐  ᾞ  ʊ Ḭ  Ὂ  ◄Ө  ṅ ᷄ḁ. Ҏ   ᵁ

 Ἓ ṍᾞ, Ḭ   ḝ  ʊxminӦ xmax ṫҍ ṍ  ᷄ḁ. Ḭ  ᾨ  ḏ 

№  ᾧṭ ―  ҍὣ ᷄ḁ. ẖ  ―  ⁫ ᶷ  Ἄᾠ Ứ Ɑ  №  ֜  ᷄

ḁ(  ҍ ҍ Ⱡ
visibility

 ᾁ  ᵁ ᵁ   Ӓ ). 
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ὗ ,   ʊᾧṭ Ḭ  ᾨ   ֥  pageinspectὗ ▐  ʊҏḄ ◕ ὗבּ 

Ⱡ ⁫ḻἜ ӆ ᷄ḁ. (B- ὣ Ḭ   ʊ ὗ ᾠ ὣ Ἓ ᷄ḁ.) 

 

=> CREATE FUNCTION index_page(relname text, pageno integer) 

RETURNS TABLE(itemoffset smallint, htid tid)  

AS $$ 

SELECT itemoffset,  

       htid --  ctid before v.13  

FROM bt_page_items(relname,pageno);  

$$ LANGUAGE sql;  

 

ḏ  ʊ   Ṕ ҟ    ᾧṔ ᷄ḁ. 

 

=> SELECT * FROM index_page('t_s_idx',1);  

 itemoffset | htid  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧ 

          1 | (0,2)  

          2 | (0,1)  

(2 s)  

 

BAR < FOO ,        .  

 

3.5 TOAST 

 №  ▐ ◄ Ὼ № ᾞ, ⁮  №   ― Ӧ  ʊḼὨ Ἓ  ―  Өὣὗ ּב

᷄ḁ. ֚Ỵ  U  № בּ   ṍ  ә ҍṍұ  U░ ṍ  ʊ  Ἓ ὣṍῡἛ, ֚ṯ  ―  

Өὣ  ʊ ҏ ᷄ḁ. 

 

ḫ  ″Ӓ   ẋὫḁ  №  ʊ○Ἓ   ◕֬᷄ḁ. ֚Ỵ  U  Ṏ  ֧Җ   

  ʊּב  Ӓ , ○Ἓ   ֥  Җ  ᷄ḁ.  ֧Җ בּ  ṍ  ʊӒ Ὥ, 

PostgreSQL   №  ○Ἓ  Ӧ ○Ἓ  ὗ ◕Ⱡ ᷄ḁ. 

 

3.6 ҍ◄Virtual  Ứ Ɑ 

PostgreSQL  Ứ Ɑ IDὗ  ֥  ‴   ֥ᶾ  Ӥ ᷄ḁ. Ứ Ɑ   ֥  Ӓ

, ḏ Ứ Ɑ   ҍ Ⱡ  ῁Ỷ  ῦ  ᷄ḁ. ẁỚ♄ Ỵ  Ứ Ɑ  ʊ  ҍ

◄ XID33ҍ ₐ ṑ᷄ḁ. ҍ◄ XIDʊ    ṫ ἛⱢ  ID דּ   ‗ Ἓ ԂⱠṑ᷄ḁ. ҍ◄ XIDὗ ḏ  ʊ

ҹ  ḁὖ ἛⱢ  ҏ  ṅ֥ ὗ Ἓ  ῡἛ ὺ  ↑ὔӀ ּב ṑ᷄ḁ.  ♄ Ứ Ɑ  

  IDҍ ᷄ḁ. 

 

=> BEGIN;  

=> --  txid_current_if_assigned() before v.13  

 
33

 backend/access/transam/xact.c 
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SELECT pg_current_xact_id_if_assigned() ;  

pg_current_xact_id_if_assigned  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

(1 )  

 

ḁὖ ♄  ʊ ῦ ▐ Ṏ ҍ◄ XIDҍ ṏ ּב ᷄ḁ.  ʊ  ◄  ◄ ᷄ḁ. 

ҍ◄ XIDʊ  RAM ♄Ὥ ᾞ, ḏ Ứ Ɑ  Ⱡ ◄  ṅ Ὥ ṑ᷄ḁ. ҍ◄ XIDʊ  ḫ  

 ֥Ἔṍ  ᾞ Ṷ  ṍ  ᷄ḁ. 

 

Ứ Ɑ  ḫ ὗ ּב  ֥ ᾠ, Ἓ ә  IDҍ ₐ ṑ᷄ḁ. 

 

=> UPDATE accounts 

SET amount = amount -  1.00;  

=> SELECT pg_current_xact_id_if_assigned();  

pg_current_xact_id_if_assigned  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

                           780 

(1 )  

 

=> COMMIT; 

 

3.7  Ứ ⱭSubtransactions  

Savepoints 

SQL    Ứ Ɑ ᵒ ♄  a   Ứ Ɑ  Ḅ  ә ꜙ  ḻἜ בּ 

᷄ḁ. ֚Ỵ  U Ỵ   ʊ ♄ ♥ᾤ    Ӧ  ᷄ḁ. Ứ Ɑ  ◄  ʊᾧṭ  

ṍᾞ, ῇὣ  ḫ  ἠ  בּ  ṍ  ᷄ḁ. 

 

Ỵ  ֥ᶾ  Ԃ  ֥ ,   ʊ Ứ Ɑ  Ỵ ҟ   Ứ Ɑ
34
Ἓ ₒ ṍ  ҎҎ

 ◄ ὗ ‴ḻἛ Өὣ  .ḁ᷄ בּ 

 

 Ứ Ɑ  ⁮ Ứ Ɑ  ID⁫ḁ  ә  IDὗ ҍ ә ᷄ḁ.  Ứ Ɑ  ◄  ʊ Ὼ  

  Ἓ CLOG  ֥Ἔṑ᷄ḁ. ֚Ỵ  U ΅Ṏ  Ứ Ɑ  ΅Ṏ ◄  ḄṎ ◄ ὗ ṅ  ҍ  בּ 

᷄ḁ.  Ӎ  ⁮ Ứ Ɑ  ◄  ẁỚ ḆỚ ᷄ḁ. ⁮ Ứ Ɑ  ḄṎ Ӓ , ᾧṭ  Ứ

Ɑ  ḄṎ ҹ Ἓ ҏ ṑ᷄ḁ. 

 

 Ứ Ɑ  Ө  ⁫  ʊ$PGHOME/PGDATA/pg_subtrans Ṷἅ ὣ  ṑ᷄ḁ.  ֜  

 Ӥ  ᾕᾧὣ   CLOG ―  ṅ  Ԃ ὗ ҍ  ― ὗ  ὣṑ᷄ḁ.
35

 

 

 
34

 backend/access/transam/subtrans.c 
35

 backend/access/transam/slru.c 
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Ἢ◔נ ═▫ Ἢ̓◔נ ─
autonomous

 ╙ ҿ ⅝אַ ╪˦ ΏѤ תּ ѱѻ. ─ נ◔Ἢ̓Ѥ 

Ҁᵙ ▫═ נ◔Ἢ╘ ‡Ԏ  Ḣᾏ╖ᴛҵ Ἄᴛ ╥Ⱶ  ═▫ ╘Ώᾋѱѻ. ͙ṕ PostgreSQL תּ

∟תּ ╙Ἢ◔נ Ώ╖ᶒ, ╪˦╘ ῷᵡҵ ʺ◑ ꜜ╘ ἐ תּ ▀ ˦░ѱѻ. ▫═ נ◔Ἢ╘ ᵰ↕ 

ӥᶷ ˿↕⁄ ⅝ ╪ᵣ, ѻᵐ ҥתּ ḽ╪ᾅ ᾎᾅ ⁄Ἄ ╪↔ ʺѫ ѻᶔ ϶↔╪ ┬ḛӇ‡ ᵤ╘ 

ᶷⱠᵑ ‒͙  ὡ ▓ᾋѱѻ. 

 

Ὂ ῳ ⱠErrors and Atomicity  

Ὥ  ῄ    Ὂҍ ῼ◕ ḁᾠ ẢӀ ṏֱ ? 

 

=> BEGIN;  

=> SELECT * FROM t;  

 id | s  

֧֧֧֧+֧֧֧֧֧ 

  2 | FOO 

  4 | BAR 

(2 s)  

=> UPDATE t SET s = repeat( 'X' , 1/(id - 4)) ;  

ERROR: division by zero  

 

 ,  Ứ Ɑ  Ḅṍᾞ ҍ בּ    .ḁ᷄ בּ 

 

=> SELECT * FROM t; 

ERROR: current transaction is aborted, commands ignored until end  

of transaction block  

 

΅  ḻ ḝỚḻ, PostgreSQL  Ứ Ɑ  ἠ Ṏ ҹ Ἓ Ἄ ᷄ḁ. 

 

=> COMMIT; 

ROLLBACK 

 

 Ứ Ɑ  Ӕ  ꜚ  ʊҹ   ֠ ṍᶷ  ԍ֠ ᵁ ? ῦ Ṏ ṯ  ἠ ṍ   ֥ẋ

ῄ  Ὂ ῼ◕  ἶ  ″Ӓ ▐  ֜ Ӏ ṑ᷄ḁ.  ʊῄ בּ   Ⱡ , ֚ὣә ẁỚ♄ 

Ứ Ɑ  Ⱡ  ֽỆὣӀ ṑ᷄ḁ. 

 

ὗ ṯ   ◄ ♄,  ʊ Ὂ ῼ◕  Ṕ     ּב  ⱠӤ ḁә ◕Ҏ ⁵ ḁ. 

 

=> SELECT * FROM heap_page('t' ,0) ;  

  ctid |  state |  xmin | xmax  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧ 

 (0,1) | normal | 782 c | 785  

 (0,2) | normal | 783 a | 0 a  
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 (0,3) | normal | 784 c | 0 a  

 (0,4) | normal | 785   | 0 a  

(4 s)  

 

ḝₔ , psql  ‴  ᾧṫὗ Ӥ  Ὂҍ ῼ◕  ῄ  ἠ Ṏ ҹ Ỹ ⁫ Ӏ ᾠ♄ḻ Ὂ ῼ◕ 

ḻ Ứ Ɑ  Ӕ  ꜚ  .Ӏ ᷄ḁ בּ 

 

=> \ set ON_ERROR_ROLLBACK on 

 

=> BEGIN;  

=> UPDATE t SET s = repeat('X', 1/(id - 4));  

ERROR: division by zero  

 

=> SELECT * FROM t;  

 id | s  

֧֧֧֧+֧֧֧֧֧ 

  2 | FOO 

  4 | BAR 

(2 s)  

 

=> COMMIT;  

COMMIT 

 

⁫ ḁ , psql   ᾧṫ ♄ ṏ ẋ  ʊҎ ᾤἔ   ῂ   ҍ ᷄ḁ. Ὥ  ᾠ 

ἠ   ṑ᷄ḁ.  ᾧṫҍ ֥⁮ Ἓ ▐ ṍ   ʊ ,ʊ  ◕Ⱡ  ʊҹ  ( Ἓ ἠ   

Ἶ  ḝỚḻ) ◄ḏ  ― ṫὗ ֥  ֥ẋῄ ᷄ḁ. 
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4  ᵗָא
Snapshots 

4.1 ᵗָא Ờ ῁ ҍ ? 

ᵁ  ḫ   ʊṅ   Ỵ ― Ὥ, Ҏ Ứ בּ   Ɑ   ֚  ḓ ᵁ  ―

Ὥ ⁫Ӏ ṑ᷄ḁ. Ỹ ḁὖ  ⁫  ʊ― ṯ  ᾧ  ᵗָא  ὭṯӀ ṑ᷄ḁ. ᵗָא  ḏ  

΅Ṏ  ḫ ὗ ῡἛ,   Ө  ӨṎ ḫ  ₱(ACID ♄ ὰ  ʊ ῦ  ӨⱠ)ὗ 

Ӥ ᷄ḁ. 

 

ӉὣⱠ  ⁫  ֥ ♄, Ҏ Ứ Ɑ  Ὥ  ᵗָא  ▐ ᷄ḁ.  ʊ♄Ἓ ḁὖ Ứ Ɑ  ♄Ἓ 

ḁὖ ҏ  Ṏ ᵗָא ῦ  בּ ⁯  Ὥ, ֚Ỷḫḻ ḫ  ӨⱠ  ṑ᷄ḁ. 

 

΅Ṏ  ֥Ӊὣ ּב ♄  ʊҎ ῄ  ṏ ẋὫḁ ᵗָא  ṍә,  ᵗָא  ḏ ῄ  ṍ

 ʊṅ Ὥ ṑ᷄ḁ. 

 

Ὼᾠ, Ὼ⁬ ֥  Ἇ בּ  ♄  ʊ Ứ Ɑ   ‗  ῄ  ṏ ẋ ᵗָא  ṍә,  ᵗָא  

 Ứ Ɑ  ἰṏ ẋֱ  ṑ᷄ḁ. 

 

 
 

4.2  ―  ҍ Ⱡ 

ᵗָא   ṯ  ῇὣ  ⁬▐⁮  ᷊᷄ḁ. ḓ , Ỵ ּי ṯἛ ἶ  ᾞ,  ҍ Ⱡ

  ֗  ẁỚ Ӎ ṑ᷄ḁ. 

 

 ҍ Ⱡ   ḝ  xminӦ xmax ṫ( , ▲  ῳ ░ ὗ ּב  ʊ Ứ Ɑ  ID)   ӨἎṎ 

 ℮   ṑ᷄ḁ. xminӦ xmax ҏӉ  ӏ   ֥ẋῄ , Ҏ  ᵗָא ♄  ― ἛὭ 

ᵁ ᵊ᷄ḁ. 

 

ҍ Ⱡ ֗  ḁ  ᵁὣ   ◄  әἌ  ֥ẋῄ  ◄ḏ  ⁬ ᷄ḁ.
36

 ὺ  ҏỰ Ӏ ♥ᾤ

ᾠ,  ῦ ᾞ  ░ ṍ   ẋ ᵗָא ♄ ⁫ Ӏ ṑ᷄ḁ.  ᵗ☻  ʊxmin Ứ Ɑ

 ″Ӓ▐  ṍ Ὥ xmax Ứ Ɑ  ″Ӓ▐  ṍ  ᷄ḁ. 

 

Ὣ ҍ Ἓ, Ứ Ɑ  ″Ӓ ▐  ḏ Ứ Ɑ  ᵗָא ◕Ⱡ  ΅Ṏ Ӓ Ὥ ᵗָא ♄ ⁯ 

 
36

 backend/access/heap/heapam_visibility.c 
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ḁ. Ἓ, Ứ᷄ בּ Ɑ   Ὥṭ ΅ṍ   ″Ӓ ▐ ḁ. Ὥ᷄ בּ ⁯   Ứ

Ɑ  ḄṎ Ӓ , ḏ ″Ӓ ▐  ẖ ᵗָא ♄ḻ ⁯ ּב Ӏ ṑ᷄ḁ. 

 

ҏḄ  ὗ  □ ⁵ ḁ.  ֚ὧ ♄ ♠ₒ  Ứ Ɑ  ᵁ ᵒᾞ (  ҏₐ   ̈́ ҏֱ ), 

Ҏ Ứ Ɑ  ″Ӓ ▐  ᵗָא ♄ ⁫ ᷄ḁ: 

 

 
 

֥♄ ҍ Ⱡ ֗  Ứ Ɑ  ṑ᷄ḁ: 

 

 ̧ Ứ Ɑ 2  ʊ ᵗָא ◕Ⱡ  ΅ṍ ῡἛ ḏ ″Ӓ ▐  ҍ ᷄ḁ. 

 ̧ Ứ Ɑ 1  ᵗָא ◕Ⱡ ҏ  Ⱡ ṍ   ֥ẋῄ  ḏ ″Ӓ ▐  ҍ  ᷄

ḁ. 

 ̧ Ứ Ɑ 3  ᵗָא ◕Ⱡ  ṍ  ֥ẋῄ  ḏ ″Ӓ ▐ ḻ ҍ  ᷄ḁ (  

Ứ Ɑ  ἰṍ ᶷ  ʊ◄Ө ᷄ḁ). 

 

4.3 ᵗָא Ԃ  

֚Ỵ  Uₔ ḻ,  ֚ὧ  PostgreSQL  Ἓ ὗ  ʊ  Ӧ  ʊ  ӨἎ  ᷄ḁ.
37

 ῄ

 ʊ  Ứ Ɑ   ΅ṍ ᶷ ḁ בּ    ʊ ᷄ḁ. Ứ Ɑ  Ṏ  Ἄ  

᷄ḁ(  ʊ Ứ Ɑ ID   ṑ᷄ḁ) ֚Ỵ  U ἰṎ  Ṷ ḻ ֥Ἔṍ   ᷄ḁ. 

 

Ḑ ᾎʼ╘ track_commit_timestamp ᵰˌṉὡᵑ Ἓ ╖ᴛᾬ ♠  ὡ ▓ּתᵣ38(͙ṕ˃: 

off ), ╪Ѥ ʺᾎἛ ˤỢ⁄Ѥ ♣  ⁴ ↔♠ ⁄Ϯ ΩṨ ṓⱠ ἹᴴἪױ͎) .Ώᾋѱѻ תּ ͙ ─  

ѻᵐ ᶜ♠╖ᴛ ♠ Ѥ ҥѤ ⁴♣  ┬↔  ὡ ▓ᾋѱѻ.)  

 

֞ , ᾅ ͎ᴆᾅ͋⁫╘ Ữ Ḑ ḓ ᴞḥ ᾎʼ╙ ҉ WAL ᶜ⁄ ͙ᴜ  ᵣ, ╪ ♬ṒѤתּ

ᾎ♩ ṓ̯
Point -In-Time Recovery

⁄ᵣ Ợ↔Ӌѱѻ. 

 

ὣҍ  ּב  ʊҹ   Ứ Ɑ   ◄ ╝ ᷄ḁ.  ⁫  ʊ♄―  Ӥ  ᾕᾧὣ  ṍ  

᷄ḁ. ProcArray Ԃ  ʊᾧṭ Ⱡ ⱢⱭӦ ֚ṯ  Ứ Ɑ ᾨἜ  ṍ  ᷄ḁ. Ứ Ɑ  ἰ

ṍᾠ ḏ Ứ Ɑ  ᵗָא ◕Ⱡ  Ⱡ ṍ  ᶷ ὗ  ᴗּב Ӏ ṑ᷄ḁ. ẁỚ♄ ᵗָא  

 
37

 include/utils/snapshot.h 

      backend/utils/time/snapmgr.c 
38

 backend/access/transam/commit_ts.c 
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◕Ⱡ  ֥ ♠, Ṏ  ṴἜ  ʊҹὭ ,U ḏ ♄  ᾧṭ Ứ Ɑ  ◄ ὗ ּב  ʊ

ҹ  ᷄ḁ. ֚ἃ  ᾠ ᵁ  ẖ  ᵗָא ♄ ⁫  ᶷ , ẖ  ṍ  

ᶷ ὗ  ֥ ἑ ᷄ḁ. 

 

ᵗָא  Ṏ Ӧ  ♄ ▐ ʊ  בּ  ⁫ὗ □ ⁵ ḁ. ( ◌  Ⱡ Ứ Ɑ , 

ҷ ◌  ἰṎ Ứ Ɑ  ᵁ ᵗ᷄ḁ): 

 

 
 

ҍ  ⁵ ḁ. ᵗָא  Ṏ ♄  ‗  Ứ Ɑ    ә, Ɫ ‗  Ứ Ɑ   

ṍ  ḁ  ʊ▐   ᾯ ḁә ◕Ҏ  ⁵ ḁ. ֚Ỹ  ‗  Ɫ ‗  Ứ Ɑ  Ṕ ‗  Ứ

ⱭӦ Ὣ ҍ Ἓ ⁫  ҹ ᾞ, ṯ  Ὢ  ʊҹ  ₔҍᶾ  ⁫  ҹ ᷄ḁ. 

 

Ỵ  Ἓ PostgreSQL   Ӧұ ♄ ḫ  ӨṎ ◄ ὗ ⁫  ʊ ᵗָא  ◕Ⱡ  בּ 

᷄ḁ. Ἓ ᾧṭ     ḁ ḝỚḻ ֚ἃ ᷄ḁ. ẁỚ♄ ә  (ҍ

ᴴ  ҏ ұ  U Ủ   Ớәḻ ₔὣ )ʊὗ Ԃ  ʊҹ  ₔҍᶾ ᷄ḁ. 

 

Ḉᴠ˭ҵ, ╪ױ  ͙ѫ╘ ∟מ PostgreSQL╥ ᶜ Ϯ₄╖ᶒ ╛Ṩ אַ   ̯ Ӈ‴ᾋѱѻ. 

Ϯ ╪ ᴛⱡױ͎ ʺ ᷾ѱ ᴛ ╪̕ӇᶔἌ ╪ ͙ѫ╘ ҥ╪ ḽ╪ᾅ ᾎᾅ ⁄Ἄ 

Ⱡ˞Ӈ‴ᾋѱѻ.39 

 

ẁỚ♄, ᵗָא  ◕Ⱡ  Ṏ Ỵ Җ Ἓ ԂⱠṑ᷄ḁ:
40

 

 

xmin  ᵗָא  ᾞ, ҍ  ỦṎ Ⱡ Ứ Ɑ  IDὗ ҍὣ ᷄ḁ. ⁫ḁ  IDὗ ҍ  ᾧṭ Ứ

Ɑ  ῦ ΅ṍ ұ  U Ḅṍ ῡἛ, ḏ ″Ӓ ▐  ᵗ+  ṍұ  U῁ ṑ᷄ḁ. 

 

xmax ᵗָא  ◄ ᾞ,   ̈́ Ứ Ɑ  ID⁫ḁ 1  Җ  ҍ ᷄ḁ.  ◄  ᵗָא  Ṏ 

 ᷄ḁ. xmax ◄  IDὗ ҍ  ᾧṭ Ứ Ɑ    ұ  U  ῡἛ, ḏ ″Ӓ 

▐  ҍ  ᷄ḁ. 

 

xip_list  ҍ◄ Ứ Ɑ   ᾧṭ Ⱡ Ứ Ɑ  ID ᾨἜ ᷄ḁ. ҍ◄ Ứ Ɑ  ҍ Ⱡ   ῦ

 ᷄ḁ. 

 

ᵗָא  ʊᾥ ҍ  ḁὖ ὺҟ″ּבḻ ṍ Ὥ, ‗ ♥ᾤ ♄  ʊ◕Ự ӆ ᷄ḁ.  

 

 
39

 Joseph M. Hellerstein, Looking Back at Postgres. https://arxiv.org/pdf/1901.01973.pdf 
40

 backend/storage/ipc/procarray.c, GetSnapshotData function 
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֚Ủ Ἓ ᾠ, ᵗָא  xmina  xmaxֱ  Ứ Ɑ   ʊ ▐Ҏ Ἓ ᵁ  ᴗּב ᷄

ḁ. 

 

 
 

ᵗָא   ҍ Ⱡ ֗  ẢӀ ṍᶷ   ֥ , accounts № ♄  ὗ  

⁫ӆ ᷄ḁ. 

=> TRUNCATE TABLE accounts; 

 

 ‗  Ứ Ɑ  №   ‗   ▲ ә  Ἄ ᷄ḁ: 

=> BEGIN; 

=> INSERT INTO accounts VALUES (1, 'alice', 1000.00);  

=> SELECT pg_current_xact_id();  

  pg_current_xact_id  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

                 790 

(1 )  

 

Ṕ ‗  Ứ Ɑ  Ṕ ‗   ▲ ә  ″Ӓ ▐   ΅ ᷄ḁ: 

  => BEGIN; 

  => INSERT INTO accounts VALUES (2, 'bob', 100.00);  

  => SELECT pg_current_xact_id();  

    pg_current_xact_id  

  ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

                   791 

  (1 )  

  => COMMIT; 

 

 ♄ ḁὖ ⱢⱭ ♄ ○Ἓ  ᵗָא  ◕Ⱡ  ⁫ӆ ᷄ḁ. ὗ  Ḅּד  ὗ  ּב Ὥ, 

 ᵗָא    ֥  ‴ ▐ ὗבּ  ӆ ᷄ḁ: 
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    => BEGIN ISOLATION LEVEL REPEATABLE READ; 

    => --  txid_current_snapshot() before v.13  

    SELECT pg_current_snapshot(); 

      pg_current_snapshot  

    ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

              790:792:790 

    (1 )  

 

בּ   ʊ Ἕ(:) Ἓ ԂₒṎ ḁ  ᵗ☻ ԂⱠ ꜙὗ ᷄ḁ: xmin, xmax, ֚ὣә xip_list ( Ⱡ Ứ

Ɑ  ᾨἜ;   Ӓ  ʊ ᵁ  ᾨ Ἓ ԂⱠṑ᷄ḁ). 

 

ᵗָא   ,  ‗  Ứ Ɑ  ΅ ӆ ᷄ḁ: 

=> COMMIT; 

 

Ɫ ‗  Ứ Ɑ  ᵗָא ◕Ⱡ  ṑ᷄ḁ.  Ứ Ɑ  Ṕ ‗ בּ   ῡἛ ○Ἓ   

◕Ⱡṑ᷄ḁ: 

  => BEGIN;  

  => UPDATE accounts SET amount = amount + 100 WHERE id  = 2;  

  => SELECT pg_current_xact_id() ;  

   pg_current_xact_id  

  ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

                   792 

  (1 )  

  => COMMIT;  

 

ὣ  ᵗָא   ᵁ  Ὥ  .ḁ᷄ בּ ⁯ 

    => SELECT ctid, * FROM accounts;  

      ctid | id | client | amount  

    ֧֧֧֧֧֧֧+֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

     (0,2) |  2 |    bob | 100.00  

    (1 )  

 

Ὥ №  ʊⱢ ҟ   ᷄ḁ. 

    => SELECT * FROM heap_page('accounts',0); 

       ctid |      state |       xmin | xmax  

    + + +  

      (0,1) |      normal |     790 c | 0 a  

      (0,2) |      normal |     791 c | 792 c  

      (0,3) |     normal |     792 c | 0 a  

   (3 s)  
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PostgreSQL  ẢӀ ―  ♠  ⁫ ֱ ?  ֗  ẁỚ, ″Ӓ ▐  ḁ  ֥   ʊ

΅Ṏ Ứ Ɑ  ♄Ὥ ᵗָא  ṑ᷄ḁ: 

 

 ̧ xid < xmin :  Ӓ  ″Ӓ ▐  ῁ ҳ ⁫ ᷄ḁ. ὗ ṯ , accounts №  ◕Ⱡ  Ứ

Ɑ  Ӓ ҍ  ḏ ᷄ḁ. 

 ̧ xmin  xid < xmax :  Ӓ  ḏ Ứ Ɑ IDҍ xip_list   ʊӒ Ὥ ″Ӓ ▐  ⁫

᷄ḁ.  ‗   (0,1)  xip_list  ᵁ ᵁ  ʊ Ứ Ɑ   ҍṍ  ֥ẋῄ  ⁫  

᷄ḁ. ℮Ἔ  Ứ Ɑ  ᵗָא ‛  ṍ Ὥ ὰ . 

 

Ṕ ‗   ҍ   ―  (0,3)  ḏ Ứ Ɑ IDҍ ᵗָא  ◄  Ӧ  ֥ẋῄ  ⁫  ᷄ḁ.  

 

֚Ỵ  UṔ ‗    ‗  ―  (0,2)  ʊ⁫ ᷄ḁ. ᵛ ᾠ  ▲  ᵗָא ‛  ᵒ  ә xip_list

 ᵁ ᵁ   ʊ Ứ Ɑ בּ   ṍ  ֥ẋῄ ᷄ḁ(ẁỚ♄ ҍҍ ⁫ ᷄ḁ). Ὼᾠ   ░  ʊ

ᵗָא  ◄  Ӧ  ʊ Ứ Ɑ   ἶ  ֥ẋῄ  ░  ʊ⁫  ᷄ḁ. 

    => COMMIT; 

 

4.4 Ứ Ɑ  ″Ӓ ▐  ҍ  

Ứ Ɑ   ″Ӓ  Ө  ҍ Ⱡ ֗   ʊҹ  ҏ ḝ ⁬ ᷄ḁ.  aӒ  ʊ ḏ ″Ӓ 

▐  ₐὭ ⁫  ᷄ḁ. ὗ ṯ ,  ♄ ὥ ♄  ʊӉὣ ּב Ӧ ӨӔ   ῼ◕  ″

Ӓ ▐  ⁫   ᷄ḁ. 

 

Ỵ  ◄  Ӎ  ֥   ḝ  ʊ Ứ Ɑ ᵒ ‗ ♄דּ  ♄ ὗ ᵁ ᵒ  ʊ ṫὗ Ӥ בּ

᷄ḁ.  ּב ṫ  ʊ cmin ῳ cmax ҍ◄ Ἓ ṑ᷄ḁ. cmin  ҍὗ ‴  ʊḫ ▐ ṍә, cmax

 ʊ░   ▐ ṑ᷄ḁ. Ӥҏ   ֥   Җ  Ṕ ҟ  ‴ḻ ṫҍ  ᷆  ḝ  Ḅ  ṫ

 ṑ᷄ḁ. PostgreSQL  ṅ    ‗  Ứ Ɑ ᵒ ♄ ҍ  ░ ὗ ᾧṔ ּב  ᶷḁә 

ҍ Ὥ, Ὥ  ֚Ỷ Ӓ ҍ ῼ◕ ᾠ PostgreSQL   ṫ בּ    ‴ ὗ Ⱡ ә,  

cmin ῳ cmax Җ   Ӓ  ʊ  ṫ   ṑ᷄ḁ.
41

 

 

Ἓ, Ứ Ɑ  ә №   ҍ  ⁫ӆ ᷄ḁ: 

=> BEGIN; 

=> INSERT INTO accounts VALUES (3, 'charlie', 100.00);  

=> SELECT pg_current_xact_id();  

   pg_current_xact_id  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

                 793 

(1 )  

 

 № ὗ Ὼבּ    ʊ ὗ  ֥  ♄ὗ ⁫ӆ ᷄ḁ: 

=> DECLARE c CURSOR FOR SELECT count(*) FROM accounts; 

 

 
41

 backend/utils/time/combocid.c 
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ᵁ  ḝ  ҍ  ⁫Ɫ : 

=> INSERT INTO accounts VALUES (4, 'charlie', 200.00);  

 

 Ἅ  ḁὖ Ἓ  ὣ  Ứ Ɑ   ▲ Ṏ ṯ  cmin Җ   ⁫Ɫ  (ḁὖ ṯ

 ḓ ♄  ʊ ῦҍ ᷄ḁ): 

=> SELECT xmin, CASE WHEN xmin = 793 THEN cmin END cmin, * 

FROM accounts; 

 xmin | cmin | id |  client | amount  

֧֧֧֧֧֧+֧ ֧֧֧֧֧+֧֧֧֧+֧ ֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

  790 |      |  1 |   alice | 1000.00  

  792 |      |  2 |     bob | 200.00  

  793 |     0 |  3 | charlie | 100.00  

  793 |    1 |  4 | charlie | 200.00  

(4 s)  

 

♄  ʊⱢ ҟ  Ὥ  ҍ ᷄ḁ. ♄ҍ ῦ Ἄ  ẋ ҍṎ  cmin < 1  ҳ  Ὥ  

 ֥ẋῄ  ᵗָא  ṍ  ᷄ḁ: 

=> FETCH c; 

 count 

֧֧֧֧֧֧֧ 

      3 

(1 )  

 

ḏ   cmin ּי ḻ ᵗָא  ṍ  Ὥ, ẖ SQL ּבḄ  ▐ ḻ  ּב  ʊ ᷄ḁ. 

 

4.5 Ứ Ɑ  ‛  

♄ ὰ ṫἓṳ , ᵗָא  ꜡Җ  xmin Ớә ṍә,  ʊ ᵗָא  Ὥṯ  ẋ ҍ  ỦṎ Ⱡ 

Ứ Ɑ  IDὗ ᵁ ᵗ᷄ḁ.  xmin Җ  ᵗָא   ʊ Ứ Ɑ  ‛ ὗ Ӎ  ʊὺ   

ꜙ ᷄ḁ. 

 

Ὥ  Ứ Ɑ  Ⱡ Ṏ ᵗָא  ḁᾠ, ὗ ṯ  ΅Ṏ  ֥Ӊὣ ּב ♄ ὗ ּב  ʊӒ ,  ֚

Ứ Ɑ  ‛  ʊₐ Ώ  ә  IDἛ Ӎ ṑ᷄ḁ. 

 

֚ὣә xmin Җ⁫ḁ  ᾧṭ Ứ Ɑ(xid < xmin )  Ὼṫ  ΅ṍ ḁә ⁯ ּב ᷄ḁ.  ʊ Ứ

Ɑ   ‛ ὗ ᵨ  ʊ   ― Ὥ ḁ בּ ⁯   ʊҹ  ῦ ᷄ḁ. 

 

︠▬  ὡ ▓ӭ╪ ╪ ↔‡Ѥ ᶹᵙ ╥ Ợˠ╥ ּק Ἅ ˉХ⁄Ἄ ₅ˁ╙ Ḛ ᾋѱѻ. 

 

PostgreSQL     ᾧṭ ἛⱢ  ‛ ὗ ә ᷄ḁ. Ứ Ɑ  pg_stat_activity  

№    ‛ ὗ  ּב ᷄ḁ. Ủ  ʊ  ֚ ᷄ḁ: 
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=> BEGIN; 

=> SELECT backend_xmin FROM pg_stat_activity 

WHERE pid = pg_backend_pid(); 

 backend_xmin 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

           793 

(1 )  

 

ҍ◄ Ứ Ɑ  Ἓ  ʊIDὗ Қ  Ὥ, Ὼ Ứ Ɑ Ỹ ᵗָא   Ὥ  ‛ ὗ ♥

᷄ḁ. Ὥ, ᵗָא  Ⱡ ṍ   ҍ◄ Ứ Ɑ  Ӓ  ʊ‛ Ớ  ʊҟᵻ   ᷄ḁ. 

Ỷ Ứ Ɑ  ᵗָאӦ ҍ Ⱡ  ḓ    " ᾤ
transparent

" Ӏ ṅ ᷄ḁ. ֚ἃ Ὥ 

pg_stat_activity.backend_xmin ♄  ʊ   ᵗָא  xmin Җ  ṏ ּב ᷄ḁ. 

 

Ắ , ḫ †  ‛ ( Ớ )ḻ ℮    Ἓ ♥ ṑ᷄ḁ. ὗ  ḫ †  ᾧṭ Ứ

Ɑ  ‛ ὗ ә, ֚  ҍ  ỦṎ ‛ ὗ ҍ  Ứ Ɑ  ♠ ᷄ḁ.  ҍ  ỦṎ xmin42  ֥

Ἓ,  ‛ ὗ ᵨ ♠, ỦṎ    ḫ †  ẖ Ứ Ɑ ḻ ⁫  Ӏ ṑ᷄ḁ. 

Ỷ  †
VACUUM

  Ӏ ὣṏ ּב ᷄ḁ. ἃӀ ‛  ҟᵻ  ә  ʊҹ   

ὗ Ἓ  ּב Ӏ ṑ᷄ḁ. 

 

 
 

 ὣ  ⁫ӆ ᷄ḁ: 

 

 ̧ Ὼ⁬  ֥Ắ  ʊ Ἇ  Ӊὣ ּב ♄ ṍ  ʊ Ứ Ɑ(  Ứ Ɑ, ҍ◄ Ứ Ɑ Ԃ  o )

 
42

 backend/storage/ipc/procarray.c, ComputeXidHorizons function 
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 Ửṅ    Ӓ , ḏ Ứ Ɑ  ḫ †  ‛ ὗ ә,  ẁỚ †  

 ṏ ּב ᷄ḁ. 

 ̧ ΅Ṏ  ֥Ӊὣ ּב ♄ ṍ  ʊ  Ứ Ɑḻ, " idle in transaction " ◄  ḝỚḻ 

ḫ †  ‛ ὗ ᷄ḁ. 

 ̧ Ὼᾠ ΅Ṏ  ֥Ӊὣ ּב ♄ ṍ  ʊҍ◄ Ứ Ɑ  ▓ בּ   ʊṅ Ὥ ‛ ὗ 

᷄ḁ. 

 

ḫ †   ʊḄ  ҟ  ‛ Ὥ ᷄ḁ. ẁỚ♄ Ứ Ɑ  ‛ ὗ  ʊṅ ,ʊ 

Ἓ ḏ Ứ Ɑ   ḫ  ֜  ḝỚḻ,  ֚‛  ᵒ  ḫ ὗ †  Ἓ ὣ  בּ 

Ӏ ṑ᷄ḁ. Ỵ  Ἓ Ứ Ɑ  ‛  Өὣ  ʊὺ  ᷄ḁ. 

 

ᾎᾅ  ᴛ͎╥ ױᾅ  ♣  ╪ẇ╘ ᶛӧ ҥ╪ ḽ╪ᾅ⁄ ˢ  ᶛӧ נ◔Ἢ╙ ̆ᴎ  

Ҷᵞ♠╬ Ḹ─ᵑ ʺּ̆ת ▓ᾋѱѻ. ͎ױϮ ▐ᾎ ╪ẇ╘ ͎״ ⅝ʺ ′ᾋѱѻ. ▐ᾎ ╪ẇ╘ 

◓ ᴛἝᾅ⁄Ἄ ᾒ Ἢ⁄ᵣ ♩╙ ᵭ◔נ ╬אַ  ᶒ, ͎ Ω╥ ѻᵐ נ◔Ἢ⁄ ҍ ἐ 

̆ᴎ  ⅝ʺ ′ᾋѱѻ.  

 

  Ἓ ḿ ҍ⁫ӆ ᷄ḁ.  ‗  ⱢⱭ  Ⱡ Ứ Ɑ   ḫ †  ‛ ὗ 

ә ᷄ḁ. ὗ Ứ Ɑ ὗ ҍ  :ḁ᷄ בּ  

 

=> SELECT pg_current_xact_id();  

 pg_current_xact_id  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

                 794 

(1 )  

 

=> SELECT backend_xmin FROM pg_stat_activity 

WHERE pid = pg_backend_pid(); 

 backend_xmin 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

           793 

(1 )  

 

֚ὣә  Ứ Ɑ  ἰṍᾠ, ‛ ҍ Ἓ ṅ ә ỦṎ  †  ṏ ּב ᷄ḁ: 

 

=> COMMIT; 

=> SELECT backend_xmin FROM pg_stat_activity 

WHERE pid = pg_backend_pid(); 

  backend_xmin 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

           795 

(1 )  

 

◄  ◄ ♄ ,ʊ ֥ҏ ṍ  ʊ Ứ ⱭӦ ⅎ‗ בּ   (○Ἓ   ―  ◕Ⱡ  ʊҹ)  
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 ʊҹ   ᷄ḁ. ֚ἃ  ᾠ №Ӧ Ḭ ҍ ₐ
bloating

 ὔӀ ṑ᷄ḁ. 

 

4.6  Ἓ  ֚ ᵗָא 

 Ἓ֚  ʊ Ὼ  №Ἓ ԂⱠṍ  Ὥ, Ứ Ɑ Ắ  ʊ ▓ ҍ ▐  ʊ ᵗָא Ἓ  ʊ

֜  ₔҍᶾ ᷄ḁ. ᵗָא   ″ṅ ▐  ᾧṔ ḻἜ  ◄ ὗ  ᷄ḁ. ֚ἃ  

ḁᾠ, Ứ Ɑ  №  ỦṎ ὗ ұ ,U ○ἢӀ ҍṎ ῁ӍⱠ  ҳ  ᶌ ᷄ בּ 

ḁ.  

 

 Ө  ҏḄ  ὗ ṯ ⁫ӆ ᷄ḁ. 

 

=> BEGIN TRANSACTION ISOLATION LEVEL REPEATABLE READ; 

 

=> SELECT 1; --     .  

 

  => ALTER TABLE accounts 

   ALTER amount SET NOT NULL; 

 

=> INSERT INTO accounts(client, amount)  

   VALUES ('alice', NULL);  

ERROR: null value in column "amount" of relation "accounts"  

violates not n֧ull constraint  

DETAIL: Failing  contains (1, alice, null).  

 

=> ROLLBACK; 

 

ᵗָא  ◕ⱠṎ  Ṏ ῁ӍⱠ  ҳ  INSERT ᾤἔ ḁ. Ỷ ṅ᷄ בּ     

ӉὣⱠ  Ὼ  ʊҹ Ỹ ⁫ Ὥ, Ὥ בּ   INSERTὗ ּב  ʊ Ứ Ɑ  ALTER TABLE ᾤἔ  ᵒὣ  ֥

 ῦ accounts №  ֜ ḁᾠ, ALTER TABLE ᾤἔ  ḏ Ứ Ɑ  ἰṏ ẋֱ  ֥ḁἓ  ҹ

᷄ḁ. 

 

Ὼ Ἓ, ♄―  ʊҎ  Ἓ  ֚ ҍ ṏ ẋὫḁ ‴ḻ  ᵗָא  ◕ⱠṎ ҹ Ỹ ṅ ᷄ḁ. 

֚Ỵ  U  Ԃ  ⁫ḁ  ⁬ ᾞ
43

,  ᵗָא  ◕Ⱡ  ʊҹ  Ⱡᶾ  ₐ   ῦ  בּ 

᷄ḁ. Ắ  Ὦ   Ἓ  ֚Ҡ ṯ   ṍῡἛ,  ₐₒḻ әἌ  ᷄ḁ. 

 

4.7 ᵗָא ᵒ⁫ᵒ  ֥

 a◄ ♄  ʊ Ỵ Ứ Ɑ  ṅ  ṏ ẋ Ὼṫ  Ҝ  ᵗָא  ⁫  ᷄ḁ. ὗ ṯ , 

pg_dump ὣ ҍ ‾Ἇ ᾧṫἛ ṅ  ẋ, ᾧṭ ἛⱢ ҍ ӨṎ    ◕Ⱡ  ֥  ṅ  ḫ †

 ◄ ὗ ⁫  ᷄ḁ. 

 

֚Ỵ ,U Ứ Ɑ  'ṅ
simultaneously

' Ṏḁә ♄ Ҝ  ᵗָא  ҍ  ҹ Ớә Ḅ בּ   ʊ ᷄ḁ. 

ᾧṭ Ứ Ɑ  ṅ  ḫ ὗ ⁫  ֥ ♄  ʊ ᵗָא ᵒ⁫ᵒ  ֥ᾕ ᷄  ᷄ḁ. 

 
43

 backend/utils/time/snapmgr.c, GetCatalogSnapshot function 
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pg_export_snapshot ּב  ʊ ᵗָא  IDὗ Ὼ ᶷḫ,  ID  ʊḫ †   ₐ  ḁὖ Ứ

Ɑ  Ḇṏ ּב ᷄ḁ. ἃӀ Ἓ  ṅ  ᵗָא  Ӥ  ʊ Ứ Ɑṯ  ◕Ⱡṏ ּב ᷄ḁ. 

 

=> BEGIN ISOLATION LEVEL REPEATABLE READ;  

=> SELECT count(*) FROM accounts;  

 count 

֧֧֧֧֧֧֧ 

      4 

(1 )  

 

=> SELECT pg_export_snapshot();  

  pg_export_snapshot 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

  00000004֧0000006E֧1 

(1 )  

 

 ‗  ᾤἔ   ֥ , ḁὖ Ứ Ɑṯ  SET TRANSACTION SNAPSHOT ᾤἔ   ḏ ᵗָא  

ҍ ḁ. ẋ Ứ᷄ בּ  Ɑ  Ӊὣ ּב  Ὼṫ  Ὼ⁬  ֥Ắ  ʊ Ἇ Ἓ ♥ ṍ  ᷄ḁ.  ʊ

΅Ṏ  ּ֥ב  ▓ ♄  ʊ  ᵗָא  ▐  ֥ẋῄ ᷄ḁ. 

 

=> DELETE FROM accounts; 

=> BEGIN ISOLATION LEVEL REPEATABLE READ; 

=> SET TRANSACTION SNAPSHOT '00000004- 0000006E- 1';  

 

 Ṕ ‗  Ứ Ɑ   ‗  Ứ Ɑ  ᵗָא  ▐ ә, ẁỚ♄ 0ҟ ḓ  4ҟ ҹ  בּ ⁯  

᷄ḁ. 

 

=> SELECT count(*) FROM accounts; 

 count 

֧֧֧֧֧֧֧ 

      4 

(1 )  

 

֡  ḓἛ, Ṕ ‗  Ứ Ɑ  ᵗָא  ᵒ⁫ Ӏo Ṏ   ‗  Ứ Ɑ בּ   ″Ӓ ▐  בּ ⁯ 

᷄ḁ. Ὼḓ  Ӓ ḻ Ὣ ҍ ᷄ḁ.  ʊ Ὼ  ḫ  ҍ Ⱡ ֗   ṍ  ֥ẋῄ ᷄ḁ. 

 

ᵒ⁫ᵒ  ᵗָא  ◕ᾤ ֥  ʊ ᵗָא  ᵒ⁫ᵒʊ  Ứ Ɑ  ◕ᾤ ֥  ṅ ᷄ḁ.  

 

  => COMMIT; 

 

=> COMMIT; 
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5   ὣ  HOT
Heap-Only Tuple 

בּ  

5.1  ὣ 

PostgreSQL         44    

.      :  

 

 ̧  UPDATE         

  ,    .  

 ̧     fillfactor   ( :  100)   

  .  

 

INSERT ▬‰╘ fillfactor  ḥṪ═Ṓѻ ♠˭ √ֿתּ╪ ב⁄ᵣ Ựᴛ⇔ ╙ ʺ  ὡ ▓ᾋѱѻ. 

Ϯᵾּת ̑ʼ╘ UPDATE ▬‰╙ ─  ṒⱵӋѱѻ. ͙ṕ♠╖ᴛѤ ╪ױ  ̑ʼ╪ ₉–Ӈּת Ώᾋѱѻ 

 

 ὣ
pruning

 ʊḝ ◄ ẖ ᵗָא ♄ḻ ⁯ ּב  ʊ ( , ḫ †  ‛ ὗ ”  ɐ )  

ұ ᷄ḁ.   Ḅ   ὗ ” ᵁ  Ὥ ὺ  ↑ὔӀ ּב ṑ᷄ḁ. ὣṎ  Ө  

 ʊ֚ḓἛ ᵉ  ᾞ, ῦ ḁὖ  Ḭ ♄ ṏ ּב ᷄ḁ. 

 

ṅ  Ἓ ҍ Ⱡ ᾁ  Uⅎ Ӥҏ ᾁ  ҧ ṍ  ᷄ḁ. ẁỚ♄ ⁬Ṏ Ӥҏ  ▲ בּ᷆    

 ⁫ṑ᷄ḁ. 

 

ҍ  ֥  ὣṏ ּב  ֥ẋῄ , ẖ SELECT ῄḻ  ּב ḁ.  ʊ᷄ בּ   ⁫ 

℮   ♥  ḻ Ắ ḁὖ Ӓ ᷄ḁ. 

 

 ὣҍ Ἓ ẢӀ ṅ ᶷ  □ ⁫ӆ ᷄ḁ. Ṕ ҟ  Ἓ ԂⱠṎ №  ◕Ⱡ ә Ҏ  

ḓ  Ḭ ὗ Ⱡ  ҹ ᷄ḁ: 

=> CREATE TABLE hot(id integer, s char(2000)) WITH (fillfactor = 75);  

=> CREATE INDEX hot_id ON hot(id); 

=> CREATE INDEX hot_s ON hot(s); 

 

s  Ớ  ῄ Ὥ  ḁᾠ, Ҏ   2,004 ῶ  ә  ֥ὗ ҍ ᾞ, ḝ  ʊ24 ῶ ᷄

ḁ. fillfactor   ὺҟ″ּב  ʊ75% Ἓ ♥ ṍ  ᷄ḁ.  ʊ  ᵮ ҟ   Ө  ₒ  

 Ӥҏ  Ὥ, ὣ  ʊⱢ ҟὭ ▲  .ḁ᷄ בּ 

 

ḁ Ӧ Ҝ  ○Ἓ   ▲ ә Ỵ ‗ ּב ⁫ӆ ᷄ḁ: 

=> INSERT INTO hot VALUES (1, 'A');  

=> UPDATE hot SET s = 'B';  

=> UPDATE hot SET s = 'C';  

=> UPDATE hot SET s = 'D';  

 
44

 backend/access/heap/pruneheap.c, heap_page_prune_opt function 
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 ֠  ʊᵮ ҟ   ṍ  ᷄ḁ. 

=> SELECT * FROM heap_page('hot',0); 

  ctid |  state |  xmin | xmax  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧֧ 

 (0,1) | normal | 801 c | 802 c  

 (0,2) | normal | 802 c | 803 c  

 (0,3) | normal | 803 c | 804  

 (0,4) | normal | 804 .  | 0 a  

 (4 s)  

 

◄ḓἛ, ὣ  ʊfillfactor  ӔҖ  Ӧ ᷄ḁ.  ֥  ◄  Җ  ὗ   ּב 

᷄ḁ.  Җ   ֥  6,144 ῶ  75% ⁫ḁ ᷄ḁ: 

=> SELECT upper, pagesize FROM page_header(get_raw_page('hot',0));  

    upper | pagesize  

+  

       64 | 8192  

 (1 )  

 

ḁ    ֜ ,  ὣҍ ּב ṍ  ᾧṭ ỦṎ  ұṑ᷄ḁ.  ֚ , Ṏ Ӥҏ  ○Ἓ  

 (0,5)  ҍṑ᷄ḁ. 

=> UPDATE hot SET s = 'E';  

=> SELECT * FROM heap_page('hot',0); 

  ctid |  state | xmin   | xmax 

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧ 

 (0,1) | dead   |       |  

 (0,2) | dead   |       |  

 (0,3) | dead   |       |  

 (0,4) | normal | 804 c | 805  

 (0,5) | normal | 805   | 0 a  

 (5 s)  

 

ᵉ   ʊ   ῇὣ Ἓ ҍ  ᶋ  Ἓ ṅṍ  ᾧṭ ⅎ Ӥҏ  ᵁ  ꜚṎ Ἓ ṑ

᷄ḁ. Ắ   ḻ  ίӀ ּב ṑ᷄ḁ. Ἓ   ʊⅎ Ӥҏ  Ḅ ҍ ᷄ḁ.  

 

ὣṎ  Ө   ʊ  ұ ḁ.  ʊ᷄ בּ  Ḭ ♄  ṍ  ֥ẋῄ ᷄ḁ. 

PostgreSQL  Ỵ   ◄ ὗ ◄
normal

♄ ḝῦ
dead
Ἓ ″Ӓ ᷄ḁ.  hot_s Ḭ   ‗  

ὗ □ ⁫ӆ ᷄ḁ. (ᾕ ḫ  ʊ0 ҍ ▐ ṑ᷄ḁ). 

=> SELECT * FROM index_page('hot_s',1);  

 itemoffset | htid  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧ 
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          1 | (0,1)  

          2 | (0,2)  

         3 | (0,3)  

         4 | (0,4)  

         5 | (0,5)  

  (5 s)  

 

ḁὖ Ḭ ♄ḻ ṅ  ◄  .ḁ᷄ בּ ⁯ 

=> SELECT * FROM index_page('hot_id',1);  

 itemoffset | htid  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧ 

          1 | (0,1)  

          2 | (0,2)  

          3 | (0,3)  

          4 | (0,4)  

          5 | (0,5)  

 (5 s)  

 

Ḭ   (0, 1), (0, 2), ֚ὣә (0, 3)Ӧ Ҝ   ‴ ὗ Ὼ ḁ. ֚Ỵ᷄ בּ   U♄―ҍ ḏ 

  Ἄә  ẋ, ҍ ḝῦ ◄  ᷄ḁ.  ʊ ḏ  ḝ ◄  ә ῁

ṍ   ῦ ᷄ḁ. Ắ , ♄―  ʊῺ⁬    ֜   ֥  Ḭ  ♄  

◄ ὗ ּב ᷄ḁ.
45

 

 

Ḭ  ὗ  ʊ ὗ , ҍ ḝῦבּ  ₐὗ ḻἜ ⁫ӆ ᷄ḁ. 

=> DROP FUNCTION index_page(text, integer);  

 

=> CREATE FUNCTION index_page(relname text, pageno integer) 

RETURNS TABLE(itemoffset smallint, htid tid, dead boolean)  

AS $$ 

SELECT itemoffset,  

       htid,  

       dead --  starting from v.13  

FROM bt_page_items(relname,pageno);  

$$ LANGUAGE sql;  

 

=> SELECT * FROM index_page('hot_id',1);  

 itemoffset | htid  | dead  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧+֧֧֧֧֧֧ 

          1 | (0,1) | f  

          2 | (0,2) | f  

          3 | (0,3) | f  

 
45

 backend/access/index/indexam.c, index_fetch_heap function 
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          4 | (0,4) | f  

          5 | (0,5) | f  

  (5 s)  

 

◓ ╬Ҧᾅ ╪ּת╥ ᶛӧ ╬ Ѥ Ἓ Ữ ░ѱѻ. ͎ױϮ ╛╖ᴛ ╬Ҧᾅ ᾅ ╪ ḛỸ ᶔ 

╬ ╥ Ữ ʺ ṉ˿Ӌѱѻ. 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT * FROM hot WHERE id = 1; 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Index Scan using hot_id on hot (actual s=1 loops=1)  

  Index Cond: (id = 1)  

(2 s)  

 

=> SELECT * FROM index_page('hot_id',1);  

 itemoffset |  htid | dead  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧+֧֧֧֧֧֧ 

          1 | (0,1) | t  

          2 | (0,2) | t  

          3 | (0,3) | t  

          4 | (0,4) | t  

          5 | (0,5) | f  

  (5 s)  

 

 

ᵮ ‗  ҍ ҍὣ  ʊ    ὣṍ   ◄ ◄ Ἓ ᵉ  ᷄ḁ. Ὥ ῦ ḫ †

 ‛ ὗ ᵨ ♯ ᷄ḁ.  ẋῄ  ḏ  ʊ Ḭ ♄ ḝῦἛ  ʊҹ ᷄ḁ. 

 

5.2 HOT ּב  

ᾧṭ   Ө  ὗ Ḭ ♄ Өὣ  ʊҹ  ὺ  ℮   “ ᷄ḁ. ,  Ҏ ּב  

 №  ◕ⱠṎ ᾧṭ Ḭ ὗ ּב   ֥ẋῄ ᷄ḁ. ○Ἓ    ◕ӈᵁᾠ,  ֚  Ө  

 ʊᾧṭ Ḭ  ṍ  ᷄ḁ.  ʊּב Ṏ ṫҍ Ḭ  ṍ  ḝỚḻ ḏ ᷄ḁ. 

 

ṗ , Ḭ  ʊ   Ө  ▐  ὗ ҍᶷḫ,  ṯḻ  ὣṐ  ẁỚ כ ὣṍ

 ᷄ḁ. 

 

Ὣ Ὤ Ἓ, №  Ḭ ὗ ḝ Ὦ  ◕Ⱡ ᾠ, Ỷ ῄ ṯ  ḝ  ᷄ḁ. 

 

֚Ỵ ,U ּב ṍ  ʊ  ẖ Ḭ ḻ ꜚ  ᶷḁᾠ, ṅ  Җ  ҍ  ○Ἓ  Ḭ  ᾨ  Ὥṫ  ʊ

ҹ  ₔ ᷄ḁ. Ỷ ⁬     ֥  PostgreSQL  Heap- Only Tuple בּ  Ớ  ʊ  ֥ᶾ  

Ӥ ᷄ḁ.
46

 

 
46

 backend/access/heap/README.HOT 



 90 

 

HOT ּב  ▐ ᾠ, Ḭ   ʊҎ  ḓ    ҟ  ᾨὭ  Ӏ ṑ᷄ḁ.  ᾨ  ḏ 

 ὼ  ―  ҍὣ Ӏ ṑ᷄ḁ. ֚ὣә Ҝ    ʊᾧṭ  ꜚ―   ḝ  ctid  

ὗ  ӍṎ ▐  ὗ Ἳ᷄ḁ. 

 

Ḭ ♄ ṍ   ʊ  ―  HOT ℮ Ἓ ṍ , HOT ▐  Ṏ ―  Heap Hot Updated ℮

Ἓ ṑ᷄ḁ. ἃӀ Ἓ  ᾞ ⁬  ꜙ  ḫ  Өὣҍ ҍᶾ ᷄ḁ. 

 

Ὥ  Ḭ     ֜  Heap Hot UpdatedἛ Ṏ  ―  Ӏ Ṏḁᾠ, ҹ   

Ӕ  ꜚ ṍ  ḁ  ʊ ᷄ḁ. ẁỚ♄  HOT ּב  ▐  ẁỚ Ӕ  ꜚ ᷄ḁ. ῇἝ, ӍӦὗ 

Ớ  Ὼ  ֥  ᾧṭ  ―  ҍ Ⱡ   ʊӦ בּ  ᷄ḁ. 

 

HOT ּב  Ἓ ẢӀ ṅ ᶷ  □ ⁫  ֥ ,  ‗ Ḭ ὗ  U ұ ә №  ℮  ⁫  ʊҹ

 ẗֱ ? ἃӀ ♄ HOT ּב  ṅ     .ḁ᷄ בּ ⁯   

=> DROP INDEX hot_s; 

=> TRUNCATE TABLE hot; 

 

ὗ , ὣ  ʊheap_page ּבὗ ḁ  ♄ Ἅ  ctid  HOT ּב  ӨἎṎ Ṕ ҍ  ℮ ὗ 

 ʊҹ  ӆ ᷄ḁ. ἃӀ ᾠ ḝ  Ɫ  ⁫ὗ ᾞ ₒ♅ ҹ  בּ  ᷄ḁ. 

=> DROP FUNCTION heap_page(text,integer); 

=> CREATE FUNCTION heap_page(relname text, pageno integer) 

RETURNS TABLE( 

ctid tid, state text,  

xmin text, xmax text,  

hhu text, hot text, t_ctid tid  

) AS $$  

SELECT (pageno,lp)::text::tid AS ctid,  

  CASE lp_flags 

    WHEN 0 THEN 'unused' 

    WHEN 1 THEN 'normal' 

    WHEN 2 THEN 'redirect to '||lp_off  

    WHEN 3 THEN 'dead' 

  END AS state, 

  t_xmin || CASE  

    WHEN (t_infomask & 256) > 0 THEN ' c'  

    WHEN (t_infomask & 512) > 0 THEN ' a'  

    ELSE ''  

  END AS xmin, 

  t_xmax || CASE 

    WHEN (t_infomask & 1024) > 0 THEN ' c'  

    WHEN (t_infomask & 2048) > 0 THEN ' a'  

    ELSE ''  

  END AS xmax, 

  CASE WHEN (t_infomask2 & 16384) > 0 THEN 't' END AS hhu, 
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  CASE WHEN (t_infomask2 & 32768) > 0 THEN 't' END AS hot, 

  t_ctid  

FROM heap_page_items(get_raw_page(relname,pageno)) 

ORDER BY lp; 

$$ LANGUAGE sql; 

 

▲  ῳ ּב  Ὼ⁬  ⁫ӆ ᷄ḁ. 

=> INSERT INTO hot VALUES (1, 'A');  

=> UPDATE hot SET s = 'B';  

 

  ʊHOT ּב  ꜚ  ḋӈ ᷄ḁ: 

 ̧  Hot Updated ℮  ʊCTID ▐  ẁỚ ṅ  ḁ  ʊҹ  ᷄ḁ. 

 ̧ Heap Only Tuple ℮  ʊ   ẖ Ḭ ♄ḻ ṍ  ᶷḁ  ʊҹ  ᷄ḁ 

=> SELECT * FROM heap_page('hot',0); 

  ctid |   state |  xmin | xmax | hhu | hot | t_ctid  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

 (0,1) | normal | 812 c | 813  | t   |     | (0,2)  

 (0,2) | normal | 813    | 0 a  |     |  t   | (0,2)  

(2 s)  

 

ҍ בּ   ἶ יִ Ἔבּ  ʊḝ  Ӏ ṏ ҹ ᷄ḁ. Ὥ  ҍ  ʊ   ‛  ᵒ

♄Ὥ ῼ◕ Ӏ ṏ ҹ ᷄ḁ. 

=> UPDATE hot SET s = 'C';  

=> UPDATE hot SET s = 'D';  

 

=> SELECT * FROM heap_page('hot',0); 

  ctid | state  | xmin  | xmax  | hhu | hot | t_ctid  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

 (0,1) | normal | 812 c | 813 c | t   |     | (0,2)  

 (0,2) | normal | 813 c | 814 c | t   | t   | (0,3)  

 (0,3) | normal | 814 c | 815   | t   | t   | (0,4)  

 (0,4) | normal | 815   | 0 a   |     | t   | (0,4)  

(4 s)  

 

Ḭ  ʊ  ᵁ  ὗ ҍ ә ᶷḫ,  ֚  ʊ  ▐   ₐₒ  ҍὣ ә ᷄ḁ. 

=> SELECT * FROM index_page('hot_id',1);  

 itemoffset |  htid | dead  

֧֧֧֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧I֧֧֧֧֧֧ 

          1 | (0,1) | f  

 (1 )  
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Ὥ בּ  Ṏ ṫҍ  Ḭ  ₐₒ  ᷄Ớᾠ, HOT ּב ḁ. ֚ἃ᷄ בּ     Ӓ , 

 a Ḭ  ʊ  ҏ   ʊ   ҍὣ Ӏ ṍᶷḫ,  ʊ  Ṷ  ◄ ᷄ḁ. HOT ▐  

Ḅ   ᵒ ♄Ὥ ṏ ּב ῡἛ,   □ ⁯ ẋ ḁὖ  Ө  ֜   ῡ

Ἓ, Ⱡᶾ  ʊₐ    ᷄ḁ. 

 

5.3 HOT ּב    ὣ 

HOT ּב  ▐  ὣ  ʊ  ὣ  ‴  Ӓ Ἓ,  ₐₒ ᷄ḁ.  

 

 ♄ fillfactor  ӘҖ  ῦ Ӧ  ◄ ῡἛ, ḁ בּ    ὣὗ ῼ ᷄ḁ. ֚Ỵ  U

‗  ʊ  HOT ּב  ▐  ṍ  ᷄ḁ.  ▐   ₐₒ  Ḭ ♄ ◄ ὗ 

 ῡἛ ṍ Ὥ, ḁὖ ṯ   a ҍ ḁ  ʊ  ῡἛ ұṏ ּב ᷄ḁ. 

 

ṫὗ   ֥  PostgreSQL    ꜙ
dual addressing

 ▐ ᷄ḁ.  Ӓ , Ḭ ♄ 

ṍ  ʊ ( ֥♄  ʊ(0, 1))  ʊ  ▐   ₐₒ  ҍὣ  ֥ẋῄ  ὣṶἅⱭ ◄ ὗ ΏӀ ṑ᷄ḁ. 

=> UPDATE hot SET s = 'E';  

 

=> SELECT * FROM heap_page('hot',0); 

  ctid | state         | xmin   | xmax | hhu | hot | t_ctid  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧+֧֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

 (0,1) | redirect to 4 |       |      |     |     |  

 (0,2) | normal        |   816 | 0 a  |     | t   | (0,2)  

 (0,3) | unused        |       |      |     |     |  

 (0,4) | normal        | 815 c | 816  |   t | t   | (0,2)  

(4 s)  

 

 (0,1), (0,2), (0,3)  ὣ  Ӧ  ұ ᷄ḁ. ὣṶἅⱭ ᾨ Ἓ  ‗   1  ֚ḓἛ Ṕ

Ὥ,  2  3  ṍ ᷄ḁ(▐ ṍ   ʊ◄ Ἓ ″ӒṐ).  ʊ Ḭ ♄ ṍ   ҹ  

 ֥ẋῄ ᷄ḁ. ○Ἓ   Ṏ Ӥҏ  (0,  2) Ἓ ֥Ἔṑ᷄ḁ. 

 

ḝ Ὦ בּ  בּ   ⁫ӆ ᷄ḁ. 

=> UPDATE hot SET s = 'F';  

=> UPDATE hot SET s = 'G';  

 

=> SELECT * FROM heap_page('hot',0); 

  ctid |         state |  xmin |  xmax | hhu | hot | t_ctid  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧ ֧֧֧֧+֧ ֧֧֧֧+֧ ֧֧֧֧֧֧֧ 

 (0,1) | redirect to 4 |       |       |     |      |  

 (0,2) | normal        | 816 c | 817 c | t   | t   | (0,3)  

 (0,3) | normal        | 817 c | 818   | t   | t   | (0,5)  

 (0,4) | normal        | 815 c | 816 c | t   | t   | (0,2)  

 (0,5) | normal        | 818   | 0 a   |     | t   | (0,5)  

(5 s)  
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ḁ בּ  ♄  ʊ  ὣҍ  ṏ ҹ ᷄ḁ. 

=> UPDATE hot SET s = 'H';  

 

=> SELECT * FROM heap_page('hot',0); 

  ctid |       state   |  xmin | xmax | hhu | hot | t_ctid  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧+֧֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

 (0,1) | redirect to 5 |       |       |      |      |  

 (0,2) | normal        |    819 | 0 a  |     |    t | (0,2)  

 (0,3) | unused        |       |       |     |     |  

 (0,4) | unused        |       |      |     |     |  

 (0,5) | normal        | 818 c |  819 |   t |   t | (0,2)  

(5 s)  

 

ḁ  ὰ ᾠ,  a ṯ  Ἄᵁґ ּב ә, ֚Ἓ   ᾊὣ ₐₒ  ҍὣ  ʊ ҍ ṅ Ӏ 

ṑ᷄ḁ.  

 

Ḭ ҍ  ʊ   ″ӒṎḁᾠ, fillfactor  Җ   ʊҹ  ῦ   ḁ. Ỷ᷄ בּ  Ἓ 

בּ  ὗ  Ӥҏ  ▐ ḁ. Ὥ, fillfactor᷄ בּ    Җ  ᵎ Ἔ  ᵉבּ

 ʊ  Ӥҏ  Ὦ ῡἛ №  ῇὣ  ֥ҍ  ּב ḁ  ʊ   ὫⱢ . 

 

5.4 HOT ▐  ₒ  

 ○Ἓ   ḋ  Ӥҏ  ḁᾠ, ▐  ₒὣṑ᷄ḁ. ỷ ẋ PostgreSQL  ḁὖ  

   ֥  ‴ḻ  Ḭ  ᾨ  ҍ  ᷄ḁ. 

 

Ỷ ◄   ⁫  ֥ ,  ὣὗ Ὤ  ʊ ᵗָא  ᾠ♄ ṅ  Ứ Ɑ  ⁫  ʊ

ҹ   ҹ ᷄ḁ. 

=> BEGIN ISOLATION LEVEL REPEATABLE READ; 

=> SELECT 1; 

 

╪Ⱡ  Ḵ  ἝἪ⁄Ἄ ▀Ṩ ὡ♬╙ ὡ ᴎ̆ ѱѻ. 

=> UPDATE hot SET s = 'I';  

=> UPDATE hot SET s = 'J';  

=> UPDATE hot SET s = 'K';  

 

=> SELECT * FROM heap_page('hot',0); 

  ctid |         state | xmin  | xmax  | hhu | hot | t_ctid  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧ ֧֧֧֧+֧ ֧֧֧֧+֧ ֧֧֧֧֧֧֧ 

 (0,1) | redirect to 2 |       |       |     |     |  

 (0,2) | normal        | 819 c | 820 c | t   | t   | (0,3)  

 (0,3) | normal        | 820 c | 821 c | t   | t   | (0,4)  

 (0,4) | normal        | 821 c | 822   | t   | t   | (0,5)  

 (0,5) | normal        | 822   | 0 a   |     | t   | (0,5)  
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(5 s)  

 

ḁ בּ    ᴂẋ,   ʊḝ ◄ ḁὖ  Ώ ṯ Ӏ ṍᾞ,  ὣἛḻ Ӥҏ בּ   

⁫ Ӏ ṏ ҹ בּ  ᷄ḁ. 

=> UPDATE hot SET s = 'L';  

 

  => COMMIT; --  ᾅЄὟ╘ җ ╪Ữ ⅝  .Ώᾋѱѻ תּ

 

=> SELECT * FROM heap_page('hot',0); 

  ctid |          state |   xmin |   xmax | hhu | hot | t_ctid  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧ ֧֧֧֧+֧ ֧֧֧֧+֧ ֧֧֧֧֧֧֧ 

 (0,1) | redirect to 2 |       |       |     |     |  

 (0,2) | normal        | 819 c | 820 c | t   | t   | (0,3)  

 (0,3) | normal        | 820 c | 821 c | t   | t   | (0,4)  

 (0,4) | normal        | 821 c | 822 c | t   | t   | (0,5)  

 (0,5) | normal        | 822 c | 823   |     | t   | (1,1)  

(5 s)  

 

 (0,5)  ʊ  1Ἓ ṅ  ʊ(1,1) ҍ ṍ  ᷄ḁ. 

=> SELECT * FROM heap_page('hot' ,1) ;  

  ctid |  state | xmin | xmax | hhu | hot | t_ctid  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧+֧ ֧֧֧֧֧+֧ ֧֧֧֧+֧ ֧֧֧֧+֧ ֧֧֧֧֧֧֧ 

 (1,1) | normal |  823 |  0 a |     |     | (1,1)  

(1 )  

 

֚Ỵ  U   ʊ Ἓ ▐ ṍ  ᷄ḁ.  (0,5)  ʊ בּ    ℮ ҍ ♥ ṍ   ᷄ḁ.  

(1,1)  Ӓ ,  Ḭ  Ṕ ҟ  ᾨ   ֜ ḁ. Ҏ ᾨ᷄ בּ   Ὥ   ▐  

 ҍὣ ә ᷄ḁ. 

=> SELECT * FROM index_page('hot_id',1);  

 itemoffset |  htid | dead  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧+֧֧֧֧֧֧ 

          1 | (0,1) | f  

          2 | (1,1) | f  

(2 s)  

 

5.5 Ḭ   ὣ 

ҍ ὰ ṳ ,  ὣ  ʊḄ    ṍ  Ḭ  ʊ  ῦ  ᷄ḁ. Ὥ Ḭ

ḻ ‴ḻ  ὣ Ӧ  ᾞ
47

,  Ӓ  Ḭ   ᵁὗ ὣ  ʊ  ἶ ᷄ḁ. 

 

 
47

 postgresql.org/docs/14/btree-implementation.html#BTREE-DELETION 
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Ḭ  ὣ  ʊB- ὣ  ▲ Ἄ  ʊḫ ҍ ὗ Ṕ ҟἛ ᵁᶞἌ  ẋ ῼ◕ ᷄ḁ.  ʊ Ủ 

 ₒ  Ӥҏ   ֥ẋῄ ᷄ḁ. ῄ  ʊ  a Ḭ  ᾨ  ░ ṍ ḻ, ₒ Ṏ Ṕ ҟ  Ḭ  ҍ 

ḁ  ᵁἛ ‾ ṍ  ᶷḁ  ʊ ᷄ḁ.  ẁỚ Ḭ ҍ Ӏ ṍᾞ, Ḅ ᾠ ḫ  ḓₐ

ₒ  ░ ṍḝỚḻ Ḭ  ֥ὗ  ּב Ӏ ṑ᷄ḁ. ֚Ỵ  U ὣὗ   a  ұ ᾠ,  

ₒ  ֥ṏ ּב ᷄ḁ. 

 

Ḭ ♄ ὣҍ ҍᶾ   Ṕ ҍ   ᷄ḁ. 

 

 ‗ Ἓ, PostgreSQL  ░ Ṏ  ὣ ᷄ḁ.
48

  ֡ ṳ , PostgreSQL  Ḭ   

 ᵗָא ♄ ḝ ◄ ⁯ ּב ұ  U Ἓ   ʊ  ҍὣ  ʊ Ḭ  ᾨ  Ҕ ᾠ ḏ 

ᾨ  ░  ᷄ḁ. 

 

░ Ṏ  Ө  ⁫ҍ  ʊӒ , PostgreSQL   №  ḁὖ ―   ʊ Ḭ  ᾨ  

᷄ḁ.
49

 MVCCἛ  ּב  ḁּב   ―  ◕Ⱡ ֚ ,ә בּ   Ὦ  ―  Ӝ ḫ †  

‛   ▐Ớ Ӏ ṑ᷄ḁ.  ּב  Ỷ Ӧὗ Ὥ, ◄ ṍ  ʊҹ  ᷊᷄ḁ. ּב   

Ḭ  ₐ  Ӓ , ḏ  ʊᾧṭ Ḭ  ṑ᷄ḁ. ὗ ᵁᶞ  ֥ ,  ░  ҍ ṍ

 Ὥ ῦ ὣ ʊ  בּ    ʊҹ  ῦ ᷄ḁ. ὗ  PostgreSQL    ҍ Ⱡ

  ᷄ḁ.   Ӧ  № ֜  ᾞ, ẁỚ♄ MVCC ᾨ Ἓ ֥   ⁬▐⁮ Ἓ 

◕ⱠṎ ҍᶾⱠ  ʊ Ḭ   ḓ ♄Ὥ ּב ṑ᷄ḁ. ὗ ҍἛ ᵁᶞ  ʊҹ⁫ḁ Ỷ  Ӧ  

ұ  ʊҹ  ℮  ᷄ḁ. 

 

 
48

 backend/access/nbtree/README, Simple deletion section 
49

 backend/access/nbtree/README, Bottom-Up deletion section 

      include/access/tableam.h 
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6  † Ӧ ṅ†
Vacuum and Autovacuum  

6.1 †  

 ὣ  ʊꜚḻҍ ὺ  ↑ὔᾞ,  ּב  ʊӤҏ  ₐὭ   ʊ ᷄ḁ.   

ᵁ    ᵒ ♄ ἶ ә Ḭ  ʊ  ῦ  ᷄ḁ. Ắ , ῺḓἛ Ḭ  ὗ ὣ

 ẋ  ʊ №   ῦ  ᷄ḁ.  

 

VACUUM ᾤἔ
50
Ἓ ּב ṍ  ʊ ֥  ὣ  ʊ  †  

51
Ἓ,  №  ḓ◄ Ἓ ᷄ḁ.  

 ỦṎ  Ӧ ֚  ḏ  ʊᾧṭ Ḭ  ᾨ  ұ ᷄ḁ.  

 

     ḫ †   ḁὖ ἛⱢ  ṅ  ‾ἏἛ ṑ᷄ḁ. †   ṍ  ʊ

ṅ , №Ӧ Ḭ  ʊ Ὼ Ἓ ә  ʊ  ▐ ṏ ּב ᷄ḁ. Ḅ, CREATE INDEX, ALTER 

INDEX Ṵ  aᾤἔ  ṅ בּ   ṍ  ᷄ḁ. 

 

PostgreSQL  ₔ       ֥  ҍ Ⱡ ᾁ  ᷄ḁ.  ḻ  Ṏ  ʊ

 Ὥ  ῡἛ, Ỵ   ʊ†  ♄ ῁  ṑ᷄ḁ. Ὥ  ҍ ҍ Ⱡ ᾁ  ṍ

 ḁᾠ,  ֚ Ὥ  † ṑ᷄ḁ. †     ᵉ  ʊᾧṭ  ḫ †  ‛ ὗ 

Ӧ ᾠ, ҍ Ⱡ ᾁ  ҧ ṍ  ḏ ὗ Ӏ ṑ᷄ḁ.  Ắ , Ṏ Ӥҏ  Ὼ  ⅎ Ӥҏ ᾁḻ 

בּ ṑ᷄ḁ.  

 

, Ḭ ҍ Ṏ №  ◕Ⱡ  ⁯ ҏ ᷄ḁ. 

=> CREATE TABLE vac( 

  id integer,  

  s char(100)  

  )  

  WITH (autovacuum_enabled = off);  

 

=> CREATE INDEX vac_s ON vac(s);  

 

autovacuum_enabledʊ  ṅ †  ֥ᶾ  ℮ Ⱡ  ʊ  ὺҟ″ּב ᷄ḁ.  ʊ Ἓ †   ҏ  

  ֥   ḻἛ ▐ ṑ᷄ḁ.    ҍ ә ᾥ ҍ בּ   ⁫ḻἜ 

ӆ ᷄ḁ. 

=> INSERT INTO vac(id,s) VALUES (1,'A');  

 

=> UPDATE vac SET s = 'B';  

 

=> UPDATE vac SET s = 'C';  

 

 
50

 postgresql.org/docs/14/sql-vacuum.html 

      backend/commands/vacuum.c 
51

 postgresql.org/docs/14/routine-vacuuming.html 
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╪Ⱡ ╪ẇ⁄Ѥ Ἕ ˌ╥ ╪ Ӈ‡ ▓ᾋѱѻ. 

=> SELECT * FROM heap_page('vac',0); 

  ctid | state   | xmin  | xmax  | hhu | hot | t_ctid  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

 (0,1) | normal | 826 c | 827 c |     |     | (0,2)  

 (0,2) | normal | 827 c | 828   |     |     | (0,3)  

 (0,3) | normal | 828   | 0 a   |     |     | (0,3)  

 (3 s)  

 

Ҏ  Ḭ ♄ ṑ᷄ḁ. 

=> SELECT * FROM index_page('vac_s',1); 

 itemoffset |  htid | dead  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧+֧֧֧֧֧֧ 

          1 | (0,1) | f  

          2 | (0,2) | f  

          3 | (0,3) | f  

 (3 s)  

 

†    ᾧṭ ₔ   ұṍ   Ὥ ᵉ ᷄ḁ: 

=> VACUUM vac;  

 

=> SELECT * FROM heap_page('vac',0); 

  ctid | state  | xmin   | xmax | hhu | hot | t_ctid  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

 (0,1) | unused |       |      |     |     |  

 (0,2) | unused |       |      |     |     |  

 (0,3) | normal | 828 c | 0 a  |     |     | (0,3)  

 (3 s)  

 

 

 ὣ  Ө  ὰ ᾠ,  Ṕ ҟ   ʊḝ ◄ Ḭ  ᾨ   ṍ     ʊҹ

Ἓ ҏ ṑ᷄ḁ. Ὥ  ◄ ♄  ʊunused ◄  ᷄ḁ. 

=> SELECT * FROM index_page('vac_s',1); 

 itemoffset |   htid | dead  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧+֧֧֧֧֧֧ 

          1 | (0,3) | f  

(1 )  

 

unused ◄  ṯ  ⅎӤҏ Ἓ ὣṍ  ○Ἓ   ― ♄ ▐ ṏ ּב ᷄ḁ.   

ҍ ҍ Ⱡ ᾁ  ṑ᷄ḁ. ὗ  ֥  pg_visibility   ֥ᶾ  ▐ ᾠ ṑ᷄ḁ. 

=> CREATE EXTENSION pg_visibility;  
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=> SELECT all_visible  

   FROM pg_visibility_map('vac',0);  

  all_visible  

 ֧֧֧֧֧֧֧֧֧֧֧֧֧ 

             t  

(1 )  

 

ᶛӧ ╪ Ṓ▀ ὡ ▓╛╙ Ϯ ╥תּ╪ ҉ җ⁄Ѥ ᶛӧ ᾅЄὟ⁄Ἄ תּ╪ ϿѤ ἶἛ╪ ʺ

Ӈ‴ᾋѱѻ. 

=> SELECT flags & 4 > 0 AS all_visible  

FROM page_header(get_raw_page('vac',0));  

 all_visible  

֧֧֧֧֧֧֧֧֧֧֧֧֧ 

  t  

(1 )  

 

6.2 ḫ † בּ  ♠  ῄ 

ḫ †  Ө ♄ ⁫ᾠ, †   ▐ ṍ   ʊ  ᵒ  ʊ  ᷄ḁ.  ҟᵻ  ὺ  

֥⁮ Ὥ,  ֚ Ⱡ ẋῄ  ḁ   ‗ □ ⁫  ʊҹ  ᷄ḁ.  

 

֚Ủ♄ ὣ  ʊ ₐ   ḁ   ⁫Ἄ ᷄ḁ. 

=> TRUNCATE vac; 

 

=> INSERT INTO vac(id,s) VALUES (1,'A');  

 

=> UPDATE vac SET s = 'B';  

 

‗  ʊḫ †    ֥  Ứ Ɑ  ○ἢӀ   ּב Ἄ ᷄ḁ.  ʊ ΅Ṏ 

 ֥Ӊὣ ּב ♄ ṍ  ʊҍ◄ Ứ Ɑ  ә, ḓₐ  o Ứ Ɑ  ḏ ᷄ḁ. ὗ ṯ ,  Ứ

Ɑ   ḁὖ №   a ṯ בּ   .ḁ᷄ בּ 

  => BEGIN; 

  => UPDATE accounts SET amount = 0; 

 

=> UPDATE vac SET s = 'C';  

 

 №  ʊⱢ ҟ   ә, Ḭ ḻ Ɫ ҟ  ҍ ᷄ḁ. №  †   ″ӒṎ 

ᵒ  □ ⁫Ἄ ᷄ḁ: 

=> VACUUM vac; 

 

=> SELECT * FROM heap_page('vac',0); 
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  ctid | state   | xmin  | xmax  | hhu | hot | t_ctid  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

 (0,1) | unused |       |       |     |     |  

 (0,2) | normal | 833 c | 835 c |     |     | (0,3)  

 (0,3) | normal | 835 c | 0 a   |     |     | (0,3)  

(3 s)  

 

=> SELECT * FROM index_page('vac_s',1);  

 itemoffset |   htid | dead  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧+֧֧֧֧֧֧ 

          1 | (0,2) | f  

          2 | (0,3) | f  

 (2 s)  

 

 ♄  ʊ  ᵁ  Ὥ ᵉ Ὥ, ‗  ʊṔ ҟ   ᵉ  ᷄ḁ. †  (0,2) 

―   ұ ᾠ  Ṏḁә Ḅ ᷄ḁ.  Ӎ  ֜ұ  ʊ  ἰṍ   Ứ Ɑ   

Ṏ ḫ †  ᷄ḁ. 

  => SELECT backend_xmin FROM pg_stat_activity 

  WHERE pid = pg_backend_pid(); 

   backend_xmin 

  ֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

            834 

  (1 )  

 

ὣ  ʊVERBOSE  ▐  VACUUM Ἓ , ẖ  ῼ◕ ә ᶷ  Ө  .ḁ᷄ בּ 

=> VACUUM VERBOSE vac; 

INFO: vacuuming "public.vac"  

INFO: table "vac": found 0 removable, 2 nonremovable  versions  

in 1 out of 1 pages  

DETAIL: 1 dead  versions cannot be removed yet, oldest xmin: 834  

Skipped 0 pages due to buffer pins, 0 frozen pages.  

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.  

VACUUM 

 

Ἅ ӍӦ  ʊḁ Ӧ Ҝ  ⁫ҍ ᵁ  U ᷄ḁ: 

 ̧ ұ ҍᶾ    ᵁ ᵗ᷄ḁ (0 REMOVABLE). 

 ̧ ұ ᾠ  ṍ  ʊ  Ṕ ҟ  ⁫ ᷄ḁ (2 NONREMOVABLE). 

 ̧ ұ ᾠ  ṍ  ʊ   ᵁ  ʊḝ ◄ ▐ ṍ   ʊ (1 DEAD), ḁὖ ᵁ  ʊ  ▐  

  ᵁ ᵗ᷄ḁ. 

 ̧ VACUUM  ʊ   (OLDEST XMIN)  Ⱡ Ṏ Ứ Ɑ   ᵁ ᵗ᷄ḁ. 

 

Ⱡ Ứ Ɑ  ἰṍᾠ, ḫ †   Ἓ ṅ ᾞ,  ẁỚ †   Ӕ  ꜚ ṏ ּב 
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᷄ḁ. 

 

  => COMMIT; 

 

=> VACUUM VERBOSE vac; 

INFO: vacuuming "public.vac"  

INFO: scanned index "vac_s" to remove 1  versions  

DETAIL: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s  

INFO: table "vac": removed 1 dead item identifiers in 1 pages  

DETAIL: CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s  

INFO: index "vac_s" now contains 1  versions in 2 pages  

DETAIL: 1 index  versions were removed.  

0 index pages were newly deleted.  

0 index pages are currently deleted, of which 0 are currently  

reusable.  

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.  

INFO: table "vac": found 1 removable, 1 nonremovable  versions  

in 1 out of 1 pages  

DETAIL: 0 dead  versions cannot be removed yet, oldest xmin: 836  

Skipped 0 pages due to buffer pins, 0 frozen pages.  

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.  

VACUUM 

 

VACUUM ○Ἓ  ḫ †   ᵨ ♄  ʊ▐ ṍ   ʊ  Ҕ ә ұ ᷄ḁ.  

 ʊ   ―  ә, ᵉ   ʊ  ―   ― ᷄ḁ. 

=> SELECT * FROM heap_page('vac',0); 

  ctid | state   | xmin  | xmax | hhu | hot | t_ctid  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

 (0,1) | unused |        |      |     |      |  

 (0,2) | unused |        |      |     |      |  

 (0,3) | normal | 835 c | 0 a   |     |     | (0,3)  

 (3 s)  

 

Ḭ   Ḅ  ҟ  ᾨὭ  ә ᷄ḁ. 

=> SELECT * FROM index_page('vac_s',1); 

 itemoffset |   htid | dead  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧+֧֧֧֧֧֧ 

          1 | (0,3) | f  

 (1 )  

 

6.3 †  ḄӔ 

†   Ԃ  ὺ  Ḅּד  ⁫ Ὥ, Ἓ בּ   ʊ֚ἃ  ᷄ḁ. Ӎԃ, №Ӧ Ḭ ὗ ṅ
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 ὣ ᾠ♄ ḁὖ ἛⱢ ὗ     ᷄ḁ. ὗ ҍᶾ Ӏ  ֥  Ҏ №  †   

Ỵ ḄӔἛ ἶ ᷄ḁ. †   ḁ Ӧ Ҝ  Ӧ Ἓ ṑ᷄ḁ.
52

 

 

 ḄӔ ♄  ʊ №   ▐ ṍ   ʊ  ᷄ḁ. Ỷ  ῼӋṍᾠ, ᾌ  Ḭ ♄ 

ұ   № ♄ ұ ᷄ḁ. Ὦ בּ   ▐ ṍ   ʊ   ‗  †    ʊ◄

Ớᾠ,  Ӧ  Ὼ⁬ṏ ּב ᷄ḁ. Ὣ Ὤ Ἓ, №  ꜙ
t runcation

  ṏ ּב ᷄ḁ. 

 

№Heap  

 ‗  ḄӔ  ʊ №  ṑ᷄ḁ.
53

   Ӧ ♄ ҍ Ⱡ ᾁ  әἌṍᶷḫ,  ᾁ   Ủ

ṍ  ʊᾧṭ  ʊ ỦṎ  ṍ   ῡἛ ♄ ṑ᷄ḁ. Ὥ   ”  ɐ

 ḝ ◄  ḁᾠ, ḏ  ID  ʊ ‴  tid     ҍṑ᷄ḁ.  ṯ   Ḭ ♄ 

ṏ ּב ῡἛ  ұ בּ   ʊ ᷄ḁ. 

 

 tid     VACUUM ἛⱢ  Ἓ  ᾕᾧὣ  ṑ᷄ḁ. ḏṎ ᾕᾧὣ  ֥  ʊ

maintenance_work_mem ὺҟ″ּב  ẁỚ Ӎ ṑ᷄ḁ(֥⁮Җ: 64MB).  ᾕᾧὣ  ʊ  ‗   Ἓ 

ḏṍ  ʊҹ  ᷄Ớ  ẁỚ ḏṑ᷄ḁ. Ὥ  Ӓ ḻ ḏṎ ᾕᾧὣ  ʊ   Ӧ

 ῡἛ, № ֥ҍ  Ӓ  †    ὺҟ″ּב  Ṏ ᾕᾧὣ⁫ḁ ḝ   ᾕᾧὣὗ 

▐  .ḁ᷄ בּ 

 

Ḭ  †  

 ‗  ḄӔ  ʊṔ ҍ  ӍӦὗ ҍ № :ḁ᷄ בּ    ṍ  ʊҹ ұ ,U  ἰṍ  ֥

 tid     ḏṎ ᾕᾧὣҍ ҍṬ  ʊҹ ᷄ḁ. Ỵ  ◄  ◄Ө  Ḭ  †   ṑ

᷄ḁ.
54

  ḄӔ ♄  ʊ №  ◕ⱠṎ ᾧṭ Ḭ ὗ  , tid     ṴἜṎ   ʊ

ᾧṭ ᾨ  ᷄ḁ. ἃӀ  ᴖ ᾨṯ  Ḭ  ♄ ұṑ᷄ḁ. 

 

╬ҦᾅѤ ╬Ҧᾅ ᵑ   ⁄ ẖᵎ˭ ♪͐  ὡ ▓ּתᵣ, ♬  ID⁄ ҍ╞ Ѥ 

╬Ҧᾅ ᶜ╙ ẖᵎ˭ Ѥ ͙ѫ╘ ῷֹו Ⱡ̑Ӈּת Ώᾋѱѻ. ╪ ͙ѫ╘ ◓ B- ᵙ55⁄ ̕  

̯  .Ώ ᾋѱѻ תᴮӇּ₰ וᵣ, ῷֹתּ╪אַ 

 

min_parallel_index_scan_size  Җ(֥⁮Җ: 512kB)⁫ḁ  Ỵ ҟ  Ḭ ҍ ᾠ, †    ֚

Ớ ṫ ṯ  ‾ἏἛ ṍ  ʊ  Ἓ ּב ṏ ּב ᷄ḁ. parallel  N   ‾Ἇ ὣ ּב  ᾤ

Ἓ   ʊ , VACUUM  Ḭ Ὣḁ ᵁ  ὗ ᷄ḁ( ֚Ớ ṫ  ּב

 Ө  Ὼ   ♄
56

).  Ḭ  ʊ Ỵ ṯ  ṅ  ὣ  ʊҹ  ₔҍᶾ ᷄ḁ. 

 

Ḭ  †  ḄӔ ♄ PostgreSQL  ⅎ Ӥҏ ᾁ בּ  ᾞ, †   Ө  Ӕὗ Ӕ▓ ᷄ḁ. ֚Ỵ  U

ḏ №  ▐ ṍ   ʊ  ә,   ▲ Ὥ ṍ ᾞ ░  Uּב  ἶ  ᾠ  

 
52

 backend/access/heap/vacuumlazy.c, heap_vacuum_rel function 
53

 backend/access/heap/vacuumlazy.c, lazy_scan_heap function 
54

 backend/access/heap/vacuumlazy.c, lazy_vacuum_all_indexes function 
55

 commitfest.postgresql.org/21/1802 
56

 postgresql.org/docs/14/bgworker.html 
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ḄӔὗ ҳᵡỄ᷄ḁ.  Ḭ   ‴ḻ  Ḭ  ὣ
57

 ḄӔ  ₐἛ♄, Ὣ Ὤ Ἓ  ‗Ὥ ҙ

Ἓ ּב ṑ᷄ḁ. 

 

Ḭ  †  ḄӔ ♄  ʊ Ḭ ♄ ỦṎ №  Ө  ὗ ұ Ὥ,   ʊ №  

 ᵉ  ᷄ḁ.  ʊ  ◄  ◄ ᷄ḁ. Ḭ   ▐ ṍ   ʊ   ᾯ ᾞ, 

№ דּ    ҍ Ⱡ ֗  ẁỚ Ὢ  ▐ ṍ   ʊ  ᷄ḁ. 

 

№ †  

ḁ Ἓ № †  ḄӔҍ ṑ᷄ḁ.
58

  ḄӔ ♄  ʊ №  ḁ   ṍә, tid     ṴἜṎ 

 ұṍᾞ, ḏ ὗ ᷄ḁ.  ♄  ʊᾧṭ ӨἎ Ḭ  ҍ ῦ ұṍ  ֥ẋῄ , 

 Ӧ  Ӏ  ּב ᷄ḁ. 

 

VACUUM  ּבṎ Ӥҏ  ⅎ Ӥҏ ᾁ  Ὼ ṑ᷄ḁ. ֚ὣә  ᵗָא ʊ  בּ ⁯ ♄  Ὥ  

 ʊ  ʊҍ Ⱡ ᾁ ♄ ֚ҍ ṑ᷄ḁ. 

 

№  ḄӔ ♄ №   ṍ   Ӓ , tid     ֥ ṍә №   

ḄṎ ₐ  ḁ  ṑ᷄ḁ. 

 

№  ꜙ

† Ṏ №  ʊ  a  Ӥҏ  ҍ Ӏ ṍᾞ, ẋẋἛ  ὗ ℮ ḻ ᷄ḁ. Ὥבּ   

  Lₐₒ  Ỵ ҟ  ⅎ ҍ ḁᾠ, †     Lₐₒ  ұ ә ּבṎ Ӥҏ   

 Ὼ ḁ.  Ӧ᷄ בּ   № ꜙ
Heap Truncation

Ớ  ʊὫ Ὤ †  ḄӔ ♄ ἶ ᷄ḁ.
59

 

 

№ ꜙ  ʊ №  Ө      ֠
Exclusive Lock

 Ἓ ᷄ḁ. ḁὖ ἛⱢ ҍ ᵡ  ̈͂ Ủ ḓ֥

 ḻἜ  ֥ ,  ֠ Ṭ ḻ  ʊ5 ὗ ᵨ  ᷄ḁ. 

 

№  ӈ   ֥ẋῄ , ℮  ʊ  Lₐₒ  №   ꜙ1/16  ұ  U1,000  ֩

 ὗ ẋὭ Ḅ בּ  ṑ᷄ḁ.  ӔҖ  ṫ ṿṍ  ♄ ▐ ҍ ♥  ″Ӓ  .ḁ᷄ בּ 

 

Ỷ ᾧṭ   ḻ ₔԂ ә № ֠  ῄ ὗ  ʊӒ , vacuum_truncate ῳ 

toast.vacuum_truncate  ♥  ὺҟ″ּבὗ ▐   ꜙ֥ᶾ   ℮ Ⱡ  .ḁ᷄ בּ 

 

6.4 ₒ♅ 

†   Ө  ᶄ  ʊṅ , Ἓ  ʊ Ӎṍ   Ὥ Ὺ Ӏ ӨἎṎ Ắ ḁὖ  ₒ♅
Analysis

  ֥ ӆ ᷄ḁ.
60

  ʊ  Ủᵡὗ  Ӕ ⁫ ּב  Ắ  ʊ Ӕ  ῦ ᷄ḁ. ּב

Ṏ Ӕ ⁫  ʊ pg_class.reltuples)בּ  ) ῳ  ּב(pg_class.relpages )  Ҝ  ӨӔ
relations

 ᵒ  

⁫,  ḫ  ₒ  Ṵ ḁ  ⁫ҍ ṑ᷄ḁ. 

 
57

 backend/access/heap/vacuumlazy.c, lazy_cleanup_all_indexes function 

     backend/access/nbtree/nbtree.c, btvacuumcleanup function 
58

 backend/access/heap/vacuumlazy.c, lazy_vacuum_heap function 
59

 backend/access/heap/vacuumlazy.c, lazy_truncate_heap function 
60

 postgresql.org/docs/14/routine-vacuuming.html#VACUUM-FOR-STATISTICS 
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ₒ♅  ANALYZE ᾤἔ
61

 ▐ ṅבּ  Ἓ  ּב ᾞ, VACUUM ANALYZEὗ  †  

Ӧ Ӎ ḻ ᷄ḁ. ֚Ỵבּ   U  Ṕ   ἕḓἛ ּב ṍῡἛ Ⱡ  ʒᾠ ♄  ʊ ҍ ᷄ḁ. 

 

⁵Ợ♠╖ᴛ, VACUUM ANALYZEѤ 6.1 Ḳ♣⁄Ἄ ╛ ҵ░Ӈ‴̆, Ṋҵ╥ ANALYZE ᶘᴖ╘ 7.2 

Ḳ♣⁄Ἄ ̯ Ӈ͙ ♣ּͥתѤ Ⱶ◓ Ώ ᾋѱѻ. ͎ ╪♣ Ḳ♣⁄ἌѤ TCL ᾅ תּ ᵞ ᵑ  

́ ♬Ṓʺ ὡ︡Ӈ‴ᾋѱѻ. 

 

▫ҿ ḽ ̓ ṪἍ╘ ἒ♬ Ḣᾏ╪ ẋᾌ ḃᴛ, ╪ ӎ ʺּתᵑ Ζ б╥ Ѥ ˦╪ ᵭᾋѱѻ. 

 

6.5 ṅ † Ӧ ₒ♅ 

ḫ † בּ  ♠  ꜚ ♄ ᶿ  ᶷḁᾠ, Ὼ  †  Ἓ ₒ  Өὣ ҹ  בּ  ᷄

ḁ. Ὥ VACUUM ᾤἔ  Ὣ  U   ֱ ?  

 

בּ  ṍ  ʊ №  ᵡ  ̈͂ṫῇӀ †  ṍᾠ,  ʊҹ⁫ḁ   ҍᶾⱠ  ᷄ḁ. Ắ , ᵡ  ̈͂Ὦ

 ″Ӓ ▐  ᶞ ṏ ּב ә, ḁ  VACUUM  ẋ  ʊ Ḭ ὗ Ỵ ‗ Ӧ  .ḻ ᷄ḁבּ  

 

Ὼᾠ , №  ᵡ  ̈͂  ꜙṍᾠ ♄―ҍ   ḓ Ӧ ӨἎ בּ⁫    ҏ  ḝ Ὦ  

Ӏ ṏ ּב ᷄ḁ. 

 

Ắ , Ὼ   ₐ  ʊ ҏ  ᵉ  ẁỚ ″ ῡἛ, ә בּ  Ṏ †  Ἓ  ʊ ὗ Ӎ  ֥

ἑ ᷄ḁ. № ּב  ⅎ‗ Ӏ ῼ◕ ᾠ, †  Ắ  ḝ  ἶ  ᷄ḁ. 

 

 ῄ  ʊ ṅ †
autovacuum

  Ӎ .ḁ᷄ בּ 
62

 ṅ † בּ №   ⅎḻ  ֥Ὼ  †

Ӧ  ₒ♅  ᷄ḁ. 

 

ṅ †   “  Ө  

ṅ †  ֥ᶾ  Ⱡ ṍ  ᾠ( , autovacuum ♥  ὺҟ″ּבҍ  ᾠ), ṅ †  Ỷ ҍ 

♄ ◄ ṍӀ ṑ᷄ḁ.  ἛⱢ  ʊ ṅ †   Өὣ ᾞ, ▐  Ӕ  ֥Ὼ  " Ⱡ" ḫ

†  ᾨἜ  ᷄ḁ. Ỵ  Ӕ  ʊtrack_counts  ὺҟ″ּבҍ Ⱡ Ṏ Ӓ Ὥ ּב ṑ᷄ḁ.  

ὺҟ″ּבὗ בṔᾠ ṅ †  ֥ᶾ  ḓἛ ṅ Ṕב ,ῡἛ בּ     ʊҹ  ᷄ḁ. 

 

▫ҿ ḽ ׳ 
autovacuum launcher

Ѥ autovacuum_naptime(͙ṕ˃: 1Ṫ) ʼ˶╖ᴛ Ἓ ҥ╪ ḽ╪ᾅ 

ᶜᴜ⁄ ̕  ▫ҿ ḽ  √
autovacuum  worker 63ᵑ ᾎ▬ ѱѻ. ╪ױ  √ ө╘ ▀ḙ♠╖ᴛ postmaster⁄ 

╥  ỸἛӋѱѻ. ӻגἌ ױᾅ ⁄ N̩ ╥ Ἓ ҥ╪ ḽ╪ᾅʺ ▓ѻᶔ, autovacuum_naptime ʼ˶ 

Ͽ⁄ N̩ ╥ √ ʺ ỸἛӉ ˦░ѱѻ. ͎ױϮ Ṏᴑᴛ ᾒ ӇѤ  ▫ҿ ḽ  √  ὡѤ 

autovacuum_max_workers(͙ṕ˃: 3) ἒ♬ ᵰˌṉὡᴛ ♬╥ӈ ▐̅˃╙ Е╙ ὡ ′ᾋѱѻ. 

 

 
61

 backend/commands/analyze.c 
62

 postgresql.org/docs/14/routine-vacuuming.html#AUTOVACUUM 
63

 backend/postmaster/autovacuum.c 
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▫ҿ ḽ  √ Ѥ ▀ḙ♠╬ ḥ͎ג⇔ӥ √ ₮ ᵰ↕ ┬Ợ Ϯ, ▬‰ ̕ᵙ╥ ▀ḙ♠╬ ḢḹṒѻ 

΅ ╪♣⁄ Ӯ◑ ᾋѱѻ. ▫ҿ ḽ  ̯ ╙ ṉ˿ ╬ Ώ͙ᴛ  ˺♬╖ᴛ תּ , ▫ҿ ḽ  

√ Ѥ max_worker_processes ᾈᴡ╙ Ợ↔  .Ώ˭ Ӈ‴ᾋѱѻ תּ

 

 ֚Ớ ṫ ҍ ṍᾠ Ṏ ḫ †  Ӎ ә, ḁ  Ṕ ҍ  ᾨἜ  Ⱡ ᷄ḁ: 

 ̧ †  ᾧṭ №, Ṏ ₱ ῳ TOAST №  ᾨἜ 

 ̧ ₒ♅  ᾧṭ №Ӧ Ṏ ₱  ᾨἜ (TOAST №  ◄ Ḭ ὗ  ֜ṍ  ֥ẋῄ  

ₒ♅ṍ  ᷄ḁ.) 

 

♠ Ṏ Ҡ  ʊ ᵁ  † ṍұ  Uₒ♅ṍᾞ(Ắ  ʊṔ ҍ   ᾧṔ ּב ᷄ḁ),  ֚  ἰṍᾠ 

 ʊ ἰṑ᷄ḁ.  

 

ṅ †  VACUUM ᾤἔ Ἓ ṍ  ʊּבṅ † Ӧ ▐ Ӏ ṅ Ὥ, ᾥ ҍ  ῦᾼ  ҍ ᷄ḁ: 

 

 ̧ † ṅבּ  maintenance_work_mem ֥  ᾕᾧὣ   IDὗ ᶞ ᷄ḁ. ֚Ỵ  U ṅ †

♄ ṅ   ▐  ʊҹ  ῶỞ  ᷄ḁ. ᾕᾧὣ ꜙ℮ҍ Ӧḻ Ӏ ṏ ּב  ֥ẋ

ῄ ᷄ḁ. Ỵ ṅ †  ҍ ‾ἏἛ ṏ ּב ᾞ, ҎҎ   ‗  

maintenance_work_mem ᾕᾧὣὗ ꜙ℮  ҹ ᷄ḁ.  ֚ḓ , PostgreSQL  †  ἛⱢ  

Ө  ‴ḻ  ᾕᾧὣ  Ӥ ᾞ,  ʊautovacuum_work_mem ὺҟ″ּבἛ ṑ᷄ḁ. ֥⁮

 autovacuum_work_mem(֥⁮Җ: -1) ὺҟ″ּב  ʊ Ὼ  maintenance_work_mem  ẁὛ

᷄ḁ. ẁỚ♄ autovacuum_max_workers Җ  ḁᾠ, autovacuum_work_mem Җ  ḏ Җ  ίӀ 

 .ḁ᷄ בּ  

 ̧  №  ◕ⱠṎ Ỵ Ḭ  ṅ  ὣ  ʊּבṅ † ἛὭ ּב   ḁ. ὗ᷄ בּ 

ṅ †  ▐ ᾠ Ὦ בּ   ‾Ἇ ἛⱢ ҍ ◕Ⱡṍ ♄  ʊ  ṑ᷄ḁ. 

 

ṅ †  ҍ autovacuum_naptime ҏӉ ᵒ  Ṏ ᾧṭ  ἰ  ᾯ  Ӓ , ṅ †  Ỷ

 ʊ ḏ ḫ † ♄ ‾ἏἛ ṏ ҍ ὗ ◕Ⱡ ᷄ḁ.  Ṕ ‗   ʊḼὨ Ἓ † Ӧ ₒ

♅ ḓ◄ Ҡ  ᾨἜ  Ⱡ ә ὣὗ ᷄ḁ. Ḅ, № ּב ♄  ʊ‾Ἇ ὣҍ ἶ  ᾞ, 

♄Ἓ ḁὖ №Ὥ ṅ  ὣṏ ּב ᷄ḁ. 

 

ẖ №  †   ᵁ ? 

בּ № ♄ ṅ †  ℮ Ⱡ  ʊҹ  ҍᶾ ᷄ḁ. ֚Ỵ  U ὗ Ἓ  ʊӒ  ʊὺ  ṫΉ᷄

ḁ. ὗ  Ṕ ҍ   ꜙὺҟ″ּבҍ Ӥṍᶷḫ, ᵁ  ʊ Ὼ №  Ө  ҹ ә ḁὖ ᵁ  ʊTOAST 

№  Ө  ҹ ᷄ḁ: 

 

 ̧ autovacuum_enabled 

 ̧ toast.autovacuum_enabled 

 

Ὼ Ἓ ṅ †    ᶞ  U○Ἓ   ▲ Ἓ □ ṑ᷄ḁ. 

 

  ᶞ .   Ӕ ּב ֥   ꜚ ♄ Ɫ ᾞ,  ּב  ʊ  Ἓ  ֚ №  

pg_stat_all_tables  .ḁ᷄ בּ  ♄
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  ꜙ  ᶷ  ₐ  ʊḁ  Ṕ ҍ  ὺҟ″ּב ♄  ӔҖ  Ӧ ᾠ Ḅṑ᷄ḁ: 

 

 ̧ autovacuum_vacuum_threshold(֥⁮Җ: 50)  ʊ ὗ ᵁבּ   ᵗ᷄ḁ( ḓҖ). 

 ̧ autovacuum_vacuum_scale_factor(֥⁮Җ: 0.2)  ʊ №    ℮  ♥ ᷄ḁ. 

 

ḁ  ҳ  ṍᾠ ꜙҍ ḁә Ḅṑ᷄ḁ: 

 

pg_stat_all_tables.n_dead_tup > autovacuum_vacuum_threshold +  

( autovacuum_vacuum_scale_factor ö pg_class.reltuples )  

 

 ְӀ ⁸    ὺҟ″ּב  ʊautovacuum_vacuum_scale_factor ᷄ḁ.  Җ  ḓ  №  

ᾞ(ḓ  №  ḓₐₒ  ῄ ὗ  ҍᶾⱠ  ᶋ ), ֥⁮Җ  20%  ʊᵡ  ̈͂  Җ  ,♄ בּ 

 ẁỚ Ӏ  ּבḻ ᷄ḁ. 

 

ḁὖ №  ḓ ♄  ʊ  ὺҟ″ּב Җ  ḆỚ ḁ.  ʊ᷄ בּ  Ἓ №  ֥   ₐ  

 ẁỚ ″ Ӏ ṑ᷄ḁ.  ֥Җ  ♥  ,  ꜙὺҟ″ּבὗ ▐   №  Ө  ♥

  ʊҹ  ῶỞ ᷄ḁ.  

 

 ̧ autovacuum_vacuum_threshold  toast.autovacuum_vacuum_threshold 

 ̧ autovacuum_vacuum_scale_factor  toast.autovacuum_vacuum_scale_factor  

 

Ỷ Ἓ  №  Ө  ὺҟ″ּב Җ  .ḁ᷄ בּ  

 

 ▲ . Ὥ  ẖ № ♄   ▲ ṍᾞ, ░  Uּב  ᵁ  ᶷḁᾠ, ḏ №  ʊ'

 '    ҹ ᷄ḁ. ֚Ỵ  U Ỷ № ♄ḻ   ῦὣ ә ә ҍ Ⱡ ᾁ  tnwjd

 ֥  †  ▓   ᷄ḁ.  Ӧ   Ḭ Ὥ  ּב  ʊ◄ ὗ ᷄ḁ. 

 

 †    ▲ Ṏ  ּבҍ Ủ Ṕ ὺҟ″ּבἛ Ṏ ӔҖ  ᵨ ᾠ, №  ḓ  ᾕ  

בּ  ṑ᷄ḁ: 

 ̧ autovacuum_vacuum_insert_threshold (֥⁮Җ: 1000)  

 ̧ autovacuum_vacuum_insert_scale_factor (֥⁮Җ: 0.2)  

 

 ʊḁ  Ӥ Ἓ ṑ᷄ḁ: 

pg_stat_all_tables.n_ins_since_vacuum > autovacuum_vacuum_insert_threshold + 

autovacuum_vacuum_insert_scale_factor ö pg_class.reltuples  

 

Ӧ Ҝ בּ № , ♄  ὺҟ″ּבṯ ▐ ὗבּ″ḁ.  ὺҟ᷄ בּ    ʊӒ , 

autovacuum_vacuum_insert_threshold  ֚  ḏ  ʊTOAST ὺҟ″ּב, ֚ὣә 

autovacuum_vacuum_insert_scale_factor  ֚  ḏ  ʊTOAST ὺҟ″ּבὗ ▐ Ӏ ṑ᷄ḁ. 

 

ẖ №  ₒ♅  ᵁ ? 

ṅ ₒ♅  ″ӒṎ Ὥ ḁἶ  ֥ẋῄ , ṅ †  ⁫ḁ Ӕ▓  ҏ ḝ Ḅּד ᷄ḁ.  
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ḁ  Ṕ ҍ  ♥  ὺҟ″ּב   Ṏ ӔҖ  ᵨ  ʊӒ ,  ₒ♅  ּב Ṏ  ּבҍ №

 ₒ♅  ḁә ҍ ᷄ḁ: 

 

 ̧ autovacuum_analyze_threshold (֥⁮Җ: 50)  

 ̧ autovacuum_analyze_scale_factor  (֥⁮Җ: 0.1)  

 

ṅ ₒ♅  Ủ  ҳ  Ὥ  ẋ ṑ᷄ḁ: 

pg_stat_all_tables.n_mod_since_analyze > autovacuum_analyze_threshold + 

autovacuum_analyze_scale_factor ö pg_class.reltuples  

 

 №  ḓ  ṅ ₒ♅ ♥  Ἄᾠ, autovacuum_analyze_threshold  

autovacuum_analyze_scale_factorỚ  ʊṅ  Ὑ   ὺҟ″ּבὗ ▐   .ḁ᷄ בּ 

TOAST №  ₒ♅ṍ   ֥ẋῄ ,  ḏ  ʊὺҟ″ּב  ʊ  ᷄ḁ. 

 

ṅ †  ṅ 

 ♄ ♥ᾤ  ᵒ  ὣ ә,  † Ӧ ₒ♅   №  ⁫  ʊṔ ҟ  ₱ὗ Ὥṯ  ⁫ӆ

᷄ḁ.
64

  ₱ṯ ♄ ▐ ṍ  ʊ בּ  ʊ ḆṎ ὺҟ″ּב   Җ  Ὼ ᷄ḁ. ẋ,  Җ בּ № 

♄ ṏ ּב ḁ  ʊ  әἌ ᷄ḁ. 

=> CREATE FUNCTION p(param text, c pg_class) RETURNS float 

AS $$ 

  SELECT coalesce( 

    --  use storage parameter if set  

    (SELECT option_value 

       FROM pg_options_to_table(c.reloptions)     

      WHERE option_name = CASE 

               --  for TOAST tables the parameter name is different  

               WHEN c.relkind = 't' THEN 'toast.' ELSE ''  

              END || param 

  ),  

  --  else take the configuration parameter value  

  current_setting(param)  

)::float;  

$$ LANGUAGE sql; 

 

† ӨἎ ₱  ʊ Ủ  Ҝ ᷄ḁ: 

=> CREATE VIEW need_vacuum AS 

WITH c AS ( 

    SELECT c.oid, 

            greatest(c.reltuples, 0) reltuples,  

            p('autovacuum_vacuum_threshold', c) threshold,  

            p('autovacuum_vacuum_scale_factor', c) scale_factor,  

 
64

 backend/postmaster/autovacuum.c, relation_needs_vacanalyze function 
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            p('autovacuum_vacuum_insert_threshold', c) ins_threshold,  

            p('autovacuum_vacuum_insert_scale_factor', c) ins_scale_factor  

    FROM pg_class c 

    WHERE c.relkind IN ('r','m','t')  

)  

SELECT st.schemaname || '.' || st.relname AS tablename,  

        st.n_dead_tup AS dead_tup,  

        c.threshold + c.scale_factor * c.reltuples AS max_dead_tup,  

        st.n_ins_since_vacuum AS ins_tup,  

        c.ins_threshold + c.ins_scale_factor * c.reltuples AS max_ins_tup,  

        st.last_autovacuum  

FROM pg_stat_all_tables st  

JOIN c ON c.oid = st.relid;  

 

max_dead_tup  ṅ †   ẋ  '  '  ḓ  ּבὗ ᵁ ᵗ᷄ḁ. Ὼᾠ, max_ins_tup 

 ▲ Ӧ ӨἎṎ ӘҖ  ᷄ḁ.  

 

♄, ₒ♅  Ө  ▐  ₱  ḓ  ♥ᾤ ӆ ᷄ḁ: 

=> CREATE VIEW need_analyze AS 

WITH c AS ( 

    SELECT c.oid, 

            greatest(c.reltuples, 0) reltuples,  

            p('autovacuum_analyze_threshold', c) threshold,  

            p('autovacuum_analyze_scale_factor', c) scale_factor  

    FROM pg_class c 

    WHERE c.relkind IN ('r','m')  

)  

SELECT st.schemaname || '.' || st.relname AS tablename,  

        st.n_mod_since_analyze AS mod_tup, 

        c.threshold + c.scale_factor * c.reltuples AS max_mod_tup,  

        st.last_autoanalyze  

FROM pg_stat_all_tables st  

JOIN c ON c.oid = st.relid;  

 

max_mod_tup  ṅ ₒ♅ בּ   ẋ  ӘҖ  ᵁ ᵗ᷄ḁ.  

 

 ↑ὔӀ Ἄә Ὣḁ ṅ ῶ   ḻἜ ♥ ӆ ᷄ḁ. 

=> ALTER SYSTEM SET autovacuum_naptime = '1s'; 

=> SELECT pg_reload_conf(); 

 

vac №  ֥ ә,  ֚ḁ  1,000ҟ   ▲  ⁫ӆ ᷄ḁ.  Ӧ בּ № ♄ ♄ 

ṅ †  ֥ᶾ  ℮ Ⱡ ṍ    Ɫ . 

=> TRUNCATE TABLE vac; 
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=> INSERT INTO vac(id,s)  

SELECT id, 'A' FROM generate_series(1,1000) id;  

†  ӨἎ ₱  ʊḁ Ӧ Ҝ ᷄ḁ: 

=> SELECT * FROM need_vacuum WHERE tablename = 'public.vac' \ gx 

[֧ RECORD 1 ]֧ ֧֧+֧֧֧֧֧֧֧֧֧֧֧ 

tablename       | public.vac  

dead_tup        | 0  

max_dead_tup    | 50  

ins_tup         | 1000  

max_ins_tup     | 1000  

last_autovacuum |  

 

ᾒⱠᴛ max_dead_tup╥ ▐̅˃╘ 50░ѱѻ. ─⁄Ἄ …͕  ̑ᾏ⁄ ӻᵎᶔ 50 + 0.2 Ǝ 1000 = 250╪ 

Ӈ‡‒ ּתᵣ, INSERT ᶘᴖ╘ ́ ♬Ṓᵑ ὡ♬ ̕ ⁄Ώῷ, ╪ ╪ẇ תּ  ́ ♬ṒѤ ῷֹו Ợ↔

 ὡ ′ᾋѱѻ. 

=> SELECT reltuples FROM pg_class WHERE relname = 'vac'; 

 reltuples  

֧֧֧֧֧֧֧֧֧֧֧ 

         1֧ 

 

pg_class.reltuples  Җ  -1Ἓ ♥ ṍ  ᷄ḁ.  ‴  Җ  Ӕ ⁫ҍ  ʊ №Ӧ Ἓ ℮

Ὥ ῦ ₒ♅  ἰṎ №  Ԃₒ  ֥  0 ḓ  ▐ ṑ᷄ḁ. Ӕ▓  ▐ ṏ ẋ,  ּב Җ  0

Ἓ ҏ ṍ  50 + 0.2 Á 0 = 50  ṑ᷄ḁ. 

 

Ắ , ◄ṍ  ʊҖ  1,200 ḻ ₔԂ ә max_ins_tup Җ  1,000 ᷄ḁ.   ṅ  Ἓ ῼ◕

 ʊ ◄ ᷄ḁ. 

 

 ₒ♅ ₱  ḓ  □ ⁫ӆ ᷄ḁ. 

=> SELECT * FROM need_analyze WHERE tablename = 'public.vac' \ gx 

[֧ RECORD 1 ]֧ ֧֧֧+֧֧֧֧֧֧֧֧֧֧֧ 

       tablename | public.vac  

         mod_tup | 1006 

     max_mod_tup | 50 

last_autoanalyze |  

 

ὣ  ʊ1,000ҟ בּ   ә,  ʊ▐ ◄ ▲  ῦ ᷄ḁ.  ẁỚ ӘҖ  Ӧ ᷄ḁ: 

№  ֥  ʊ  Ἄ   ֥ẋῄ   ӘҖ  50 Ἓ ♥ ṍ  ᷄ḁ.  ʊὭ  Ủ Ỹ 

♥  ᾠ ṅ ₒ♅  ӜῶἛ ṏ ҹ  ῦ ᷄ḁ. 

=> ALTER TABLE vac SET (autovacuum_enabled = on); 

 

№ ₒ♅  ἰṍᾠ, ӘҖ   Җ  150 Ἓ ṑ᷄ḁ. 



 109  

=> SELECT reltuples FROM pg_class WHERE relname = 'vac'; 

 reltuples  

֧֧֧֧֧֧֧֧֧֧֧ 

       1000 

(1 )  

 

=> SELECT * FROM need_analyze WHERE tablename = 'public.vac' \ gx 

y֧ pcampb O {֧֧֧֧I֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

tablename        | public.vac  

mod_tup          | 0  

max_mod_tup      | 150  

« ²³} ´³® ­ «¸¹¤ » PNPQ֧NQ֧NT 14:00:45.533464+03 

 

֚Ỹ ḁ  ṅ †  Ө  ֥  ⁫ӆ ᷄ḁ: 

=> SELECT * FROM need_vacuum WHERE tablename = 'public.vac' \ gx 

[֧ RECORD 1 ]֧ ֧֧+֧֧֧֧֧֧֧֧֧֧֧ 

tablename       | public.vac  

dead_tup        | 0  

max_dead_tup    | 250  

ins_tup         | 1000  

max_ins_tup     | 1200  

last_autovacuum |  

 

 ₒ♅   Ṏ № ֥  ֥Ὼ  max_dead_tupӦ max_ins_tup Җḻ ּב ṍ ᷄ḁ. 

 

†  ḁ   ƫ  ҳ Ớḻ Ὥ  Ӓ  ṑ᷄ḁ: 

 ̧   250ҟ ◄  Ӓ  

 ̧ №   200ҟ ◄ ▲ ṏ Ӓ  

 

ḁ  ‗ ṅ †  ℮ Ⱡ ә, ӔҖ  1ҟ Ӧ  ʊ  251ҟ בּ    ⁫ӆ ᷄ḁ. 

=> ALTER TABLE vac SET (autovacuum_enabled = off);  

=> UPDATE vac SET s = 'B' WHERE id <= 251; 

=> SELECT * FROM need_vacuum WHERE tablename = 'public.vac' \ gx 

[֧ RECORD 1 ]֧ ֧֧+֧֧֧֧֧֧֧֧֧֧֧ 

tablename       | public.vac  

dead_tup        | 251  

max_dead_tup    | 250  

ins_tup          | 1000  

max_ins_tup     | 1200  

last_autovacuum |  

 

 ὣұ ҳ  ṍ ᷄ḁ. ṅ †  Ⱡ  ⁫ӆ ᷄ḁ.   №  ὣṍә ▐  

Ӕҍ ♥ Ṏ ◄ ὗ  ּב  ҹ ᷄ḁ: 
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=> ALTER TABLE vac SET (autovacuum_enabled = on); 

=> SELECT * FROM need_vacuum WHERE tablename = 'public.vac' \ gx 

[֧ RECORD 1 ]֧ ֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

      tablename | public.vac  

       dead_tup | 0  

   max_dead_tup | 250 

        ins_tup | 0  

    max_ins_tup | 1200  

last_autovacuum | 2023 0֧3֧ 06 14:00:51.736815+03 

 

6.6 ₐ  Өὣ 

בּ  ♄ ṅ  ʊ†  ḁὖ ἛⱢ ὗ Ḅ  Ὥ,  ₐ ὗ ҍ ә Ⱡᶾ  ◄ḏ

  ῦ  .ḁ᷄ בּ 

 

†   

†  ҙḻὗ  ֥  PostgreSQL  № ὣ ḻ  ֥ Ἓ  Ḅ ᷄ḁ.  Ḅ Ἓ 

ḓỰ vacuum_cost_limit (֥⁮Җ: 200)Ὥ   ἰ  , ἛⱢ  ʊvacuum_cost_delay(֥⁮Җ: 0) 

ҏ ṅ   ֥◄ Ἓ ṑ᷄ḁ. 

 

vacuum_cost_delay  ֥⁮Җ  0  Ὼ  †   Ἓ ḓἛ ṯ  ᶷḁ  ʊҹ  ῦ

᷄ḁ. ẁỚ♄, vacuum_cost_limit   Җ   ὗ Ὥṯ  ᷄ḁ. ּבṅ † בּ    Ӓ , 

Өὣ  ʊҍᶾ  ↑ὔӀ ἰὗ  ҹ Ἓ ҍ ṑ᷄ḁ. 

 

Ὥ  sleep ҏ  ♥ ṍ  ḁᾠ, ἛⱢ  ʊ―  ♄ ὗ ὣ ᶷḫ vacuum_cost_limit  

Ḅ   ꜙ℮  Ὣḁ  Ḅṑ᷄ḁ. Ҏ   ֥℮  ―  ♄ ὗ  Ӓ  

vacuum_cost_page_hit(֥⁮Җ: 1) Ḅ Ἓ Ӕ▓ṍᾞ, ֚ἃ   Ӓ  ʊvacuum_cost_page_miss Ḅ

(֥⁮Җ: 2)Ἓ Ӕ▓ṑ᷄ḁ.
65

 Ὥ  ֽᴶ  ҍ †    ḝỴ ḁᾠ, ҍἛ 

vacuum_cost_page_dirty(֥⁮Җ: 20) Ḅ ҍ ḝ ᷄ḁ.
66

 

 

vacuum_cost_limit  ὺҟ″ּב  ֥⁮Җ  ḁᾠ, †  ♠  Ӓ (ᾧṭ ҍ ṍә †  

 ҍ ″Ӓṍ   ʊӒ )  ʊ  ‗  ֥ ♄ ḓ 200ҟ ὗ ὣ  ,ḁ. Ὼᾠ᷄ בּ 

 Ӓ (ᾧṭ ҍ Ṷ ♄ ә ″Ӓṍ  ʊӒ )  ʊ  ‗  ֥ ♄ ḓ 9ҟ Ὥ 

ὣ  .ḁ᷄ בּ 

 

ṅ †   

ṅ †
67

  †  Ӧ ὺ  ▐ Ὥ, ṅ †   ὺҟ″ּב  ҍ ә  

ḁὖ ҙḻἛ ṏ ּב ᷄ḁ: 

 ̧ autovacuum_vacuum_cost_limit(֥⁮Җ: -1) 

 
65

 backend/storage/buffer/bufmgr.c, ReadBuffer_common function 
66

 backend/storage/buffer/bufmgr.c, MarkBufferDirty function  
67

 backend/postmaster/autovacuum.c, autovac_balance_cost function 
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 ̧ autovacuum_vacuum_cost_delay(֥⁮Җ: 2ms)  

 

 ὺҟ″ּבṯ  ᵁҍ -1Ἓ ♥ ṍᾠ, ḏ  ʊ Ὼ †  ὺҟ″ּבἛ ḓ ṑ᷄ḁ.  

autovacuum_vacuum_cost_limit ὺҟ″ּב  ʊ֥⁮ Ἓ vacuum_cost_limit  Җ  Ӏ ṑ᷄ḁ. 

 

Ḳ♣ 12 ╪♣⁄Ѥ autovacuum_vacuum_cost_delay╥ ͙ṕ˃╪ 20ms₄Ѥҥ, ╪Ѥ ҍ 

ӥ≢‡⁄Ἄ ᵰ↕ ϻ╘ Ἓѫ╙ מ ᾋѱѻ. 

 

ṅ †   Ḅ  ʊ ֥ḏ autovacuum_vacuum_cost_limitἛ ṍᾞ,  Җ  ᾧṭ  ҏ  Ӥ

ṍῡἛ,  ּב  ◄Ө    ḓ  ұ  ṅ   ῦ ᷄ḁ. ẁỚ♄ ṅ †  ҍꜚ

Ἄᾠ, autovacuum_max_workers autovacuum_vacuum_cost_limit Җ  ℮ἕ Ἓ ҍ  ᷄ḁ. 

 

 Ӓ , ḁ   ὺҟ″ּבὗ ♥   №  ḓ  Ỵ  ♥  :ḁ᷄ בּ  

 ̧ autovacuum_vacuum_cost_delay  toast.autovacuum_vacuum_cost_delay 

 ̧ autovacuum_vacuum_cost_limit  toast.autovacuum_vacuum_cost_limit  

 

6.7 ᾧ᷄ Ὢ 

†  ᾧ᷄ Ὢṍ  ʊӒ , ҍ maintenance_work_mem ᾕᾧὣ  ί      ‗  

ұ ◄ʊ  בּ   Ҕ ḁ.  Ӓ᷄ בּ   ᾧṭ Ḭ ὗ Ỵ ‗  ҵ    ᷄ḁ.  

№  Ӓ   Ӧ  ◄ḏ  ҏ  ꜙ ṍᾞ,  ₐ ὗ  ּב ᷄ḁ.  ʊ Ḅṍ  

Ὥ, ҍ  I/O    ὣỳ  Ҏ Ӏ  ּב ᷄ḁ. 

 

Ỵ  ῄ  ʊ №  ḝ  † ұ (UҎ ♄   ὣ  ʊ  ), ḝ Ὦ  ᾕᾧὣὗ 

ḏ  ʊ “ Ἓ Ӎ  .ḁ᷄ בּ 

 

†  ᾧ᷄ Ὢ 

VERBOSE Ӧ כ ṍ  ʊ†  ᾤἔ  ὣ  ּב ә ◄  ⁫ә♄ὗ ᷄ḁ. Ắ , 

pg_stat_progress_vacuum ₱  ʊ Ṏ ἛⱢ   ◄ ὗ ⁫ ᷄ḁ. 

 

ₒ♅  Ө  ▐  ₱  pg_stat_progress_analyzeḻ Ὥ, Ὼ Ἓ   ὺ  ↑ὔӀ ּב ṍ

ᾞ ῄ ὗ  ʊӒ  ʊұ  ᷄ḁ. 

 

№  ḝ Ὦ   ▲ ә ᾧṔ ּב  †  ◄ḏ  ҏ ṅ  ṍḻἜ ⁫ӆ ᷄ḁ. 

=> TRUNCATE vac; 

=> INSERT INTO vac(id,s)  

SELECT id, 'A' FROM generate_series(1,500000) id;  

=> UPDATE vac SET s = 'B';  

 

 ḫᾧὗ  tid     ḏṍ  ʊᾕᾧὣ  1MBἛ ӆ ᷄ḁ. 

=> ALTER SYSTEM SET maintenance_work_mem = '1MB'; 

=> SELECT pg_reload_conf(); 

 



 112  

 

 

 

 

 

†  ᾤἔ  ә,   Ỵ ‗ pg_stat_progress_vacuum ₱ὗ  ⁫ӆ ᷄ḁ. 

=> VACUUM VERBOSE vac;  

 

  => SELECT * FROM pg_stat_progress_vacuum \ gx 

  [֧ RECORD 1 ]֧ ֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

                 pid | 14531  

               datid | 16391 

             datname | internals  

               relid | 16479  

               phase | vacuuming indexes  

     heap_blks_total | 17242  

   heap_blks_scanned | 3009 

  heap_blks_vacuumed | 0 

  index_vacuum_count | 0  

     max_dead_tuples | 174761 

     num_dead_tuples | 174522 

  => SELECT * FROM pg_stat_progress_vacuum \ gx 

  [֧ RECORD 1 ]֧ ֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

                 pid | 14531  

               datid | 16391  

             datname | internals  

               relid | 16479  

               phase | vacuuming indexes  

     heap_blks_total | 17242  

   heap_blks_scanned | 17242 

  heap_blks_vacuumed | 6017 

  index_vacuum_count | 2  

     max_dead_tuples | 174761 

     num_dead_tuples | 150956 

 

,  ₱  ʊḁ  ⁫ ᷄ḁ: 

 ̧ phase -  †  ḄӔ  Ὑ (  ḄӔὗ ♥ᾤ Ὥ Ἓ  ʊḝ Ὦ  ḄӔҍ ᷄ḁ.
68

) 

 ̧ heap_blks_total - №  בּ   

 ̧ heap_blks_scanned - Ṏ  ּב 

 ̧ heap_blks_vacuumed - † Ṏ  ּב 

 ̧ index_vacuum_count - Ḭ  בּ  

 

 
68

 postgresql.org/docs/14/progress -reporting.html#VACUUM-PHASES 
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 †   ◄  heap_blks_vacuumed Җ  heap_blks_total  Җ Ἓ ᵁ  f℮ Ἓ ṑ᷄ḁ. ֚Ỵ

 U  ℮  Ḭ  Ἓ  ҕ ỹӀ ″ ῡἛ   Ṕ בּ   Ṕ  ᷄ḁ. ▐ ,  ‗

 ₒ  ᾕᾧὣҍ †  ἰὗ  ḏṍ  ḁᾠ, †  ֥ בּ   ᾨ  ʊҹ  ḝ ᷄ḁ. 

֥  Җ  1⁫ḁ ḁᾠ,  ‗  †  ἰ  ʊḫ ₒ  ᾕᾧὣҍ  ῦ ᷄ḁ. 

 

ῦ ἰṎ VACUUM VERBOSE ᾤἔ  Ἅ ♄  ʊ  ◄  .ḁ᷄ בּ ⁯ 

 

 
 

 3‗  Ḭ   ᷄ḁ. Ҏ  ḓ 174,522 ҟ    ὗ ұ ᷄ḁ.  Җ

 maintenance_work_mem ֥     ṯ ґ ּב  ʊtid (ҎҎ  6ῶ ὗ ) בּ    

ṑ᷄ḁ. ḓ ֥  ʊpg_stat_progress_vacuum.max_dead_tuples  ṍ Ὥ, Ἓ ▐ ṍ  ʊӤ

ҏ  ◄ ҏ ᷄ḁ.  ʊḁ  ҍ  ẋ,  ֚   ʊ   ᾧṭ ҍ ᵉ  ᾕ

ᾧὣ  ίӀ ⁫ Ṑ  ῦ ᷄ḁ.    ʊ ҍ Ὣבּ    UὮṭ  ◄Ө ᷄ḁ. 

 

ṅ †  ᾧ᷄ Ὢ 

ṅ VACUUM  ᾧ᷄ Ὢ  ʊ   “  ᵁ  ʊ◄  ⁫ὗ ♄― Ἓ֚  ֥Ἔ  ҍ ₒ♅   

▐  ʊҹ ᷄ḁ.  ◄  ⁫  ʊVACUUM VERBOSE ᾤἔ  ἍӦ ▐ ᷄ḁ. 
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log_autovacuum_min_duration(֥⁮Җ: -1) ὺҟ″ּבҍ 0 Ἓ ♥ Ṏ Ӓ , ᾧṭ ṅ †   Ἓ֚  

֥Ἔṑ᷄ḁ. 

 

=> ALTER SYSTEM SET log_autovacuum_min_duration = 0; 

=> SELECT pg_reload_conf(); 

=> UPDATE vac SET s = 'C';  

UPDATE 500000 

 

postgres$ tail - n 13 /home/postgres/logfile  

2023֧ 03֧ 06 14:01:13.727 MSK [17351] LOG: automatic vacuum of table  

"internals.public.vac": index scans: 3  

pages: 0 removed, 17242 remain, 0 skipped due to pins, 0  skipped frozen  

tuples: 500000 removed, 500000 remain, 0 are dead but not  

yet removable, oldest xmin: 853  

index scan needed: 8622 pages from table (50.01% of total)  

had 500000 dead item identifiers removed  

index "vac_s": pages: 1428 in total, 496 newly deleted, 929  

currently deleted, 433 reusable  

avg read rate: 12.404 MB/s, avg write rate: 14.810 MB/s  

buffer usage: 46038 hits, 5670 misses, 6770 dirtied  

WAL usage: 40390 records, 15062 full page images, 89188595  bytes 

system usage: CPU: user: 0.31 s, system: 0.33 s, elapsed:  3.57 s  

2023֧ 03֧ 06 14:01:14.117 MSK [17351] LOG: automatic analyze of table  

"internals.public.vac"  

avg read rate: 41.081 MB/s, avg write rate: 0.020 MB/s  

buffer usage: 15355 hits, 2035 misses, 1 dirtied  

system usage: CPU: user: 0.14 s, system: 0.00 s, elapsed:  0.38 s  

 

†  ῳ ₒ♅ בּ    ʊ № ᾨἜ   ֥   ҷ Ḡ need_vacuumӦ need_analyze 

₱ὗ ▐ ḁ.  ᾨἜ᷄ בּ   ҍ ḁᾠ, ṅ †  ₐ ὗ ὣ  ᾯ ә  ῦ ᾞ, 

ỷ Ӓ  ҏӉ(autovacuum_vacuum_cost_delay)  ұ  UҏӉ ▐ בּ ♄  ʊ ỳ

(autovacuum_vacuum_cost_limit)  ҍ  ꜚḻὗ ᶋ ḁ. Ắ᷄ בּ    ‾Ἇ ὣ  ḻḻ 

ҍ  .ḁ(autovacuum_max_workers)᷄ בּ  
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7  ὣ
Freezing 

7.1 Ứ Ɑ ID ừ Ớ ṫWraparound  

PostgreSQL ♄  ʊ Ứ Ɑ IDҍ 32℮ ὗ ▐ ᷄ḁ. 40 Ớ  ʊּי  ʊᴈ Ӏ ᶵס  ,Ὥ בּ 

 ῼ Ӏ ṅ ᾠ  ּי ḻ ֠  ꜙ ṏ ּב ᷄ḁ. Ἓ, ḏ  ֘1,000ҟ  Ứ Ɑҍ ῼ

◕ ḁә ҍ ᾠ, ꜚ  Ἓ ᾠ ḓỰ 6   ᾧṔ ꜙ ṑ᷄ḁ.  

 

Ἆ‗ ҍ ḁ ▐ Ṏ Ӓ , ḁ ֥ ὗ  ὗ♄דּ   ᷄ḁ. ὗ ừ Ớ ṫỚә ₐὛ᷄ḁ. 

Ὥ,  IDὗ ҍ  Ứ Ɑʊ  ◄ ҍ  ʊּי Ἓ   ṍ Ὥ,  IDὗ ҍ  Ứ Ɑ⁫ḁ ỦṎ 

Ứ ⱭἛ ṏ ּב ᷄ḁ. ֚Ủ♄  ʊ ֥ Ṏ ḻ Ҝ  ‗ ὗ ▐  .ḁ᷄ בּ 

 

PostgreSQL  Ứ Ɑ ID  64℮ ὗ ḏ    ʊҎ  ḝҍ Ṕ ҟ  Ứ Ɑ ID(xminӦ 

xmax)ὗ   ֥ẋῄ ᷄ḁ. ῦ ḝ  ֥ҍ ◄ḏ  ᾞ(ḫ  Ἇ  әἌ ᾠ  ꜙ24ῶ

), 64℮ ὗ ҍ ᾠ ҍἛ 8ῶ ҍ ḝ ᷄ḁ. ἃӀ ᾠ ᾕᾧὣ ▐ ỳ  ҍ ә,  ֚Ӎ

Ӧ   Ⱡ  ẗ ẋῄ֥  בּ  ᷄ḁ. 

 

PostgreSQL╘ ▀ḙ♠╬ IDᵑ ◑ ͙ ─  32ẋ  epoch₮ ˺ ӈ 64ẋ  Ἢ ID69ᵑ◔נ 

Ợ↔ ↔ ᵣ, ╪Ѥ ϿṨ♠╖ᴛᵣתּ ᶒ ҥ╪  Ώᾋѱѻ. ╪Ѥ תѤ ♥ҍᴛ Ӈּ⁄תּ╪ 

ᶉᶛᵙ Ợ↔װ╙ ἵ ᶔἌҵ נ◔Ἢ ID╥ ̆ʾ ᶷⱠᵑ ˺ Ѥ Ḣḹ░ѱѻ. 

 

ừ Ớ ṫὗ  ὣ  ֥  PostgreSQL  Ứ Ɑ ID ⁫ḁ  ʊ Ứ Ɑ  ᵁ ὗ ℮ӽ ᷄ḁ. 

֥♄ Ứ Ɑ  ᵁ Ờ, ḏ Ứ Ɑ   ῼ◕   ꜚ Ứ Ɑ ὗ ῦבּ  ᷄ḁ. ẁỚ♄ 

ḁ Ắ  ʊ ḁ  ʊҟᵻ ḓ  ỦṎ(ᾌ  Ṏ) Ứ ⱭӦ (ᵁ  Ṏ) Ứ Ɑ Ớ  ʊҟᵻ  ▐

᷄ḁ. ἃӀ Ἓ  Ứ Ɑ ὗ ḝ Ӏ ә Өὣ♄דּ   .ḁ᷄ בּ 

 

 ℮ӽ  ʊ ṫ ᵒ ♄ 32℮ וּ▓    ṑ᷄ḁ. ᾌ , Ṕ 32℮  Ứ Ɑ ID ▐  ὗ Ӕ▓

ә,  ֚ӍӦὗ 0Ӧ ℮ӽ ᷄ḁ.
70

 

 

 ҟᵻ  ḝ   ֥  Ứ Ɑ ID ּד♄ὗ Ӕ ῶᶸἛ ◕Ҏ ⁫ ḁ. Ҏ Ứ᷄ בּ  ⱭὫḁ 

Ӕ   Ἓ Ὼ   ῦỦ  ꜚ ә, Ὼḓ  Ὼ  Ӧұ  ꜚ ḁә ◄◄ ⁫Ɫ . ἃӀ ◕Ҏ ᾠ 

Ứ Ɑ  ᵁ  Ө  ҟᵻ  ḝ אלӀ  ּב ᷄ḁ. 

 

 
69

 include/access/transam.h, FullTransactionId type 
70

 backend/access/transam/transam.c, TransactionIdPrecedes function 
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 Ӕ ῶᶸἛ Ứ Ɑ IDὗ ◄◄  ʊ “  ʊ    ᷄ḁ. ỦṎ Ứ Ɑ(T1)  ʊ  ֜

Ứ Ɑ  ℮   Ӧұ ₐₒ  ᷄ḁ. ֚Ỷḫ Ὥ  ↑ὔӀ ○Ἓ  Ứ Ɑ  ῼ◕   ῦỦ 

ₐₒ ♄ T1  ῶỚ⁮ḁᾠ,  ʊῄ ὗ  ּב ᷄ḁ. ᵛ ᾠ, ֚Ỷ ◄ ♄ ῼ◕  ʊᾧṭ ○Ἓ  

ұỦ  ʊT1   ἶ  ″Ӓ ▐ Ӏ ṏ ҹ בּ    ֥ẋῄ ᷄ḁ.  ʊ  ӵ  

 ᴹ  .ḁ᷄ בּ 

 

7.2  ὣ  ῳ ҍ Ⱡ ֗  

ҏ  ῄ ὗ    ֥ , †   ὣ  ḻ ҍ בּ   ᷄ḁ.
71

   

ḫ †   ” ᵁḻἜ ♥ Ṏ   ‴    Ἓ ұ  U ὣ  ʊҹ ᷄ḁ.  

 

ὣ Ṏ  ḓ ♄  ʊҍ Ⱡ ֗  xmin  әἌ  ҍ ᷄ḁ. ᵛ ᾠ Ỷ  ᾧṭ ᵗ

אָ ḁә Ἄ בּ ⁯ ♄   ֥ẋῄ ᷄ḁ. ẁỚ♄ ḏ Ứ Ɑ IDὗ Ӏ ▐   .Ӏ ṑ᷄ḁ בּ 

 

ὣ Ṏ ♄ ,ʊ xmin Ứ Ɑ IDὗ ҍ◄  "  ῁ ḓ"Ἓ ḓ Ṏḁә ◕Ҏ )ḁ᷄ בּ   ʊ

Ủ  ᶠꞈ Ἓ ṑ᷄ḁ).  ʊ ḏ   IDҍ ḝ ◄   Ӧұ  Ứ Ɑ   ◕

Ⱡṍ ḁ  ʊҹ  ᵁ ᵗ᷄ḁ. ֚Ỵ  U Ἓ xmin  ″Ӓṍ  ᷄ḁ. ὣ  ◄  ʊ' ΅
committed

'Ӧ '

Ḅ
aborted

' Ṕ ҍ   ℮  Ἓ ṑ᷄ḁ.  Ṕ ҍ   ℮  ʊ Ứ Ɑ  ◄ ὗ ᵁ ᵒ  ʊḫ 

▐ ṍᾞ, ὗ   ὣ ṍ ᶷ  ₐὗ Ḅ  .ḁ᷄ בּ 

 

 
 

ᵤ╘ ▫ᴮө(̑ᾏ ᶷἌ )⁄ἌѤ FrozenTransactionId ͕… ̆ג2 ╪˃ ╥ ̈ ѱѻ. 

╪˦╘ ╪Ḉ ἒᶘ  "╛╥ ᶴ ҍ"ᵑ ╥Ḉ ѱѻ. ╪ ˃╘ PostgreSQL 9.4 Ḳ♣ ╪♣⁄Ἄ 

xmin╙ ҍ Ѥ ҥ Ợ↔Ӈ‴ּתᵣ, ◓Ѥ  ẋ ᵑ Ợ↔ ѱѻ. ˺̓♠╖ᴛ ∟מ╥ 

─ ╙∟תּ Ӈ‡ ӰḲ͢╪Ϯתּ┬ Ἢ IDѤ ⁄ ͎ҍᴛ◔נ  ▬‰⁄ ҵ∑╪ Ӌѱѻ. ͎ᵙ̆ 

 
71

 postgresql.org/docs/14/routine-vacuuming.html#VACUUM-FOR-WRAPAROUND 
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ӈ ᾎᾅמ₡ ╪ җ и╘ Ḳ♣╖ᴛ ‰͎ᴆ╪ӥӇҗגҵ, ₡מӈ FrozenTransactionId ᵑ 

̆ ▓╙ ὡ ▓ᾋѱѻ. 

 

xmax Ứ Ɑ ID  ʊ ὣ  Ӧ  Ἓ Ө  ᷄ḁ. xmaxʊ  ỦṎ Ὥ ᾞ, ḏ 

 ᾧṭ ᵗָא ♄ ⁫  Ӏ ṍᾠ(xmax IDҍ ḫ †  ӒӔὗ ”  ɐӒ ), †  Ἓ 

ḏ  ұṑ᷄ḁ. 

 

ὗ  ○ №  Ὥṯ  ⁫  ʊҹ   ҹ Ҝ ᷄ḁ. fillfactor  ὺҟ″ּבὗ ҍ  ᵎӀ ♥  

Ҏ  Ṕ ҟ  Ὥ ṯ ґ ּב Ӏ ᷄ḁ. ἃӀ ᾠ  ◄   ʊҹ  ḝ ּת  ҹ

᷄ḁ. Ắ  №   ẁỚ ṅ Ἓ ὣṍ  ḻἜ autovacuum ֥ᶾ  ℮ Ⱡ  ᷄ḁ. 

=> CREATE TABLE tfreeze( 

id integer,  

s char(300)  

)  

WITH (fillfactor = 10, autovacuum_enabled = off);  

 

ὣ  ʊpageinspectὗ ▐   ὗ ⁫  ʊ ὗ Ὥṯ Ӕבּ ᷄ḁ.  ּב  ʊ  ‛ ὗ 

ὣ ᾞ, Ҏ  Ө  ὣ  ꜚⱠ(f )Ӧ xmin ұỦ  ᵁ Җ   ҹ ᷄ḁ. ḏ  ᵁ   ʊ  

 ṍ  ᷄ḁ. ὗ   ּב  ageὗ  ᷄ḁ.  ּב  ʊ Ứ Ɑ  ᵁ ὗ 

Ӕ▓  ʊ  ᷄ḁ. 

=> CREATE FUNCTION heap_page( 

relname text, pageno_from integer, pageno_to integer  

)  

RETURNS TABLE( 

ctid tid, state text,  

xmin text, xmin_age integer, xmax text  

) AS $$  

SELECT (pageno,lp)::text::tid AS ctid,  

   CASE lp_flags 

      WHEN 0 THEN 'unused' 

      WHEN 1 THEN 'normal' 

      WHEN 2 THEN 'redirect to '||lp_off  

      WHEN 3 THEN 'dead' 

  END AS state, 

  t_xmin || CASE  

               WHEN (t_infomask & 256+512) = 256+512 THEN ' f'  

               WHEN (t_infomask & 256) > 0 THEN ' c'  

               WHEN (t_infomask & 512) > 0 THEN ' a'  

            ELSE ''  

  END AS xmin, 

  age(t_xmin) AS xmin_age,  

  t_xmax || CASE 

               WHEN (t_infomask & 1024) > 0 THEN ' c'  
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               WHEN (t_infomask & 2048) > 0 THEN ' a'  

            ELSE ''  

  END AS xmax 

FROM generate_series(pageno_from, pageno_to) p(pageno),  

     heap_page_items(get_raw_page(relname, pageno)) 

ORDER BY pageno, lp; 

$$ LANGUAGE sql; 

 

 

 

֚Ỹ  №  ᾥ ҟ   ҍ ә,  ҍ Ⱡ ᾁ  ◕Ⱡ  ֥  †  ᾤἔ  ⁫ӆ ᷄ḁ.  

=> CREATE EXTENSION IF NOT EXISTS pg_visibility;  

 

=> INSERT INTO tfreeze(id, s)  

SELECT id, 'FOO'||id FROM generate_series(1,100) id;  

INSERT 0 100 

 

pg_visibility   ▐   ‗  Ṕ ҟ   ὗ □ ⁫ӆ ᷄ḁ. †   ἰṎ  ʊ

Ṕ  ᾧṔ ҍ Ⱡ ᾁ  '  ҍ Ⱡ'( all_visible ) ֚ҍ ₦ Ὥ, ὣ  ᾁ  ʊ'  ṅӍ

'( all_frozen ) ֚ҍ ₦  ᷄ḁ.  ʊ  ὣ ṍ     ᵒ   a ṍ   ֥ẋ

ῄ ᷄ḁ. ἃӀ Ө ᾠ♄  ὣ  Ӧ   ʊḫ ḻ  ṏ ҹ ᷄ḁ. 

=> VACUUM tfreeze; 

=> SELECT * 

FROM generate_series(0,1) g(blkno),  

     pg_visibility_map('tfreeze',g.blkno)  

ORDER BY g.blkno; 

 blkno | all_visible | all_frozen  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧ 

     0 |           t |           f  

     1 |           t |           f  

(2 s)  

 

◕Ⱡ   ұỦ  xmin_age Җ  1 ᷄ḁ.  ʊ   ♄ ҍ  ֜ בּ  Ṏ Ứ Ɑ   

◕Ⱡṍ  ᵁ ᵗ᷄ḁ.  

=> SELECT * FROM heap_page('tfreeze',0,1);  

  ctid |  state |  xmin | xmin_age | xmax  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧ 

 (0,1) | normal | 856 c | 1        | 0 a  

 (0,2) | normal | 856 c | 1        | 0 a  

 (1,1) | normal | 856 c | 1        | 0 a  

 (1,2) | normal | 856 c | 1        | 0 a  

(4 s)  
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7.3 ὣ  Өὣ 

ḫ † ♄ ὣ   ʊ  ὺҟ″ּב  ʊᵮ ҍ Ἓ, ᾧṔ Ứ Ɑ  ᵁ ὗ ᵁ ᵒә  

• ҍ ῼ◕  ʊ ֥ὗ ᷄ḁ. 

 

 ̧ vacuum_freeze_min_age: ὣ  ṍ  ʊ  ᷄ḁ. 

 ̧ vacuum_freeze_table_age: ӤӉ  ὣ  ṍ  ʊ  ᵁ ᵗ᷄ḁ. 

 ̧ autovacuum_freeze_max_age:  ṅ Ἓ ὣ  ҙ Ἓ  ʊ  ♥

᷄ḁ. 

 ̧ vacuum_failsafe_age: ὣ דּ ♠  ὗ ₐ Ώ  ṍ  ʊ  ᵁ ᵗ᷄ḁ. 

 

 ꜙ ὣ  ᵁ  

vacuum_freeze_min_age ὺҟ″ּב(֥⁮Җ: 5,000Ὥ)  ʊḫ † ♄ xmin Ứ Ɑ   ꜙ ὣ  ᵁ

ὗ ♥ ᷄ḁ.  Җ  ᵎӀ ♥ ᾠ ḫ †  ₐ ҍ ҍ ᷄ḁ. ᵛ ᾠ  ″Ӓṍ  ʊhot  

 ḓ  ᾧṭ ○Ἓ  ―  ὣ  ʊҹ  ₔ   ṏ ּב  ֥ẋῄ ᷄ḁ. Ὼᾠ   Җ  ᶋ

Ӏ ♥ ᾠ ὣ     ֥ҏ ṅ  ὣ בּ    .ḁ᷄ בּ  

 

ὣ    Ө  ֥  vacuum_freeze_min_age ὺҟ″ּבὗ 1Ἓ ♥  ʊ “  ḁ Ӧ Ҝ

᷄ḁ: 

ALTER SYSTEM SET vacuum_freeze_min_age = 1; 

SELECT pg_reload_conf(); 

 

 ♥    ʊ0   ʊ בּ    ⁫Ɫ . ὗ ṯ : 

UPDATE tfreeze SET s = 'BAR' WHERE id = 1; 

 

ἃӀ ᾠ fillfactor  Җ  ᵎ  ○Ἓ   ―  Ҝ   Ӏ ṑ᷄ḁ. Ỵ  ♥  ″Ӓ  

 ẢӀ ὣ  ṅ  ῶᴧᶷ  Ἓ  ּב ᷄ḁ. 

 

ᾧṭ Ứ Ɑ  ἔ  1  ҍ ә,   ʊḁ Ӧ Ҝ  ⁫ ᷄ḁ: 

=> SELECT * FROM heap_page('tfreeze',0,1);  

      ctid |       state |      xmin |        xmin_age | xmax 

̮̮̮̮̮̮+̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮ ̮

     (0,1) |       normal |     856 c |               2 | 857  

     (0,2) |       normal |     856 c |               2 | 0 a  

     (0,3) |       normal |     857   |               1 | 0 a  

     (1,1) |      normal |     856 c |               2 | 0 a  

     (1,2) |      normal |     856 c |                2 | 0 a  

(5 s)  

 

 ♄, vacuum_freeze_min_age = 1⁫ḁ ỦṎ  ὣ  ḓ◄ ᷄ḁ. ֚Ỵ  Uҍ Ⱡ ᾁ  

Ṏ  ʊ†  ὣ   ҹ ᷄ḁ: 
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=> SELECT * FROM generate_series(0,1) g(blkno),  

                 pg_visibility_map('tfreeze',g.blkno)  

    ORDER BY g.blkno; 

 

     blkno |         all_visible | all_frozen  

̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮ 

         0 |                   f  |                   f  

         1 |                   t |                    f  

(2 s)  

 

 UPDATE ᾤἔ  0  ҍ Ⱡ ℮ ὗ ұ  ֥ẋῄ   ♄  xmin ᵁ ὗ ҍ  

 ὣ  ṏ ҹ ᷄ḁ. ֚Ỵ  U  ‗   ʊ  ҳᵡỀӀ ṑ᷄ḁ: 

=> VACUUM tfreeze; 

 

=> SELECT * FROM heap_page('tfreeze',0,1);  

      ctid |                  state |       xmin |        xmin_age | xmax 

̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮ ̮

     (0,1) | redirect to 3          |             |                |  

     (0,2) | normal                 |      856 f  |              2 | 0 a  

     (0,3) | normal                 |      857 c |              1 | 0 a  

     (1,1) | normal                 |      856 c |              2 | 0 a  

     (1,2) | normal                 |       856 c |              2 | 0 a  

(5 s)  

 

 0  ʊҍ Ⱡ ᾁ  ḁ  ᵁ ᵁә,   ″Ӓ ▐  ḁᾠ †   ḝ ◄  

Ἓ ḿ ҍ   ҹ ᷄ḁ: 

=> SELECT * FROM generate_series(0,1) g(blkno),  

                 pg_visibility_map('tfreeze',g.blkno)  

   ORDER BY g.blkno; 

 

     blkno |         all_visible | all_frozen  

̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮ 

         0 |                   t  |                    f  

         1 |                   t |                   f  

(2 s)  

 

ӤӉ  ὣ  ᵁ  

   ֠⁫ ṳ ,   ᵗָא ♄ ҍ Ⱡ   ʊ Ὥ ṍ  ḁᾠ, †   ֚ṯ  ὣ

 ᷄ḁ.   ֛⁬  ֥  PostgreSQL  vacuum_freeze_table_age(֥⁮Җ: 1  5 Ὥ) 

ὺҟ″ּבὗ Ӥ ᷄ḁ.  ʊ†   ҍ Ⱡ ᾁ  ῁ ә ᾧṭ  ὗ ὣ ʊ  בּ  Ứ

Ɑ ᵁ ὗ ᷄ḁ. 
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Ҏ №  ḓ   Ἓ֚  ʊᾧṭ  Ứ Ɑ  ὣ Ṏ ҹ Ἓ Ἄ  Ứ Ɑ ᵁ

(relfrozenxid )ὗ ᷄ḁ: 

 

=> SELECT relfrozenxid, age(relfrozenxid)  

   FROM pg_class 

   WHERE relname = 'tfreeze';  

 

          relfrozenxid  | age  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮  ̮

                   854 | 4  

(1 )  

 

 Ứ Ɑ  ᵁ  ʊvacuum_freeze_table_age ҖӦ ℮ӽṍ  ӤӉ  ὣ בּ   ֥ὗ Ӎ

᷄ḁ. 

 

ὣ  ᾁ  †     №   ҍ Ӏ  ʊ   ḻԂ ᷄ḁ.  ᾁ  

▐ ᾠ ᵁ ᵁ   ʊ Ὥ ᾠ ṍῡἛ, ὣ ҏ  Ӏ  ּב ᷄ḁ. Ắ , ὣ  ᾁ

   ֥ᶾḻ Ӥ ᷄ḁ. Ὥ  †   ẖ Ἓ ḄṍḝỚḻ, ḁ ‗  ẋ ῦ ὣṎ 

ὗ ḁ  ὣ  ҍ ᷄ḁ. ῦ ὣ  ᾁ  ֚ҍ ṍ  ʊ ṯ  ҳᵡỂ ּב  ֥ẋῄ

᷄ḁ. 

 

PostgreSQL בּ ♄  Ṏ Ứ Ɑ ּבҍ vacuum_freeze_table_age ♄ vacuum_freeze_min_age

ὗ ∙ Җ  ḻḆ ᾠ, №  ᾧṭ  ḓ  ӤӉ  ὣ בּ  ᷄ḁ. ֥⁮ ♥  ▐  ʊӒ

,  ʊ1  ‗  Ứ ⱭὫḁ  ‗  ῼ◕ ᷄ḁ. Ὥ  vacuum_freeze_min_age Җ  ᵡ  ̈͂ Ӏ ♥

ᾠ, Ӧḻ  ὣ  ῼ◕ ᾞ  ʊ  ₔ  ₐ ὗ Ủ ḁ. ẁỚ♄  Җ᷄ בּ    

♥  ʊҹ   Ⱡᶾ  ᷄ḁ. 

 

 №  ὣ  ֥  vacuum_freeze_table_age Җ  4Ἓ ә,  ӤӉ  ὣ  ҳ  

ṑ᷄ḁ: 

=> ALTER SYSTEM SET vacuum_freeze_table_age = 4; 

=> SELECT pg_reload_conf(); 

 

VACUUM ᾤἔ  ᷄ḁ: 

=> VACUUM VERBOSE tfreeze; 

INFO: aggressively vacuuming "public.tfreeze"  

INFO: table "tfreeze": found 0 removable, 100 nonremovable  

versions in 50 out of 50 pages  

DETAIL: 0 dead  versions cannot be removed yet, oldest xmin: 858  

Skipped 0 pages due to buffer pins, 0 frozen pages.  

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.  

VACUUM 
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  №  ₒ♅ṍ ῡἛ relfrozenxid  Җ  ṏ ּב ᷄ḁ.   ʊ  ḝ  

ὣ  ṍ   xmin Ứ Ɑ   ⁫ ṑ᷄ḁ: 

=> SELECT relfrozenxid, age(relfrozenxid)  

FROM pg_class 

WHERE relname = 'tfreeze';  

 

          relfrozenxid | age  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮  ̮

                   857 | 1  

(1 )  

 

 ‗   ʊ  ὣ  Ṏ Ὥ ṍ  ᷄ḁ: 

=> SELECT * FROM heap_page('tfreeze',0,1);  

 

      ctid |                   state |      xmin |       xmin_age | xmax 

̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮ ̮

     (0,1) |          redirect to 3 |             |                 |  

     (0,2) |                 normal |      856 f |              2 | 0 a  

     (0,3) |                  normal |      857 c |              1 | 0 a  

     (1,1) |                 normal |      856 f  |               2 | 0 a  

     (1,2) |                 normal |      856 f  |               2 | 0 a  

(5 s)  

 

Ắ ,   ʊ ὣ  ᾁ  ֚ҍ ṍ  ᷄ḁ: 

=> SELECT * FROM generate_series(0,1) g(blkno),  

                 pg_visibility_map('tfreeze',g.blkno)  

   ORDER BY g.blkno; 

 

     blkno |         all_visible | all_frozen  

̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮ 

         0 |                   t |                  f  

         1 |                   t |                  t  

(2 s)  

 

ҙ  ṅ †  ᵁ  

ẋἛ  ʊ   ὣ  ֥  ♄ ♥ᾤ  Ṕ ҍ  ὺҟ″ּבὭ Ἓ  ʊ ₒ  .ḁ᷄ בּ  

ṅ † ב  ֥ ,ᾞ בּ    †   ṍ )ḻ ᷄ḁבּ    ʊὺ    

Ṷ Ὥ ּ֥ו Ἓ ҍᶾ ᷄ḁ). Ӏḁҍ template0Ӧ Ҝ   a℮ Ⱡ ḫ †  ʊ† בּ 

ḻ ᷄ḁ. PostgreSQLבּ    Ỵ  ◄  ὣ  ֥  ṅ †  ҙ Ἓ  ּב 

᷄ḁ. 

 

ṅ †  ḫ †   a Ứ Ɑ   ὣṍ   ◄ (IS) ♄  ֚ᵁ ҍ 



 124  

autovacuum_freeze_max_age Җ(֥⁮Җ: 2 )  ᵨ  ҍᶾⱠ   ẋ, ℮Ἔ ▐ ҍ ὗ ḝỚ

ḻ ҙ Ἓ ṅ Ӏ ṑ᷄ḁ.  Ḅ  ᾧṭ № ♄ ҍ  ỦṎ pg_class.relfrozenxid  Ứ Ɑ  

ᵁ ὗ ֥ Ἓ ἶ ᷄ḁ. ἃӀ ὣṎ  Ứ Ɑṯ  ᾧṔ ὣ  ◄ ҍ ⁫ ṍᾞ, ṯ Ứ

Ɑ  ID  ʊ  Ἓ֚  ֥Ἔṑ᷄ḁ. 

=> SELECT datname, datfrozenxid, age(datfrozenxid) FROM pg_database;  

 

          datname |          datfrozenxid | age  

̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮  ̮

         postgres | 726                   | 132  

        template1 | 726                   | 132  

        template0 | 726                    | 132  

        internals | 726                   | 132  

(4 s)  

 

 
 

autovacuum_freeze_max_age  20  ҟ  Ứ Ɑ Ἓ ♥ ṍ  ә,  ʊ   Ὼ ֥⁫

ḁ ҏ  Җ ᷄ḁ. ֥⁮ ♥ Җ  ⁫ḁ 10  Ӏ ♥ ṍ  ᷄ḁ.  ʊ Ứ Ɑ ID wraparound

  ҍ  ʊ  Җ ẋῄ  ὣ  Ἓ  ҹ ᷄ḁ. PostgreSQL     

֥  ṅӍ  ᾯ  ʊӒ ҍ  ּב ᷄ḁ. Ỷ ◄ ♄  ʊ♄―ҍ ҍᶾ  ῄ ὗ ῦὣ    ֥

 Ҏ Ḅṍ  ᾞ,  ʊӨὣ   ḁ  ṍ  ᷄ḁ. 

 

autovacuum_freeze_max_age ˃╘ CLOG╥ ͙⁄ҵ ֹ₅ ╬♠♪ו ╙ Ḉ ѱѻ. ᵙ︣ӈ נ◔Ἢ╥ 

Ữ ᵑ ┬ּת  ⅝ʺ ′͙ ԅᶷ⁄, ױᾅ ⁄Ἄ ʺ◑ ₡מӈ datfrozenxid ╪ Ἢ◔נ בֿʺ ╙˃ 

♣╥ ᶛӧ נ◔Ἢ╘ ḙӥᾎ ᵙ︣ Ữ ⁄ ▓ᾋѱѻ. ╪  ⅝  Ώ˭ ӈ CLOG ▀ө╘ ▫ҿ תּ

Ⱡ  ̓♬⁄ ╥  ▫ҿ╖ᴛ Ⱡ˞Ӌѱѻ.72 

 

autovacuum_freeze_max_age ὺҟ″ּבὗ ּב Ἄᾠ ♄―ὗ  ᷄ḁ. Ὥ,  ֡  ᾧ

ṭ ṅӍ ♥ ṯ  ḏ ὣ  ὺҟ″ּבὗ  № ּב ♄ḻ  ּב ᷄ḁ. Ỷ ὺҟ″ּבṯ

 
72

 backend/commands/vacuum.c, vac_truncate_clog function  
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 Ὑ  ᾧṔ "auto"Ἓ ᾞ, ḁ Ӧ Ҝ ᷄ḁ: 

 ̧ autovacuum_freeze_min_age  toast.autovacuum_freeze_min_age 

 ̧ autovacuum_freeze_table_age  toast.autovacuum_freeze_table_age  

 ̧ autovacuum_freeze_max_age toast. autovacuum_freeze_max_age 

 

    ὣ  ᵁ  

ṅ    Ứ Ɑ ID ừ Ớ ṫὗ    ֥  ᶂἍ Ὥ, ҏ  ῷ  ◄ Ớᾠ,  

ҍ ṅ Ӏ ṑ᷄ḁ. ẋ ṅ    autovacuum_vacuum_cost_delay (vacuum_cost_delay) ♥  

῁ ә, ҍᶾ  ↑ὔӀ   ә  ֥  Ḭ ὗ    ᷄ḁ. 

 

ḫ †  ᵒ ♄ ṍ   Ứ Ɑ  ᵁ ҍ vacuum_failsafe_age Җ⁫ḁ    Ӓ , 

⁫ ὗ      ᾧṫҍ Ⱡ ṑ᷄ḁ.
73

  Җ  autovacuum_freeze_max_age (֥⁮Җ: 16 )⁫ḁ 

ḁә ҍ Ӏ ṑ᷄ḁ. 

 

ṅ ὣבּ 7.4  

ʺϡ╘ ▫ҿ Ḥ ⁄ ╥Ⱶ Ѥ ҍᾐ ὡҿ╖ᴛ ᵙ︣╙ ̕ᵙ Ѥ ˦╪ җ ᵙ  ԅҵ ▓ᾋѱѻ. 

 

†   ὣ  

FREEZE Ɑ  ▐  VACUUM ᾤἔ  ᾠ ὣ  ḁ. ἃӀ ᾠ᷄ בּ  

vacuum_freeze_min_age = 0  ҹ Ỹ Ứ Ɑ  ᵁ  ◄Ө  ᾧṭ   ὣ  .ḁ᷄ בּ  

 

Ὥ  Ỵ     ҍᶾ  ↑ὔӀ ὣ   ʊҹ  ᾨ Ớᾠ,     ᾧṫ Ỹ Ḭ   

 ℮ Ⱡ  ʊҹ  ὣ ḁ. ὗ  VACUUM (freeze, index_cleanup false)᷄ בּ   ᾤἔ  

ᾤ Ἓ ұ  Uvacuum_index_cleanup ♥  ὺҟ″ּבὗ  ּב ḁ. Ὥ,  ʊ᷄ בּ 

VACUUM    ὣὗ Ἓ ּב  ᾯ Ӏ ὭṫῡἛ, ὗ ֥ Ἓ  ʊҹ  ῶỞ

 ᷄ḁ. 

 

 ֥   ḫ ὗ ὣ  

″Ӓ  ◄ṍ   ʊḫ  ʊḫ †  Ἓṿṏ ẋ  ‗  ὣ  ṏ ּב ᷄ḁ.  ʊFREEZE Ɑ

 ▐  COPY ᾤἔ  Ἓ  ἶ ᷄ḁ. 

 

 ֥  Ӧ ♄Ὥ  ὣ № ᾞ,  ʊӍӦ בּ    ṅ  Ứ Ɑ ᵒ ♄ ◕Ⱡṍұ  U

░ Ṏ Ӓ Ὥ ҍᶾ ᷄ḁ. Ỷ  №  Ө     ֠  ῡἛ   ᷄ḁ. 

ὣ  Ṏ  Ӊὣ ּב  ◄Ө  ᾧṭ ᵗָא ẋῄ֥   בּ ⁯ ♄ ᷄ḁ. ֚ἃ  ḁᾠ, 

Ứ Ɑ  Ἓṫṍ  ʊṅ  ҕ ỹӀ ○ἢӀ ә Ṏ  ⁫Ӏ ṏ ּב ᷄ḁ. ֚Ỵ  U ֠  ♥ Ṏ Ӓ

, ḁὖ Ứ Ɑ  ḏ №  ֜  .Ӏ ṑ᷄ḁ בּ 

 

֚Ỹ ḻ ₔԂ ә ӉὣⱠ  ֽ  ʊҹ וּ֥  Ἓ ҍᶾ ᷄ḁ. ‴ḻ  ⱢⱭ ♄ Ὼ⁬   ֥Ӊὣ ּב

Ἓ ○Ἓ  Ứ Ɑ   ⁫ӆ ᷄ḁ: 

 

 
73

 backend/access/heap/vacuumlazy.c, lazy_check_wraparound_failsafe function 
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  => BEGIN ISOLATION LEVEL REPEATABLE READ; 

  => SELECT 1; --    

 

Ҝ  Ứ Ɑ ᵒ ♄ tfreeze  №  ℮ ә  №  ○Ἓ   ▲ ᷄ḁ. (  ֥  Ứ Ɑ

 ῦ tfreeze  №  Ɫ  Ӓ , TRUNCATE ᾤἔ  Ḅṑ᷄ḁ.) 

=> BEGIN; 

=> TRUNCATE tfreeze; 

=> COPY tfreeze FROM stdin WITH FREEZE; 

1 FOO 

2 BAR 

3 BAZ 

\ .  

=> COMMIT; 

 

  ֥ Ứ Ɑ  ○Ἓ  ḫ ὗ ⁯ ּב ᷄ḁ: 

  => SELECT count(*) FROM tfreeze; 

      count 

  ̮̮̮̮̮̮̮ 

             3 

  (1 )  

  => COMMIT; 

 

 ʊӉὣⱠ  ֽ Ὥ, ḫ  ҍ ֥ Ἓ ῼ◕   ʊ  ḓₐₒ  Ӓ  ʊῄ ὗ  

 ҹ ᷄ḁ. ḫ ὗ ὣ Ἓ   ʊӒ , ҍ Ⱡ ᾁ   ‗  ◕Ⱡṍᾞ  ḝ  ʊҍ Ⱡ ꜚ

Ⱡ  Ώ ᷄ḁ: 

=> SELECT * FROM pg_visibility_map('tfreeze',0);  

        all_visible  | all_frozen  

̮̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮ 

                   t | t  

 (1 )  

 

=> SELECT flags & 4 > 0 AS all_visible  

   FROM page_header(get_raw_page('tfreeze',0));  

    all_visible  

̮̮̮̮̮̮̮̮̮̮̮̮̮ 

                    t  

(1 )  

 

ẁỚ♄ ḫ ҍ ὣ Ἓ  Ṏ Ӓ , ḫ ҍ ″Ӓṍ   ʊ  №  VACUUM  ὣṍ  

 ҹ ᷄ḁ. Ὥ TOAST №  ḓ ♄  ʊ   ֥ᶾ  ṍ  ᷄ḁ. ֥ҍ ᵡ  ̈͂  Җ  

ṍᾠ VACUUM ᾧṭ  ḝ ♄ ҍ Ⱡ ꜚⱠ  ♥  ֥   TOAST №  ḁ  Ⱡ  

᷄ḁ. 
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8  №Ӧ Ḭ  ԂⱠ 

8.1  †  

 ֥  † Ὥ Ἓ  ʊ ₒ  ֱ ? 

֥  †   ҍ ֥⁫ḁ ḝ Ὦ  Ӥҏ Ὥ, ҍᴴ בּ     ₐ  Ӓ ҍ 

᷄ḁ.  

 

№ Ắ  ʊ Ḭ   ֥ҍ  Ӓ , †   ᵒₐ   aӤҏ  ὣ   ,Ὥ בּ 

ὗ  ʊҹ בּ    ᷄ḁ. ּבṎ Ӥҏ   ὼ ᴸ  Ỵ ҟ  ⅎ ҍ ᵁ  ᴂẋ

Ὥ   Ὼ ṏ ּב ᾞ, Ỷ Ӓ  ʊ֚ḁ   ῼ◕  ᷄ḁ. 

 

Ӧḻ  ֥  ʊₔ  ӍӦὗ Ủ  :ḁ᷄ בּ 

 ̧  №(Ắ  ʊ Ḭ )  ҏ  ֩ ᷄ḁ. 

 ̧ ḝ  ―  ҍ  ּב ᷄ḁ(  ʊ Ἓ ṍῡἛ ḫ  Ὺḻҍ Ҕꜙ ᷄ḁ). 

 ̧ B- ὣҍ ҍ  ἄ‪  ҍ Ӏ ṍ  Ḭ   ֜ꜚḻҍ ᶵἌ ᷄ḁ. 

 ̧  Ṷ    ♄ ҍ  Ӥҏ  ᷄ḁ. 

 

 ᵒ   ḫ  ℮  ὣ בּ   ỦἛ ẗ  Ӓ , Өὣ  ʊVACUUM FULL74 ᾤἔ  

  † בּ  ḁ.  Ӓ᷄ בּ  , №Ӧ ᾧṭ Ḭ  ʊ ₐ  ḁ  Ԃ ṍᾞ, ḫ  ʊҍ

ᶾ   Ὺ Ӏ(  ὗ әἌ ) ԂⱠ ṑ᷄ḁ. 

 

♣  ḽ בֿ ╪‰▬ Ӊ ԅ, PostgreSQL╘ ↕ἐ ╪ẇ ♣ ᵑ ₰Ṉ ˭ ◓̯Ἓ ̆, ͎  ʻʻ╥ 

╬Ҧᾅᵑ ◓ⱳ♬ ѱѻ. ╪ױ  ˍ ʺ ◓ⱳ♬ӇѤ ҿΌ, ╪♣ ▀̓ Ựᴛ⇔ ▀╪ Ӱᾅ 75⁄ ҿᾎ

⁄ ♇◑Ӈ‡‒ ḃᴛ, Ữ҉  ⁴┬ ̑ʼ╪ ⅝  ὡ ▓ᾋѱѻ.  

 

җṬ‡, ╪ ̓♬╘ ╪ẇ╥ ▄͙ ḓ ῠ͙ ♪͐╙ ₰♣  Ѿ ḃᴛ, ╪ ṨṪ╙ ḙӥᾎ ̆ᴎ ‒ 

ѱѻ. 

 

ḫ  Ὺḻ  

ὗ  ᾥ ҟ   №  ▲  ⁫ӆ ᷄ḁ: 

=> TRUNCATE vac;  

=> INSERT INTO vac(id,s)  

   SELECT id, id::text FROM generate_series(1,500000) id ;  

 

pgstattuple   ֥ᶾ  ▐   Ӥҏ Ὺḻὗ  ּב ᷄ḁ: 

=> CREATE EXTENSION pgstattuple; 

 
74

 postgresql.org/docs/14/routine -vacuuming.html#VACUUM -FOR-SPACE-RECOVERY 
75

 backend/commands/cluster.c 
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=> SELECT * FROM pgstattuple('vac') \ gx 

[֧ RECORD 1 ]֧ ֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

table_len            | 70623232 

tuple_count         | 500000  

tuple_len           | 64500000 

tuple_percent       | 91.33 

dead_tuple_count    | 0  

dead_tuple_len      | 0  

dead_tuple_percent  | 0  

free_space          | 381844  

free_percent         | 0.54  

 

בּ   ʊ  №  ә   oӤҏ ₒ  Ө  Ӕὗ ᷄ḁ. tuple_percent  ṫ  ʊ  

ḫ (  )ҍ  ʊӤҏ   ₒ  ᵁ ᵗ᷄ḁ.  Җ   ᵒ  ḁ  ᾕ ḫ  ẋῄ  Ὼ

ṫ  100% ⁫ḁ ᷄ḁ. ֚Ỵ  U  ♄  ʊ  ◄ḏ  ᶋ  Җ ᷄ḁ. 

 

Ḭ  Ӓ , Ṏ ⁫  ʊ ҏ ḁὔ Ὥ, avg_leaf_density  ṫ  ʊṅ  ῦὗ ҍ ә ᷄ḁ. 

 ʊ  ḫ (B- ὣ ὣ  )   ₒ  ᵁ ᵗ᷄ḁ. 

=> SELECT * FROM pgstatindex('vac_s') \ gx 

[ RECORD 1 ] +  

version            | 4  

tree_level         | 3  

index_size         | 114302976 

root_block_no      | 2825  

internal_pages     | 376  

leaf_pages         | 13576  

empty_pages        | 0  

deleted_pages      | 0  

avg_leaf_density    | 53.88 

leaf_fragmentation | 10.59  

 

 Ḡ pgstattuple בּ   ʊ №  U Ḭ ὗ Ἓ   Ӕ ὗ ᷄ḁ. 

Ὥ  Ҡ  Ӓ  ℮  Ὦ  ꜙᾧṍ  ֥ẋῄ ,   ֥ᶾ  ҍ Ⱡ ᾁ ♄ Ṏ ὗ ῁  ʊ

pgstattuple_approx Ớ  ʊ○Ἓ ὗ Ӥבּ  ᷄ḁ.  

 

ḫ  ⁯ὐӦ  ֥  ℮   Ἓ֚ὗ  ḓỰ Ἓ  ʊ “  ḝ  ↑ὔ Ὥ, 

 Ⱡ  ḝ  ẗ ᷄ḁ.
76

 

 

№Ӧ ḏ Ḭ   ֥  ʊḁ Ӧ Ҝ ᷄ḁ: 

=> SELECT pg_size_pretty(pg_table_size('vac')) AS table_size,  

          pg_size_pretty(pg_indexes_size('vac')) AS index_size;  

 
76

 wiki.postgresql.org/wiki/Show_database_bloat 
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       table_size | index_size  

+  

            67 MB | 109 MB 

(1 )  

 

 ᾧṭ  90%ὗ ░  ⁫ӆ ᷄ḁ: 

=> DELETE FROM vac WHERE id % 10 != 0;  

   DELETE 450000 

 

†    ֥    ᷄ḁ. ᵛ ᾠ  ᴸ  ⅎ ҍ  ֥ẋῄ ᷄ḁ: 

=> VACUUM vac; 

=> SELECT pg_size_pretty(pg_table_size('vac')) AS table_size,  

          pg_size_pretty(pg_indexes_size('vac')) AS index_size;  

       table_size | index_size  

+  

            67 MB | 109 MB 

(1 )  

 

֚Ỵ  Uḫ  Ὺḻҍ  10  ḻ Ҕꜙ ᷄ḁ: 

=> SELECT vac.tuple_percent, vac_s.avg_leaf_density  

   FROM pgstattuple('vac') vac, pgstatindex('vac_s') vac_s;  

        tuple_percent | avg_leaf_density  

+  

                 9.13 | 6.71  

(1 )  

 

№Ӧ Ḭ  ʊ  ḁ    ᷄ḁ: 

=> SELECT pg_relation_filepath('vac') AS vac_filepath,  

          pg_relation_filepath('vac_s') AS vac_s_filepath \ gx 

[ RECORD 1 ] +  

vac_filepath     | base/16391/16514  

vac_s_filepath   | base/16391/16515  

 

VACUUM FULL  Ṏ  ӍӦὗ  ⁫ӆ ᷄ḁ. ᾤἔ בּ  ṍ  ʊṅ   ◄  

pg_stat_progress_cluster  ₱ )ḁ᷄ בּ  ♄  ʊVACUUM  Ӥṍᶷ

pg_stat_progress_vacuum ₱  ▐ ᷄ḁ): 

=> VACUUM FULL vac; 

 

  => SELECT * FROM pg_stat_progress_cluster \ gx 

  [֧ RECORD 1 ]֧ ֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

  pid               | 19488  
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  datid             | 16391  

  datname           | internals  

  relid             | 16479  

  command             | VACUUM FULL 

  phase               | rebuilding index  

  cluster_index_relid | 0  

  heap_tuples_scanned | 50000  

  heap_tuples_written | 50000  

  heap_blks_total     | 8621   

  heap_blks_scanned   | 8621  

  index_rebuild_count | 0  

 

◄ḓἛ, VACUUM FULL ḄӔ
77

 ʊ Ὼ  †  Ӧ ḁὛ᷄ḁ. 

 

 †    ○ Ἓ ḓ ᷄ḁ: 

=> SELECT pg_relation_filepath('vac') AS vac_filepath,  

          pg_relation_filepath('vac_s') AS vac_s_filepath \ gx 

[ RECORD 1 ] +  

vac_filepath    | base/16391/16526  

vac_s_filepath  | base/16391/16529  

 

№Ӧ Ḭ  ֥ҍ  ᷄ḁ: 

=> SELECT pg_size_pretty(pg_table_size('vac')) AS table_size,  

          pg_size_pretty(pg_indexes_size('vac')) AS index_size;  

       table_size | index_size  

+  

          6904 kB | 6504 kB  

(1 )  

 

ӍӦ Ἓ ḫ  Ὺḻҍ ҍ ᷄ḁ. Ḭ  Ӓ , Ủ ҹ⁫ḁ ḝ ᶋ ᷄ḁ. ▐  ҍᶾ  ḫ ὗ ֥

Ὼ Ἓ ₐ  B- ὣὗ ◕Ⱡ  ʊҹ  ῦ  ʊ Ḭ   Ḅ Ἓ ᾨ  ▲  ʊҹ⁫ḁ 

᷄ḁ: 

=> SELECT vac.tuple_percent,  

          vac_s.avg_leaf_density  

FROM pgstattuple('vac') vac,  

     pgstatindex('vac_s') vac_s;  

         tuple_percent | avg_leaf_density  

+  

                 91.23 | 91.08  

(1 )  

 
77

 postgresql.org/docs/14/progress-reporting.html#CLUSTER-PHASES 
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ὣ  

№  ԂⱠṍ  ʊṅ  PostgreSQL   ὣ ᾞ,  Ӧ  ḁὖ  ℮  ұ  ℮  ꜙ

ᾧṍ  ᷄ḁ: 

=> SELECT * FROM heap_page('vac',0,0) LIMIT 5;  

  ctid |  state |  xmin | xmin_age | xmax  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧ 

 (0,1) | normal | 861 f  |        5 | 0 a  

 (0,2) | normal | 861 f  |        5 | 0 a  

 (0,3) | normal | 861 f  |        5 | 0 a  

 (0,4) | normal | 861 f  |        5 | 0 a  

 (0,5) | normal | 861 f  |        5 | 0 a  

(5 s)  

 

Ὥ  ʊҍ Ⱡ ᾁ  U ὣ  ᾁ  ṴἜṍ  ᾞ,  ḝ  ҍ Ⱡ ꜚⱠ  ṍ  

᷄ḁ (COPY ᾤἔ  FREEZE ⱭӦ כ  ẋ ῼ◕  ʊҹӦ Ḇὣ): 

=> SELECT * FROM pg_visibility_map('vac',0);  

        all_visible | all_frozen  

+  

                  f | f  

(1 )  

 

=> SELECT flags & 4 > 0 as all_visible  

    FROM page_header(get_raw_page('vac',0));  

   all_visible  

 

                  f  

(1 )  

 

◄  VACUUM ṍұ  U(Ắ  ʊ ṅ †  ὣұṏ ẋ) ҟ♠ṑ᷄ḁ: 

=> VACUUM vac; 

=> SELECT * FROM pg_visibility_map('vac',0);  

        all_visible | all_frozen  

+  

                 t | t  

(1 )  

 

=> SELECT flags & 4 > 0 AS all_visible  

   FROM page_header(get_raw_page('vac',0));  

 all_visible  
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 t  

(1 )  

ҹ    ʊᾧṭ  ḫ †  ҍ Ⱡ ‛ ὗ ” ᵁḻ, ḏ  ʊ Ⱡṍ  

 ọ ᷄ḁ. 

 

8.2 ḁὖ ԂⱠ  “ 

 †  ḓ   “ṯ 

VACUUM FULL ḻ №Ӧ Ḭ ὗ  ԂⱠ  ʊḁ  ᾤἔ ṯ  ᷄ḁ. ṯ ᾧṔ №

 Ḽ Ἓ ֚ә, ֥  ḫ   ░   ○Ἓ ◕Ⱡ ᷄ḁ. 

 

CLUSTER ᾤἔ  ʊVACUUM FULLӦ  Ҝ  ֥ᶾ  ᾞ, ▐  ҍᶾ  Ḭ   ᵁὗ ֥Ὼ Ἓ  

ᵒ   Ἇ ᷄ḁ.  ʊ  Ӓ  Ủᵡҍ Ḭ   ḝ Ἓ  ּב Ӏ ḻ

᷄ḁ. Ὥ Ỵ Ὢ  ꜚṍ  ᾞ,  № ּב   ῇὣ ᷄ בּ ὗ ֽỆὦ♄דּ 

ḁ. 

 

Ἓ֚Ủῲ ᾠ ♄ ⁫ᾠ, VACUUM FULL  Ἇ    ʊCLUSTER ᾤἔ  ‴  Ӓ ᷄ḁ.
78

 

 

REINDEX ᾤἔ  ʊ  U ◄  Ḭ ὗ ԂⱠ ᷄ḁ.
79

 ▐ , VACUUM FULLӦ CLUSTERʊ Ḭ ὗ ԂⱠ

 ẋ  REINDEX ᾤἔ ὗ ᵒₐ Ἓ ▐ ᷄ḁ. 

 

TRUNCATE ᾤἔ
80

 ʊ №  ᾧṭ  ░ ᷄ḁ. WHERE   DELETEὗ ּב  ʊҹӦ ᶄὣ Ἓ 

ṅ ᷄ḁ. ֚Ỵ  UDELETEʊ   ░ Ἓ Ὥ ῡἛ(ẁỚ♄  VACUUM  ᷄ḁ.), 

TRUNCATEʊ ○Ἓ  ⅎ  ◕Ⱡ  Ὼ Ἓ ḝ ↑ὖ ꜚḻὗ ⁫ ᷄ḁ. 

 

ԂⱠ  ḁ  Ҕꜙ  ֥

VACUUM FULL  ṅ  №  (  Ө )  Ḽ Ἓ ֚  ֥ẋῄ , ὗ ֥ Ἓ 

 ʊҹ  ῶỞ  ᷄ḁ.  ʊ⁫  әҍ Ⱡ  ₐ ᷄ḁ. 

 

pg_repack81Ӧ Ҝ  Ỵ  ֥ᶾ  ▐ ᾠ №Ӧ Ḭ ὗ ұ  ḁ   ԂⱠ ᷄ בּ 

ḁ. Ḽ  ֠   Ὥ,  Ӧ  Ӧ ἰ Ὥ  ҏ ṅ  ᷄ḁ. ὗ 

 ″Ӓ ▐  ὣұ   ⁮ № ♄ ṍә, ○Ἓ  №  ṑ᷄ḁ.  ἰ  ֥

, ὣ  ʊ  Ἓ֚ ♄  №  ḁὖ №Ἓ ӽ ᷄ḁ. 

 

pgcompacttable ḻԂ
82

 ʊẮ ḁὖ Ӎ  Ӥ ᷄ḁ.  ʊ   ―    ₐₒ Ἓ 

Ἓ ṅ ḻἜ Ỵ ҍ בּ   (ḫ ὗ ″Ӓ  ) בּ  ᷄ḁ.  

 

בּ   ▐ ♄  ʊVACUUM  ỦṎ  ұ ә  ֥ὗ Ἓ ᷄ḁ.   “  

 
78

 backend/commands/cluster.c 
79

 backend/commands/indexcmds.c 
80

 backend/commands/tablecmds.c, ExecuteTruncate function 
81

 github.com/reorg/pg_repack 
82

 github.com/dataegret/pgcompacttable 
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 ḝ Ὦ  ҏӦ  Ἓ Ὥ, № ԂⱠ   ҍ  Ӥҏ   ᾞ, ₐ  ҍ

ḻ ῼ◕  ᷄ḁ. №  Ἓ ṯᾠ♄  ҏ ṅ  Ḽ  ֠  Ӏ ṍ Ὥ, 

VACUUM  ὗ ◄ḏ  Ӏ ὣ ᷄ḁ. 

 

8.3 ▐  

 ֥   

 ₐ  ὔ  ʊ   ᵁ  ʊḫ  ḫ ḫ כ  †  ‛ ὗ  ʊ  ֥  

Ứ Ɑ ᷄ḁ.  

 

 ẁỚ  ֥ (  ֥ ) Ứ Ɑ  ῄ ὗ  ᷄ḁ. ֚Ủ♄ Ὼ   ֜   ₐ ὗ 

ḁὖ Ἓ ₒ▓  ʊҹ ᷄ḁ. ↑ὖ OLTP(On- Line Transaction Processing ) ὣ  ʊ  ♄―  

ә ᾧṭ OLAP(On- Line Analytical Processing ) Ứ Ɑ  ⁬ ⁮ Ἓ ⁫ᵗ᷄ḁ. ℮Ἔ  ʊ♥ἶⱭ  

ḝ ℮ ә ⁬ Ӏ Ὥṯ Ὥ, Ỵ   ʊ בּ  .ḁ᷄ בּ 

 

 ֥  Ứ Ɑ  Ⱡ⁫ḁ  ʊ ὣ Ɑ Ắ  ʊṫỚ ― ―֚  ӍӦ ḻ ᷄ḁ. ῄבּ  ὗ ῄᾤ

   Ἓ Ӎ ʊӒ  בּ  , Өὣ  ʊḁ  Ṕ ҟ  ὺҟ″ּבὗ ▐  :ḁ᷄ בּ 

 ̧ old_snapshot_threshold  ὺҟ″ּב  ʊ ᵗָא  ḓ ּבᾤ  ᷄ḁ.  ҏ  ᵁᾠ ♄―

 ʊ ỦṎ  ұ  ԑ  Қ ᷄ḁ.  ֥  Ứ Ɑ   Ỵ   ḁᾠ 

" ᵗָא  ᵡ  ̈͂ Ủṍ ᷄ḁ"Ớ  ʊ Ὂҍ ῼ◕ ᷄ḁ. 

 ̧ idle_in_transaction_session_timeout  ὺҟ″ּב  ʊ  Ứ Ɑ ᾤבּ   ᷄ḁ.  

ӘҖ  ḻḆ ᾠ Ứ Ɑ  Ḅṑ᷄ḁ. 

 

ḫ בּ   

 ₐ ὧ
bloating

    ᵁ  ʊḓỳ   ṅ בּ   ʊ ᷄ḁ. №  ᾧṭ  

בּ ṏ Ӓ בּ  ,  ʊṔ  Ἓ ҍ ᾞ, Ἓ       ₒ  ҏ  ⁫ Ӏ ṑ בּ 

᷄ḁ.  ҍ ֥Ἓ  ῄ ὗ  ƫ ḻ Ӎ Ὥ,  ῄ בּ  ὗ  ʊᾯ ᷄ḁ. 

 

ἛⱢ Ṏ   ֥ ♄, Ἅ  ḁὖ Ἓ  ʊ ὗ ṯ ⁫ӆ ᷄ḁ. vac Ớ  ʊ №  

processedỚ  ʊboolean   ҍ ӆ ᷄ḁ: 

=> ALTER TABLE vac ADD processed boolean DEFAULT false; 

=> SELECT pg_size_pretty(pg_table_size('vac'));  

pg_size_pretty  

 

6936 kB 

(1 )  

 

 ᾧṭ  ּב ᾠ №  ֥ҍ ұ  Ṕ  Ἓ ᶸ ᵊ᷄ḁ: 

=> UPDATE vac SET processed = true; 

UPDATE 50000 

=> SELECT pg_size_pretty(pg_table_size('vac'));  

pg_size_pretty  
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14 MB 

(1 )  

Ỵ  ◄  Ӎ  ֥  Ḅ  Ứ Ɑ בּ ♄ ṍ  ʊ″Ӓ ▐ ὗ  ҏבּ   ₒ▓  בּ 

᷄ḁ. ֚Ỷ ḁ       ỦṎ  ░ ә ῦ  ʊ  ᵒ  ○Ἓ  Ӥҏ  ⁫  

 .ḁ᷄ בּ

 

Ҏ  ּב  ҟ‴ Ἓ ΅ ḁә ҍ בּ  ᾠ, ḁ Ӧ Ҝ  ὣὗ ▐  Ṏ ֥      

♠  :ḁ᷄ בּ 

SELECT ID 

FROM table 

WHERE filtering the already processed s 

LIMIT batch size  

FOR UPDATE SKIP LOCKED 

 

 ṫ Ҏ  Ṏ ֥ὗ Ӧ   ʊ     ♠ ә  ֚  ʊ֥ᶾ  Ӥ ᷄ḁ. ḁὖ 

Ứ Ɑ   ῦ  ֧  ҳᵡỀᾞ, ḁ ‗  ḁὖ   Ἓ ṯ ҕ᷄ḁ.  ʊ   ֥ὗ אלӀ ″Ӓ

ә Ὂ ῼ◕   ḁ ʊ  בּ   ә ὣ  ♥ἶⱭ ᷄ḁ. processed ꜚⱠ  ә 

   בּ    №  Ủ ֥ὗ ⁬  ⁵ ḁ: 

=> UPDATE vac SET processed = false; 

=> VACUUM FULL vac; 

 

 ‗    ҍ ּב ṍᾠ № ֥ҍ ҏ ҍ ᷄ḁ: 

=> WITH batch AS ( 

SELECT id FROM vac WHERE NOT processed LIMIT 1000 

FOR UPDATE SKIP LOCKED 

)  

UPDATE vac SET processed = true 

WHERE id IN (SELECT id FROM batch); 

UPDATE 1000 

=> SELECT pg_size_pretty(pg_table_size('vac'));  

pg_size_pretty  

 

7064 kB 

(1 )  

 

Ὥ ₐ  ʊ ֥ҍ ұ  ṅ Ӏ ṍᾞ, ○Ἓ   ұṎ  ḓ ᷄ḁ: 

=> VACUUM vac; 

=> WITH batch AS ( 

SELECT id FROM vac WHERE NOT processed LIMIT 1000 

FOR UPDATE SKIP LOCKED 

)  

UPDATE vac SET processed = true 
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WHERE id IN (SELECT id FROM batch); 

UPDATE 1000 

 

=> SELECT pg_size_pretty(pg_table_size('vac'));  

pg_size_pretty  

 

7072 kB 

(1 )  
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Part II  

 

  WAL 
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9  ― תּ 
Buffer Cache

 

9.1 Caching 

ḓ   ♄  ʊ ṫ  ꜙ  ᾧṔ ♄  ▐ ṑ᷄ḁ. ἛⱢ♄  ʊ Ὼ Ἓ 

Ɫ ҟ Ắ  ʊᵮ ҟ   ἄ‪ ᾞ, RAID ἠỴ בּ    Ṷ ḻ ҍ ҍἛ ᷄ḁ. 

 

  ᾨ  ↑ὖ ᾕᾧὣ  ᶵὥ ᾕᾧὣ ▐  Ⱡ  ʒ ὗ ⁫  ʊҹ ᷄ḁ. ↑ὖ ᾕᾧὣ  ʊ℮

 Ὦ  ṯә ỳ  ᾞ, ᶵὥ ᾕᾧὣ  ʊ ỳ  ә ℮  ἐ ᷄ḁ.  ẁỚ, ↑ὖ ᾕᾧὣҍ ᶵὥ 

ᾕᾧὣ  Ṏ ᾧṭ ḫ ὗ ּב ḁ. ֚Ỵ᷄ בּ   Uḓ Ἓ,   ʊ  ḫ   ₐ Ὥo 

ῼ Ӏ ▐ ṑ᷄ḁ. Ỵ  ◄ ♄  a↑ὖ ᾕᾧὣὗ Ἓ   ▐ ṍ  ʊ  ḫ ὗ 

ᾠ, ᶵὥ ᾕᾧὣ ֜  ẁὖ ₐ ὗ Ӏ  ּב ᷄ḁ. 

 

PostgreSQL ♄  ʊ―  
83
ҍ ӨӔ ὗ ⁫  Ṷ (Ὺὣ )  RAM(ᵁᶂ )  Ɫ  ҏ  

֘ Ӏ ᷄ḁ. 

 

  ʊṅ  ᾨ    ҍ ᷄ḁ. Ỵ  Ἓ ḫ †   Ὼ Ἓ 

⁬   ֥  Ṷ  Ṏ ḫ ὗ Ὼ Ἓ  ὣ  OS ὗ ᷄ḁ. ֚Ỵ

 UPostgreSQL  ḁὖ  ֜   ▐ ᷄ḁ. PostgreSQL  ᾧṭ ḫ ὗ ― ὪṎ    

ә ᷄ḁ. 

 

♪וֹ ╘ᾗ אַ╪
direct

 I/O ᵑ ♠↔ ᶔ  ὡ ▓ᾋѱѻ. ֹו♪ I/O ᵑ Ợ↔ ᶔ Ḳ ᵠӈ 

ἵ ̑ʼ╖ᴛ ṓỢל ᵑ OSתּ╪ Ѥ ҍᾐ PostgreSQL╪ ֹו♪ ᶉᶛᵙ⁄ ♪͐(DMA) ⁴ 

₡Ḳ ӥᵑ ת▀ ὡ ▓ᾋѱѻ. ֞  Ӱᾅ ⁄ ̕  ᶹᵙ♠╬ ῠ͙⁄ ̕  ╙‫ ʻ♠╬ Ⱡ‡ᵑסּ 

ὡ ▓ᾋѱѻ. ͎ױϮ Ḳ ⁄ ╥  ʺѫ  ҥ╪  ᵙ
prefetching

ᵑ ּת∟  ΏѤѻѤ תּ

Ѿ♩╪ ▓╖ḃᴛ ẋҿ͙
asynchronous

 I/O ᵑ  ӻᴛ ̯ ‒ ѱѻ. ╪Ѥ PostgreSQL 

‡⁄Ἄ ҍ͋ᶛ ӥ ὡ♬ ḓ ֹו♪ ḓ ẋҿ͙ I/O ּת∟̓ ̕ᴐӈ OS Ἓ ᵙᵑ ⅝ᴛ 

ѱѻ. ͎ױϮ ẋҿ͙ ᾐ╪ ἒ♬Ӈᶔ ҍ͙ ′Ѥ Ӱᾅ   Ἕᾅ╥ ʺ♠╬ ╪♩╙ ыᵜ ὡ 

▓ᾋѱѻ. 

 

PostgreSQL ᷾ѱ Ѥ ╪Ḉ ╪ױ ▬ᾎ ╙‰84▬ ⅝ל  ᵣ ᾒⱠ ˺̓ʺ Ϯתּ Ϯּ͙ͥתѤ 

ᾎʼ╪ ˢᵜ ˦░ѱѻ. 

 

9.2 ―   ♥Ӕ 

―   ʊ♄―  Ӥ  ᾕᾧὣ    ᾧṭ ἛⱢ ҍ  ֜ҍᶾ ᷄ḁ.  ʊӤ  ᾕᾧὣ  

ḓₐₒ  ᾞ, PostgreSQL ♄ ҍ  ә ⁬  ḫ  Ԃ   ᵁ ᷄ḁ.  ṅ    

 ʊҹ  ὺ  ᾞ,  Ứ Ɑ, CLOG Ứ Ɑ ◄ , ֚ὣә Write - Ahead Logging(WAL) 

ᾨ Ṵ Ὦ  ḁὖ Ԃ ṯ  ▐   ᾕ ᷄  ▐  ֥ẋῄ  ḝ  ᷄ḁ. ṯ  ◄ḓ Ἓ ḝ 

ҏḄ  ὗ ҍ ә ᷄ḁ. 

 
83

 backend/storage/buffer/README 
84

 www.postgresql.org/message-id/flat/20210223100344.llw5an2aklengrmn%40alap3.anarazel.de 
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  Ὑ   ֚ᵒ  aԂ ♄ ẁ ᾞ, ―    Ἓ ԂⱠṍ  ᷄ḁ. Ҏ ―  ʊḫ   

ӨἎ ḝὗ  ּב  ʊᾕᾧὣ ὗ  ṙ᷄ḁ.
85

 

 

 
 

ḝ  ʊ―  ӨἎṎ  Ө  ḁ  ⁫ҍ ṍ  ᷄ḁ. ὗ ṯᾠ ḁ Ӧ Ҝ ᷄ḁ: 

 

 ̧  ῇὣ  :  ʊ  ID, , ֚ὣә  ᵒ  №Ἔ ‗ ὗ ᷄ḁ. 

 ̧ ḝ  :  ḫ ҍ ″Ӓṍ , Ṷ  ↑ὔӀ ḁ    ᵁ ᵒ  ʊꜚⱠ

᷄ḁ. 

 ̧ ―  ▐ ― :בּ  ҍ Ὣ  U  ▐ ṍ ᶷ ὗ ᵁ ᵗ᷄ḁ. 

 ̧   Ắ  ʊ  :  ʊ― ҍ  Ὣ  UὮ  ṍә ᶷ ὗ ᵁ ᵗ᷄ḁ. 

 

ἛⱢ ҍ ӨӔ ḫ   ֜ Ἄᾠ ᾌ  ―  ὺ᷄
86
Ӏ  ⁫ᵒ  ᷄ḁ. ֚Ỵᾠ ―  

ὺ᷄  ʊ ḏ ὗ ҍ ә  ʊ―  IDὗ ἛⱢ  Ӏ ṑ᷄ḁ.  ἛⱢ  ʊ  ẁỚ 

Ṏ ḫ ὗ ұ  U  ᵒ ♄ ḫ ὗ  ּב Ӏ ṑ᷄ḁ. ẋ, ҍ ▐   ẋ  ʊ ḏ ―

ҍ ә
pinned

 ◄ ҍ ṑ᷄ḁ. ә Ờ, Ṏ ҍ ұṍ  ᾯ Ӏ  ʊ◄ ὗ ὰ ᾞ, ḁὖ ֠

Ӧ כ ṏ ּב ᷄ḁ. ҍ  ‗ ә ṏ ẋὫḁ  ֚▐ ҍ ҍבּ  Ӏ ṑ᷄ḁ.  , 

ҍ   ʊ◄ ♄  ʊ    ▐ ḁ בּ   ʊҹ ᷄ḁ. ἃӀ ṍᾠ   ֜ ҏ  

 .ḁ᷄  בּ 

 

pg_buffercache   ֥ᶾ  ▐  ―  ὗ ◌  :ḁ᷄ בּ 

=> CREATE EXTENSION pg_buffercache; 

 

№  ◕Ⱡ ә  ▲  ⁵ ḁ: 

=> CREATE TABLE cacheme( 

   id integer  

) WITH (autovacuum_enabled = off);  

=> INSERT INTO cacheme VALUES (1); 

 

 ―   ʊ○Ἓ ▲ Ṏ  Ṏ  ҍ ᷄ḁ.  №Ӧ ӨἎṎ ᾧṭ ― ὗ ♠

ḁ.  Ҝ᷄ בּ     ὣҍ ḁ  ῡἛ ּבἛ Ủ  ⁵ ḁ: 

=> CREATE FUNCTION buffercache(rel regclass) 
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86
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RETURNS TABLE( 

   bufferid integer, relfork text, relblk bigint,  

   isdirty boolean, usagecount smallint, pins integer  

) AS $$  

SELECT bufferid,  

       CASE relforknumber 

        WHEN 0 THEN 'main' 

        WHEN 1 THEN 'fsm' 

        WHEN 2 THEN 'vm' 

      END, 

      relblocknumber,  

      isdirty,  

      usagecount, 

      pinning_backends 

FROM pg_buffercache 

WHERE relfilenode = pg_relation_filenode(rel)  

ORDER BY relforknumber, relblocknumber;  

$$ LANGUAGE sql; 

 

=> SELECT * FROM buffercache('cacheme'); 

 bufferid | relfork | relblk | isdirty | usagecount | pins  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧ 

      268 |     main |       0 |       t |           1 | 0  

(1 )  

 

9.3   

―  ὺ᷄ ҍ ὗ   ẋ
87

, ᾌ  ―  ὗ ᷄ḁ.  ʊ ♄ ᾌ   ʊḫ ὗ 

⁫  ʊӦ ᾞ, ὗ    ֜ ҏ ḁ.  Ắ᷄ בּ   , ᾧṭ ―  ID  ʊ  №
88

 

ṍ  ᷄ḁ.  №  -Җ   ʊḫ  Ԃ Ἓ, ―  IDὗ Ἓ ▐  Җ  ↑ὔӀ 

ҷ◌  ֜  Ӏ ᷄ḁ. Ỷ בּ   ҷ◌ ꜚḻὗ ᶋ  ʊḫ   ᷄ḁ. 

 

ҍṨṪ╥ ҍ ᴛ͎מḒ …‡ө╘ ᾎ ╪ẇ╙ ͙ṕ ҥ╪  ┬ ↔Ϯᴛ Ợ אַ  ѱѻ. 

ᾎ ╪ẇ╘ '⁷̕ Ḥ⁸'╪̆גҵ Ṭᵙᶒ, Ợ↔▫ʺ Ṓ͙⁄Ѥ ▀ḙ Ḥ⁸̓ ẋᾌ  ᶛᾋ╙ 

Ṓ░ѱѻ. ּתᵣ, ᾎ ╪ẇ╥ ╬Ҧᾅ╬ ᾋ Ѥ ♬ὡỎᵣ ῷѱג ᾅ  ᶷ▫⁸̓ ˉ╘ 

ᶛӧ ꜙᵆ╥ ҥ╪  ┬ ╪ Ӊ ὡ ▓ᾋѱѻ. 

 

ʺѫ   ˃╥ Ḹ─Ѥ ᵰ↕  ὡ ▓ּתᵣ, ᾎ ╪ẇ╪  Ḵ⁄ Ўᶴ ᵤ╘ ѻᵐ ˃╙ 

↔Ѥ Ώᾋѱѻ. ᾗ╥ ᾔ ῷ╪Ӱ‡Ѥ ᾋ Ὕᵑ Ợתּ   ˃╙ ♬ὡᴛ ṉ Ѥ 

˦░ѱѻ. ╪ ṉ ӈ Ὠ▫(֞Ѥ ͎ ▀ṨṪ╥ ẋ )Ѥ ▀ḙ Ḥ⁸╥ ╬Ҧᾅᴛ Ợ↔Ӌѱѻ. ╪ 

Ḥ⁸╥ ʻ ⅝ἵᵑ ' ᾎ ╪ẇ Ḳ  .Ṩᵓѱѻ ̆ג╪'
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ꜜ╘ ᾎ ὡѤ ᾎ ᵑ Ḳ  Ợ╪⁄ ͌▀ ˭ ṪḤ Ѥ ⁵ ╙ ѱѻ. ͎ױϮ ҿ▀  

Ὠ▫ᵑ ѻᵐ ⁄ ҉ ᶔἌ ˉ╘ Ḳ ⁄ Ḥ  ὡҵ ▓ᾋѱѻ. ╪׳ Ữ╙ Ҷ
collision

 ̆ג╪

ѱѻ. ╪ ԅᶷ⁄ ˃╘ ᾎ ₮ Ζ Ḳ ⁄ ♇◑Ӈ‡‒ ̆, PostgreSQL╘ ᾎ ᵑ 

Ợ↔ ⁴ ᾎ ӈ ˃╙ ͙ ─  Ḳ ╥ ᶛӧ ᵑ ╬ ‒ ѱѻ. 

 

 №  ʊ Ỵ ҍ  Ԃ   “  ᷄ḁ.  ֚  ―   ʊ ᷿    ḿ  Ӎ  ʊ

 ҍᶾ  №  ▐ ᷄ḁ.
89

   ʊӨӔ  ID,   ῳ ḏ    o  

IDἛ ԂⱠṑ᷄ḁ. ẁỚ♄ ὗ ᾠ PostgreSQL  ḏ ὗ  ʊ― ὗ ↑ὔӀ ұ  U

ҍ  ṍ  ᶷ  .ḁ᷄ בּ  

 

 
 

Ḳ  ᾎ╥ ̯ ╪ ᾎ ╪ẇ⁄ ╥Ⱶ Ѥ ♩╘ ₡פҿΌ ⁴ױ ẋ ╙ Ḛῷ₵ᾋѱѻ. ╪ 

̯ⱳѤ ♬ ́̕╥ ╪ּתᵑ Ợ↔ Ѥ ᶛӧ Ḳ ᵑ Ѥ ҥ Ợ↔Ӈּת Ώᾋѱѻ. ╪׳ ̯ⱳѤ 

DROP╪Ϯ TRUNCATE ᶘᴖ╙ ᾒ ˞Ϯ, VACUUM ▬‰ ַא⁄ ╪ẇ╙ ◄גϿ‒ ˞Ϯ, ᾎ⁄Ἄ 

˞ᵑ Ⱡתּ╪ ‒ Ѥ Ữ ⁄Ἄ ⅝ ˭ Ӌѱѻ. ͎ױϮ ῷֹױ╪ תּͥו  ᶷⱠ⁄ ̕  

♠♥  ˺ ╪ ⱠᾎӇּת Ώ ᾋѱѻ. ͎מἌ ◓ᴛἌѤ ᾎ ╪ẇ⁄ ╥Ⱶ Ѥ ̯ⱳᵑ ́ἶ 

Ợ↔ ̆ ▓ᾋѱѻ. 

 

 №   ―  IDҍ ṯ ḁᾠ, ―  ὺ᷄  ʊ ḏ ― ὗ ә ә  ֚IDὗ ἛⱢ  Ὼ

᷄ḁ. ֚Ỵᾠ  ἛⱢ  ʊI/O  Ủ  ῼ◕  әḻ Ṏ ὗ ▐  .Ӏ ṑ᷄ḁ בּ 

 

― ὗ ә  ֥  PostgreSQL  ḏ ―  ḝ  ә  ὗ ҍ ᷄ḁ.  ‗  Ỵ ἛⱢ

ҍ ― ὗ ә ḁ. ә᷄ בּ   ҍ 0⁫ḁ ḁᾠ  ֚―  ʊ▐  Ớә ҏ ṍᾞ,  ֚ᵒ  

Ӏ ″Ӓṏ ּב ᷄ḁ. ὗ ṯ , ○Ἓ   ᵁ  ᴂּב Ὥ(ҍ Ⱡ ֗  ẁỚ ⁫  בּ  

),   ʊӽ ṍ  ᷄ḁ. 
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analyze  buffers  Ɑ  ▐   ʊEXPLAIN ᾤἔ , Ṏ ὣ Ӕ  ә ▐ Ṏ ―

⁫ ὗבּ  ᷄ḁ: 

 

ὗ ṯ , ḁ Ӧ Ҝ  :ḁ᷄ בּ  

 

=> EXPLAIN (analyze, buffers, costs off, timing off, summary off)  

SELECT * FROM cacheme; 

QUERY PLAN 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

Seq Scan on cacheme (actual s=1 loops=1)  

  Buffers: shared hit=1  

Planning:  

  Buffers: shared hit=12 read=7  

(4 s)  

 

֥♄ hit=1     ҍ ♄ ḁ  ʊҹ  ῦ ᷄ḁ. 

―  ә  ▐ ὗ  Uבּ  ҍ ᷄ḁ: 

=> SELECT * FROM buffercache('cacheme'); 

      bufferid  |       relfork |      relblk |      isdirty |         usagecount | pins  

̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮+̮̮  ̮

            268 |          main |           0 |            t  |                 2 | 0  

(1 )  

 

ὣ   ―  ә  ⁫Ἄᾠ, ♄ὗ ⁫Ɫ  - ӍӦ Ɫ ♄ ḁ   ↑ὖ ֜  Ӥ

 ῡἛ ―   ᷄ḁ: 

=> BEGIN; 

=> DECLARE c CURSOR FOR SELECT * FROM cacheme; 

=> FETCH c; 

  id  

̮̮̮  ̮

  1 

(1 )  

=> SELECT * FROM buffercache('cacheme');  

       bufferid |       relfork |      relblk |       isdirty |         usagecount | pins  

̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮+̮̮  ̮

            268 |           main |            0 |             t |                  3 | 1  

(1 )  

 

ἛⱢ ҍ ә Ṏ ― ὗ ▐ ʊӒ  בּ  , ⁫  ֚ҹ  ҳᵡỀә ḁὖ ҹ  ♠ ᷄ḁ. № †

 ṅ  ὗ  ּב ᷄ḁ: 
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=> VACUUM VERBOSE cacheme; 

INFO: vacuuming "public.cacheme"  

INFO: table "cacheme": found 0 removable, 0 nonremovable  

versions in 1 out of 1 pages  

DETAIL: 0 dead  versions cannot be removed yet, oldest xmin:  

877 

Skipped 1 page due to buffer pins, 0 frozen pages.  

CPU: user: 0.00 s, system: 0.00 s, elapsed: 0.00 s.  

VACUUM 

 

  ә Ṏ ― ♄ ῇὣ Ἓ ұṏ ּב  ֥ẋῄ , ḏ  ʊҳᵡỀ ᷄ḁ. 

Ὥ  ― ҍ Ὼṫ   Ӓ , ἛⱢ  ʊḓ֥  ṯ ҍә ḏ ―  Ө  Ḽ  ֜  ֥ḁ

Ὠ᷄ḁ. Ỷ  Ἓ  ʊ ὣ  Ṏ †   ᷄ḁ.
90

 

 

♄ҍ ḅ ұ  Uḁὖ Ἓ ṅ ᾠ ―  ʊә  ṑ᷄ḁ.  ♄  ʊ Ứ Ɑ ἰ ♄ 

ἶ ᷄ḁ: 

=> COMMIT; 

=> SELECT * FROM buffercache('cacheme'); 

       bufferid |       relfork |      relblk |      isdirty |         usagecount | pins  

̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮+̮̮  ̮

            268 |          main |            0 |            t |                   3 | 0 

            310 |            vm |           0 |            f |                  2 | 0  

(2 s)  

 

בּ  ḻ Ҝ  ә  ᾕ ᷄ Ἓ ⁫ ṑ᷄ḁ. ὗ ṯ , №  ○  ▲  ⁫ӆ ᷄ḁ(Ҝ  

 ṯ ґ ҹ ᷄ḁ): 

=> INSERT INTO cacheme VALUES (2); 

=> SELECT * FROM buffercache('cacheme'); 

        bufferid|       relfork |       relblk |      isdirty |         usagecount | pins  

̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮+̮̮  ̮

            268 |          main |            0 |            t |                   4 | 0  

            310 |            vm |           0 |            f |                  2 | 0  

(2 s)  

 

PostgreSQL  Ṷ   ֥Ἔ  ᷄ḁ.  ʊ  ҏ ṅ  ―  ♄ ḝ
dirty

 ◄ Ἓ 

ṍ , ֥   ֥ᾧṔ  Ө  Ⱡ  ʒ ◄  Ӥ ᷄ḁ. 

 

9.4  ῦ  

 №  ὣṎ  ӨἎṎ ᾨ  ᾠ ḏ ҍ ṍ  ḁ  ʊ ῦ ᷄ḁ.  Ӓ

 ○ ― ҍ ḏ(ῳ  ә )ṍә ҍ  ― Ἓ ә  № ҍ ֚  ẁỚ ּב ṑ᷄
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ḁ. 

 

ὗ  ֥  ὗ ḁ  ӆ ᷄ḁ: 

postgr es$ pg_ctl restart - l /home/postgres/logfile  

 

ὗ Ἄ ᾠ  ῦ ҍ ῼ◕ ә ҍ ○ ― Ἓ Ἓṫṑ᷄ḁ: 

=> EXPLAIN (analyze, buffers, costs off, timing off, summary off)  

SELECT * FROM cacheme; 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on cacheme (actual s=2 loops=1)  

Buffers: shared read=1 dirtied=1  

Planning:  

Buffers: shared hit=15 read=7  

(4 s)  

 

ὣ Ӕ    ḓ   ֥◄ ὗ ᶷḫ,  ʊ  ῦ ὗ ᵁ ᵗ᷄ḁ. Ắ  ὣҍ  a  

℮ ὗ ּב  ֥ẋῄ   ҍ ḝ  ◄ ҍ ṍ ᷄ḁ. 

 

―   ὣ  ʊ○Ἓ ҍṎ  ▐ ♥ ҍ 1Ἓבּ  ṍ  ⁫ ᷄ḁ: 

=> SELECT * FROM buffercache('cacheme'); 

 bufferid | relfork | relblk | isdirty | usagecount | pins  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧ 

       98 |    main |       0 |       t |          1 | 0  

(1 )  

 

pg_statio_all_tables  ₱  ʊ №‴ ―   ▐  Ө   Ӕҍ ṑ᷄ḁ: 

=> SELECT heap_blks_read, heap_blks_hit 

FROM pg_statio_all_tables  

WHERE relname = 'cacheme'; 

 heap_blks_read | heap_blks_hit  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

              2 | 5  

(1 )  

 

PostgreSQL  Ḭ   ḓ  ▐  ₱ὗ Ӥ ᷄ḁ. I/O   Ө  Ӕḻ  ּב Ὥ 

track_io_timing (֥⁮Җ: OFF)  Ⱡ Ṏ Ӓ Ὥ ṑ᷄ḁ. 
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―  ҷ◌Ӧ ұ 

 Ө  ―  ♠  ҏḄ   ᷄ḁ.
91

  ʊṔ ҍ   ᵁὣ ҍ ᷄ḁ: 

 

1.  ♄―ҍ Ṏ  ʊᾧṭ ― ҍ ℮  ә ὣ  ῶ ṿṍ  ᷄ḁ.  Ṷ Ἓₐ

   ʊ ₒ  ― ҍ  ᵉ  ʊṅ   ‗  ― ὗ ә ὣ ♄ ұṑ

᷄ḁ. ― ҍ ḁὖ Ἓ ḓ ṍ  ә ▐Ớ ᾠ ḁ  ὣ
92

 ṏ ּב ᷄ḁ. Ỷ ◄

 DROP  UTRUNCATE ᾤἔ  ұ ,U №  †  Ӧ ♄ Ἄᵁґ ẋ ῼ◕  בּ 

᷄ḁ. 

2.  ҍ  ʊ ₒ  ― ҍ ḝ ◄ ᵉ  Ӏ ṑ᷄ḁ.  ʊ Ἓ ḫ †  ֥ҍ  

ḏṎ ᾕᾧὣ ֥⁫ḁ  ẋ ῼ◕ ᷄ḁ. Ỷ Ӓ  ʊ―  ὺ᷄ ҍ ῦ ▐   ―  ᵁ

ὗ ♠ ә, ḏ ― ♄ Ṏ ὗ ұ  ᷄ḁ.   clock sweep әὣ

 ▐ בּ  ṑ᷄ḁ. clock sweep әὣ  ―  ὗ ḿᾞ Ӕ ꜜ  ṅ ә, Ҏ 

Ṏ  ▐ ὗ ᵁבּ   ᷄ḁ. Ӕ ꜜ    ‗  ә ṍ   ▐ ҍ 0בּ 

 ― ҍ ὣ ṑ᷄ḁ. 

 

― ҍ (֜ә )ṏ ẋὫḁ ▐ ҍ ҍבּ  ә, ―  ὺ᷄ ҍ ὗ ұ  ֥  ҷ◌  ẋὫḁ ▐

ꜙҍ Ҕבּ   ʊ  Ἓ ṅ ᷄ḁ. Ἓ  ҍ  ֜  ▐ ṍ   ҍ ҍ  ᾌ  ұṍ

ә, ḝ  ֜Ṏ  ʊ  ḝ Ủ ṑ᷄ḁ. 

 

ᾧṭ ―  ▐ ҍ 0בּ    ᷆Ӓ , Ӕ ꜜ  Ἓ 0 Җ   ֥   ῶ  ◄ ḿ  ᷄ḁ. 

֚Ỵ  U Ỵ Ớ ṫὗ  ʊҹ   ֥  ֚Ủ  ▐  .ὗ 5Ἓ ᷄ḁבּ 

 

ұ  ― ὗ Ӏ ṍᾠ,  ֚―   ʊ  Ө   №  ὗ ұ  ᷄ḁ. ֚Ỵ  U

ḏ ― ҍ ḝ  ◄  Ӓ בּ  , Ṏ ḫ ҍ ṍ   ʊӒ , ֥  ὗ Ḅּד  ―ὦ ּב  ʊ

᷄ḁ. ֚ỷ Ӓ  ―  ὺ᷄  ʊ ḏ ὗ ᾌ  Ṷ  ֥Ἔ  ᷄ḁ. 
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 ֚ḁ , ―  ὺ᷄  ʊ○Ἓ  ὗ  ― Ἓ ṯ ᷄ḁ.  ẋ, ― ҍ ὣ ṍ  ᶷ  

᷄ᾠ  ℮  ᶷ  ₐ  ʊ  ᷄ḁ.  Ӧ ♄  ʊ― ṫ
buffered

 I/Oὗ ▐  ὗ 

ṯ ᷄ḁ.  ʊ   ♄ ὗ  ּב  ʊӒ Ὥ Ṷ ♄ ṯ Ӏ ṑ᷄ḁ. 

 

I/O ♪וֹ ᵑ Ợ↔ ̆ ⇔₅ Ⱡ ᾎ⁄ ╥Ⱶ ╪ΏѤ ҥ תּ ḽ╪ᾅ ᾎᾅ ╘ бᵙ♠╬ ▄͙(ּס, 

RAM⁄Ἄ ֞Ѥ Ḳ  ᾎ⁄Ἄ╥ ▄͙)₮ ᶹᵙ♠╬ ▄͙(ּס, Ӱᾅ ⁄Ἄ ▄͙)ᵑ ̯Ṫ ѱѻ. 

PostgreSQL╥ ̕♩⁄Ἄ Ṓᶔ, ╪ּתѤ Ḳ  ᾎ⁄Ἄ ▄  ὡҵ ▓̆ ⇔₅ Ⱡ⁄ ╥  ⅝ Ӊ 

ὡҵ ▓ᾋѱѻ. ͎ױϮ ▫╥ ˿↕⁄Ѥ ҉ ╪ּתʺ RAM⁄Ἄ ῷֿתּ╬˦ ב, ῷѱᶔ 

Ӱᾅ ⁄Ἄ ▄‡ֿתּ╬˦ בᵑ ╬  Ḣḹ╘ ′ᾋѱѻ. 

 

 №  ○Ἓ  ὗ ḻἜ ּב ṍә, ḏ ―  ʊә ṑ᷄ḁ. ▐ בּ   ʊ ҍ   

1Ἓ ♥ ṍᾞ,  ʊ Ӕ ꜜ  ―  ὗ Ӧ  ʊṅ   Җ  ҍ ʊ֥  בּ  ὗ Ӥ ᷄ḁ. 

 

9.5 ḓỳ ұ 

ḓỳ  ֥  U  ֥ בּ  ṏ ẋ,  ḫ ҍ ―  ♄  ὗ ↑ὔӀ ḓ Ӏ 

ṍ  ʊ  ᷄ḁ.  

 

Ỵ  ◄     ֥ , ḓỳ ṯ  ◄ḓ Ἓ  ―  Ὢ  ▐ ᷄ḁ. ֚ὣә ұ   

 ‛  ᵒ ♄Ὥ ּב ṍῡἛ, ḁὖ ―  ʊ  ᴹ  ᷄ḁ. Ỷ   Ἓ, ―   ᵒ  

 ḫ ὗ ⁫ ᾠ♄ḻ ḓỳ  ḫ  ὣὗ ҍᶾ Ӏ ᷄ḁ. 

 

"Ḳ  ᵠ"̓ Ζ ӥ⁄ἌѤ "ᵠ Ḳ Ϯ ╪ ҿ╥‡Ѥ Ữ҉ױ͎ .Ѥ ↔‡ҵ Ợ↔Ӌѱѻג"  

ᶛ ѱѻ. ⃰Ј ᶔ ᵠ Ḳ  ▫ Ḳ ╥ˌ ױ⁴ ʺ (Ḳ  ᾎ⁄ ἶ Ѥ)ᴛ ̯ἛӇ͙ 

ԅᶷ░ѱѻ. ╪׳ ᶔ⁄Ἄ "Ḳ  ᵠ"╪ җ ♬  ↔‡░ѱѻ. 

 

 ֥  ―  Ὢ  ꜚ Ἓ ▐ ṍ  ʊ―    Ἓ ԂⱠṑ᷄ḁ. ֥  ʊ  ―  Ὢ  ℮  ᾞ, 

ҟ‴ ―  ʊ Ὼ    Ἓ ―  ♄ ♠ ṍ  ᵁ  ―  Ὢ  ҍṑ᷄ḁ. ֚Ỷ ḁ , ұ 

 ṍ Ὥ,   Ὢ  ‛  ᵒ ♄Ὥ ּב ṑ᷄ḁ.
93

 

 

―  Ὢ  ҍṎ ―  ʊ―  ♄ ṍ  ᾞ, ḁὖ ♄ Ӕ  ꜚ▐  ♄ḁ. ẁỚ᷄ בּ 

▐  ― ҍ ә ṍ  ұ  U▐ ҍ 1⁫ḁ ᶋבּ   Ӓ , ḏ ―  ʊḄּד  Ὢ ♄ ₒὣṍә ḁὖ 

― Ἓ ӽ ṑ᷄ḁ. 

 

PostgreSQL  Ɫ ҍ  ұ Ự  ᷄ḁ. 

 

ḓ ỳ № דּ    ḓ ♠, 'ḓỳ  ֥ Ự'  ▐ ṑ᷄ḁ.  ʊ  ―   1/4ὗ Ӧ

 ʊӒ  ṍᾞ, Ὢ ―  ʊ256k (32 ҟ  Ὼ )ὗ ▐ ᷄ḁ.  Ự ♄  ʊ― ὗ  

ḝ  ὗ Ṷ  ֥Ἔ  ʊҹ  ṍ  ᷄ḁ. ḓ , ―  ʊὪ ♄ ṍә ḁὖ ― Ἓ ӽ

ṑ᷄ḁ. ӍӦ Ἓ,  ֥  ἰṏ ẋֱ   ֥  ֥ḁὦ ҍ ,  ֥ꜚḻҍ ◄ṑ᷄ḁ. 

Ắ , №  ῦ   Ӓ , ḁὖ   ʊ ἛⱢ  ʊ֥  ―  Ὢ  ᾞ  ▐
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 ҍᶾ  ḫ  ֜ ḁ. Ἓ᷄ בּ   ҍ  I/O   ῼ◕  ᷄ḁ.
94

 

 

'ḓỳ  ֥ Ự'  COPY FROM, CREATE TABLE AS SELECT, CREATE MATERIALIZED VIEW ᾤἔ╝ ᷄Ớ, 

ALTER TABLE ᾤἔ  № Ⱡ   ʊᾤἔ  ṑ᷄ḁ.  Ự ♄ ḏṎ Ὢ  16MB (2048

ҟ  Ὼ )Ἓ ◄ḏ  ḫ,  ֥  ʊ―    ֥  1/8  Ӧ  ᷄ḁ. 

 

VACUUM ἛⱢ ҍ ҍ Ⱡ ᾁ  әἌ  ә  №  ּב  ʊӒ , '†  Ự'  ▐ ṑ᷄

ḁ.  Ự ♄ Ὢ ―  ʊ256k (32 ҟ  Ὼ )  RAM  ḏΏ ᷄ḁ. 

 

―  Ὢ  ◄   ʊ ұὗ    ʊҹ  ᷊᷄ḁ. UPDATEU DELETE ᾤἔ  Ὦ    ῦ

 ʊӒ בּ , Ṏ №  ḓỳ  ֥ Ự  ṍ Ὥ, ҍ ꜚ Ἓ ּב ṍ  ֥ẋῄ  ―  Ὢ

 Ἓ  Ӏ ṑ᷄ḁ.  

 

Ắ ḁὖ Ἓ  ʊTOAST №  ḓ ỳ ḫ ὗ  ʊӒ ὗ ṯ ּב ᷄ḁ.   ḫ   

Ὦ Ὥ, TOASTṎ Җ בּ   ֜  ẋ  ʊ ◄ Ḭ ὗ  ἶ ῡἛ ―  Ὢ  ṑ᷄ḁ. 

 

 'ḓỳ  ֥ Ự'  ḓ   ḝ Ɫ  □ ⁫ӆ ᷄ḁ. ҏḄ Ӏ  ֥ , ▲ Ṏ   ὗ 

ḻἜ №  ◕Ⱡ ᷄ḁ. ֥⁮ Ἓ ―   ֥  ʊ16,384 ᾞ, Ҏ  ֥  ʊ

8k ᷄ḁ. ẁỚ♄ ♄ ―  Ὢ  ▐ Ἄᾠ №  4,096  ◄   ᷄ḁ. 

=> CREATE TABLE big( 

id integer PRIMARY KEY GENERATED ALWAYS AS IDENTITY, 

s char(1000) 

) WITH (fillfactor = 10);  

 

=> INSERT INTO big(s) 

SELECT 'FOO' FROM generate_series(1,4096+1); 

 

╪ẇ╙ ṪἍ  Ṓ˳ᾋѱѻ. 

=> ANALYZE big;  

=> SELECT relname, relfilenode, relpages  

FROM pg_class 

WHERE relname IN ('big', 'big_pkey');  

  relname | relfilenode | relpages  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧ 

      big |       16546 | 4097  

 big_pkey |       16551 | 14  

(2 s)  

 

♄―ὗ  ὗ ℮  ʊҹ  ₒ♅   ҍ  ᵉ ♄ ֥  ḫ   ӍӦ

ҍ Ӛṏ ҍᶾⱠ  ұ  ʊ   “ ᷄ḁ. ἃӀ Ἓ , ○Ἓ  ₒ♅     Ώ  
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ә, ḝ  ӍӦὗ  ּב ᷄ḁ. 

postgres$ pg_ctl restart - l /home/postgres/logfile  

 

ἌḲᵑ ◓ᾎ▬   ♣  ╪ẇ╙ ▄‡Ṓ˳ᾋѱѻ. 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT id FROM big; 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on big (actual s=4097 loops=1) 

(1 )  

 

  ʊ  32ҟ  ― ὗ ᾞ,  ʊ    ―  Ὢ  ԂⱠ ᷄ḁ. 

=> SELECT count(*) 

FROM pg_buffercache 

WHERE relfilenode = pg_relation_filenode('big'::regclass);  

count 

֧֧֧֧֧֧֧ 

32 

(1 )  

 

Ὥ Ḭ   Ӓ  ʊ―  Ὢ  ▐ ṍ  ᷄ḁ.  

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT * FROM big ORDER BY id;  

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Index Scan using big_pkey on big (actual s=4097 loops=1)  

( 1 )  

 

ӍӦ Ἓ, ―   ʊ  №Ӧ  Ḭ ҍ ṍӀ ṑ᷄ḁ. 

=> SELECT relfilenode, count(*)  

FROM pg_buffercache 

WHERE relfilenode IN (  

pg_relation_filenode('big'),  

pg_relation_filenode('big_pkey')  

)  

GROUP BY relfilenode; 

 relfilenode | count  

֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧ 

       16546 | 4097  

       16551 | 14  

(2 s)  
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9.6 ―    ֥♠  ֥

―   ֥  ʊshared_buffers  ὺҟ″ּב (֥⁮Җ: 128MB)ὗ  ṑ᷄ḁ. ֥⁮Җ  ᵎḁ  ʊҹ  

 Ἄ  ῡἛ, PostgreSQL ♥    ҍ  ʊҹ  ᷄ḁ.  Ӓ  ʊ♄―ὗ ḁ  Ἓṫ

 ᷄ḁ. ᵛ ᾠ Ӥ  ᾕᾧὣ  ʊ♄―    ḏṍ  ֥ẋῄ ᷄ḁ. 

 

֚ἃḁᾠ  Җ  ẢӀ Ӎ ֱ ? 

 

ὺ   ḫ † Ớḻ ṅ  ṍ  ʊ'  ḫ '  ᷄ḁ.   ―   ṯ ґ 

)ḁ᷄  בּ Ⱡ ḫ ὗ  Ӥҏḻ  ʊҹ  ᷄ḁ).  ֥ҍ ᵡ  ̈͂ ᾠ ῼ Ӏ 

▐ ṍ  ʊ ṯ  Ӕꜚ ♄ ұṍᾞ, Ἓ  Ӧḻ  I/O   ῼ◕ ḁ. ֚Ỵ᷄ בּ   U  

֥ὗ ῁ ḓә ᶸὣ  ʊҹ   Ự  ᷊᷄ḁ. RAM  ꜙ  ᾞ, ḝ   ʊḝ ᶋ ℮ בּ⁫ 

 ֥ ― ,♄ḁ. ẁỚ᷄ בּ    ֥ὗ ♥  ẋ  ʊḫ †  ֥  ṅⱠ, ֚ὣә ▐

 ҍᶾ  RAM Ṵ  әἌ  ᷄ḁ. 

 

 ―   ֥  ʊ Ὣḁ ḁὔᾞ, ▐  ҍᶾ  ᾕᾧὣ   ,֥ ḫ  Ἓ  ῳ  ₐ  

Ӧ Ҝ  ꜙ  ẁỚ ḆỚ ᷄ḁ. ₔ ḻ, ᾧṔ Ӏ ṅ Ӏ  Ὣ“Ҝ  Җ  UӤ  ᷄

ḁ. 

 

Ắ  PostgreSQL ♄  ῦ  ʊῺṫ  ῇὣ  I/O   ῼ◕  ᷄ḁ. ―  ҍ ὺ  

 Ӓ , OS  ʊᵉ  ⅎ ᾕᾧὣὗ ▐   a ḻἛ ῄ ὗ  ּב ᷄ḁ. ֚Ỵ  Uḫ †

 Ḇὣ   ʊ  ḫ  ḓ  ῁ҹḻ  ᾯ ῡἛ ḁὖ ұ Ự  ᷄ḁ. 

 

Ὼ  ԑ  ▐  RAM  1/4Ἓ  ḁ   ẁỚ  ♥   ʊҹ ᷄ḁ. 

 

ҍ    ֜   ᷄ḁ.  ֥ὗ ᶸὣұ  U ♄  Ⱡᶾ  ℮ӽ ḁ. ḏ᷄ בּ   

 ʊ ἛḞⱭ ӒӦ  ▐     ᾞ, Ὼ   ₐ ὗ  ּב  

᷄ḁ. 

 

pg_buffercache   ֥ᶾ  ▐  ᾥ ҍ  ₒ♅ ḻ ᷄ḁ. ὗ ṯבּ   , ▐  ẁὖ ―  

ₒ ὗ ◌  :ḁ᷄ בּ 

=> SELECT usagecount, count(*)  

FROM pg_buffercache 

GROUP BY usagecount 

ORDER BY usagecount; 

        usagecount | count  

̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮ 

                 1 | 4128  

                 2 | 50  

                 3 | 4  

                 4 | 4  

                 5 | 73  

                   | 12125  

(6 s)  
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NULL ▐ Җ בּ   ⅎ ―  ḏ ᷄ḁ. ♄―ҍ ṍә ḓₐₒ  ҏ   ◄ Ἓ ṍ  ֥ẋ

ῄ   ʊ ◄Ṏ ӍӦ ᷄ḁ. ▐ Ṏ ―  ḓₐₒ    ṫҍ  Ἓ  ֚ ὗ ә ὣὗ ּב

 ֥    Ἓ  ֚ №  ὗ ᷄ḁ. 

 

Ҏ ӨӔ   ƫ ḻҍ ṍ ᶷ , ֚ὣә  ḫ ҍ  (▐ ҍ 1⁫ḁ  Ӓבּ  )ὗ  ּב 

᷄ḁ: 

=> SELECT c.relname, 

          count(*) blocks,  

          round( 100.0 * 8192 * count(*) /  pg_table_size(c.oid) ) AS "% of rel",  

          round( 100.0 * 8192 * count(*) FILTER (WHERE b.usagecount > 1) /  

                                                      pg_table_size(c.oid) ) AS "% hot"  

   FROM pg_buffercache b 

   JOIN pg_class c ON pg_relation_filenode(c.oid) = b.relfilenode  

   WHERE b.reldatabase IN ( 0, --  cluster - wide objects  

                     (SELECT oid FROM pg_database WHERE datname = current_database()) 

                     )  

     AND b.usagecount IS NOT NULL 

   GROUP BY c.relname, c.oid  

   ORDER BY 2 DESC 

   LIMIT 10;  

                             relname |      blocks |        % of rel | % hot  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮ 

                                 big |        4097 |              100 | 1  

                        pg_attribute |          30 |              48 | 47  

                            big_pkey |          14 |             100 | 0  

                             pg_proc |          13 |              12 | 6  

                         pg_operator |          11 |              61 | 50  

                            pg_class |           10 |              59 | 59  

                   pg_proc_oid_index |           9 |              82 | 45  

     pg_attribute_relid_attnum_index |           8 |              73 | 64  

      pg_proc_proname_args_nsp_index |           6 |              18 | 6  

                           pg_amproc |           5 |              56 | 56  

(10 s)  

 

 ♄  ʊ  №Ӧ ḏ Ḭ ҍ  ṍ Ὥ, ḏ ṯ  ῼ Ӏ ▐ ṍ  ʊ ᶷ

ḁ  ʊҹ  ⁫ ᷄ḁ. 

 

ḁ  ҎḻἛ ḫ ὗ ₒ♅ ᾠ  Ἅ ḁ. ֚Ỵ᷄ בּ    Upg_buffercache  ὣὗ 

 ẋ ḁ Ӧ Ҝ  ҏḄ  ֗  ẁỚ  ᷄ḁ: 

 ̧ Ὼ Ṏ ּי  ʊ  ƫ ḻ ″ṅ ⁬ῡἛ ḏ ὣὗ Ỵ ‗ Ὼ בּ  Ɫ . 

 ̧ pg_buffercache   ⁫  ʊ― ὗ ֚ῡἛ ꜚ Ἓ  ὫⱢ . 
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9.7  ῲ 

♄―ὗ   ʊ ҍ ῼ Ӏ ▐ ṍ  ʊḫ ὗ  ʊḫ ҏ  ᷄ḁ.  №  

 ᾠ ḻ  ṏ ּב ә, ὗ  pg_prewarm  ֥ᶾ  ▐  :ḁ᷄ בּ 

=> CREATE EXTENSION pg_prewarm; 

 

  ֥ᶾ  №  ―  (Ắ  ʊOS Ὥ)Ἓ ₔỴ  ʊҹ╝Ὥ ᷄Ớ,   ◄ ὗ Ṷ  

ә ♄―   ⁬  ʊ֥ᶾḻ Ӥ ᷄ḁ.  ֥ᶾ  ▐ Ἄᾠ, 

shared_preload_libraries    ֥ᶾ  Ớ ⃰Ỵὣὗ ҍ ә ♄―ὗ  ᷄ḁ: 

=> ALTER SYSTEM SET shared_preload_libraries = 'pg_prewarm';  

postgres$ pg_ctl restart - l /home/postgres/logfile  

 

pg_prewarm.autoprewarm(֥⁮Җ: ON) ♥  ″Ӓṍ   Ӓ , ♄―ҍ ḁ  ἛṫṎ  ʊ ṅ Ἓ 

autoprewarm leaderỚ  ʊ ἛⱢ ҍ ṑ᷄ḁ. pg_prewarm.autoprewarm_interval(֥⁮Җ: 300 ) ҏ

Ӊ Ἓ  ἛⱢ  ʊ Ṏ  ᾨἜ  Ṷ Ἓ Ỵ ᷄ḁ(max_parallel_processes  ἣ  

ᵁὗ ▐ ). 

postgres$ ps - o pid,command -- ppid `head - n 1 /usr/local/pgsql/data/postmaster.pid` | 

grep prewarm 

23124 postgres: autoprewarm leader  

 

♄―ҍ ṍ ῡἛ  №  ḝ ◄ ṍ  ᷄ḁ: 

=> SELECT count(*) 

FROM pg_buffercache 

WHERE relfilenode = pg_relation_filenode('big'::regclass);  

  count 

̮̮̮̮̮̮̮ 

   0 

(1 )  

 

ἃӀ ᾠ,  ḻ  №ṯ   ṏ ּב ᾞ, Ⱡ  ʒ ὗ ꜙ  .ḁ᷄ בּ 

 

ῼ Ӏ ▐ ṍ  ʊ  №  Ṷ  Ɫ Ἓ  Ḍ ҏ  Ώ ṯ ҹ  בּ  Ớ ◄ṏ Ӓ , 

ḏ №  ῦὣ ―   Ἓṫ  :ḁ᷄ בּ 

=> SELECT pg_prewarm('big');  

  pg_prewarm 

̮̮̮̮̮̮̮̮̮̮̮̮ 

         4097 

(1 )  

 

=> SELECT count(*) 

FROM pg_buffercache 

WHERE relfilenode = pg_relation_filenode('big'::regclass);  
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   count 

̮̮̮̮̮̮̮ 

    4097 

(1 )  

 

 ᾨἜ  PGDATA/autoprewarm.blocks  ḥ ṑ᷄ḁ. autoprewarm leaderҍ Ἓ ἰṏ 

ẋֱ  ֥ḁὦ ּב Ὥ, ὣ  ʊּבṅ Ἓ ḥ ὗ  ҹ ᷄ḁ: 

=> SELECT autoprewarm_dump_now(); 

  autoprewarm_dump_now 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

                  4224 

(1 )  

 

ḥ Ṏ  ּבҍ 4,097⁫ḁ ᷄ḁ.  ʊᾧṭ ▐ Ṏ ― ҍ әἌṍ  ֥ẋῄ ᷄ḁ.    

Ἓ Ⱡṍᾞ, ḫ † , № ,  ᶂṫ ῳ fork , Ɫ֚ᾌ  ‗ ὗ ᷄ḁ: 

postgres$ head - n 10 /usr/local/pgsql/data/autoprewarm.blocks  

<<4224>> 

0,1664,1262,0,0  

0,1664,1260,0,0  

16391,1663,1259,0,0 

16391,1663,1259,0,1 

16391,1663,1259,0,2 

16391,1663,1259,0,3 

16391,1663,1249,0,0 

16391,1663,1249,0,1 

16391,1663,1249,0,2 

 

♄―ὗ ḁ  ӆ ᷄ḁ. 

postgres$ pg_ctl restart - l /home/postgres/logfile  

 

№    ṑ᷄ḁ: 

=> SELECT count(*)  

FROM pg_buffercache 

WHERE relfilenode = pg_relation_filenode('big'::regclass);  

  count 

̮̮̮̮̮̮̮ 

   4097 

(1 )  

 

ḁ   ‗ autoprewarm leaderҍ ᾧṭ ℮  ּב ᷄ḁ.  ʊ  , ὗ ḫ †

‴Ἓ Ἇ ә, ҍᶾ  Ӓ  Ṷ  ֥ὗ ּד Ἓ  ֥  ὗ Ἇ  Ṡ, autoprewarm 

worker  Ḇ  ὣ  ʊ  ᷄ḁ. 
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9.8 Ἓ   

 №  ♄ ♥ᾤ  Ἓ ὗ ẁὔ  ᷄ḁ.  ḫ  ʊḄ  ἛⱢ ӀὭ ⁫  ֥

ẋῄ , Ӥ  ―   Ἓṫ  ʊҹ   ῦҍ ᷄ḁ. ẁỚ♄  ḫ  ʊ ḏ №  ꜙ  

ἛⱢ  Ἓ  ὗ ▐ ᷄ḁ.
95

 

 

Ὼ Ἓ Ἓ  ―   ʊӤ  ―   ▐    Ἓ ṅ ᷄ḁ: 

 ̧  ҷ◌   № בּ   ṑ᷄ḁ. 

 ̧ ұ  ʊ  әὣ  ẁὛ᷄ḁ(―  Ὢ  ▐ ṍ  ). 

 ̧  ʊ ұὗ    ֥  ә ṏ ּב ᷄ḁ. 

 

֚Ỵ  UἛ   Ԃ   Ḅּד ᷄ḁ.  ʊ―  Ө  ᾕᾧὣ Ԃ  (֠―  ʊḄ  ἛⱢ

Ὥ Ɫ  ҍ )ʒ  UᵒӍ Ⱡ(  ḫ  ʊⱢⱭ ἰ ֱ Ὥ )  ὣ  ҍ  ֥ẋῄ ᷄ḁ. 

Ỵ   ẋῄ  Ἓ   ʊ  ◄ ♄ ḝ  ὣὗ ҍᶾ Ӏ ᷄ḁ. 

 

Ὼ Ἓ  №  ▐  ʊⱢⱭ  ᾥ ҟ ῡἛ Ἓ   ᾕᾧὣ  ʊ  ẁỚ ḏṑ᷄ḁ. Ɫ

Ɑ  ḏṎ Ἓ   ḓ ֥  ʊtemp_buffers  ὺҟ″ּבἛ ṍᾞ ֥⁮Җ  8MB ᷄ḁ. 

temp_file_limit  ὺҟ″ּב  ʊ  №Ӧ  ʊӨἎ  ᾞ, ὣ   ◕Ⱡṏ ּב  ʊ ҏ ḫ

ὗ Ἓ  ʊḫ ▐ ṍ  ʊ Ӧ ӨἎ  ᷄ḁ. 

 

EXPLAIN ᾤἔ  Ἅ ♄ Ἓ  ―   Ө  ᾧṭ  Ӥ  ḓ  Ἓ Ἓ ֚ҍ ṑ᷄ḁ: 

=> CREATE TEMPORARY TABLE tmp AS SELECT 1; 

=> EXPLAIN (analyze, buffers, costs off, timing off, summary off)  

SELECT * FROM tmp; 

QUERY PLAN 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

Seq Scan on tmp (actual s=1 loops=1)  

  Buffers: local  hit=1  

Planning:  

  Buffers: shared hit=12 read=7  

(4 s)  

 

 

 

 
95

 backend/storage/buffer/localbuf.c  
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10  ῦὣ  ֥Ἓ֚
Write -Ahead Log  

10.1 Ἓ  ֮

ҍ ῼ◕  Ӓ ( ὗ ṯ  Ἅ ῄ ,   Ὂ, ḫ †  ♄― ḿ Ṵ), RAM   ʊᾧṭ 

⁫  ʊ▐Ớ ә, Ṷ  Ṏ ḫ Ὥ ᵉӀ ṑ᷄ḁ. ♄―ὗ Ἄᾠ ḫ  ӨⱠ  ⁬Ԃ  

᷄ḁ. Ὥ  Ṷ  ҍ ꜜ◄ṍ ḁᾠ,     ῄ ὗ Ӎ  ᷄ḁ. 

 

Ἕ Ἓ  ʊṶ ♄ ḫ  ӨⱠ ―♄ ḁ. Ὥ Ἓ᷄ בּ  ◄   ʊṶ  Ӕꜚ

♄ ῁  ὗ ֥Ἔ  ә(ּד  ֥ҍ ḝ ἐ ḝỚḻ),  ֥Ἔ ὗ Өὣ♄דּ    

♄ ḫ  ӨⱠ  ꜜ◄ṍ  ḻἜ  ᷄ḁ.  ʊ  ⁬  Ḭ  Ԃ ὗ ḁἹ ẋ Ἄ  בּ 

᷄ḁ. 

 

PostgreSQLӦ Ҝ  ḓₐₒ  ḫ †   ḁὖ    ▐ ᷄ḁ. ♄―ҍ ṅ  ʊṅ   

ḫ  ₐ  ʊRAM♄Ὥ ▐  ҍᶾ ә, Ԃ ꜙἛ  ֥Ἔ  ṑ᷄ḁ. ֚Ủ♄ ♄― ṅ  Ṷ

 Ṏ ḫ  ʊ ◄ ӨⱠ  ҍ  ᾞ, ҍ  ‗  ᾧṔ ṍ  ᷄ḁ. ֚Ỵ  U

RAM♄ ῼ◕  ʊҎ ″ , ὗ ṯ  ―  ♄ ἶ בּ    Ἓ֚Ἓ ֥Ἔṑ᷄ḁ. 

PostgreSQL   Ӓ  Ὼ⁬ ʊᾧṭ  ⁫ὗ  ʊἛ  בּ   ֚ ᾨ  ◕Ⱡ ᷄ḁ.
96

 

 

בּ  Ӧ ӨἎṎ Ἓ  ֚ ᾨ בּ  Ṏ  ⁫ḁ ᾌ  Ṷ  ֥Ἔṍ  ᷄ḁ. ֚Ủ♄  Ἓ

֚  Ὑ  ῦὣ.  ֥Ἓ  ֚Ắ  ʊ ♄ WAL ᷄ḁ.  Ԃ ▐ . PostgreSQL  ҍ ῼ◕  ẋ Ṷ

♄ WAL ᾨ   ῦ ἰṎ  ḁ בּ  ḻἜ ᷄ḁ.    RAM בּ   ә, 

ḿ  Ṷ Ἓ ꞈṍ   ἰṎ  ӍӦ ᷄ḁ. 

 

ῦὣ  ֥Ἓ֚ὗ  ʊҹ  Ὼ Ἓ ῁  ὗ Ṷ  ֥Ἔ  ʊҹ⁫ḁ Ớә  ּב 

᷄ḁ. WAL ᾨṯ  HDD ♄ḻ ὣ ҍᶾ  ꜚ  ḫ  ὧ Ἓ ԂⱠṍ  ᷄ḁ. ҍἛ, 

WAL ᾨṯ   ֥⁫ḁ  Ӓ ҍ Ὦ ᷄ḁ. 

 

ҍ ῼ◕  ẋ ḫ  ӨⱠ  ֽỆὦ ּב  ʊᾧṭ  Ἓ֚Ἓ ֥Ἔṍ  ᷄ḁ. , Ủ  

Ҝ   WAL  ֥Ἔṑ᷄ḁ: 

 

 ̧ ―  ♄ ἶ בּ    - ֥Ἔ  ṍ  ֥ẋῄ ᷄ḁ. 

 ̧ Ứ Ɑ ΅Ӧ ἠ  - ◄  ″Ӓ  CLOG ― ♄ ῼ◕ ә  Ṷ Ἓ ꞈṍ   ֥ẋῄ

᷄ḁ. 

 ̧  ( № ҍ/ ұ   ῳ Ṷἅ ὣ ◕Ⱡ/░  Ṵ) - Ỵ   ḫ  ″ӒӦ ṅ

֥ ṍ  ᷄ḁ. 

 

ḁ Ӧ Ҝ   Ἓ֚Ἓ ֥Ἔṍ  ᷄ḁ: 

 

 ̧ UNLOGGED № ♄   

 ̧  № ♄ ᾤבּ -    ◕Ⱡ  ⱢⱭ   ṍ  ֥ẋῄ ᷄ḁ. 

 
96

 postgresql.org/docs/14/wal-intro.html 
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PostgreSQL 10 ╪♣⁄Ѥ ᾎ ╬Ҧᾅҵ ᴛ͎ᴛ ͙ᴜӇּת Ώ ᾋѱѻ. ᾎ ╬Ҧᾅ╥ ל⅝ 

ᶜ♠╘ ᾎ ὡᵑ ѻᵐ ҥ╪  ┬ ⁄ ᵭ Ѥ ˦╪‴ᾋѱѻ. 

 

 ⁬Ԃ ḻ, WAL    Ӧ ⁬ ὗ   Ἓ ⁬Ԃ ᶷḫ ▐ ṏ ּב ᷄ḁ. 

 

10.2 WAL Ԃ  

ᶄὣ  Ԃ  

WAL97  ҍ″  ֩  Ἓ  ֚ ᾨ ὧ Ἓ, ᶄὣ  Ԃ ὗ ҍ ә ᷄ḁ. Ҏ ᾨ   ḝἛ 

ᾞ,  Ӧ ӨἎṎ ḫ ὗ ᷄ḁ. ḝ
98

 ʊḁ Ӧ Ҝ  ⁫ὗ Ӥ ᷄ḁ: 

 

 ̧ ḏ ᾨӦ ӨἎṎ Ứ Ɑ ID 

 ̧ ᾨ  ♅  ʊ  ὺ᷄
99

 

 ̧ ḫ  ꜜ◄  Ҕ  ֥  ♪ 

 ̧ ᾨ  ֩  

 ̧  WAL ᾨ  Ө   

 

▀ḙ♠╖ᴛ WAL╘ ὣḢ ╖ᴛ ▄ ┬ ᵣ, pg_rewind ˉ╘ ▀Ṩתּ ᵙ Ѥ ⁵Ḣ ╖ᴛ 

ᾅ  ὡ ▓ᾋѱѻ. 

 

WAL ḫ   ʊḁ  Ӧ ῦὗ ҍ ḁ. ὗ ṯ᷄ בּ  ,  ⱨ   ₐὗ ḓ

 ʊ  Ҏ ḁ. ḏ  ὺ᷄᷄ בּ   ʊ  ᾨ  ẢӀ ♅ ә   ᷄ḁ. 

№, ḁ  Ḭ  , Ứ Ɑ ◄  Ṵ ҎҎ  ḓ  ‴ḻ   ὺ᷄ ҍ ᷄ḁ. 

 

WAL  ♄―  Ӥ  ᾕᾧὣ ♄ ‴  ― ὗ ▐ ᷄ḁ. WAL  ▐  ʊ  ֥  ʊ

wal_buffers (֥⁮Җ: -1) ὺҟ″ּבἛ ṑ᷄ḁ. ֥⁮ Ἓ  ֥  ʊ  ―   ֥  1/32Ἓ 

ṅ Ἓ ♠ ṑ᷄ḁ. 

 

WAL  ʊ―   ὺ  ▐ ,U Ἓ Ὢ ―  ᾧṫἛ ṅ ᷄ḁ. ○Ἓ  ᾨ   ҍṍә, 

 ᾨ ὣר  ♄  Ṷ  ṑ᷄ḁ. Ὥ  WAL ҍ ᵡ  ̈͂ ḁᾠ, Ṷ  ṅ֥ ҍ 

 ҹ⁫ḁ ḝ  ּב ṏ ּב ᷄ḁ. 

 

ᵎ  ₐ  ◄ ♄  ʊ▲  (―  ᾊὣ)ҍ ḓₐ  o ῦ Ṷ  Ṏ ᾨ  (― (ὣר   

ṅ ᷄ḁ: 

=> SELECT pg_current_wal_lsn(), pg_current_wal_insert_lsn();  

 pg_current_wal_lsn | pg_current_wal_insert_lsn  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

         0/3DF56000 | 0/3DF57968 

(1 )  
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PostgreSQL 10 ╪♣⁄Ѥ ᶛӧ ὡ ╪ᵒ⁄ WAL ҍᾐ XLOG –‡ʺ Ӈ‴ᾋѱѻ. 

 

 ᾨ   ֥  PostgreSQL  ‴  ḫ   pg_lsn  ▐ ᷄ḁ.  ʊWAL  ₐ

 ᾨֱ  ῶ  Ḅ  64℮  ⱨ  ᵁ ᵗ᷄ḁ. LSN  Ủ Ἓ ԂₒṎ Ṕ ҟ  32℮ יּ  Ἓ 

16 “ Ἓ ṑ᷄ḁ. 

 

№  ◕Ⱡ  ⁵ ḁ: 

=> CREATE TABLE wal(id integer);  

=> INSERT INTO wal VALUES (1); 

 

Ứ Ɑ  ә WAL ▲   LSN  ֥Ἔ ᷄ḁ: 

=> BEGIN; 

=> SELECT pg_current_wal_insert_lsn();  

pg_current_wal_insert_lsn  

 

0/3DF708D8 

(1 )  

 

  ᾤἔ   ⁵ ḁ. ὗ ṯ בּ  ,  ᷄ḁ: 

=> UPDATE wal SET id = id + 1;  

 

בּ   RAM  ― בּ ♄  ṑ᷄ḁ.  ″Ӓ▐  RAM  WAL  Ἓ֚ṑ᷄ḁ. ӍӦ Ἓ, 

▲  LSN  Ἓ ṅ ᷄ḁ: 

=> SELECT pg_current_wal_insert_lsn();  

pg_current_wal_insert_lsn  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

0/3DF70920 

(1 )  

 

בּ Ṏ ḫ  ҍ ḏ WAL ᾨ  Ӊ Ӏ Ṷ  Ỵ ṍḻἜ ⁫  ֥ ,  ḝ

 ʊ   ӨἎṎ  WAL ᾨ  LSN  ᷄ḁ.  LSN  pageinspectὗ ▐  בּ  

᷄ḁ: 

=> SELECT lsn FROM page_header(get_raw_page('wal',0)); 

  lsn  

 

0/3DF70920 

(1 )  

 

 ḫ †  Ỵ  ʊ ᵁ  WALὭ ᾞ, ○Ἓ  ᾨṯ  Ӕ  ꜚ ҍṑ᷄ḁ. Ἓ  

 Ṏ LSN   pg_current_wal_insert_lsn Ἓ Ὼבּ  Ṏ LSN⁫ḁ  ּב ᷄ḁ. ֚Ỵ  U
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♄ ῁Ỷ ″ ҍ ḁᾠ Ỵ יּ   ʊṅ Ӏ ṏ ҹ ᷄ḁ. 

 

 Ứ Ɑ  ΅ ⁵ ḁ: 

COMMIT; 

 

 ̈́ ḻ Ἓ֚Ἓ ֥Ἔṍᾞ, ▲  LSN  ḁ  ″Ӓṑ᷄ḁ: 

SELECT pg_current_wal_insert_lsn();  

pg_current_wal_insert_lsn  

 

0/3DF70948 

(1 )  

 

΅  CLOG ♄ Ứ Ɑ ◄ ὗ ḫ ᾞ, CLOG  ʊ   ṑ᷄ḁ.
100

 CLOG 

 ʊ Ὼ Ἓ Ӥ  ᾕᾧὣ ♄ 128ҟ  ὗ ▐ ᷄ḁ.
101

 CLOG ҍ ḏ WAL ᾨ⁫ḁ ᾌ  

Ṷ  Ỵ ṍ  ḻἜ  ֥ ,  WAL ᾨ  LSN  CLOG  ḓ ♄ḻ  ᷄ḁ. 

֚Ỵ  U  ⁫  ʊ  ҍ  ᷆RAM  ṑ᷄ḁ. 

 

  WAL ᾨ  Ṷ  ֥Ἔṏ ҹ ᾞ,  ֚  CLOG  ḫ  ὗ ♄ ұ  בּ 

᷄ḁ. ṯ   ұṍ   ʊӒ  Ҕ ṍ  ҹ ᾞ, WAL ᾨ  ᾌ  Ṷ Ἓ ҙ Ἓ ֥Ἔṍ

 ҹ ᷄ḁ.
102

 

 

Ṕ ҟ  LSN ὗ ә ḁᾠ, ҏḄ   ♄ ḁὖ ὗ −ᾠ (ῶ  Ḅ Ἓ) Ṕ LSN ▐  WAL 

ᾨ ֥ὗ Ӕ▓ דḁ. Ḅּ᷄ בּ   pg_lsn Ἓ ᾠ ṑ᷄ḁ: 

SELECT '0/3DF70948'::pg_lsn -  '0/3DF708D8'::pg_lsn;  

?column? 

 

112 

(1 )  

 

 Ӓ  UPDATE ῳ COMMIT Ӧ ӨἎṎ WAL ᾨ   100ῶ  ḻ ᷄ḁ. 

 

 Ҝ   “  ,  Ἓṫ ♄ ◕Ⱡṍ  ʊḄ  ҏḏ WAL ᾨ   .ḁ᷄ בּ   

⁫  ʊ  ♥  ᷄ḁ. 

 

ῇὣ  Ԃ  

Ṷ ♄ WAL  ‴ḻ  , Ắ  ʊⱢ֚ᾌ Ἓ PGDATA/pg_wal Ṷἅ ὣ  ṑ᷄ḁ. ֚ṯ  ֥  ʊ

 ֥  wal_segment_size(֥⁮Җ: 16MB) ὺҟ″ּבἛ  ּב ᷄ḁ. 

ᶋ  ₐ   Ӓ  Ɫ֚ᾌ  ֥ὗ ᶸὣ  ʊҹ ḁ.  ʊ᷄ בּ   ― ṫὗ  ּב  ֥ẋ

 
100

 backend/access/transam/slru.c 
101

 backend/access/transam/clog.c, CLOGShmemBuffers function 
102

 backend/storage/buffer/bufmgr.c, FlushBuffer function 
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ῄ ᷄ḁ. Ὥ  ♥  Ỵ  ֥ Ὥ ″Ӓ -- ḁ(initdb᷄ בּ  wal- segsize ). 

WAL ᾨ    Ӥҏ   ẋֱ  ҍṑ᷄ḁ.  ֚  PostgreSQL  ○  ᷄ḁ. 

 

 ᾨ   ƫ   ᾞ,  ♄ ẖ ⱨ  ᶷ  :ḁ᷄ בּ ⁯ 

=> SELECT file_name, upper(to_hex(file_offset)) file_offset  

FROM pg_walfile_name_offset('0/3DF708D8');  

                             file_name | file_offset  

+  

              00000001000000000000003D | F708D8 

                             
 

 Ὑ  Ṕ ₐₒ Ἓ ԂⱠṑ᷄ḁ. ҍ  ᶋ  8ҟ  16 בּ  ʊ  ♄ ⁬Ԃὗ  ▐ ṍ  ʊ Ớ

 ᾞ, ᵁᾊ  ʊҍ  ᶋ  LSN ℮ ὗ ᵁ ᵗ᷄ḁ(ҍ  ᵎ  LSN ℮  ʊfile_offset  ṫ  ṑ

᷄ḁ). 

 

 WAL  ⁫Ἄᾠ, ḁ  :ḁ᷄ בּ  ὗבּ 

=> SELECT * 

FROM pg_ls_waldir() 

WHERE name = '00000001000000000000003D'; 

                                  name |          size | modification  

+ +  

              00000001000000000000003D |      16777216 | 2023 03 06 14:01:48+03 

(1 )  

 

 pg_waldump ὣ ὗ ▐  ○ἢӀ ◕ⱠṎ WAL ᾨ  ḝὗ □ ⁫ӆ ᷄ḁ.  ὣ  ʊ

LSN ‛ ( Ỹ)  U  Ứ Ɑ IDἛ WAL ᾨ  Ὢ  .ḁ᷄ בּ 

pg_waldump ὣ  ʊṶ  WAL  ֜  ῡἛ, postgres  OS ▐ Ἓ ṍ  ᷄ḁ. 

 

postgres$ /usr/local/pgsql/bin/pg_waldump \  

- p /usr/local/pgsql/data/pg_wal - s 0/3DF708D8 - e 0/3DF70948# 

rmgr: Heap len (rec/tot): 69/ 69, tx: 886, lsn:  

0/3DF708D8, prev 0/3DF708B0, desc: HOT_UPDATE off 1 xmax 886 flags  

0x40 ; new off 2 xmax 0, blkref #0: rel 1663/16391/16562 blk 0  

rmgr: Transaction  len (rec/tot): 34/ 34, tx: 886, lsn:  

0/3DF70920, prev 0/3DF708D8, desc: COMMIT 2023 03 06 14:01:48.875861 

MSK 

 

֥♄ Ṕ ҟ  ᾨ  ḝὗ  ּב ᷄ḁ. 

 

 ‗  ᾨ  Heap  ὺ᷄ ҍ ὣ  ʊHOT_UPDATE ᷄ḁ. blkref  ṫ  ʊּב Ṏ   

 ὙӦ  ‗ ὗ ⁫ ᷄ḁ: 

SELECT pg_relation_filepath('wal');  
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pg_relation_filepath  

 

base/16391/16562 

(1 )  

 

Ṕ ‗  ᾨ  Transaction   ὺ᷄ ҍ ҔḼ  ʊCOMMIT ᷄ḁ. 

 

10.3 Checkpoint  

ḫ  ӨⱠ  ⁬Ԃ  ֥ ,  ⁬Ԃ  ּב  ֥  PostgreSQL  WAL דּ  Ἓ ◕

ᾠ♄ ꜜ Ṏ ″Ӓ ▐  ḏ   ᷄ḁ. ὗ  Ṷ  Ṏ  LSNӦ WAL 

ᾨ  LSN  ℮ӽ  ꜜ Ṏ ᵒ  ᷄ḁ. ֚Ỷḫ ⁬Ԃ  Ṷ♄  ֱ ? ᵡ  ̈͂ᶿӀ 

ᾠ,  ֚  Ṷ  ֥ἜṎ ṯ  ᾧṭ ″Ӓ ▐  Ὼ Ώ  ᾯ Ӏ ṍ  ḫ ҍ ꜜ◄ṏ ּב 

᷄ḁ. Ὼᾠ  ₐ   ʊҹ  Ἓ ₔҍᶾ ᷄ḁ. Ỹ  Ө   ḫ ὗ  

ḝỴ, Ứ ⁬Ԃ ҏ╝  בּ ḻ  ֥ẋῄבּ   ᷄ḁ. ὣ  ʊ ὗ Ἓ 

ᾞ Ӏ ⁬Ԃὗ ә,  ᾧṭ WAL ᾨ  ұ ʊ  בּ   Ἓ ᷄ḁ.  

 

ҍ    ◕Ⱡ  “  ֥ Ἓ ᾧṭ    ә, ᾧṭ ″ӒṎ 

ὗ Ṷ  ҙ Ἓ  ʊҹ ᷄ḁ. Ὥ      ῁֥  ṍ  ◄ḏ  ҏ  ꜙ ṍ

ῡἛ, Ἓ  ֥ ἑ ᷄ḁ. 

 

 ʊ ҏ Ἓ ₒ▓ṍ   Ԃҏ  Ⱡ ᷄ḁ.   checkpointer
103
Ớ  ʊ ‴   ֚

Ớ ṫ ἛⱢ בּ   ṑ᷄ḁ.  

 

 .  checkpointer  ἛⱢ  ʊᾧṭ ҹ  Ṷ   ֥Ἔ ᷄ḁ. ẋ CLOG Ứ Ɑ ◄

,  Ứ Ɑ  ᾕ ḫ ,  ֚  ᾥ ҍ  Ԃ  Ṵ  ṑ᷄ḁ.  

 

 . ḓₐₒ  ҏ  ″ӒṎ ὗ Ṷ  ֥Ἔ  ʊḫ ▐ ṑ᷄ḁ.
104

   

♄ ″ӒṎ ᾧṭ ―  ḝ  ʊ ‴  ֚ҍ ♥ ṍᶷḫ,  Ӧ  I/O    ὺ  ↑ὔӀ 

ṑ᷄ḁ.  

 

 ֚  checkpointer  ʊᾧṭ ― ὗ ҷ ᾞ, ֚ҍ ♥ Ṏ ― ὗ Ṷ  ֥Ἔ ᷄ḁ.  ṯ  

♄ ұṍ  ә, ▐ ỳӦ   ʊ῁ ṍᾞ, Ḅּד  ֥Ἔṑ᷄ḁ.  

 

ҍᶾ    ʊID ּד♄ḓἛ ὣṍ   ֥Ἔ  ᷄ḁ. Ἓṫ  Ỷ  ◄  ֥ , 

PostgreSQL  ♄Ἓ ḁὖ №  ▐ ♄  ‗ґ בּ  ᷄ḁ(ῇὣ  ҍ ḁὗ ּב  ֥

ẋῄ ᷄ḁ).  

 

  ṫҍ  ֚Ớ ṫ ♄   Ӓ , ֚ҍ Ṏ ― ὗ Ṷ  ֥Ἔ ḻ ᷄ḁ. ẖ Ӓבּ 

ṭ, ―  ֚  ʊ  ḄӔ ♄ ұṍ , Ҏ ―  ʊ ὗ   ‗Ὥ ֥Ἔṑ᷄ḁ.  

 

 
103

 backend/postmaster/checkpointer.c 

        backend/access/transam/xlog.c, CreateCheckPoint function 
104

 backend/storage/buffer/bufmgr.c, BufferSync function 
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ḏ , ҍ ṍ  ʊṅ ḻ ―  ♄  ʊӔ בּꜚ  ṏ ּב ᷄ḁ. ֚Ỵ  U○Ἓ ″

ӒṎ ―  ʊ ֚ҍ ṍ  ῡἛ, checkpointer  ʊ ὗ ῁ ᷄ḁ.  

 

 ἰ.   ♄ ″ӒṎ ᾧṭ ― ҍ Ṷ  ֥Ἔṍᾠ,  ʊ ἰṎ 

ҹ Ἓ ҏ ṑ᷄ḁ. ₐ    ⁬Ԃ  ○Ἓ  Ἓ ▐ ṑ᷄ḁ.    ֥

ἜṎ ᾧṭ ᾨ  ḝ ◄  ᷄ḁ. 

 

 
 

Ὣ Ὤ ḄӔ ♄ ,ʊ checkpointer ҍ  ἰὗ ᵁ ᵒ  ʊWAL ᾨ  ◕Ⱡ ә,  ֚  

 LSN  ᷄ḁ. ҍ ṏ ẋ Ἓ֚  ʊ Ẕ  ҹḻ ֥Ἔṍ   ֥ẋῄ ,  LSN  ẖ 

 WAL ᾨ ḻ ḏ  .ḁ᷄ בּ 

 

Ắ , PGDATA/global/pg_control ḻ  ἰṎ ὗ ḻἜ ḫ ṑ᷄ḁ.  Ӧ

 ἰṏ ẋֱ , pg_control   ὗ Ӕ  ꜚ ᷄ḁ. 

 

 
 

 ‗  ᾧṭ ҹ  ᾤ   ֥  ҏḄ  ὗ □ ⁫ӆ ᷄ḁ. Ỵ ҟ  Ṏ ὗ ″Ӓ ◄ Ἓ 

Ὥṯӆ ᷄ḁ: 

=> UPDATE big SET s = 'FOO'; 
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=> SELECT count(*) FROM pg_buffercache WHERE isdirty; 

count 

֧֧֧֧֧֧֧ 

4119 

(1 )  

 

 WAL ὗ  ⁫ӆ ᷄ḁ: 

=> SELECT pg_current_wal_insert_lsn();  

pg_current_wal_insert_lsn  

 

0/3E7EF7E0 

(1 )  

 

 ὗ ּבṅ Ἓ ἰ  ⁫ӆ ᷄ḁ. ″ӒṎ  ʊᾧṔ Ṷ  Ỵ ṏ ҹ ᷄ḁ. 

♄ ῁Ỷ ṅ  ῡἛ ○Ἓ  ″ӒṎ  ʊᵁ ᵁ  ᷄ḁ: 

=> CHECKPOINT; 

=> SELECT count(*) FROM pg_buffercache WHERE isdirty; 

count 

 

0 

(1 )  

 

ҍ WAL  ẢӀ Ὼ ṍ ᶷ  □ ⁫ӆ ᷄ḁ: 

=> SELECT pg_current_wal_insert_lsn();  

pg_current_wal_insert_lsn  

 

0/3E7EF890 

(1 )  

 

postgres$ /usr/local/pgsql/bin/pg_waldump \  

- p /usr/local/pgsql/data/pg_wal - s 0/3E7EF7E0 - e 0/3E7EF890 

rmgr: Standby len (rec/tot): 50/ 50, tx: 0, lsn:  

0/3E7EF7E0, prev 0/3E7EF7B8, desc: RUNNING_XACTS nextXid 888 

latestCompletedXid 887 oldestRunningXid 888  

rmgr: XLOG len (rec/tot): 114/ 114, tx: 0, lsn:  

0/3E7EF818, prev 0/3E7EF7E0, desc: CHECKPOINT_ONLINE redo 

0/3E7EF7E0; tli 1; prev tli 1; fpw true; xid 0:888; oid 24754; multi  

1; offset 0; oldest xid 726 in DB 1; oldest multi 1 in DB 1;  

oldest/newest commit timestamp xid: 0/0; oldest running xid 888;  

online  

 

 WAL ᾨ   ἰ  ӨἎ  ᷄ḁ(CHECKPOINT_ONLINE). 



 162  

   LSN  redoỚ  ʊḄ  Ṡ  ṍ  ᾞ,   ʊ    ҍ  

Ἓ ▲ Ṏ WAL ᾨ  ḏ ᷄ḁ. 

 

ṅ  ⁫  ʊpg_control  ♄ḻ  ּב ᷄ḁ: 

postgres$ /usr/local/pgsql/bin/pg_controldata \  

- D /usr/local/pgsql/data | egrep 'Latest.*location'  

Latest checkpoint location:        0/3E7EF818 

Latest checkpoint's REDO location: 0/3E7EF7E0  

 

10.4 ⁬ԂRecovery 

♄―ҍ ṏ ẋ, ҍ  ᾌ  ṍ  ʊ ἛⱢ  ʊpostmaster ᷄ḁ. postmaster  ʊ  ῼ◕  ḫ  

⁬Ԃὗ ḋḏ  ʊ  ἛⱢ ὗ ◕Ⱡ ᷄ḁ.
105

 

 

⁬Ԃ  ₐὗ  ֥ ,  ἛⱢ  ʊpg_control    Ỵ  ◄ ὗ ᷄ḁ. 

pg_controldata  ὣ ὗ ▐ ᾠ   ᵒ  :ḁ᷄ בּ  

postgres$ /usr/local/pgsql/bin/pg_controldata \  

- D /usr/local/pgsql/data | grep state  

Database cluster state: in production  

 

♄―ҍ ◄ Ἓ ἰṎ Ӓ  "shut down" ◄ ὗ ҍ ᷄ḁ. " in production " ◄  ʊ    

♄― ♄ ὗ ᵁ ᵗ᷄ḁ.  Ӓ ,  ἛⱢ  ʊṅ  pg_control  ♄   ἰṎ 

  LSNa  ṅ Ἓ ⁬Ԃὗ ᷄ḁ. 

 

ᵣ– PGDATA Ӱᴇ ᵙ⁄ ḥ‰̓ ̕ᴐӈ backup_label  ▀╪ ▓ѻᶔ, ᾎ▬ LSN ─ Ѥ ͎ 

▀⁄Ἄ ʺⱨ₪ѱѻ. 

 

 ἛⱢ  ʊ Ṏ ₐ  ᵁ  WAL ᾨ  ә, ḫ   LSN  WAL ᾨ  LSN⁫ḁ  

Ӓ  ḏ ᾨ  ḫ   ᷄ḁ.  ḝ  LSN   ʊӒ  WAL  ♄  ʊ ṑ᷄ḁ. 

ᵛ ᾠ Ҏ ᾨ דּ  Ἓ ◕ṍḻἜ ♥Ӕṍ  ֥ẋῄ  Ӊ דּ  Ἓ ◕ṍ  ᷄ḁ. 

 

֚Ỵ  U  aWAL ᾨ    ῦ (FPI)Ἓ ԂⱠṑ᷄ḁ.   ᾨ   ◄  ◄Ө

 ṏ ּב ᷄ḁ. ᵛ ᾠ ᾧṭ  ᵒ    ֥ẋῄ ᷄ḁ. Ỵ בּ    ᾟṴ
idempotent

ḁә ᷄ḁ. ᾟṴ   Ắ ḁὖ  ʊ Ứ Ɑ ◄  ″Ӓ  ṴἜ  ʊҹ ᷄ḁ. Ҏ Ứ Ɑ 

◄  ʊ  ҖӦ ◄Ө  ♥ ṍ  ʊ  ℮   CLOG♄ ṑ᷄ḁ. ẁỚ♄ CLOG ♄  

″Ӓ  LSN   ҍ ᷄ḁ. 

 

WAL ᾨ  Ὼ   ḫ  Ὣ ҍ Ἓ ―    ṑ᷄ḁ. ὗ ṯ , WAL ᾨ

   ḁә ᵁ ᵒ Ὥ ẖ Ἓ    ʊӒ , ○Ἓ ◕Ⱡṑ᷄ḁ. 

 

⁬Ԃ Ӧ ♄ḻ  ▐    Ἓ WAL ♄ ⁬ ṑ᷄ḁ. WAL ᾨ    ḁә ⁫
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 backend/postmaster/startup.c 

        backend/access/transam/xlog.c, StartupXLOG function 
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Ὥ  Ἓ   ᶞ ֠Ṏ Ӓ ,  ḁ  ◕Ⱡṑ᷄ḁ. 

 

⁬Ԃҍ ἰṎ  ʊᾧṭ Ἓ֚ṍ   ӨӔҍ ḏ ֥  Ἓ Ḫ ᷄ḁ. Ὣ Ὤ Ἓ, 

ҍ ṍ  Ṷ  ⁬ԂṎ ◄ ὗ Ӏ ⁫ ᷄ḁ. Ἓ   ἛⱢ   ἰṑ᷄ḁ. 

 

♣ ♠╬ ╥ ṓ̯ ̓♬╘ ӎ Ѿ́ᴛ ̯ἛӋѱѻ. ᴞ- √ӥ Ѿ́⁄ἌѤ ▌‡Ḳᵛ 

▬‰╙ ḙṓ ⁴ WAL ᶜ╙ ◓Ỹ ѱѻ. ᴞ-ḥ Ѿ́⁄ἌѤ ἌḲ╥ ᾒ  ᾎ♩⁄Ἄ ῷֹו 

ḐӇּת Ώ╘ נ◔Ἢ╙ ַאѾᾎ ѱѻ. 

PostgreSQL⁄ἌѤ ӎ Ḵ  Ѿ́╬ ᴞ-ḥ Ѿ́ʺ ⅝  ⁄Ώᾋѱѻ. ṓ̯ ⁄Ѥ CLOG תּ

Ḉ₰ᴮӈ נ◔Ἢ⁄ ̕  Ḑ ֞Ѥ ַאѾ ẋ ʺ Ӈּת Ώ╙ ˦░ѱѻ(͙ὥ♠╖ᴛѤ 

Ἓ נ◔Ἢ╙ Ϯ Єѱѻ). ͎ױϮ ҉ נ◔Ἢ╪ җ ╪Ữ ᾒ  ╙˦ ΏѻѤ תּ╪אַ 

ᾒ  ῼ̆ ▓╖ḃᴛ, ╪Ѥ ַאѾӈ ˦╖ᴛ ʼלӋѱѻ.106 

 

ὣ  ʊ♄―ὗ   ᾧṫἛ ҙ Ἓ  ὗ ῞ἄ Ɑ  :ḁ᷄ בּ 

postgres$ pg_ctl stop - m immediate 

 

○Ἓ  Ỵ  ◄  ʊḁ Ӧ Ҝ ᷄ḁ: 

postgres$ /usr/local/pgsql/bin/pg_controldata \  

- D /usr/local/pgsql/data | grep 'state'  

Database cluster state: in production  

 

♄―ὗ ᾠ  ἛⱢ  ʊ ҍ ῼ◕  Ҕ ә ⁬Ԃ ᾧṫἛ ᷄ḁ: 

postgres$ pg_ctl start - l /home/postgres/logfile  

postgres$ tail - n 6 /home/postgres/logfile  

LOG: database system was interrupted; last known up at 2023 03 06 

14:01:49 MSK 

LOG: database system was not properly shut down; automatic recovery  

in progress  

LOG: redo starts  at 0/3E7EF7E0 

LOG: invalid record length at 0/3E7EF890: wanted 24, got 0  

LOG: redo done at 0/3E7EF818 system usage: CPU: user: 0.00 s,  

system: 0.00 s, elapsed: 0.00 s  

LOG: database system is ready to accept connections  

 

♄―ҍ ◄ Ἓ ṍ  ʊӒ  postmaster  ʊᾧṭ Ớ  Ӎ   ḁ   

ὗ  ᾧṭ ″ӒṎ ὗ Ṷ  ֥Ἔ ᷄ḁ. 

 

 WAL ὗ Ɫ : 

=> SELECT pg_current_wal_insert_lsn() ;  

pg_current_wal_insert_lsn  

 
106
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0/3E7EF908 

(1 )  

 

ᾌ  ♄―ὗ ῶὔӀ  ⁵᷄ḁ: 

postgres$ pg_ctl stop  

 

○Ἓ  Ỵ  ◄  ʊḁ Ӧ Ҝ ᷄ḁ: 

postgres$ /usr/local/pgsql/bin/pg_controldata \  

- D /usr/local/pgsql/data | grep state  

Database cluster state: shut down  

 

WAL  ᴸ ♄ CHECKPOINT_SHUTDOWN ᾨ ḁ.  ʊ᷄ בּ ⁯   ὗ ᵁ ᵗ᷄ḁ: 

postgres$ /usr/local/pgsql/bin/pg_waldump \  

- p /usr/local/pgsql/data/pg_wal - s 0/3E7EF908 

rmgr: XLOG len (rec/tot): 114/ 114, tx: 0, lsn:  

0/3E7EF908, prev 0/3E7EF890, desc: CHECKPOINT_SHUTDOWN redo 

0/3E7EF908; tli 1; prev tli 1; fpw true; xid 0:888; oid 24754; multi  

1; offset 0; oldest xid 726 in DB 1; oldest multi 1 in DB 1;  

oldest/newest commit timestamp xid: 0/0; oldest running xid 0;  

shutdown 

pg_wump: fatal: error in WAL record at 0/3E7EF908: record  

length at 0/3E7EF980: wanted 24, got 0  

 

ҍ   pg_waldump ᾕ  ʊ ḏ ὣ ҍ WAL  ᴸֱ  ḁ  ʊҹ  ᵁ ᵗ᷄ḁ. 

 

 ὗ ḁ   ⁵᷄ḁ: 

postgres$ pg_ctl start - l /home/postgres/logfile  

 

10.5  ֚Ớ ṫ  ֥

Ὥ    ṫҍ ″ӒṎ ὗ ― ♄ ұ   ʊ◄ Ớᾠ, ḏ ὗ Ṷ  ֥Ἔ  ᷄

ḁ.  ʊ   ʊ◄ ῡἛ ḓ  ֥ ҏ  ῼ◕ Ӏ ṑ᷄ḁ. ẁỚ♄ Ỷ   ֚Ớ ṫ ♄ ℮ṅ֥

Ἓ ὣ  ʊҹ   ᷄ḁ. 

 

Ỷ  checkpointer   ₐₒ Ἓ ὣṍ Ὥ,  ′ Ӏ ὣṍ  ᷄ḁ. ẁỚ♄ 

vhPostgreSQL   ֚Ớ ṫ ♄  ֥Ἔ   ‴  ♥ӔṎ bgwriter
107
Ớ  ʊ ҍ ἛⱢ ὗ Ӥ ᷄

ḁ.  ἛⱢ  ʊ ұ  Ҝ  ―  ◌ әὣ  ▐ Ὥ, ḁ  Ṕ ҍ    ᷄ḁ: 

 

 ̧ bgwriter  ἛⱢ  ʊ ұ ⁫ḁ Ṡ   ʊ  Ἔ ṫὗ ▐ ᾞ, Ὼ Ἓ ḝ ↑ὔӀ 

ṑ᷄ḁ. 

 
107

 backend/postmaster/bgwriter.c 
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 ̧ ― ὗ ּד  ʊṅ  ▐ ỳ  ʊҔꜙ  ᷄ḁ. 

 

Ὥ  ― ҍ ә ṍ  ә ▐ ỳ ҍ 0 Ớᾠ, ″ӒṎ  ʊṶ  ֥Ἔṑ᷄ḁ. ẁỚ♄ 

bgwriter  ʊ ұ  ṍᾞ, ұṏ ҍᶾⱠ  ᶋ  ὗ ῦὣ Ṷ  ֥Ἔ ᷄ḁ. 

 

ὗ  ұὗ  ♠ Ṏ ― ҍ ֽᴶ  Ὅ  ᶋ   .ḁ᷄ בּ 

 

10.6 WAL ♥  

 ԂⱠ 

  ꜚ ҏ(ḝ   ʊ″ӒṎ ― ὗ Ṷ  ֥Ἔ  ʊ ҏ)  

checkpoint_completion_target (֥⁮Җ: 0.9) ὺҟ″ּב   ṑ᷄ḁ.  Җ  Ṕ   

 ▐  ḏṎ ֥Ἔ ҏ  ℮  ᷄ḁ.  ὺҟ″ּבὗ 1Ἓ ♥   ᶷḫ, ֚ἃӀ 

ᾠ  ҍ ἰṍ  ֥  ḁ  ҍ ṏ ּב ᷄ḁ.  ῼ◕   ҹ

Ὥ  ‗  Ỵ ὗ  ּב ῡἛ ◄  ṅ  Ḅṏ ּב ᷄ḁ. 

 

ḁὖ ὺҟ″ּבὗ ♥  ẋ  ʊḁ Ӧ Ҝ   ֜   ▐ ḁ. ᾌ᷄ בּ  ,  Ṕ  ▐

 ṏ WAL   ỳ  ᷄ḁ. ỳ Ἔ ₐבּ   ʊ ṯ Ὥ,  Җ   ▐

ʊ  בּ   ӤҏӦ ṍ  ʊ⁬Ԃ ҏ   ṏ ҹ ᷄ḁ.  

 

Ὼ  ἛṫἛ  ⁯ὐ  ◕Ⱡ  ʊḫ  ҏ  Ἄᾠ  ֥▲  LSN  ֥Ἔ ә ẋẋἛ  

▲   ὗ  ᷄ḁ. ἃӀ ᾠ  Ⱡᶾ   ʊḫ ḻ  ṏ ҹ ᷄ḁ. 

 

Ώ יּ   ʊ Ὼ   ҏӉ Ἓ ҍ ṍῡἛ checkpoint_timeout (֥⁮Җ: 5 )o ὺҟ″ּיҖ Ἓ 

▐ ṏ ҹ ᷄ḁ. ֥⁮ ♥  ᵡ  ̈͂ ῡἛ Ὼ בּ  Ἓ 30ₒ Ἓ ҍ ᷄ḁ. 

 

֚Ỵ  UἛṫҍ ẋẋἛ ᶋ ῡἛ,  ҏӉ ṅ בּ   ◕Ⱡṍ  ʊWAL  ֥ҍ ᵡ  ̈͂  .ḁ᷄ בּ 

Ỷ Ӓ   ʊḝ  ṍ  ᷄ḁ. Ỷ ὣұὗ ♥  ֥  ⁬Ԃ   WAL 

 ֥ὗ max_wal_size(֥⁮Җ: 1GB) ὺҟ″ּבἛ ᷄ḁ.  ӘҖ  Ӧ ᾠ ♄―  ʊ ҍ  

ὗ ᷄ḁ.
108

 

 

⁬Ԃ   WAL  ʊ  ἰṎ  ῳ  ἰṍ     ᾧṭ ᾨ  

ṑ᷄ḁ. ẁỚ♄ ◄ṍ  ʊ ỳ   ҏ  Ӕ▓Ṏ WAL ֥  

checkpoint_completion_target ὗ Ӣ  Җ ᷄ḁ. 

 

PostgreSQL Ḳ♣ 11 ╪♣⁄Ѥ ӎ ˌ╥ ₰ᴮӈ ╬ ᵑ ─  WAL ▀╙ ┬ּת ╖ḃᴛ 

̏ Ѥ ˃╘ 2 + checkpoint_completion_target ₄ᾋѱѻ. 

 

  ֜   ẁὔᾠ ḓₐₒ   ʊcheckpoint_timeout  ҏӉὫḁ ḓἛ ṍ Ὥ, Ἓṫҍ 

ҍ  ʊӒ  WAL ֥ҍ max_wal_size Җ  Ӧ  ẋ ҍ ῼ◕ṑ᷄ḁ. 

 

 
108

 backend/access/transam/xlog.c, LogCheckpointNeeded & CalculateCheckpointSegments functions 
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  ◄  ◄  ℮ӽ  ֥ Ἓ ṑ᷄ḁ:
109

 

 

 ̧   ◄  ῦ ὣṎ Ṏ  ℮ Ἓ ṑ᷄ḁ. 

 ̧ ◄  ◄ ( ҏ ֥ )  ῦ  ɐ ҏ  ℮ Ἓ ṑ᷄ḁ.  ʊ ҍ 

checkpoint_timeout ö checkpoint_completion_target ҏӉ ᵒ  ἰṍ  ḁә ҍ

᷄ḁ. 

 ̧ ◄  ◄ (  ֥֥ )  ῦ  WAL  ℮ Ἓ ṑ᷄ḁ. ֥♄ ◄ṍ  ʊ  

בּ  ʊmax_wal_size ö checkpoint_completion_target  Җ  ֥Ὼ Ἓ ṑ᷄ḁ. 

 

Ὥ  ″ӒṎ ҍ ⁫ḁ ↔ὣ Ṷ  ֥ἜṎḁᾠ, checkpointer  ʊ  ṑ᷄ḁ. ὺҟ″ּב  

ᵁỚḻ  ῼ◕ ᾠ ҍᶾ   ↔ὣ ẁỚ ᷄ḁ.
110

 ҏӦ ḫ   ֥ᾧṔ әἌṍῡἛ 

PostgreSQL  Ṏ   ẁὖ ὗ ṅ    Ἓ Өὣ  .ḁ᷄ בּ 

 

ҍ ἰṎ  ʊḝ ◄ ⁬Ԃ    WAL  ░ ṑ᷄ḁ.
111

 ֚Ỵ  U  a  

min_wal_size(֥⁮Җ: 80MB)ֱ  ▐   ṍә Ḅּד  Ὑ  ″Ӓṑ᷄ḁ. Ỵ  Ὑ ″Ӓ  

ꜚ   ◕Ⱡ ῳ ░ Ἓ  ― ṫὗ Ὥ, ▐   ʊӒ  wal_recycle (֥⁮Җ: on) ὺ

ҟ″ּבὗ ▐   ֥ᶾ  ℮ Ⱡ  .ḁ᷄ בּ 

 

ḁ  ֚ὧ  Ὼ  ◄ ♄ Ṷ  Ṏ WAL  ֥ҍ ẢӀ ″ ᶷ ὗ ⁫ ᷄ḁ. 

 

 
 

Ṷ  Ṏ WAL    max_wal_size Җ⁫ḁ  Ӓ ҍ  ּב ḁ  ʊ  Ṕ  Ṕ  ʊ

ҹ  ᷄ḁ: 

 ̧ max_wal_size ὺҟ″ּב  ʊ ṫ   ᷆  ʊḓ◄ Җ Ἓ ṑ᷄ḁ. ₐ ҍ ֡  ʊӒ

 ֥Ἔ  ⁫ḁ ᶿ  .ḁ᷄ בּ 

 ̧ ♄―  ʊ  ⁬ ṍ   Ắ  ʊӔꜚṍ  ʊ ⅞ ὣҍ  WAL  ░  ԑ  

᷄ḁ.  ֥ᶾ  Ⱡ Ṏ Ӓ  ʊ ꜚ Ἓ ᾧ᷄ Ὢṍ  ᾞ, Ṷ  ― Ἓ ὗ אל

Ӏ ῼ◕  .ḁ᷄ בּ 

 ̧ wal_keep_size(֥⁮Җ: 0MB) ὺҟ″ּבὗ ԂⱠ  WAL   Ӥҏ  .ḁ᷄ בּ  

 
109
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110
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 ֚Ớ ṫ  ֥ԂⱠ 

checkpointer ὗ ԂⱠ   ʊbgwriter ḻ ♥  ᷄ḁ.  Ṕ ἛⱢ  ʊ  ṫҍ ▐  ֥  

″ӒṎ ― ὗ Ṷ  ֥Ἔ  .ḁ᷄  בּ 

 

bgwriter  ʊ ṅ  ֥ Ἓ  ᾞ, bgwriter_delay (֥⁮Җ: 200ms) ҏ Ḅ Ἓ ḓ֥ ᷄ḁ. 

 

Ṕ ‗    ▐  ֥ἜṎ  ּב  ʊ      ṫ   Ɫ Ṏ ― בּ֘    ẁ

Ớ ḆỚ ᷄ḁ (PostgreSQL  ṅ ֘  ▐  ҍᶾ  ֡  ә ṅ  ὺ  ỦṎ ḫ  

 ḻἜ ᷄ḁ). Ӕ▓Ṏ ּב  ʊbgwriter_lru_multiplier (֥⁮Җ: 2)Ἓ Ӣ ᷄ḁ. ֚Ỵ  U ẖ Ӓ

ḻ Ḅ  ♄ ֥ἜṎ  ּב  ʊbgwriter_lru_maxpages (֥⁮Җ: 100) Җ  Ӧ  .ḁ᷄ בּ 

 

″ӒṎ ― ҍ Ҕ ṍ   ʊӒ  ( , ♄ ῁Ỷ ṅ   ʊӒ ), bgwriter  ʊ  ṫҍ ―  

Ɫ  ẋֱ  ḓ֥ ᷄ḁ. ֚Ỷ ḁ  ֽ ᵁ♄ ◄  ṅ  Ӕꜚ ᷄ḁ. 

 

ᾧ᷄ Ὢ 

 ♥  ᾧ᷄ Ὢ ḫ  ẁỚ ṏ ּב ᷄ḁ.  

Ὥ  ♥ Ṏ checkpoint_warning (֥⁮ ♥ Җ: 30 ) ὺҟ″ּב⁫ḁ  ▐  ֥Ὼ ҍ Ṏ

ḁᾠ, PostgreSQL  Ӓәὗ ῼ◕ Ӏ ṑ᷄ḁ.  ♥ Җ  ḓ ₐ ҍ ◄ṍ  ʊּב  ί   

᷄ḁ.  

 

log_checkpoints (֥⁮ ♥ Җ: off ) ὺҟ″ּב  ʊ  Ө  ⁫ὗ ♄― Ἓ֚  Ἅ  ʊ֥ᶾ  

᷄ḁ.  ֥ᶾ  Ⱡ ⁫ḻἜ ӆ ᷄ḁ: 

=> ALTER SYSTEM SET log_checkpoints = on; 

=> SELECT pg_reload_conf(); 

 

 ḫ ὗ ּב ә ὗ ⁫ӆ ᷄ḁ: 

=> UPDATE big SET s = 'BAR'; 

=> CHECKPOINT; 

 

♄― Ἓ֚  ʊ   ⱠṎ ― WAL  ″Ӓ   ,בּ   Ө  Ӕ, 

  ꜚ ҏ ῳ Ṕ    ҏ  ұὣ(ῶ )ҍ ṑ᷄ḁ: 

postgres$ tail - n 2 /home/postgres/logfile  

LOG: checkpoint starting: immediate force wait  

LOG: checkpoint complete: wrote 4100 buffers (25.0%); 0 WAL file(s)  

added, 1 removed, 0 recycled; write=0.076 s, sync=0.009 s,  

total=0.099 s; sync files=3, longest=0.007 s, average=0.003 s;  

distance=9213 kB, estimate=9213 kB  

ԂⱠ Ӎ   ῦ ʊҍ  בּ    ḫ  ʊpg_stat_bgwriter  ₱ ♄ Ӥṍ  ʊ ֚Ớ ṫ 

֥    Ө  Ӕ ᷄ḁ.  
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Ḳ♣ 9.2 ╪♣⁄Ѥ ӎ ▬‰ ᶛӎ bgwriter ⁄ ╥  ὡ Ӈ‴╖ᶒ, ͎ ⁄Ѥ Ṋҵ╥ 

checkpointer  ᴛἝᾅʺ ҵ░Ӈ‴ּתᵣ ̑ ӈ ṾѤ ṉ˿Ӈּת Ώ ᾋѱѻ. 

 

=> SELECT * FROM pg_stat_bgwriter \ gx 

[ RECORD 1 ] +  

checkpoints_timed          | 0  

checkpoints_req            | 14  

checkpoint_write_time      | 33111  

checkpoint_sync_time     | 221  

buffers_checkpoint        | 14253  

buffers_clean            | 13066  

maxwritten_clean         | 122  

buffers_backend          | 84226  

buffers_backend_fsync    | 0  

buffers_alloc            | 86700  

stats_reset              | 2023 03 06 14:00:07.369124+03 

 

 ₱  ʊ ἰṎ  ּבὗ ⁫ ᷄ḁ: 

 ̧ checkpoints_timed  ṫ  ʊ Ṏ ὗ ᵁ ᵗ᷄ḁ(   ҏӉ  ḻḆ

 ẋ ὣұṐ). 

 ̧ checkpoints_req  ṫ  ʊ   ὗ ᵁ ᵗ᷄ḁ(max_wal_size ֥  ḻḆ  ẋ 

ὣұṍ  ʊҹ  ). 

 

◄ ҍבּ   ὗ Ӧ  Ӓ ,  ʊcheckpoints_req  Җ  checkpoints_timed  Җ⁫ḁ  

ẋὗ ὰ ᷄ḁ. Ắ , ḁ  ṯ  Ө   ֥ Ӕḻ Ӏ ӈ ᷄ḁ: 

 

 ̧ checkpointer ҍ Ⱡ  buffers_checkpoint  בּ  

 ̧   ṫҍ Ⱡ  buffers_backend  בּ  

 ̧ bgwriter ҍ Ⱡ  buffers_clean  בּ  

 

 Ṏ ♄  ʊbuffers_backend  Җ  buffers_checkpoint  ҖӦ buffers_clean  Җ  Ӕ⁫ḁ 

 ᵎ  ᷄ḁ. 

 

 ֚Ớ ṫ  ֥♥   ʊmaxwritten_clean  Җ   ְӀ ⁸  ᷄ḁ.  Җ  

bgwriter_lru_maxpagesἛ ♥ Ṏ ӘҖ  Ӧ  bgwriter ҍ ḄṎ ּבὗ ᵁ ᵗ᷄ḁ. 

 

ḁ בּ   Ṏ Ӕὗ ֥  ҹ ᷄ḁ: 

=> SELECT pg_stat_reset_shared('bgwriter');  
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11  WAL ᾧṫ 

11.1 Ⱡ  ʒ

♄―ҍ ◄ ṅ  ʊṅ  ʊWAL  ꜚ Ἓ Ṷ  Ⱡṑ᷄ḁ. ֚Ỵ  U   ֥ ṯ דּ 

Ἓ ṍᾞ, ұ  ῁ Ἓ ֜  ♄ HDDἛḻ ὣ ҍᶾ ᷄ḁ.  Ҝ  ₐ   ʊ Ὼ

 ḫ   ֜Ӧ Ὦ  ḁὔ  ֥ẋῄ , WAL   ‴ḻ  ῇὣ  ꜙὗ ♥ ә 

PGDATA/pg_wal Ἓ֚ὗ Ὣ Ṏ   Ṷἅ ὣἛ ḓ  ʊ ⁯ὤ Ὢ Ἓ ῶᴒ  ʊҹ  ҍ

 ʊ♠  .ḁ᷄ בּ 

 

WAL ▀╙ ▄̆ ΰ ⅝ʺ ▓Ѥ ˿↕Ѥ לᴛ ӎ ʺּת░ѱѻ. ϮѤ ҹ ṓ̯גѤ ᶘ  

˿↕╪ᶒ, ֞ ѻᵐ ϮѤ ᾅ ᵙḒ ṓⱠ░ѱѻ. walsender112 ᴛἝᾅѤ WAL ᶜ╙ ▀⁄Ἄ 

⅝ ╪Ἄ ṓⱠṕגѱѻ.113 ӻ₪‡▄ ♪וֹ ṕ ἌḲ╥ OS Ḳ͙ וῷֹ ʺתּ╪  ⁄ ▓╙ ԅ 

ṓⱠṕ╪ WAL ᶜ╙ Ḛּת ᶣ ѻᶔ, ҥ╪ ᵑ Ӱᾅ ⁄Ἄ ▄‡₮‒ ѱѻ. ͎ױϮ ╪ױ  

♪͐ Ḣᾏҵ ᶴ▬─ʺ ῷѳ ὣ ♠╖ᴛ ╪ᴴ‡︡ѱѻ. 

 

WAL ᾨ  Ủ Ṕ ҍ  ᾧṫ  ᵁἛ Ⱡṏ ּב ᷄ḁ: 

 

 ̧ ṅ  ֥ᾧṫ  ʊ Ứ Ɑ ΅  ӨἎṎ ᾧṭ WAL ᾨ  Ṷ   ẋֱ  ҍ  Ḅ

᷄ḁ. 

 ̧ ℮ṅ  ֥ᾧṫ  ʊ Ứ Ɑ ΅   ἶ ᾞ, WAL ᾨ    ֚Ớ ṫ ♄ Ṷ  

Ⱡṑ᷄ḁ. 

 

 ᾧṫ  ʊsynchronous_commit(֥⁮Җ: on) ὺҟ″ּב   Ӎ ṑ᷄ḁ. 

 

ṅ  ֥ᾧṫ ♄  ʊ  ̈́▐  ἩⱠ Ӏ ֥Ἔ  ֥  WAL ᾨ    Ḇ  ʊҹὭ Ἓ  ʊ ₒ

 ᷄ḁ. Ṷ  ṅ֥ ҍ ⱠӤ Ἓ ἰṍ ᶷ   ᷄ḁ. ṅ֥  ʊ  I/O   ῦ

ᾞ(ὺ  ᶵὦ ּב ᷄ḁ), ҍᶾ ḁᾠ   ꜙ  ʊҹ  ᷄ḁ. 

 

ὗ  Ứ Ɑ  ἰ ә WAL ᾨ  Ṷ  Ⱡ  ʊ  ṫ  ʊcommit_delay(֥⁮Җ: 0 ) ὺҟ″

בּ Ἓ Ṏ   ὗבּ ḁ. ֚Ỵ᷄ בּ   U    ʊ  ꜙ  

commit_siblings (֥⁮Җ: 5) ҟ  Ⱡ Ứ Ɑ   ẋὭ ῼ◕ ᷄ḁ.
114

    ṅ   a Ứ

Ɑṯ  ἰṏ ּב ә, ♄―  ʊᾧṭ WAL ᾨ   ‗  ṅ֥ ḁ.  ʊὫ᷄ בּ   ᶞԄҍҍ ὣ†

 ῄ  Ṕә ḁὖ ▐Ở  ↑ὔӀ ṯ ḻἜ  ʊҹӦ ℮ ᷄ḁ. 

 

֥⁮ Ἓ  ʊ Ỷ   ʊ ᷄ḁ. commit_delay ὺҟ″ּב  ʊ Ἓ Ὦ    OLTP Ứ Ɑ  

ὣ  ʊ ♄  ʊҹ  ῦ ᷄ḁ. 

 

  , Ứ Ɑ  ἰ  ʊ ἛⱢ  ʊᾧṭ ᶞ Ṏ WAL ᾨ  Ṷ  Ỵ ә ṅ֥ ὗ ּב

 
112

 backend/replication/walsender.c 
113

 backend/access/transam/xlogreader.c 
114

 backend/access/transam/xlog.c, XLogFlush function 
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᷄ḁ(  ̈́ ᾨӦ ӨἎṎ  ᾨ ᾧṔ  ʊҹ  ᷄ḁ.  ֚  ᾨ  ҍ ℮   Ⱡ

ṑ᷄ḁ).  

 

 ₐ  ACID  ᵒԂⱠ Ԃ▐  ⁫ ṍᾞ, Ứ Ɑ  ἩⱠ Ӏ ΅Ṏ ҹ Ἓ ҏ ṑ᷄ḁ.
115

 

ҹ  ṅ  ֥ᾧṫҍ ֥⁮ ᾧṫ  ᷄ḁ. 

 

֚Ỵ  Uṅ  ֥ ΅  Ḅ  ḝ  ֧ḓ  ֥ ҏ(COMMIT ᾤἔ  ṅ֥ ҍ ἰṏ ẋֱ  ὗ Ὼ  )

Ӧ  OLTP ₐ  Ө   ὣỳ  Ҕꜙ ᷄ḁ. 

 

℮ṅ  ֥ᾧṫ ♄  ʊWAL ᾨ  ℮ṅ  ֥ ΅
116

Ἓ Ⱡ Ἄᾠ synchronous_commit ὺҟ″ּבὗ ב  

᷄ḁ. 

 

 ᾧṫ ♄ WAL ᾨ  walwriter
117  

ἛⱢ ҍ Ṷ  Ⱡ ᷄ḁ.  ἛⱢ  ʊ Ӧ  ‗ґ

 ҍᾞ ּב ᾞ,  ҏ  wal_writer_delay (֥⁮Җ: 200ms) Җ Ἓ ṑ᷄ḁ. 

 

 , ἛⱢ  ʊ ♄ ○Ἓ  WAL ὗ ᷄ḁ. Ὥ  ○Ἓ  ҍ ḁᾠ 

 ὗ ҳᵡỀә ḏ ṯ  Ṷ  Ⱡ ᷄ḁ. Ὥ  ḁᾠ,  Ὼ   ὗ Ⱡ

᷄ḁ.
118

 

 

 әὣ  ᾨ  ṅ  ὗ Ỵ ‗ Ỵ  ḻἜ , ḫ  ″Ӓ  Ὦ   ₐ  Ө

 Ⱡ  ʒ ◄  ҍ  ʊҹ ᷄ḁ. 

 

WAL  ʊὪ ― Ἓ ▐ ṍ Ὥ, walwriter  ʊ  Ὣ Ὤ  ḻḆ ᾠ ṑ᷄ḁ.  , ḁ

 Ⱡ ֥  ʊ  ‗  ₐ  ṑ᷄ḁ. ẁỚ♄ ҍ    Ӓ  ʊwalwriter ҍ  WAL ᾨ

 ḻḆ  ֥  Ɫ ‗ ḁ: ᾌ᷄ בּ      ᴸ   ʊᾧṭ   ὗ 

Ⱡ ә, Ἓ ḿ ҍ Ὣ Ὤ Ἓ ḏ ᾨ  Ṏ Ὼ  ℮   ʊ ὗ ὣ ᷄ḁ. ֚Ỵ  U

ḓₐₒ  Ӓ  ʊ  Ṕ ҟ  ֥Ἓ ₒ ᷄ḁ. 

 

ṅ֥  ʊwal_writer_flush_after (֥⁮Җ: 1MB)Ἓ ♥ Ṏ ḫ   Ⱡṏ ẋὫḁ ּב ṍᾞ, Ⱡ ֥

 ᴸ ♄ḻ  ‗ ḝ ּב ṑ᷄ḁ. 

 

℮ṅ  ֥ ΅  ῇὣ  Ṷ  ֥ὗ ֥ḁὦ ҍ  ֥ẋῄ  ṅ  ֥ ΅⁫ḁ ↑Ὓ᷄ḁ. ֚Ỵ  U ἩⱠ

 ṑ᷄ḁ:  ῼ◕  ΅Ṏ ḫ  ʊ֥⁮ Ἓ ḓ 3 Á wal_writer_delay  ҏ(0.6 ) ṅ  

ꜜ ṏ ּב ᷄ḁ. 

 

 ⱢӔ ♄  ʊṅ  ֥ᾧṫ  ℮ṅ  ֥ᾧṫҍ ♄Ἓ ⁫ Ἓ ▐ ṍӛ ᷄ḁ. ṅ  ֥ᾧṫ ♄ḻ  ֧ Ứ

ⱭӦ ӨἎṎ WAL ᾨ  ℮ṅ֥ Ἓ Ⱡṏ ּב  WAL ― ὗ  ּב ᷄ḁ. ῺḓἛ, ―  

♄ ұṏ  ӨἎṎ WAL ᾨ  ℮ṅ  ֥ᾧṫ ♄ḻ  Ṷ  ֥Ἔṑ᷄ḁ. ֚ἃ  ᾠ  

Ӕꜚ  .ḁ᷄ בּ 

 

 
115

 backend/access/transam/xlog.c, RecordTransactionCommit function 
116

 postgresql.org/docs/14/wal-async-commit.html 
117

 backend/postmaster/walwriter.c 
118

 backend/access/transam/xlog.c, XLogBackgroundFlush function 



 171  

ⱠᶾӦ ᵒԂⱠ ▐ ♄ ḓₐₒ  Ӓ   ♥Ӕ  ʊ Ἄ  ♠   ᷄ḁ. 

 

synchronous_commit ὺҟ″ּב  ʊ  Ứ Ɑ  ḓ  ♥ ḁ. ᾧṭ Ứ᷄ בּ  Ɑ  ḓ Ἓ 

 ҹ Ἓ ⁸  ұ (U : ֠  ḫ  ὣ)   Ứ Ɑ Ἓ  Ἓ֚Ừ ּב ♄ ₒὊ

ḁᾠ,   Ứ בּ  Ɑ    Ҕּב ᾠ♄ Ⱡᶾ  ◄  .ḁ᷄ בּ 

 

℮ṅ  ֥ ΅   Ⱡ  ʒ ◄  ⁫  ֥  pgbench ὗ ▐  ṅ  ֥ᾧṫ  ℮ṅ  ֥ᾧṫ

♄   ҏӦ ὣỳ  ℮ӽ  ⁫ӆ ᷄ḁ.
119

 

 

ᾌ   №  ֥ ᷄ḁ: 

postgres$ /usr/local/pgsql/bin/ pgbench - i internals  

 

ṅ  ֥ᾧṫ ♄ 30  ṅ  ὗ ᷄ḁ: 

postgres$ /usr/local/pgsql/bin/ pgbench - T 30 internals  

pgbench (14.7)  

starting vacuum...end.  

transaction type: <builtin: TPC B (sort of)>  

scaling factor: 1  

query mode: simple  

number of clients: 1  

number of threads: 1  

duration: 30 s  

number of transactions actually processed: 20123  

latency average = 1.491 ms 

initial connection time = 2.507 ms  

tps = 670.809688 (initial connection time   )  

 

 ℮ṅ  ֥ᾧṫ ♄ ṅ  ὗ ᷄ḁ: 

=> ALTER SYSTEM SET synchronous_commit = off; 

=> SELECT pg_reload_conf(); 

postgres$ /usr/local/pgsql/bin/ pgbench - T 30 internals  

pgbench (14.7)  

starting vacuum...end.  

transaction type: <builtin: TPC B (sort of)>  

scaling factor: 1  

query mode: simple 

number of clients: 1  

number of threads: 1  

duration: 30 s  

number of transactions actually processed: 61809  

latency average = 0.485 ms 

 
119

 postgresql.org/docs/14/pgbench.html 
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initial connection time = 1.915 ms  

tps = 2060.399861 (initial connection time   )  

 

℮ṅ  ֥ᾧṫ ♄  ҏḄ  • Ὣ  ʊ  ҏ  ◄ḏ  ᵎә ὣỳ(TPS)  ᶋ  ⁫ ᷄ḁ. ῇἝ Ҏ 

  ₐ  ẁỚ ḁὖ ӍӦὗ ⁫  ҹ Ὥ,  OLTP Ứ Ɑ  ῦ  ʊ  Ӏ ᶵס  בּ 

᷄ḁ. 

 

֥⁮ ♥ Ἓ ⁬ ӆ ᷄ḁ: 

=> ALTER SYSTEM RESET synchronous_commit; 

=> SELECT pg_reload_conf(); 

 

11.2  ⱠFault Toerance 

▐  ֥Ἔ Ἓ֮  ẖ ◄ ♄Ớḻ ( Ԃ  ꜙ ҍ ꜜṍ   ʊ ◄) ḿ ⁬Ԃὗ Ὼṫ  ⁫  

ḁ  ʊҹ  ₒᾤ ḁ. ḫ  ӨⱠ ʊὮ  בּ     ꜙṯ  ӆ Ὥ, ֥♄  ʊ , ḫ

 ꜜ◄ ֚ὣә ℮  ֥  ḓ ♄Ὥ ḁἶ  ⁯ ḁ.120 

 

 ︡

℮ ῼⱠ (ꜙ : ṫ Ṷ )  ḻḆ  ֥  ḫ  ʊ Ỵ ὗ ұ   .ḁ᷄ בּ 

 

Ṷ  ֥  ʊ Ἓ  ʊ  Ӏ ḫ ὗ  ᵭḻἜ  ʊҹ  ╝ ᷄ḁ(    RAM  

ḁὖ ₐₒӦ Ὣ ҍ Ἓ ḿ  ᷄ḁ).  ֥  ʊ   I/O  Ỵ ♥  ẁỚ ℮ṅ֥

Ἓ ἶ ᷄ḁ.  

 

Ỵҍ ḫ ὗ Ỵ  ḁә Ӎ ᾠ,  ḫ  ʊ ὣ   ( : HDD)Ἓ ṅ Ӏ 

ṑ᷄ḁ. ὣ   ʊ  ṯ  ֚Ἳ  ʊṴ   “ Ἓ ֥ὗ ֥  ḁ. RAID᷄ בּ 

ἠỴ  ʊṶ    ▐  ҍ   ἄ‪  Ӥ ᷄ḁ.  

 

‴  ὗ   ʊ , ḫ ҍ ἩⱠ Ӏ Ṷ  ṍ  ʊ  ḁ. Ὥ᷄ בּ  

Ὼ Ἓ  ʊ▐  ֥Ἔ Ἓ (֮WAL)   ֥ẋῄ  ֚ὣ  ᷄ḁ.
121

 ֚Ỵ  UWAL ᾨ  ʊ Ἡ

Ⱡ Ӏ  Ṷ  ṍ  ᷄ḁ. ℮ṅ  ֥ᾧṫ  ḓ ♄ḻ Ὣ ҍ ᷄ḁ. ֚ἃ  ᾠ WAL 

ᾨ בּ  Ṏ ḫ ⁫ḁ ᾌ  Ṷ  ֥Ἔṍ  ʊҹ  ⁫  .ḁ᷄ בּ 

 

 ἛⱢ  ʊ'ḝ  'ὗ   ♄ Ṷ Ἓ Ӏ ӈ  ᷄ḁ. ḝₔ , ḁ

ὖ ἛⱢ בּ   Ṏ ᾧṭ  ( :   ֥Ắ  ʊ  ░ )  ṅ֥  ᷄ḁ. 

  ἰṍᾠ, ṯ ᾧṭ  ӍӦ  ʊ ῦ Ṷ  ṍ   ᷄ḁ.
122

 

 

Ắ , Ἓ֮ṍ   ṅ  ꜙ  ▐  ֥Ἔ Ἓ (֮WAL) ּב ♄  ʊṴ,  ֥ҍ  ḁ

ὖ ◄ ḻ ᷄ḁ. ὗ ,   ʊ℮ ῼⱠ ὣ Ἓ ḫ ὗ  ֥Ἔ  ֥  ḁ   “

 
120

 postgresql.org/docs/14/wal -reliability.html  
121

 backend/access/transam/xlog.c, issue_xlog_fsync function  
122

 backend/storage/sync/sync.c  
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 Ӥ ᷄ḁ. ṯ  Ӏ Ṕ ҍ     Ἓ  ּב ᷄ḁ:  ֥  ‴ḻ  ṅ֥  ᾤἔ(fsync  

Ắ  ʊfdatasync  Ṵ)  ұ ,U  ұ  U  ẋ ṅ֥ ὗ ּב ḻἜ  ʊҹ ᷄ḁ(  

  ὗ  ʊ  ֥ḻ ҍᶾ ᷄ḁ). 

 

pg_test_fsync  ὣ  ʊ     ẁỚ WAL  ṅ֥  ʊҍ    “  Ӎ  ʊ

ḫ ḻ  ṏ ּב ᷄ḁ. ♠  ʊ “  wal_sync_method ὺҟ″ּבἛ  ּב ᷄ḁ. ḁὖ  

ḓ ♄  ʊ  ṅ֥   “  ṅ Ἓ ♠ ṍᾞ,  ʊ▐ ҍ ԂⱠ .ḁ᷄ בּ 
123

 

 

֥♄    ҎҎ  Ӓ  ҍ    “  ṫ  ẁỚ ḁὗ ּב ḁ  ʊҹ ᷄ḁ. ὗ 

ṯ ,      ὣҍ Ṏ ἠỴὗ ▐  ʊӒ ,   ὣҍ    ḫ ὗ ⁫  ֥ẋῄ  

ὗ  ּב ᷄ḁ. 

 

Ὥ, ℮ṅ  ֥ ΅Ӧ ṅ֥ ὗ ᴭ  ʊҹ   ḁὖ ῄ ᷄ḁ. ṅ֥ ὗ ᴭ  ʊҹ(fsync  ὺҟ″ּב, ֥⁮

Җ: on)   Ⱡᶾ  ◄ Ὥ, ẖ ҍ ῼ◕ ᾠ ᾤ  ḫ  ꜜ Ἓ  ּב ᷄ḁ. 

Ὼᾠ, ℮ṅ  ֥ᾧṫ  ʊ ӨṎ ◄ ֱ  ḿ ⁬Ԃὗ ⁫ Ὥ, ҍ  ֜  ḫ  ḫ ҍ ᶞ ֠ṏ 

 .ḁ᷄ בּ

 

ḫ  ꜜ◄Corruption  

℮ וּ֥  ʊ ′  ♄, ḫ  ʊᾕᾧὣ  UṶ ♄, Ắ  ʊ  №   ꞈṍ  ʊṅ

 ꜜ◄ṏ ּב ᷄ḁ. Ỵ  Ὂ  ʊḓₐ  o ṫ בּ  ♄ ὣṍ Ὥ, ₐ  ʊ↑  .ḁ᷄ בּ 

 

Ỵ  ῄ ὗ  ῼӋ  ֥  PostgreSQL  ◄ WAL ᾨ  ♪ Ἓ ⁫ ᷄ḁ. Ắ  ḫ  

 ḓ ♄ḻ ♪  Ӕ▓ .ḁ᷄ בּ 
124

   Ỵ  ֥   U♄―ҍ Ṏ ◄

♄ pg_checksums
125

 ὣ ὗ  ּב ṑ᷄ḁ.
126

 

 

 ♄  ʊ ẖ Ӓ ḻ ♪  ◄ Ⱡ  ᷄ḁ. ҏ  Ӕ▓ ῳ  ₐḋ  ḝỚḻ, 

 ʊꜜ◄  ↑ὔӀ ῼӋ ʊ֥  בּ  ὗ ᶋ ᷄ḁ. ֚Ỵ  U Ủ  Ҝ  ᾥ ҍ   ◄  ᷄ḁ: 

 

 ̧ ♪ ҷ   ֜  ẋὭ ּב ṍῡἛ, ḫ  ꜜ◄  Ứ ҏ ṅ  Ҕ ṍ  בּ  

᷄ḁ.  ʊᾧṭ    ṍә ῶὖ ḫ  ⁮   ẋֱ  Ӕꜚṏ ּב ᷄ḁ. 

 ̧ Ἓ ֥ Ṏ  ʊ ῶὖ ҹ Ἓ ҏ ῡἛ,   ּבἛ ὗ Ἓ 

֥  ʊӒ   ῄ  ʊῼӋṍ   ҹ ᷄ḁ. 

 ̧ ♪  ӨӔ    ḓ ♄Ὥ Ӕ▓ṑ᷄ḁ. ḁὖ  ῳ ( : CLOG  Ứ Ɑ ◄ )

 ⁫ ṍ  ᷄ḁ. 

 

♪  Ⱡ ṍ  ᶷ   ֥   ֥  data_checksums ὺҟ″ּבὗ ᾠ ṑ᷄ḁ: 

=> SHOW data_checksums;  

data_checksums 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

 
123

 backend/storage/file/fd.c, pg_fsync function  
124

 backend/storage/page/README  
125

 postgresql.org/docs/14/app -pgchecksums.html 
126

 commitfest.postgresql.org/27/2260  
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on 

(1 )  

 

 ♄―ὗ ә №     aῶ ὗ Ἓ ֥ ⁵ ḁ: 

=> SELECT pg_relation_filepath('wal');  

pg_relation_filepath  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

base/16391/16562 

(1 )  

postgres$ pg_ctl stop  

postgres$ dd if=/dev/zero of=/usr/local/pgsql/data/base/16391/16562 \  

oflag=dsync conv=notrunc bs=1 count=8  

8+0 records in  

8+0 records out  

8 bytes copied, 0,00776573 s, 1,0 kB/s  

 

, ♄―ὗ ḁ  ᷄ḁ: 

postgres$ pg_ctl start - l /home/postgres/logfile  

 

▐  ♄―ὗ Ӕ  ꜚ ḻ Ӱ ᷄ḁ. ὗ Ṷ  ֥Ἔ ә ♄ ұ ֥Ὥ ᾠ ṑ᷄ḁ(֚ἃ

 ᾠ ♄―  ʊ Ṏ ―  Ӕ  ꜚ▐ ᷄ḁ). ֚Ỵ  U Ỵ   Ὑ  ֥ҍ ḝ ἑ ᷄ḁ. 

 

 №  ⁫Ἄә ḻ  ⁵ ḁ: 

=> SELECT * FROM wal LIMIT 1; 

WARNING: page verification failed, calculated checksum 20397 but  

expected 28733 

ERROR: invalid page in block 0 of relation base/16391/16562  

 

ḫ ὗ   ♄ ⁬ ʊӒ  בּ  , ꜜ◄Ṏ ὗ ⁫  ʊҹ  ꜙ  ῦҍ ᷄ḁ(ꜜ◄Ṏ 

Ἅ     Ҕּב  ). ὗ  ignore_checksum_failure(default: off)  ὺҟ″ּבὗ 

Ⱡ  ᷄ḁ: 

=> SET ignore_checksum_failure = on;  

=> SELECT * FROM wal LIMIT 1; 

WARNING: page verification failed, calculated checksum 20397 but  

expected 28733 

id  

̮̮̮  ̮

2 

(1 )  

 

 Ӓ  ᾧṭ ҹ  ῄ  ṍ ᷄ḁ. ᵛ ᾠ  ḝ  ℮  ₐ (o  WAL ᾨ  LSN)
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 ꜜ◄  ֥ẋῄ ᷄ḁ. ḫ   ʊꜜ◄ṍ  ᷄ḁ. 

 

℮   ֥

ḫ †   ʊ Ὼ Ἓ 8KBὗ Ὥ, ᵎ בּ  ♄  ʊ№Ἔ Ḅ Ἓ ֥ҍ ּב ṍᾞ,  №

Ἔ  ⁫  512byte  Ắ  ʊ4KB  Ҝ ◕ḁ. ẁỚ♄ ҍ ῼ᷄ בּ   ᾠ ҍ ₐₒ ἛὭ ֥Ἔ

ṏ ּב ᷄ḁ. Ỵ   Ὼ  WAL ᾨ  ⁬Ԃ   ʊҹ  ῦҍ ᷄ḁ. 

 

PostgreSQL  ₐₒ  ֥ὗ  ֥  WAL ♄  ‗  ″Ӓ    ῦ (FPI)ὗ ᷄

ḁ.  ṅ  full_page_writes (֥⁮Җ: on) ὺҟ″ּב   ṍ Ὥ, ὗ ᴭ  ʊҹ  ᾤ  ḫ  

ꜜ◄  Ủ  .ḁ᷄ בּ 

 

⁬Ԃ ἛⱢ ҍ WAL ♄ FPIὗ Ὥᵁᾠ, ḏ FPIὗ LSN   ә ῁ ҳ Ṷ  ֥Ἔ ᷄ḁ. WAL 

ᾨӦ Ὣ ҍ Ἓ FPIʊ  ♪ Ἓ ⁫ ṍῡἛ ꜜ◄  ᶠ  ᾯ ḁ. ֚Ỷ ḁ᷄ בּ    ◄

Ἓ Ὼ  WAL ᾨ  ṑ᷄ḁ. 

 

 ℮ ὗ ♥  ʊ‴ḻ  WAL ᾨ  ᷄ḁ.   ℮  Ἓ ҏ ṍᾞ,  

Ɫ  ʊᾧṭ ὣ  ʊ  ℮ ὗ ○Ἓ ♥ ᷄ḁ. ֚Ỵ  U  ℮  ″Ӓ   ♪  

 ᷄ḁ. ẁỚ♄ ♪  Ⱡ Ṏ Ӓ (wal_log_hints (֥⁮Җ: off ) ὺҟ″ּבҍ   ʊӒ  ), 

 ℮ בּ   FPIἛ Ἓ֮ṑ᷄ḁ.
127

 

 

FPI  ʊⅎ Ӥҏ  ṍ  ֥ẋῄ  Ἓ  ֮ᾕ ᷄
128

 ◕ⱠṎ WAL  ֥ὗ ◄ḏ  ҍ ᷄ḁ. 

wal_compression(֥⁮Җ: off ) ὺҟ″ּבὗ  FPI  Ⱡ ᾠ ◄  Ӏ ҟ♠  .ḁ᷄ בּ 

 

pgbench ὣ ὗ ▐  ҏḄ    ⁫ӆ ᷄ḁ. ὗ ּב ә ῶἛ  Ứ

Ɑ ּבὗ ҍ  • Ὣ  ὗ ᷄ḁ: 

=> CHECKPOINT; 

=> SELECT pg_current_wal_insert_lsn();  

pg_current_wal_insert_lsn  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

0/42CE5DA8 

(1 )  

 

postgres$ /usr/local/pgsql/bin/pgbench - t 20000 internals  

=> SELECT pg_current_wal_insert_lsn() ;  

pg_current_wal_insert_lsn  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

0/449113E0 

(1 )  

 

◕ⱠṎ WAL ᾨ  ֥  ʊḁ Ӧ Ҝ ᷄ḁ: 

 
127

 backend/storage/buffer/bufmgr.c, MarkBufferDirtyHint function  
128

 backend/access/transam/xloginsert.c, XLogRecordAssemble function  
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=> SELECT pg_size_pretty('0/449755C0'::pg_lsn -  '0/42CE5DA8'::pg_lsn);  

pg_size_pretty  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

29 MB 

(1 )  

 

 ♄ FPIʊ   WAL ֥  Ὼ ◄  ᷄ḁ. WAL ᾨ Ὼ ᾨ ,(N)בּ   (֥Record size ), 

֚ὣә Ҏ  (Type)  Ө  FPI ֥ὗ ⁫  ʊּב Ṏ Ӕὗ    ּב ᷄ḁ: 

postgres$ /usr/local/pgsql/bin/ pg_waldump -- stats \  

- p /usr/local/pgsql/data/pg_wal - s 0/42CE5DA8 - e 0/449755C0 

Type            N    (%)       Record size      (%)      FPI size    (%) 

̮̮̮  ̮          ̮  ̮̮  ̮̮̮̮̮̮̮̮̮̮̮̮   ̮̮  ̮̮̮̮̮̮̮̮̮ ̮̮  ̮

XLOG         4294 ( 3,31)            210406 ( 2,50)     19820068 (93,78)  

Transaction 20004 (15,41)            680536 ( 8,10)            0 ( 0,00)  

Storage         1 ( 0,00)                42 ( 0,00)            0 ( 0,00)  

CLOG            1 ( 0,00)                30 ( 0,00)            0 ( 0,00)  

Standby         6 ( 0,00)               416 ( 0,00)            0 ( 0,00)  

Heap2       24774 (19,09)           1536253 (18,27)        24576 ( 0,12)  

Heap        80234 (61,81)           5946242 (70,73)       295664 ( 1,40)  

Btree         494 (  0,38)             32747 ( 0,39)       993860 ( 4,70)  

           ̮̮̮̮̮ ̮             ̮̮̮̮̮̮̮̮        ̮̮̮̮̮̮̮̮ 

Total      129808                   8406672 [28,46%]    21134168 [71,54%] 

 

 ℮  ḫ  ҍ  ҏ  Ỵ ‗ ּב ṍ  ʊӒ  ḝ  ּב ᷄ḁ.  ʊ

ὗ Ḣ  ּב   ʊẮ ḁὖ ᷄ḁ. 

 

 ▐ ᶷ בּ    ֥  Ҝ   Ὼ⁬  ⁫ӆ ᷄ḁ. 

=> ALTER SYSTEM SET wal_compression = on; 

=> SELECT pg_reload_conf(); 

=> CHECKPOINT; 

=> SELECT pg_current_wal_insert_lsn();  

pg_current_wal_insert_lsn  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

0/44D4C228 

(1 )  

postgres$ /usr/local/pgsql/bin/pgbench - t 20000 internals  

=> SELECT pg_current_wal_insert_lsn();  

pg_current_wal_insert_lsn  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

0/457653B0 

(1 )  
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WAL ֥  ʊ  Ⱡ Ṏ ◄ ♄ ḁ Ӧ Ҝ ᷄ḁ: 

=> SELECT pg_size_pretty('0/457653B0'::pg_lsn -  '0/44D4C228'::pg_lsn);  

pg_size_pretty  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

10 MB 

(1 )  

postgres$ /usr/local/pgsql/bin/pg_waldump -- stats \  

- p /usr/local/pgsql/data/pg_wal - s 0/44D4C228 - e 0/457653B0 

Type            N     (%) Record size    (%)   FPI size     (%) 

֧֧֧֧             ֧     ֧֧֧ ֧֧֧֧֧֧֧֧֧֧֧    ֧֧֧   ֧֧֧֧֧֧֧֧    ֧֧֧ 

XLOG          344 (  0,29)      17530 ( 0,22)    435492 (17,75)  

Transaction 20001 ( 16,73)     680114 ( 8,68)         0 ( 0,00)  

Storage         1 (  0,00)         42 ( 0,00)         0 ( 0,00)  

Standby         5 (  0,00)        330 ( 0,00)         0 ( 0,00)  

Heap2       18946 ( 15,84)    1207425 (15,42)    101601 ( 4,14)  

Heap        80141 ( 67,02)    5918020 (75,56)   1627008 (66,31)  

Btree         143 (  0,12)       8443 ( 0,11)    289654 (11,80)  

           ֧֧֧֧֧֧            ֧֧֧֧֧֧֧֧          ֧֧֧֧֧֧֧֧ 

Total       119581             7831904 [76,14%]  2453755 [23,86%] 

 

Ӎԃ, ♪  Ufull_page_writes Ἓ  Ὦ  FPIҍ ῼ◕  ʊӒ  ( , ḓₐₒ  Ӓ ), CPU ₐ ҍ 

ҏ ῼ◕ ḝỚḻ  ▐  ʊҹ  ῦ ᷄ḁ. 

 

11.3 WAL בּ   

▐  ֥Ἔ Ἓ֚   ᾨ  ḿ ⁬Ԃὗ ҍᶾ Ӏ  ʊҹ ᷄ḁ. ֚Ỵ  UἛ֚  ֥Ἔṍ  ʊ ⁫  ‛ ὗ 

ᵧ ᾠ WAL  ḁὖ ḻἛḻ  ּב ᷄ḁ. ֚Ủ  ,ꜙ ⁬ , ֚ὣә ᶄὣ Ἓ בּ֮   

Ӥ ᷄ḁ. Ҏ ּב בּ   ♄ Ἓ֚Ṏ ᾧṭ ᵒ  ᾞ, ҍ ⁫ὗ ḝ ᷄ḁ.  ▐   

בּ  wal_level (֥⁮Җ: replica ) Ớῦ Ἓ ṍᾞ, ὗ ″Ӓ Ἄᾠ ♄―ὗ  ᷄ḁ. 

 

ꜙMinimal  

בּꜙ   ḿ ⁬ԂὭ  ⁫ ᷄ḁ.  Ứ Ɑ ♄ ◕Ⱡṍұ  U℮  №  Ө   Ӥҏ  

 ֥  Ἓ֚  ֥Ἔṍ  ᷄ḁ.  ʊ   ḫ ὗ ▲  ʊӒ ( : CREATE TABLE AS 

SELECT, CREATE TABLE Ṵ)  ḏ ᷄ḁ. ḓ ,  ᾧṭ ḫ  ʊ  Ṷ  ֥Ἔṍә,  

Ἓ֚  ″Ӓ ▐  Ứ Ɑ  ̈́  ῶἛ Ὼ ṑ᷄ḁ. 

 

Ὥ  Ỵ   ҏ  ḝỚḻ, ῦ Ṷ  Ṏ ḫ  ʊ ṍ  ῡἛ ӨⱠ  

  ᷄ḁ.  ἰṎ ◄ ♄ ҍ ῼ◕ ᾠ, ḁ  WAL ᾨ   ֥   ᾧṭ ḫ

 ʊ ῦ Ṷ  ṍ  ᷄ḁ. 

 

 ὗ  ○Ἓ ◕ⱠṎ №   ḫ   wal_skip_threshold (֥⁮Җ: 2MB) Ớῦ

Ἓ ṑ᷄ḁ. 
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minimal בּ  ♄ Ἓ֮ṍ  ʊᵒ  □ ⁫ӆ ᷄ḁ. 

 

 ֥⁮ Ἓ ḝ ᶋ  r eplica בּ   ▐ ṍᾞ,  ʊḫ  ⁬ ὗ ᷄ḁ. minimal בּ   ♠ Ἄᾠ 

max_wal_senders(֥⁮Җ: 10) Ớῦ ♄ ṍ  ʊwalsender ἛⱢ ὗ 0בּ  Ἓ ♥  ᷄ḁ: 

=> ALTER SYSTEM SET wal_level = minimal; 

=> ALTER SYSTEM SET max_wal_senders = 0; 

 

 ″Ӓ ▐  Ἄᾠ ♄―ὗ  ᷄ḁ: 

postgres$ pg_ctl restart - l /home/postgres/logfile  

 

 WAL ὗ Ɫ : 

=> SELECT pg_current_wal_insert_lsn();  

pg_current_wal_insert_lsn  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

0/45767698 

(1 )  

 

№  ℮ ә ṅ  Ứ Ɑ ᵒ ♄ wal_skip_threshold ҍ Ӧṏ ẋֱ  ○Ἓ   Ӕꜚ ♄ ▲

᷄ḁ: 

=> BEGIN;  

=> TRUNCATE TABLE wal;  

=> INSERT INTO wal 

SELECT id FROM generate_series(1,100000) id;  

=> COMMIT;  

=> SELECT pg_current_wal_insert_lsn() ;  

pg_current_wal_insert_lsn  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

0/45767840 

(1 )  

 

Ựᴛ⇔ ╪ẇ╙ ỸἛ Ѥ ҍᾐ TRUNCATE ᶘᴖ╙ ᾒ ᶔ WAL ᶜ╪ җ ♠˭ ỸἛӋѱѻ. 

 

גּ  pg_waldump ὣ ὗ ▐  ◕ⱠṎ WAL  □ ⁫ӆ ᷄ḁ. 

postgres$ /usr/local/pgsql/bin/pg_waldump \  

- p /usr/local/pgsql/data/pg_wal - s 0/45767698 - e 0/45767840# 

rmgr: Storage len (rec/tot): 42/ 42, tx: 0, lsn:  

0/45767698, prev 0/45767660, desc: CREATE base/16391/24784 

rmgr: Heap len (rec/tot): 123/ 123, tx: 122844, lsn:  

0/457676C8, prev 0/45767698, desc: UPDATE off 45 xmax 122844 flags  

0x60 ; new off 48 xmax 0, blkref #0: rel 1663/16391/1259 blk 0  

rmgr: Btree  len (rec/tot): 64/ 64, tx: 122844, lsn:  

0/45767748, prev 0/457676C8, desc: INSERT_LEAF off 176, blkref #0:  
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rel 1663/16391/2662 blk 2  

rmgr: Btree  len (rec/tot): 64/ 64, tx: 122844, lsn:  

0/45767788, prev 0/45767748, desc: INSERT_LEAF off 147, blkref #0:  

rel 1663/16391/2663 blk 2  

rmgr: Btree  len (rec/tot): 64/ 64, tx: 122844, lsn:  

0/457677C8, prev 0/45767788, desc: INSERT_LEAF off 254, blkref #0:  

rel 1663/16391/3455 blk 4  

rmgr: Transaction  len (rec/tot): 54/ 54, tx: 122844, lsn:  

0/45767808, prev 0/457677C8, desc: COMMIT 2023֧ 03֧ 06 14:03:58.395214 

MSK; rels: base/16391/24783  

 

 ‗  ᾨ  №  Ө  ○  ◕Ⱡ  ֥Ἔ ᷄ḁ(TRUNCATEʊ ▐ ◄ №  ḁ  Ⱡ  ֥ẋῄ

᷄ḁ). 

 

ḁ  ᵮ ᾨ   Ἓ  ֚ Ӧ ӨἎ  ᷄ḁ.  ʊpg_class №Ӧ ḏ  ʊⱢ ҟ  Ḭ

 ″Ӓ ▐  Ὼ ᷄ḁ. 

 

Ὣ Ὤ Ἓ ΅Ӧ ӨἎṎ ᾨ  ᷄ḁ. ḫ  ▲  Ἓ֚Ἓ ֥Ἔṍ  ᷄ḁ. 

 

⁬ Replica 

Ủ  ⁬Ԃ  ʊWAL ᾨ  ◕ṍ  Ṷ  ḫ ҍ ӨṎ ◄ Ἓ ⁬ ṑ᷄ḁ.    ⁬Ԃḻ ℮  

  Ἓ ṅ Ὥ WAL ⃰ὗ ▐  Ṏ ⁬Ԃ ḓ◄ ֱ  ḫ †  ◄ ὗ ⁬ בּ 

ḻ ᷄ḁ. ⃰Ṏ WAL ᾨ בּ   ʊὺ  Ὦ ) ᾞ בּ  : ᾥ  ҵ ⁬Ԃ ֥ҏ ,( בּ   ʊ

Ỵ ҟ  ҍ ṑ᷄ḁ. ẁỚ♄ ꜙ  WAL ἄ‪Ὥ Ἓ  ʊ ₒ  ᷄ḁ. Ἓ֮ṍ   

 Ὼ⁬   .ḁ᷄ בּ   ⁬Ԃὗ  WAL  ʊᾧṭ  ṍ  ᷄ḁ. 

 

⁬ ḻ ṅ  ▐  ṑ᷄ḁ. Ἓ֮ṍ   ᾤἔ  ⁬ ⁮  ꞈṍ  ᾞ ḁ  ◕ṍ  ᷄

ḁ. 

 

⁬ ⁮ ♄ ὣὗ  ʊӒ  ḝ ⁬ ᷄ḁ. ♠, ⁬ ⁮  ֥⁮ ♄― ♄ Ṭ      ֠ ⁫

ὗ ҍ  ᷄ḁ. ᵛ ᾠ Ỵ  ֠ṯ  ⁬ ⁮ ♄  ὣ  ḿ ẋῄ֥  בּ  ᷄ḁ. Ṕ ‗ Ἓ, 

⁬ ⁮  ᵗ☻ ᶷḫ,  ʊ  בּ   Ⱡ Ứ Ɑ  Ө  ⁫ҍ ᷄ḁ. ⁬ ⁮  ḁἹ 

ẋ  ʊἛ  Ứ ⱭӦ ֥⁮ ♄― ♄   Ứ Ɑ ᾧṔ әἌṍ  ᷄ḁ. 

 

Ỵ  ḫ ὗ ⁬ ⁮  ꞈ  ʊ   “  ֥ Ἓ WAL  ֥Ἔ  ʊҹ ᷄ḁ.
129

   

bgwriter
130

 ἛⱢ   15   ‗ בּ  ṑ᷄ḁ (  ҏӉ  ṫ ṿṍ  ᷄ḁ). 

 

  ♄ ḫ  ⁬Ԃ  ῇὣ  ⁬ ὗ ּב ʊᶾἍ  בּ   r eplica בּ  ♄ ⁫ ṑ᷄ḁ. 

 

♄ ԂⱠ  ὺҟ″ּבὗ Ḅּד  ♥ ә ♄―ὗ ḁ   ⁬ בּ ⁮  ▐  :ḁ᷄ בּ 

=> ALTER SYSTEM RESET wal_level; 

 
129

 backend/storage/ipc/standby, LogStandbySnapshot function  
130

 backend/postmaster/bgwriter.c   
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=> ALTER SYSTEM RESET max_wal_senders; 

postgres$ pg_ctl restart - l /home/postgres/logfile  

 

Ӧ ṅ   Ὑ  Ὼ⁬  ⁫ӆ ᷄ḁ. ( Ὥ ‗  ʊḝ ֵᴴ  Ἅ    Ὥ ▲ ᷄

ḁ): 

=> SELECT pg_current_wal_insert_lsn();  

pg_current_wal_insert_lsn  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

0/45D88E48 

(1 )  

 

=> BEGIN; 

=> TRUNCATE TABLE wal; 

=> INSERT INTO wal VALUES (42); 

=> COMMIT; 

=> SELECT pg_current_wal_insert_lsn();  

pg_current_wal_insert_lsn  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

0/45D89108 

(1 )  

 

◕ⱠṎ WAL ᾨ   ⁫ӆ ᷄ḁ. 

 

ꜙ  ἄ‪ ♄ ⁮ ᵒ  ḻ ḁ Ӧ Ҝ  ᾨṯ  ᷄ḁ: 

 ̧ ῶ   ὺ᷄  ⁬  ӨἎ ᾨ: RUNNING_XACTS ( Ⱡ Ứ Ɑ) ῳ LOCK 

 ̧ INSERT+INIT  ֥Ἔ  ʊ ᾨ Ἓ, ○ ὗ ֥ ә   ○Ἓ   ▲

᷄ḁ. 

 

postgres$ /usr/local/pgsql/bin/pg_waldump \  

- p /usr/local/pgsql/data/pg_wal - s 0/45D88E48 - e 0/45D89108 

rmgr: Standby len (rec/tot): 42/ 42, tx: 122846, lsn:  

0/45D88E48, prev 0/45D88DD0, desc: LOCK xid 122846 db 16391 rel 16562  

rmgr: Storage len (rec/tot): 42/ 42, tx: 122846, lsn:  

0/45D88E78, prev 0/45D88E48, desc: CREATE base/16391/24786 

rmgr: Heap len (rec/tot): 123/ 123, tx: 122846, lsn:  

0/45D88EA8, prev 0/45D88E78, desc: UPDATE off 49 xmax 122846 flags  

0x60 ; new off 50 xmax 0, blkref #0: rel 1663/16391/1259 blk 0  

rmgr: Btree  len (rec/tot): 64/ 64, tx: 122846, lsn:  

0/45D88F28, prev 0/45D88EA8, desc: INSERT_LEAF off 178, blkref #0:  

rel 1663/16391/2662 blk 2  

rmgr: Btree  len (rec/tot): 64/ 64, tx: 122846, lsn:  

0/45D88F68, prev 0/45D88F28, desc: INSERT_LEAF off 149, blkref #0:  

rel 1663/16391/2663 blk 2  
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rmgr: Btree  len (rec/tot): 64/ 64, tx: 122846, lsn:  

0/45D88FA8, prev 0/45D88F68, desc: INSERT_LEAF off 256, blkref #0:  

rel 1663/16391/3455 blk 4  

rmgr: Heap len (rec/tot): 59/ 59, tx: 122846, lsn:  

0/45D88FE8, prev 0/45D88FA8, desc: INSERT+INIT off 1 flags 0x00,  

blkref #0: rel 1663/16391/24786 blk 0  

rmgr: Standby len (rec/tot): 42/ 42, tx: 0, lsn:  

0/45D89028, prev 0/45D88FE8, desc: LOCK xid 122846 db 16391 rel 16562  

rmgr: Standby len (rec/tot): 54/ 54, tx: 0, lsn:  

0/45D89058, prev 0/45D89028, desc: RUNNING_XACTS nextXid 122847 

latestCompletedXid 122845 oldestRunningXid 122846; 1 xacts: 122846  

rmgr: Transaction  len (rec/tot): 114/ 114, tx: 122846, lsn:  

0/45D89090, prev 0/45D89058, desc: COMMIT 2023֧ 03֧ 06 14:04:14.538399 

MSK; rels: base/16391/24785; inval msgs: catcache 51 catcache 50  

relcache 16562  

 

ᶄὣLogical  

Ὣ Ὤ Ἓ, logical בּ   ᶄὣ Ṷ ṿӦ ᶄὣ ⁬ ὗ ҍᶾ Ӏ ᷄ḁ.  ʊӀ  ♄― ♄ Ⱡ  

᷄ḁ.  

 

WAL ᾨ  □ ⁫ᾠ  ּב  ⁬ ⁮Ӧ ұ  ṅ ḁ  ʊҹ ⁬ḁ.  ʊ᷄ בּ    ꜙ  ὣ

Ɑ   ◕Ⱡṏ ּב  ʊ  ᶄὣ ᾨ  ҍ ᷄ḁ. ᶄὣ Ṷ ṿ  Ἓ Ⱡ Ứ Ɑ ⁫ 

(RUNNING_XACTS)  ᷄ḁ. ᵛ ᾠ  Ἓ  ֚″Ӓ ▐   ֥  ᵗ☻   

 ֥ẋῄ ᷄ḁ. 
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Part I II  

 

Locks 
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12 בּ №    ֠

12.1 ֠  Ө ♄ 

֠
Locks

 Ӥ   Ө  ṅ  Ɫ ὗ ᷄ḁ. 

 

ṅ  Ɫ  ʊ Ỵ ἛⱢ ҍ ṅ  ṅ  ὗ ҍ Ἄә ḻ  ʊҹ  ῦ ᷄ḁ. 

Ỵ  ἛⱢ ҍ ‾ἏἛ ṍᶷ  ( ṫ ҍ  ʊӒ ) Ắ  ʊ ₒ  ᾧṫἛ ּד Ἓ ṍ

ᶷ  ʊ  ᷄ḁ. Ὥ  ṅ  Ɫ ҍ ᾠ ֠   ҍ ᷄ḁ ( : Ӥ  ―   ʊ

֠  Ὥ Ἓ   ʊ  .( בּ  

 

 Ɫ  ֥  ἛⱢ  ʊ ḏ  Ө  ֠  Ṭ  ᷄ḁ.  ἰṍᾠ  ֠  

 ḁὖ ἛⱢ ҍ ḏ ὗ ▐ ֠ .ḻἜ ᷄ḁ בּ   ḫ †    Өὣ

ṍ  ʊӒ ҍ ṅ♄דּ   Ἓ ṑ᷄ḁ. ֠   Ἓ֚Ừ Ἓ ṍ  ʊӒ  Ἓ   

Ἓ֚Ừ ♄ ҙ  ᷄ḁ. 

 

ᵎ בּ  ♄ ֠  Ḅּד   ֠◄ ( ṬṐ Ắ  ʊ Ṭṍ  )ὗ  ʊӤ  ᾕᾧὣ ᷄ḁ. Ắ

 ἛⱢ  ‗  U Ṭ ҏӦ Ҝ  ҍ ⁫ὗ Ӥ  .ḻ ᷄ḁבּ 

 

̑┬ ᶉᶛᵙ Ἕ͎ᶀ  ▫ ҵ ▫∟░ѱѻ. ╪ױ  ▫∟⁄ ̕  ҿᾎ  ἝᾅѤ ⇔₅ Ⱡ⁄Ἄ 

Ⱡ̑ Ѥ ҿ͙  ͙ṕ ⅝ἵ(₉: Ἕᵡ ‡ ֞Ѥ ᷾ ᾅ)⁄ ╥  ͋ⱠӋѱѻ. ╪ױ  ͙ṕ ⅝ἵѤ 

̑┬ ▫∟⁄  Ἕᾅ Ѥ ӥ╥  ˶  ⁷ἶ ᾒ ╙ Ṓ◑ ѱѻ. ─ ὡר⁄ἌѤ ╪ױ  

͙ṕ ⅝ἵʺ ∟▫♠╬ CPU ᶘᴖ(₉: ᾅ - -ἥ ֞Ѥ ẋ̪- -ᾅ₳)╙ ͙ḙ╖ᴛ ѱѻ. 

 

Ὼ Ἓ ֠    ֠ ꜙὗ ᾤ Ӏ ‴ ә ḏ ⁫ ʊᾧṭ ὗ  בּ   ʊḫ ▐  בּ 

᷄ḁ. 

 

ὗ ṯ , №(  Ἓ֚ ♄ oidἛ ‴ṍ )ʊ  Uḫ  (  ὙӦ ḏ   o

Ἓ ‴ṍ )ʊ,  ― (    o ⱨ Ἓ ‴ṍ )ʊӦ Ҝ  ḫ †  Ҡ ὗ ֚  ʊҹ  

ҍᶾ ᷄ḁ.  №  U― ( ḏṎ IDἛ ‴ṍ )ʊ  Ҝ  ᾕᾧὣ Ԃ ḻ ֠ ḁ. ῇὣ᷄ בּ 

   ʊ ◄  ὣꜙ ḻ ֚  ʊҹ  ҍᶾ ᷄ḁ. 

 

Ὥ ֠   Ṭ  ʊҹ  ◄ ҍᶾ  ҹ  ᷊᷄ḁ. ḁὖ ▐   ῦ ӈ  ḻבּ 

᷄ḁ. ֚Ỷ Ӓ  ἛⱢ  ʊḓ֥  ұ  Uᵁ  ḁ  ḻ  ᷄ḁ. ẖ   ṭ ֠  

ṏ ẋֱ  ֥ḁἌ  ᷄ḁ. 

 

 ֠    ῦ ʊṔ ҍ  בּ   ꜙὗ ҙ ә ᷄ḁ.  

 

֠  "Ӛ♠ "֥  Ⱡ
granularity

᷄ḁ. Ⱡ  ὣꜙ ҍ Ӕ  Ԃ ὗ Ⱡ  ʊӒ  ᷄ḁ. 

 

ὗ ṯ , №  Ἓ ԂⱠṍә,  ʊ Ἓ ԂⱠṑ᷄ḁ. Ỵ  Ҡ ṯ  ᾧṔ ֠ Ἓ 

⁫ ṏ ּב ᷄ḁ. № ּב  ֠  ұ Ӏ
coarsegrained

ṅ ᾞ, ἛⱢ ҍ ♄Ἓ ḁὖ  U

 ֜   Ӓ ḻ ṅ  Ɫ ὗ  ᷄ḁ. 
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בּ   ֠  ῦⱢ Ӏ
fine -grained

 ṅ ῡἛ Ỵ  Ḅ  ᷄ḁ. ֚Ỵ  U ֠ ҍ ҍבּ  ᷄

ḁ.  ֠ӨἎ ᾕ ḫ  ᵡ  ̈͂Ὦ  ᾕᾧὣὗ ▐   ֥  PostgreSQL  ḁ   “  

֚  ,ᾞ בּ   ᵁ  ʊ  ֠ Ӊ
lock escalation

᷄ḁ. ῦⱢ  ֠ ҍ  ӘҖבּ   Ӧ ᾠ ḝ 

ұ  Ⱡ  Ḅ  ֠ Ἓ ḓ ṑ᷄ḁ. 

 

֠  Ṭ ʊ  בּ  Ỵ ᾧṫ  ḻ ᷄ḁ.  

 

Ὼ Ἓ Ṕ ҍ  ᾧṫὭ ṑ᷄ḁ.    ᾧṫ  ʊ ὗ  ḁὖ ᾧṫ  ṍ  ᷄ḁ. 

Ӥ  ᾧṫ  ʊ Ỵ ἛⱢ   ṅ  ὣꜙ ὗ ֚  ʊҹ  ᷄ḁ. Ӥ  ᾧṫ  ʊ ֥  ▐

ṍә,    ᾧṫ  ʊ ֥  ▐ ṑ᷄ḁ. 

 

Ὼ Ἓ ḁὖ ᾧṫḻ  ּב ᷄ḁ. ᾧṫ  Ὑ   ᾞ,  ҹ  Ⱡ Ἇ

᷄ḁ. 

 

ḝ ῦⱢ  ⱠӦ ḁ   ᾧṫ  ṅ   Ө  ḝ Ὦ  ֥ ὗ Ӥ ᷄ḁ. 

 

ᾧṭ ֠   ꜚ֥ҏ  ẁỚ ₒὊ  .ḁ᷄ בּ 

 

֥  ֠  Ἓ Ứ ҏ(ḓₐ  o Ứ Ɑ  ᴸֱ ) ṅ  Ṭṍᾞ, Ὼ Ἓ ӨӔ  Ӧ  

Ҝ  ὣꜙ ὗ ⁫ ᷄ḁ. Ỵ  ֠  Ὼ Ἓ PostgreSQL  ṅ Ἓ Өὣ Ὥ, ▐  ʊ

 Ӧ   a ԑ  ҍ ә ᷄ḁ. 

 

֥  ֠  ḁ  ṅ   ҍᶾ Ӏ  ʊ Ỵ ᾧṫὗ Ӥ ᷄ḁ. Ὼ Ἓ ḓ֥ , ӽ  

◄  Ҕ , Ӕ  ṴӦ Ҝ  ḁ  Ớὗ Қ ә ᾞ,  ʊ⁫ Ṏ ḫ  Ө  ⁫ḁ  

Өὣ ℮   ἐ ᷄ḁ. 

 

Ḅ֥  ֠   a  Ḅ Ἓ Ṭṍᾞ, Ὼ Ἓ Ỵ CPU ᾤἔ⁫ḁ Ủ ꜚṍ  ᷄ḁ. Ὼ  

Ἓ Ӥ  ᾕᾧὣ  ḫ  Ԃ ὗ ⁫ ᷄ḁ. PostgreSQL  Ỵ  ֠   ṅ Ṏ  

Ἓ Өὣ ᷄ḁ.  

 

Ḅ֥  ֠  Ὼ Ἓ ὺ   ᾧṫ  ֥⁮  ỚὭ Ӥ ᾞ, Ӕ ᷄ ḻבּ  

ḁ. 

 

PostgreSQL  ḁ   ֠  ᷄ḁ.
131

 ӨӔ ῳ ֥  Ҡ ♄ Ṭṍ  ʊ ỳ ᶷ
Heavyweight

 

֠Ӧ  ּב  ֠  ֥  ֠ Ἓ ҏ ṑ᷄ḁ. Ḅ֥  ֠  Ӥ  ᾕᾧὣ  ḁ  ֠Ӧ Ҝ  ᾕ

ᾧὣ Ԃ  Ө  ֠  ᷄ḁ. Ắ  "predicate locks "Ớ  ʊ‴ḻ  ֚Ἳḻ ᾞ, ὙӦ  ʊḆὣ 

Ἓ  ʊ ֠  ᷊᷄ḁ. 

 

12.2 ỳ   ֠

ỳ  ֠  ֥  ֠ ᷄ḁ. Ҡ בּ  ♄ Ṭṍᾞ, Ἓ ӨӔ  ▐ ṍ Ὥ ḁὖ  Ҡ

ḻ ṏ ּב ᷄ḁ. ỳ  ʊ ֠  Ὼ Ἓ ṅ  ḫ Ἓₐ  Ҡ ὗ ⁫ ұ  U ԂⱠ  

▐  ֠  ʊḫ ▐ ṍ Ὥ, ḁὖ ᾨ Ἓḻ ▐ ṏ ּב ᷄ḁ. Ỵ   ֠  ḁ  ᾨ

Ἓ ▐ ṍῡἛ ᾧ  ᷄ḁ. ֚ṯ  Ӥ Ἓ Қ  ʊҹ  ᵒ  aԂ ╝ ᷄ḁ. 
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ᾤ Ἓ ḁὖ   Ἓ   ʊ , ֠ Ớ  ʊ  ʊ Ὼ Ἓ ỳ  ʊ ֠  ῦ ᷄ḁ. 

 

ỳ  ʊ ֠  ♄―  Ӥ  ᾕᾧὣ
132

 ᾞ, pg_locks ₱ ḁ. ṯ᷄ בּ  ♄ בּ    ʊ

max_locks_per_transaction (֥⁮Җ: 64) Җ  max_connections(֥⁮Җ: 100)ὗ Ӣ  Җ Ἓ ṑ᷄ḁ. 

ᾧṭ Ứ Ɑ  Ӥ   ֠  ▐ ῡἛ  Ứ Ɑ  max_locks_per_transaction  ֠⁫ḁ Ὦ  

Ṭ ḁ. Ἓ  ҹ᷄ בּ  ҍ Ṏ  Ӧבּ֠       ʊҹ ᷄ḁ. 

 ♄―ҍ ṏ ẋ ֥ ṍῡἛ Ỵ  Ṕ ὺҟ″ּב  ᵁὗ ″Ӓ Ἄᾠ ♄―ὗ ḁ   ᷄ḁ. 

 

ṍ   ʊᾧṫἛ ῦ ὣꜙ ҍ ӈ  ʊӒ , ḁὖ ֠  Ṭ Ἄ  ʊ ἛⱢ  ʊḓ֥  

᷄ḁ. ḓ  ֥ ἛⱢ  ʊCPU ҏ  ᵍ℮  ᾞ, ֠  ṍә  ҍ ֽ ᾠֱ  ṯ  

᷄ḁ. 

 

 ‗  Ứ Ɑ  ḁὖ Ứ Ɑ  ֚ә  ʊὣꜙ ὗ  ẋֱ   ә, ὗ בּ   

 ‗  Ứ Ɑ  ֚ә  ʊὣꜙ ҍ  Ӓ , Ṕ Ứ Ɑ  ӽ  ◄
deadlock

 ↑  .ḁ᷄ בּ 

 Ӓ  ʊ◄ḓ Ἓ ҏḄ  Ӓ ᾞ, ӽ  ◄  ʊṔ ҟ ◄  Ứ Ɑ ḻ ᷄ḁ. ӽבּ    

◄  ʊ῁  ḓ֥ὗ ῼ ῡἛ, PostgreSQL  ṅ Ἓ ӽ  ◄ ὗ Ҕ ә  Ώ  ʊ Ứ Ɑ  

ᵁὗ Ḅ  ◄   Ӕꜚ  .ḻἜ ᷄ḁ בּ 

 

ḁὖ  ỳ  ʊ ֠  ♄Ἓ ḁὖ ᾨ  ҍ ᾞ, ḁὖ ὣꜙ ὗ ⁫ ᾞ, ḁὖ ᾧṫὗ ᷄ḁ. 

ẁỚ♄ ṯ  ҟ‴ Ἓ әἌ ӆ ᷄ḁ. 

 

ḁ  ᾨἜ  pg_locks ₱  locktype   ṍ  ʊ  ֠  Ὑ  Ӥ ᷄ḁ: 

 

 ̧ transactionid  ῳ virtualxid : Ứ Ɑ  Ө   ֠

 ̧ relation בּ № :   ֠

 ̧ tuple :  ṬṎ  ֠

 ̧ object : №   ᷆ҟ  Ө   ֠

 ̧ extend: №   ֠

 ̧ page:  a Ḭ  ♄ ▐ ṍ  ʊ בּ    ֠

 ̧ advisory : ῄ  ֠

 

ұ  ᾧṭ ỳ  ʊ ֠   ẋ ṅ Ἓ Ṭṍᾞ, ḏ Ứ Ɑ  ἰṏ ẋ ṅ Ἓ ṑ᷄ḁ. 

֚Ỵ  Uᾥ ҍ  ҍ ᷄ḁ. ὗ ṯ , ӨӔ ּב  ֠  ᾤ Ἓ ♥ ֠ ᾞ, ῄ בּ   

◄ ▐   Өὣṑ᷄ḁ. 

 

12.3 Ứ Ɑ ID  ֠

Ҏ Ứ Ɑ  ◄  ID(ҍ◄ ῳ  ID, ҍᶾ  Ӓ )  Ө     ֠  ⁫ ᷄ḁ. 

 

PostgreSQL  ὗ     ᾧṫ  Ӥ  ᾧṫ Ṕ ҍ   ֠ᾧṫὗ Ӥ ᷄ḁ. ṯ  Ⱡ Ἇ  

ὺ  ҏḄ ᷄ḁ: Ӥ  ᾧṫ  ʊ  ṍ Ὥ,    ᾧṫ  ʊ ẖ ᾧṫ ḻ Ӎ  .ḁ᷄ בּ 
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 Ứ Ɑ  ἰṍ ᶷ   ֥  ἛⱢ  ʊ ḏ Ứ Ɑ  ID  Ө  ֠  ẖ ᾧṫἛṭ 

ḁ. Ứ᷄ בּ  Ɑ ҍ ῦ  ID  Ө     ֠  ⁫ ә  ֥ẋῄ  ḁὖ ֠

 Ṭ  ʊҹ  ₔҍᶾ ᷄ḁ. Ỵ  ֠   ʊ ἛⱢ  ʊḓ֥  ә ṯӀ ṑ᷄ḁ. 

Ứ Ɑ  ἰṍᾠ ֠  ṍә ḓ  ֥  ἛⱢ ҍ ֽ ᵊ᷄ḁ. ₒᾤ  ḏ ὣꜙ ҍ ῦ ▐Ớ  

 ֥ẋῄ  ḏ ֠  Ṭ  ʊҹ  ₔҍᶾ Ὥ,  ֠  Ἓ  ҹ  ᷊᷄ḁ. 

 

‴ḻ  ⱢⱭ ♄ Ứ Ɑ  ә   ṫ  ἛⱢ  ID(PID)ὗ ҍ  ⁵ ḁ: 

    => BEGIN; 

    => SELECT pg_backend_pid(); 

    pg_backend_pid 

      

    28980 

   (1 )  

 

Ṏ Ứ Ɑ   ҍ◄ ID  Ө     ֠  ⁫ ә ᷄ḁ: 

=> SELECT locktype, virtualxid, mode, granted  

FROM pg_locks WHERE pid = 28980; 

         locktype |       virtualxid |                 mode | granted  

+ + +  

       virtualxid |              5/2 |        ExclusiveLock | t  

(1 )  

 

֥♄ locktype  ֠  , virtualxid  ʊ  ֧ὣꜙ ὗ ‴  ʊҍ◄ Ứ Ɑ IDὗ, modeʊ   ֠

ᾧṫὗ (  Ӓ  ʊ   )֠ ᵁ ᵗ᷄ḁ. granted  Ủ֚  ʊ  ֠  Ṭṍ ᶷ  ₐὗ ⁫

᷄ḁ. 

 

Ứ Ɑ   IDὗ Ώ ᾠ ḏ ֠   ᾨἜ  ҍṑ᷄ḁ: 

    => SELECT pg_current_xact_id();  

    pg_current_xact_id  

    ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

    122849 

    (1 )  

 

=> SELECT locktype, virtualxid, transactionid AS xid, mode, granted  

FROM pg_locks WHERE pid = 28980; 

      locktype | virtualxid |    xid |          mode | granted  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

    virtualxid |         5/2 |        | ExclusiveLock | t  

 transactionid |            | 122849 | ExclusiveLock | t  
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(2 s)  

 

  Ứ Ɑ   ID  Ө     ֠  ⁫ ә ᷄ḁ. 

 

בּ № 12.4   ֠

֚ ֚ἄ  ӨӔ( №, Ḭ  Ắ  ʊ֥  ҟ )ὗ  ּ֞ב  ʊ8ҍ  ᾧṫὗ Ӥ ᷄ḁ.
133

 Ỵ

 ḁ Ⱡ   ӨӔ  ḓ ʊṅ  בּ    ᾤἔ ὗ ֛ḓבּ   .ḁ᷄ בּ 

 

ḁ   ʊ ḏ  ֠ᾧṫὗ Ἓ  ʊᾤἔ  ὗ  Ṏ Ⱡ Ἇ  ṑ᷄ḁ. 

Ỵ  ᾧṭ ᾧṫὗ ұ  U֚ṯ  ᵮ ῲ  Ө  ᶄὣὗ Ἄә  ʊҹ  ῦҍ Ὥ,  ḫ ὗ 

ҷ ә Ὼ  ӍἝ  ḻ ᾞ  ẁỚ  №   ʊҹ  ₒᾤ  ᷄ḁ. 

 

 
 

Access Share ᾧṫ  ʊҍ   ᾧṫ ᷄ḁ. Access Exclusive  ʊ ṍ  ᾞ, ḁὖ ᾧṭ ᾧṫ  

▐ כ ḁ. ẁỚ♄ SELECT ᾤἔ᷄ בּ   ұ  ᾧṭ Ӧ ‾ἏἛ ṏ ּב Ὥ,   №

 ░ בּ   ʊ ᷄ḁ. 

 

 ‗  ᵮ ҍ  ᾧṫ  ʊṅ בּ    ᾞ, ᵁᾊ  ᵮ ҍ  ᾧṫ  ʊ  ᷄ḁ. ὗ ṯ , 

CREATE INDEX ᾤἔ  Share ᾧṫὗ ▐ ᾞ,  ṍῡἛ №  Ỵ Ḭ ὗ ṅ  ◕Ⱡ  בּ 

ᾞ,  ֥   ▐ ṍ  ʊᾧṫ ḻ ṑ᷄ḁ. ӍӦ Ἓ SELECT ᾤἔ  Ḭ  ◕ⱠӦ ‾ἏἛ 

ṏ ּב Ὥ, INSERT, UPDATE ῳ DELETE ᾤἔ  Ḅṑ᷄ḁ. 

 

ῺḓἛ,  ḫ ὗ ּב  ʊῦ ἰ Ứ Ɑ  VACUUM ᾤἔ  Ḅ ᷄ḁ. ḓ  CREATE INDEX 

CONCURRENTLYὗ  ּב ᾞ,  ʊḝ  Share Update Exclusive  ᾧṫὗ ▐ ᷄ḁ. Ḭ  ◕Ⱡ

 ḝ Ὦ  ҏ  ҵὣә ( ḻ ),  ֚ḓבּ   ṅ  ḫ  ḫ ҍ ṑ᷄ḁ. 

 

ALTER TABLE ᾤἔ  ʊḁ   ֠ᾧṫὗ ▐  ʊḁ  Ɑ  ᷄ḁ (Share Update Exclusive , 
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Share  Exclusive , Access Exclusive ).  Ө  Ɫ  ᵒ  ῄ♄ ♄ ♥ᾤṍ  ᷄ḁ.
134

 

 

   ₐₒ ♄ ӤṎ  ʊḁ  accounts №  ֥Ὼ Ἓ ᷄ḁ: 

=> TRUNCATE accounts; 

=> INSERT INTO accounts(id, client, amount)  

VALUES 

(1, 'alice', 100.00),  

(2, 'bob', 200.00),  

(3, 'charlie', 300.00);  

 

pg_locks №  Ỵ ‗ Ɫ  ῡἛ Ḅ   ᾧṭ ֠   ʊ₱ὗ ◕Ⱡ  Ἅ  ḝ ҏ

Ӎ Ӏ Ὥṯ  ⁵ ḁ: 

=> CREATE VIEW locks AS 

SELECT pid, 

  locktype,  

  CASE locktype 

      WHEN 'relation' THEN relation::regclass::text  

      WHEN 'transactionid' THEN transactionid::text  

      WHEN 'virtualxid' THEN virtualxid  

  END AS lockid,  

  mode, 

  granted 

FROM pg_locks 

ORDER BY 1, 2, 3; 

 

 ‗  ⱢⱭ ♄    Ứ Ɑ    ḫ ᷄ḁ.   accounts №Ӧ ḏ 

Ḭ ὗ ֚ᾞ, Ἓ   Exclusive  ᾧṫἛ ṬṎ ӨӔ  Ṕ ҟ  ○Ἓ  ֠  ῼ◕ ᷄ḁ: 

    => UPDATE accounts SET amount = amount + 100.00 WHERE id = 1; 

 

=> SELECT locktype, lockid, mode, granted  

FROM locks WHERE pid = 28980; 

             locktype |                lockid |                       mode | granted  

+ + +  

             relation |              accounts |          ExclusiveLock | t  

             relation |         accounts_pkey |          ExclusiveLock | t  

        transactionid |                122849 |             ExclusiveLock | t  

           virtualxid |                   5/2 |             ExclusiveLock | t  

(4 s)  
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12.5 ḓ֥  

ỳ  ʊ ֠  Ӥ  ḓ֥
Wait Queue

 Ⱡ ᷄ḁ.
135

 ἛⱢ  ʊ   ֠Ắ  ʊ ῦ ḓ֥   ʊḁ

ὖ ἛⱢ ҍ  ֠Ӧ ṍ   ʊ ֠  Ṭ Ἄә ḻ ᾠ ḓ֥  ᷄ḁ. 

 

 ‗  ⱢⱭ ♄ ḫ בּ    ʊṅ  ḁὖ ⱢⱭ ♄  №  Ḭ ὗ ◕Ⱡ  ⁫ӆ ᷄ḁ: 

    => SELECT pg_backend_pid(); 

            pg_backend_pid 

      

                     29459 

    (1 )  

    => CREATE INDEX ON accounts(client);  

 

 ᾤἔ  ὣꜙ ҍ ṏ ẋֱ  ḓ֥ ᾞ ᾏ  ᷄ḁ. Ứ Ɑ  №  Share ᾧṫἛ ֚Ἄә 

ḻ Ὥ  ּב ᷄ḁ: 

=> SELECT locktype, lockid, mode, granted  

FROM locks WHERE pid = 29459; 

         locktype |        lockid |                 mode | granted  

+ + +  

         relation |      accounts |            ShareLock | f  

       virtualxid |            6/3 | .       ExclusiveLock | t  

(2 s)  

 

 Ɫ ‗  ⱢⱭ ♄ VACUUM FULL ᾤἔ   ⁫ӆ ᷄ḁ.  ᾤἔ  Access Exclusive  ᾧṫὗ 

Ἓ ᾞ, ḁὖ ᾧṭ ᾧṫ  ḿ ᷄ḁ. ẁỚ♄ ḓ֥  Ӏ ṑ᷄ḁ: 

 

    => SELECT pg_backend_pid(); 

      pg_backend_pid 

    ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

               29662 

    (1 )  

    => VACUUM FULL accounts; 

 

=> SELECT locktype, lockid, mode, granted  

FROM locks WHERE pid = 29662; 

      locktype |   lockid |                mode | granted  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

      relation | accounts | AccessExclusiveLock | f  

 transactionid |   122853 |       ExclusiveLock | t  

    virtualxid | .     7/4 |        ExclusiveLock | t  

(3 s)  
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  ᾧṭ Ӓ ṯ  ṯ   ֠ᾧṫ  ӨӔ  ḓ֥   ᷄ḁ.  ҏḄ  

SELECT ὣḻ VACUUM FULL ᾤἔ ὗ ẁỚ  ᷄ḁ. Ἓ  ʊ  ‗  ⱢⱭ ♄ ḫ בּ    ʊ

ṅ  ⁫ ә  ʊ  Exclusive  ֠Ӧ ṏ ּב Ὥ, ֚ṯ  Ӏ ḓ֥  Ӏ ṑ᷄ḁ. 

    => SELECT pg_backend_pid(); 

    pg_backend_pid 

  ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

             29872 

   (1 )  

=> SELECT * FROM accounts; 

 

=> SELECT locktype, lockid, mode, granted  

FROM locks WHERE pid = 29872; 

      locktype |    lockid |             mode | granted  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

      relation | accounts | AccessShareLock | f  

    virtualxid |      8/3 |    ExclusiveLock | t  

(2 s)  

 

 
 

pg_blocking_pids בּ   ʊᾧṭ ḓ  ֥◄ ὗ ҏỰ Ӏ ⁫ ᷄ḁ. Ṏ ἛⱢ   ḓ  ֥  ᾧṭ 

ἛⱢ  IDὗ ᾞ, ῦ ṍ   ʊ ֠  ⁫ ә ᶷ  Ắ  ʊ Ṭ Ἄᶷ ὗ ᵁ ᵗ᷄ḁ. 

=> SELECT pid, 

          pg_blocking_pids(pid),  

          wait_event_type,  

          state,  

          left(query,50) AS query  

FROM pg_stat_activity  

WHERE pid IN (28980,29459,29662,29872) \ gx 
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[֧ RECORD 1 ]֧ ֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

             pid | 28980  

pg_blocking_pids | {}  

 wait_event_type | Client  

           state | idle in transaction  

           query | UPDATE accounts SET amount = amount + 100.00 WHERE 

[֧ RECORD 2 ]֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

             pid | 29459  

pg_blocking_pids | {28980}  

 wait_event_type | Lock  

           state | active  

           query | CREATE INDEX ON accounts(client);  

[֧ RECORD 3 ]֧ ֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

             pid | 29662  

pg_blocking_pids | {28980,29459}  

 wait_event_type | Lock  

           state | active  

           query | VACUUM FULL accounts; 

[֧ RECORD 4 ]֧ ֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

             pid | 29872  

pg_blocking_pids | {29662}  

 wait_event_type | Lock  

           state | active  

           query | SELECT * FROM accounts; 

 

 № ♄ Ӥṍ  ʊ ⁫ὗ ҷ  Ɫ  ᵒ .ḁ᷄ בּ  
136

 

 

Ứ Ɑ  ἰṍᾠ( ΅ṍұ  Uἠ ṍᾠ) ḏ Ứ Ɑ  ᾧṭ ֠  ṑ᷄ḁ.
137

 ḓ֥   ‗  

ἛⱢ  ʊ  ֠  Ṭ ә ֽ ᵊ᷄ḁ. 

 

֥♄  ‗  ⱢⱭ ♄  Ứ Ɑ ΅ Ἓ  ḓ  ֥  ᾧṭ ἛⱢ ҍ ּד Ἓ ṑ᷄ḁ: 

 

    => ROLLBACK; 

    ROLLBACK 

 

    CREATE INDEX 

 

    VACUUM 

 

    id |      client | amount  

  + +  
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    1 |   alice | 100.00  

    2 |     bob | 200.00 

    3 | charlie | 300.00  

  (3 s)  
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13 בּ     ֠

13.1  ֠♥Ӕ 

ᵗָא Ӊὣ
snapshot isolation

 ,   ṯ  ֥ὗ  ֠  ҵ ҍ ᷄ḁ. Ὥ, Ṕ ҟ  

 ֥ Ứ Ɑ  ṅ  ṅ בּ    ʊҹ  ♄  ʊ  ṑ᷄ḁ.  Ӓ  ʊ  ֚ Ὥ, ỳ

֠  ὗ   ♠  ᷊᷄ḁ: ҎҎ  ỳ ֠  ♄―  Ӥ  ᾕᾧὣ  Ӥҏ  ᾞ (ּב  ῶ

ὗ ᾞ, ᾧṭ  Ớὗ әἌ   ẋ), PostgreSQL  ᵒ  aᾕ ᷄  ḓỳ  ṅ  

ỳ ֠  ὣ  ֥  ♥Ӕṍ  ᷄ḁ. 

 

 aḫ †  ♄  ʊ  ֠ Ӊ
lock escalation

 ▐   ῄ ὗ Ӎ ᷄ḁ: Ὥ בּ    ֠

 ᵡ  ̈͂Ὦḁᾠ, ⁫ḁ Ɫₐ  Ḅ ( בּ  :  Ắ  ʊ בּ № )  Ḅ  ֠ Ἓ ḓ ṑ᷄ḁ.  ʊ

Ԃ  Ḅּד Ὥ,  ὣỳ  Ӏ  ּב ᷄ḁ. 

 

PostgreSQL ♄  ʊ   ӈ ᶷ  ₐ  Ө  ⁫  ʊ    ḝ Ὥ ṑ᷄ḁ. 

בּ   ֠   ֠   ᷆  ♄ ҍ◄  ꜚⱠ Ἓ ᾞ, RAM  ʊ ẖ   Ἓḻ Ὼ

ṍ  ᷄ḁ. 

 

 Ὼ Ἓ ּב   Ắ  ʊ░ ҍ ṏ ẋ ֠  ҵӀ ṑ᷄ḁ.  Ṕ Ӓ  ᾧṔ,  ―   ░ ṍ

ḁә ṑ᷄ḁ. ὗ  ▐  ʊꜚⱠ  xmax ṫ  Ṏ  Ứ Ɑ  ID ᾞ,  ID( ҍ

  ℮  Ӎ Ṏ )  ʊ  ӈ  ᵁ ᵗ᷄ḁ. Ὥ  Ứ Ɑ בּ   Ἄә  ẋ  

―  xmax ṫ  Ⱡ Ứ Ɑ IDҍ  ʊӒ ,  Ứ Ɑ  ἰṏ ẋֱ  ֥ḁἌ  ᷄ḁ.  ‗ 

ἰṍᾠ ᾧṭ ֠  ṍә, ֥ḁὣḠ Ứ Ɑ  .ḁ᷄ בּ  

 

 ᾕ ᷄  ҍ ℮    Ὥ  Ὦ Ӏ ᷄ḁ.  ♥ἶⱭ בּ֞     Ḅ  ḁὖ ἛⱢ

ҍ ḓ֥  Ⱡ ḁ בּ   ʊ ᷄ḁ. RAM  Ỵ  ֠  Ө  ⁫ὗ   ֥ẋῄ , ỳ

֠   ᷄ḁ:  ṍ֥ὗ ֥ḁὣ  ʊ ἛⱢ  ʊ  ḏ Ӧ   Ứ Ɑ  ID  

Ө  ֠  ᷄ḁ. Ứ Ɑ  ἰṍᾠ  ḁ  ▐  ҍᶾ ᷄ḁ. ẁỚ♄ ỳ ֠ בּ   ʊ  

בּ ṍ  ʊҹ⁫ḁ  ʊṅ  ἛⱢ בּ   ℮ἕ ᷄ḁ. 

 

בּ  13.2   ֠ᾧṫ 

בּ   ֠  ᵮ ҍ  ᾧṫὗ ᷄ḁ.
138

   Ṕ ҍ  ʊṅ   ‗  ᵁ  Ứ ⱭὭ  Ṭ  

 ʊ  בּ  ֠
exclusive lock

 Ԃ ᾞ, ᵁᾊ  Ṕ ҍ  ʊ Ỵ Ứ Ɑ  ṅ  ⁫ ʊӤ  בּ   

֠
shared lock

 Ӥ ᷄ḁ. 

 

ḁ  Ỵ  ᾧṫ  Ⱡ ὺ ὤ ᷄ḁ: 

 

 
138

 postgresql.org/docs/14/explicit-locking#LOCKING- S.html 
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†  ᾧṫ 

בּ  ᾧṫ  ʊ ẖ  ṫḻ ּב ә   ░  ʊҹ  ᷄ḁ. Ὼᾠ ℮  ּב  ᾧṫ  ʊә

 Ḭ  ӨἎṎ ṫὗ ″Ӓ   ʊ″ӒὭ ᷄ḁ (ḁ  ὰ , Ủ  ʊ  Ώ   

᷄ḁ). 

 

UPDATE ᾤἔ  ҍᶾ  ҍ    ֠ᾧṫὗ ṅ Ἓ ♠ ᷄ḁ. ⁫   ʊ″Ӓṍ   ֥ẋῄ   

Ὼ Ἓ ℮  ּב  ᾧṫἛ ֬᷄ḁ. 

 

ḁ  ὣҍ Ө   ʊᾥ ҍ   ᾕ ḫ ,  xmax ṫ  Ỵ  ℮ ὗ  ֥

pageinspectὗ ▐  ʊ ὗ ◕Ⱡבּ  ʊ ᷄ḁ: 

CREATE FUNCTION _locks(relname text, pageno integer)  

RETURNS TABLE( 

ctid tid, xmax text,  

lock_only text, is_multi text,  

keys_upd text, keyshr text,  

shr text  

)  

AS $$ 

SELECT (pageno,lp)::text::tid,  

   t_xmax, 

   CASE WHEN t_infomask & 128 = 128 THEN 't' END, 

   CASE WHEN t_infomask & 4096 = 4096 THEN 't' END, 

   CASE WHEN t_infomask2 & 8192 = 8192 THEN 't' END, 

   CASE WHEN t_infomask & 16 = 16 THEN 't' END, 

   CASE WHEN t_infomask & 16+64 = 16+64 THEN 't' END 

FROM heap_page_items(get_raw_page(relname,pageno)) 

ORDER BY lp; 

$$ LANGUAGE sql; 

 

 accounts № ♄  ‗  Ӕ   ḫ ә (  ʊṅ  ◄ Ἓ Ṑ) Ṕ ‗  Ӕ

 IDὗ ḫ  ʊ Ứ Ɑ  ⁫ӆ ᷄ḁ: 

=> BEGIN; 

=> UPDATE accounts SET amount = amount + 100.00 WHERE id = 1; 

=> UPDATE accounts SET id = 20 WHERE id = 2; 
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  ʊḁ Ӧ Ҝ  ᾕ ḫ ҍ ṍ  ᷄ḁ: 

=> SELECT * FROM _locks('accounts',0) LIMIT 2;  

  ctid |   xmax | lock_only | is_multi | keys_upd | keyshr | shr  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧ 

 (0,1) | 122858 |           |           |          |        |  

 (0,2) | 122858 |            |          |         t |        |  

(2 s)  

 

 ֠ᾧṫ  ʊkeys_updated  ℮   ṑ᷄ḁ. 

=> ROLLBACK; 

 

SELECT FOR ᾤἔ   ֠ꜚⱠ Ἓ♄ xmax ṫὗ ▐ Ὥ,  Ӓ  ʊxmax_lock_only  ℮ ḻ ♥

ṍ  ᷄ḁ.  ℮  ʊ  ӈ Ὥ ░ ṍ   ᵁ ᵒᾞ,    ◄  ҹ  

ῦ ᷄ḁ. 

=> BEGIN; 

=> SELECT * FROM accounts WHERE id = 1 FOR NO KEY UPDATE; 

=> SELECT * FROM accounts WHERE id = 2 FOR UPDATE; 

 

=> SELECT * FROM _locks('accounts',0) LIMIT 2;  

  ctid |   xmax | lock_only | is_multi | keys_upd | keyshr | shr  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧ 

 (0,1) | 122859 |         t |          |          |         |  

 (0,2) | 122859 |         t |          |        t |        |  

(2 s)  

=> ROLLBACK; 

 

Ӥ  ᾧṫ 

Ӥ  ᾧṫ  ʊ   Ὥ ḁὖ Ứ Ɑ בּ    ֠ ṍ   ẋ  ּב ᷄ḁ.  Ӥ

 ᾧṫ  ʊ  ꜚⱠ   ᾧṭ  ṫὗ ּב  .ḻἜ ᷄ḁ בּ 

 

PostgreSQL  ʊᾧṭ Ӥ  ᾧṫ ♄  Ӥ Ὥ ▐ ᾞ,  ʊ Ủ ὗ  ẋ ṑ᷄ḁ. Ủ 

 ҷ▐  ʊ℮  ּב     ᾧṫ  ṍ  ֥ẋῄ , Ủ  ҷ▐  ʊ℮  ꜚⱠ  ṅ בּ     

᷄ḁ.  Ἓ֚Ừ   ʊӤ  ᾧṫὗ ▐ ḁ.  ҍ᷄ בּ   ҙ ә   Ḅּד  

SELECT ᾤἔ  ḓἛ  ּב  ֠  ▐  ᶷḁ  ʊҹ ᷄ḁ. 

 

 ḁ Ӧ Ҝ ʊᵒ  בּ  ♄    □ ⁫ӆ ᷄ḁ: 

=> BEGIN; 

=> SELECT * FROM accounts WHERE id = 1 FOR KEY SHARE; 

=> SELECT * FROM accounts WHERE id = 2 FOR SHARE; 
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ḁ ʊᵒ  בּ  ♄   ᷄ḁ: 

=> SELECT * FROM _locks('accounts',0) LIMIT 2;  

  ctid |   xmax | lock_only | is_multi | keys_upd | keyshr | shr  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧ 

 (0,1) | 122860 |         t |          |          |       t |  

 (0,2) | 122860 |         t |          |          |       t | t  

(2 s)  

Ṕ  ḓ  xmax_keyshr_lock ℮ ҍ ♥ ṍ  Ὥ, ḁὖ  ℮ Ἓ Ӥ  ᾧṫὗ  ּב ᷄

ḁ.
139

 

 

13.3 ḁ Ứ Ɑ 

ὣҍ  ḓἛ,  ֠ꜚⱠ  ֠  Ṭ  Ứ Ɑ  ID  xmax ṫἛ ṑ᷄ḁ. ֚ἃḁᾠ Ỵ 

Ứ Ɑ  ṅ  ⁫  Ӥ  ֠  Ӓ   ꜚⱠ  ẢӀ ♥ ṏֱ ? 

 

PostgreSQL  Ӥ  ֠  ḁἹ ẋ, so- called  ḁ Ứ Ɑ (multixacts )
140
Ớә ₔὣ  ʊҹ  ᷄

ḁ. ḁ ἆ Ɑ  ‴ḻ  IDҍ ḏṎ Ứ Ɑ ֚Ἳ ᷄ḁ. ֚Ἳ ᾙ― ῳ ֚ṯ   ֠ᾧṫ  Ө  Ɫ  

⁫  ʊPGDATA/pg_multixact Ṷἅ ὣ   ṑ᷄ḁ. ↑ὖ Ɫ ὗ   ֧  ʊ♄―  Ӥ

 ᾕᾧὣ
141

 ṍᾞ, ᾧṭ ″Ӓ ▐   Ⱡ  ⁫  ֥  Ἓ֚  ֥Ἔṑ᷄ḁ. 

 

ḁ ἆ Ɑ ID  Ὼ  Ứ Ɑ ID  ṅ  32℮  ֩ ὗ ҍ Ὥ, ḼὨ Ἓ ῼ֡ṑ᷄ḁ. , 

Ứ ⱭӦ ḁ ἆ Ɑ  ṅ  IDὗ ҍ ḁ. ṗ᷄ בּ   Ԃₒ  ֥  PostgreSQL  ҍ  

 ℮  xmax_is_multiὗ ▐ ᷄ḁ. 

 

 ḁὖ Ứ Ɑ  Ṭ  ᵁ     (֠  Ӥ בּ  ℮   ᾧṫ  ʊ Ṑ)  ҍ ⁫ӆ ᷄ḁ: 

=> BEGIN; 

=> UPDATE accounts SET amount = amount + 100.00 WHERE id = 1; 

 

=> SELECT * FROM _locks('accounts',0) LIMIT 2;  

  ctid |   xmax | lock_only | is_multi | keys_upd | keyshr | shr  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧+֧֧֧֧֧ 

 (0,1) |      1 |            |        t |           |        |  

 (0,2) | 122860 |         t |           |          |       t | t  

(2 s)  

 

xmax_is_multi  ℮  ʊ  ‗   Ὼ  ID ḓ  ḁ  Ứ Ɑ IDὗ ▐ ḁ  ʊҹ  ⁫ ᷄ḁ. 

ḝ Ԃ  Ԃ  Ɫ  a▐  Ө  ṯ ҍ  ә, pg locks   ▐  ҍᶾ  ᾧṭ  ּב  ֠  

Ө  ⁫ὗ ⁫ӆ ᷄ḁ: 

 

 
139

 include/access/htup_details.h 
140

 backend/access/transam/multixact.c 
141

 backend/access/transam/slru.c 
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=> CREATE EXTENSION pglocks;  

=> SELECT * FROM pglocks('accounts') \ gx 

[֧ RECORD 1 ]֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

locked_  | (0,1)  

    locker | 1  

     multi | t  

      xids | {122860,122861}  

     modes | {"Key Share","No Key Update"}  

      pids | {30423,30723}  

[֧ RECORD 2 ]֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

locked_  | (0,2)  

    locker | 122860  

     multi | f  

      xids | {122860}  

     modes | {"For Share"}  

      pids | {30423}  

 

pg locks בּ   ʊpg_locks ₱ὗ  ʊҹӦ Ὦ  ▐ Ὥ, RAM  ʊ בּ   ֠  Ө  ⁫ҍ 

ῡἛ pg locks בּ   ʊ   Ɫ  ᷄ḁ. 

=> COMMIT; 

 

    => ROLLBACK; 

 

multixact ID  ʊ32℮ ῡἛ Ὼ  Ứ Ɑ ID  Ὣ ҍ Ἓ  Ἓ  wraparound  

 Ώ ᷄ḁ. ẁỚ♄ PostgreSQL  multixact ID ὗ ṅӍ  ʊ  Ἓ ὣ  ᷄ḁ. ỦṎ 

multixact ID  ʊ○Ἓ  IDἛ ḓ ṍᾞ (Ắ  ʊ ḏ  ֠  ⁫  ʊ Ứ Ɑ  ᵁ╝  Ӓ  ʊ

Ὼ  Ứ Ɑ IDἛ ḓ ṑ᷄ḁ).
142

 

 

Ὼ  Ứ Ɑ ID  ʊxmin ṫ ♄Ὥ ṅӍṍ Ὥ (℮    xmaxҍ  Ủṍ ә Ӝ ұṏ 

ҹ  ᵁ )p, ḁ  Ứ Ɑ  Ӓ  ṅӍ   ṫ  ʊxmax ᷄ḁ:   ―  Ӥ  ᾧṫἛ ○Ἓ  

Ứ Ɑ   Ὼ⁬ Ἓ ֠  Ώ  .ḁ᷄ בּ 

 

ḁ  Ứ Ɑ  ṅӍ  Ὼ  ṅӍӦ ▐    Ἓ Өὣ ḁ. ὗ  ♄― Ớῦ᷄ בּ  ҍ 

Ӥṑ᷄ḁ: vacuum_multixact_freeze_min_age , vacuum_multixact_freeze_table_age , 

autovacuum_multixact_freeze_max_age, vacuum_multixact_failsafe_age  Ṵ  ᷄ḁ. 

 

13.4 ḓ֥  

†  ᾧṫ 

בּ   ֠   ֚ Ἓ ᵁ  ꜚⱠ ῡἛ, ḓ֥  ֚ḁ  ҏḄ    Ἓ Ἇṑ᷄ḁ. Ứ Ɑ  

 
142

 backend/access/heap/heapam.c, FreezeMultiXactId function 
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בּ  Ἄә  ẋ ḁ  ḄӔὗ ẁỚ  ᷄ḁ:
143

 

 

1.  xmax ṫ   ℮ ҍ  ṍ   ʊᾧṫἛ ӈ  ᵁ ᵒᾠ, ּב     

 ỳ ֠  Ṭ ᷄ḁ. 

2.   Ӓ , ᾧṭ ṍ   ʊ ֠  ṏ ẋֱ  ֥ḁὣ  ֥  xmax Ứ Ɑ(Ắ  ʊxmax

 mutixact ID ҍ Ṏ Ӓ  Ỵ Ứ Ɑ)  ID  Ө  ֠  ᷄ḁ. 

3.   ḝ  xmax   IDὗ ֥Ἔ ә   ℮ ὗ ♥ ᷄ḁ. 

4.   ‗  ḄӔ ♄ Ṭ  Ӓ  ʊ  ֠  ᷄ḁ. 

 

 ֠  Ὼ בּ    ֠Ӧ Ԃₒ  ֥    ҍ  ḁὖ Ὂ  ỳ ֠ ᷄ḁ. 

 

1ḄӔ  4ḄӔ  ʊ ⁬Ṏ ҹ Ỹ ⁫ דᾞ, Ḅּ בּ   ᾧṭ  ֠ Ứ Ɑ  ἰṏ ẋֱ  ֥ḁὣᾠ ₒ

 ҹ Ἓ ◕Ҏṏ ּב ᷄ḁ. ֚Ỵ  U Ỵ Ứ Ɑ  ṅ בּ   Ἄә ḻ  ʊӒ , ᾧṔ ḏ 

  ὣ  Ứ Ɑ  ḓ  ḓ֥ Ӏ ṑ᷄ḁ. ḏ Ứ Ɑ  ἰṍᾠ,  ֚  ֥  ԑ  

 ֥  Ӓ  ◄  ᶌ Ӏ ṍᾞ,  aₔ  Ứ Ɑ  ῁֥ Ἓ ḓ֥ ḻ ᷄ḁ. Ỵבּ    

◄   Ԉ ὧ
resource starvation

Ớә ᷄ḁ.  ֠  ḓ֥ ♄  ‗  Ứ Ɑ  ‴ ә,  ֚

Ứ Ɑ  ḁ Ἓ ֠   ҹ  ⁫ ᷄ḁ. 

 

Ὥ  ⁫ ḁ. PostgreSQL᷄ בּ     Ỵ Ὂ  ḁὖ ֠  Ṭ ᾞ, ҎҎ  

pg_locks №  ‴ḻ   Ὼ ṑ᷄ḁ. ֚ỴῡἛ pg_locks  Ắ ḁὖ ₱ὗ ◕Ⱡ ӆ ᷄ḁ.  ₱

 ʊ ὣҍ  Ө  Қ  ʊ (֠Ӕ  №Ӧ Ứ Ɑ  ӨἎṎ )֠Ὥ ⁫  ҹ ᷄ḁ. (ҍ◄ ID

 Ө  ֠  ᷄ḁ): 

=> CREATE VIEW locks_accounts AS 

SELECT pid, 

       locktype,  

       CASE locktype  

            WHEN 'relation' THEN relation::regclass::text  

            WHEN 'transactionid' THEN transactionid::text  

            WHEN 'tuple' THEN relation::regclass||'('||page||','||tuple||')'  

       END AS lockid,  

       mode, 

       granted 

FROM pg_locks 

WHERE locktype in ('relation','transactionid','tuple')  

AND (locktype != 'relation' OR relation = 'accounts'::regclass)  

ORDER BY 1, 2, 3; 

 

 ‗  Ứ Ɑ  ә  ḫ ⁫ӆ ᷄ḁ: 

    => BEGIN;  

    => SELECT txid_current(), pg_backend_pid() ;  

    txid_current | pg_backend_pid  

   ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 
143

 backend/access/heap/README.tuplock 
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          122863 | 30723 

    (1 )  

    => UPDATE accounts SET amount = amount + 100.00 WHERE id  = 1;  

 

 Ứ Ɑ  Ἓ  ᵮ ҍ  ḄӔὗ ᾧṔ ἰ ә №  ֠  ⁫ ә ᷄ḁ: 

=> SELECT * FROM locks_accounts WHERE pid = 30723; 

   pid |      locktype |   lockid |              mode | granted  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

 30723 |      relation | accounts | ExclusiveLock | t  

 30723 | transactionid |   122863 |    ExclusiveLock | t  

(2 s)  

 

Ṕ ‗  Ứ Ɑ  ә ṅ   ḫ Ἄә ḻ ᷄ḁ.  Ứ Ɑ  ֠  ֥ḁὣᾠ♄ ḓ

 ֥◄  ↑ Ӏ ṑ᷄ḁ: 

    => BEGIN; 

    => SELECT txid_current(), pg_backend_pid();  

    t  xid_current | pg_backend_pid  

    ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

           122864 | 30794 

    (1 )  

=> UPDATE accounts SET amount = amount + 100.00 WHERE id = 1; 

 

 
 

Ṕ ‗  Ứ Ɑ  Ṕ ‗  ḄӔֱ Ὥ ṑ᷄ḁ.  ẋῄ  №Ӧ ḏ Ứ Ɑ   ֠ ḻ  ‗

 ḄӔ ♄ Ṭ   ֠Ӧ Ṕ ‗  ḄӔ ♄  Ṕ ҟ  Ứ Ɑ  ID ֠  ҍἛ ♥ ṑ᷄ḁ. 

 ʊpg_locks ₱ ḻ Ὼ ṑ᷄ḁ: 

=> SELECT * FROM locks_accounts WHERE pid  = 30794;  

   pid |      locktype |        lockid |             mode | granted  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

 30794 |      relation |      accounts | RowExclusiveLock | t  

 30794 | transactionid  |        122863 |         ShareLock | f  

 30794 | transactionid |        122864 |    ExclusiveLock | t  
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 30794 |         tuple  | accounts(0,1) |    ExclusiveLock | t  

(4 rows)  

 

Ɫ ‗  Ứ Ɑ   ‗  ḄӔ ♄ ᾏ Ӏ ṑ᷄ḁ.  Ứ Ɑ   Ө  ֠  Ṭ Ἄә ḻ

ә  ♄ ᾏ Ӏ ṑ᷄ḁ: 

    => BEGIN; 

    => SELECT txid_current(), pg_backend_pid();  

      txid_current | pg_backend_pid 

     ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

            122865 | 30865 

     (1 row)  

    => UPDATE accounts SET amount = amount + 100.00 WHERE id = 1; 

 

=> SELECT * FROM locks_accounts WHERE pid = 30865; 

   pid |      locktype |        lockid |             mode | granted  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

 30865 |      relation |      accounts | RowExclusiveLock | t  

 30865 | transactionid |        122865 |    ExclusiveLock | t  

 30865 |         tuple  | accounts(0,1) |    ExclusiveLock | f  

(3 rows)  

 

ᵮ ‗ בּ    Ἄ  ʊᾧṭ Ứ Ɑ   Ὣ ҍ Ἓ Ɫ ‗  Ứ ⱭӦ ṅ  ◄ ᷄ḁ. 

ᾧṔ ṅ   ֠  ֥ḁὣӀ ṑ᷄ḁ. 

    => BEGIN; 

    => SELECT txid_current(), pg_backend_pid();  

    txid_current | pg_backend_pid  

   ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

          122866 | 30936 

     (1 row)  

     => UPDATE accounts SET amount = amount + 100.00 WHERE id = 1; 

 

=> SELECT * FROM locks_accounts WHERE pid = 30865; 

   pid |      locktype |        lockid |              mode | granted  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

 30865 |      relation |      accounts | RowExclusiveLock | t  

 30865 | transactionid |        122865 |     ExclusiveLock | t  

 30865 |         tuple | accounts(0,1) |     ExclusiveLock | f  

(3 rows)  
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 ḓ  ֥◄   ◄   ֥  pg_stat_activity  ₱ὗ  ֠ ἛⱢ  ⁫  בּ  

᷄ḁ: 

=> SELECT pid, 

          wait_event_type,  

          wait_event,  

          pg_blocking_pids(pid)  

FROM pg_stat_activity  

WHERE pid IN (30723,30794,30865,30936);  

   pid | wait_event_type |    wait_event | pg_blocking_pids  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 30723 |           Client |    ClientRead | {}  

 30794 |            Lock | transactionid | {30723}  

 30865 |            Lock |          tuple | {30794}  

 30936 |            Lock |          tuple | {30794,30865}  

(4 rows)  

 

Ὥ   ‗  Ứ Ɑ  ḄṎḁᾠ, ᾧṭ  ꜚ Ứ Ɑ  ḓ֥  ҳᵡỀ  ә  ḄӔ  ṏ ҹ

᷄ḁ. 

 

Ὥ  ‗  Ứ Ɑ  ΅ṏ ҍᶾⱠ  ḝ ᶋ ᷄ḁ. Ὼ⁬   ֥Ắ  ʊ Ἇ  Ӊὣ ּב ♄  ʊ Ἇ  

ҍ ῼ◕  Ṕ ‗  Ứ Ɑ  Ḅ  ᷄ḁ
144

 (ḓ֥  ᾧṭ  ꜚ Ứ Ɑḻ Ḅṑ᷄ḁ). ֚

Ỵ  U ΅Ṏ  ֥Ӊὣ ּב ♄  ʊּב Ṏ  ḁ  ә ּב  ḁ  ḻṑ᷄ḁ. 

 

ẁỚ♄  ‗  Ứ Ɑ  ΅ṑ᷄ḁ: 

    => COMMIT; 

 

Ṕ ‗  Ứ Ɑ  ֽ ᵁә Ἓ  Ɫ ‗  ḄӔ  ᵮ ‗  ḄӔὗ ⱠӤ Ἓ ἰ ᷄ḁ: 

    UPDATE 1 

 

=> SELECT * FROM locks_accounts WHERE pid = 30794; 

 
144

 backend/executor/nodeModifyTable.c, ExecUpdate function 
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   pid |      locktype |   lockid |              mode | granted  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

 30794 |      relation | accounts | RowExclusiveLock | t  

 30794 | transactionid |   122864 |     ExclusiveLock | t  

(2 rows)  

 

Ṕ ‗  Ứ Ɑ   ֠  Ὣ , Ɫ ‗  Ứ Ɑḻ ֽ ᵊ᷄ḁ. ֚Ỵ  U○Ἓ   xmax 

ṫҍ ῦ ḁὖ IDὗ ә  ʊҹ  .ḁ᷄ בּ  

 

 ♄ ♄ ♥ᾤ  Ἓ  ʊᴸᵌ ᷄ḁ. ΅Ṏ  ֥Ӊὣ ּב ♄  ʊ  ֚  ֥   ‗ 

ḝ ḻ Ὥ
145

, ♄ ♥ᾤ  ḄӔὗ ẁὔ  ᷄ḁ. Ɫ ‗  Ứ Ɑ   Ṕ ‗  Ứ Ɑ  

ἰṍ֥ὗ ֥ḁὣᾠ♄  ֠  Ṭ Ἄә ḻ  ᷄ḁ: 

=> SELECT * FROM locks_accounts WHERE pid  = 30865;  

   pid |       locktype |   lockid |              mode | granted  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

 30865 |      relation | accounts | RowExclusiveLock | t  

 30865 | transactionid  |   122864 |        ShareLock | f  

 30865 | transactionid |   122865 |     ExclusiveLock | t  

(3 rows)  

 

ᵮ ‗  Ứ Ɑḻ ṅ  ◄ ᷄ḁ: 

=> SELECT * FROM locks_accounts WHERE pid = 30936; 

   pid |      locktype |   lockid |             mode | granted  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

 30936 |      relation | accounts | RowExclusiveLock | t  

 30936 | transactionid |    122864 |        ShareLock | f  

 30936 | transactionid |   122866 |    ExclusiveLock | t  

(3 rows)  

 

 Ɫ ‗  ᵮ ‗  Ứ Ɑ  Ṕ ‗  Ứ Ɑ  ἰṍ֥ὗ ֥ḁὣᾠ♄ ♄Ἓ Ӓ  ◄  ↑ Ӏ ṑ

᷄ḁ. ḓ֥  ▐ ◄ ₥ӵṍ ᷄ḁ. 

 

 
 

145
 backend/access/heap/heapam_handler.c, heapam_tuple_lock function 
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ḓ֥   ʊṅ  ḁὖ Ứ Ɑ  ḁᾠ, ᾧṔ  Ӓ  ◄  ᴱἌṯ  ҹ ᷄ḁ. 

 

ӍἝ: ṅ  Ỵ ἛⱢ ♄ ṅ  №  ḫ  ʊҹ   Ṷ ҍ ᷊᷄ḁ. ᶋ  ₐ

 ♄ Ỵ   Ⱡ  ʒῄ ὗ  ּב  ʊ‾ᾨ ◄ Ἓ ↑ὔӀ ″  .ḁ᷄ בּ 

Ṏ ᾧṭ Ứ Ɑ  ΅ ⁫ӆ ᷄ḁ. 

    => COMMIT; 

 

     UPDATE 1 

     => COMMIT; 

 

      UPDATE 1 

      => COMMIT; 

 

Ӥ  ᾧṫ 

PostgreSQL  Ӥ  ֠   ῁ӍⱠ ҷ▐ Ὥ ▐ ᷄ḁ. әₐ  ὣ Ɑ ♄ ὗ ▐ ᾠ 

 Ԉ ὧ ῄ ҍ ῼ◕ ᾞ, Ṕ ḄӔ  ֠ᾧḮ בּ   Ỵ  ӍӦὗ    .ḁ᷄ בּ 

 

ḁ   ֚  ֥  Ứ Ɑ בּ    ḄӔὗ ◄֥ ⁫ӆ ᷄ḁ: 

 

1.   xmax ṫ   ℮ ҍ     ᾧṫἛ ӈ  ᵁ ᵒᾠ,    ỳ  ֠  

Ṭ ᷄ḁ. 

2.   Ӓ , ṍ   ʊ ֠  ᾧṔ ṏ ẋֱ  ֥ḁὣ  ֥  xmax Ứ Ɑ(Ắ  ʊxmax

 multixact ID ҍ Ṏ Ӓ  Ỵ Ứ Ɑ)  ID  Ө  ֠  ᷄ḁ. 

3.   ḝ  xmax   IDὗ ֥Ἔ ә   ℮ ὗ ♥ ᷄ḁ. 

4.   ‗  ḄӔ ♄ Ṭ  Ӓ  ʊ  ֠  ᷄ḁ. 

 

 Ṕ ḄӔ  ʊ  ֠ᾧṫҍ ṍ  ʊӒ , Ứ Ɑ  ḓ֥  ҳᵡỀӀ Ṑ  ῦ ᷄ḁ. 

 

 ₐ   ḁ  ⁫ӆ ᷄ḁ. 

=> TRUNCATE accounts; 

=> INSERT INTO accounts(id, client, amount)  

VALUES 

(1,'alice',100.00),  

(2,'bob',200.00),  

(3,'charlie',300.00);  

 

 ‗  Ứ Ɑ  ᷄ḁ: 

    => BEGIN;  

    => SELECT txid_current(), pg_backend_pid() ;  

    txid_current | pg_backend_pid  

   ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 
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    122869 | 30723 

(1 row)  

 

  Ӥ  ᾧṫἛ ӈ ᷄ḁ: 

    => SELECT * FROM accounts WHERE id  = 1 FOR SHARE;  

 

Ṕ ‗  Ứ Ɑ  ṅ בּ   Ἄә ḻ Ὥ ṍ  ᷄ḁ. Ӥ  ᾧṫ בּ  ℮   ᾧṫ  ʊ

ṍ   ֥ẋῄ ᷄ḁ: 

    => BEGIN; 

    => SELECT txid_current(), pg_backend_pid();  

    txid_current | pg_backend_pid  

   ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

          122870 | 30794 

    (1 row)  

    => UPDATE accounts SET amount = amount + 100.00 WHERE id = 1; 

 

 ‗  Ứ Ɑ  ἰṏ ẋֱ  ֥ḁὣә  ʊṅ , Ṕ ‗  Ứ Ɑ    Ὣ ҍ Ἓ  

֠  ⁫ ә ᷄ḁ: 

=> SELECT * FROM locks_accounts WHERE pid  = 30794;  

   pid |      locktype |        lockid |              mode | granted  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

 30794 |      relation |       accounts | RowExclusiveLock | t  

 30794 | transactionid |        122869 |         ShareLock | f  

 30794 | transactionid |        122870 |    ExclusiveLock | t  

 30794 |         tuple | accounts(0,1) |     ExclusiveLock | t  

(4 rows)  

 

 
 

 Ɫ ‗  Ứ Ɑ  Ӥ  ᾧṫἛ   ּ֞ב ᷄ḁ. Ỵ  ֠  ῦ Ṭ  ֠Ӧ ṍ  ֥

ẋῄ   Ứ Ɑ  ḓ֥  ҳᵡỀӀ ṑ᷄ḁ: 

    => BEGIN; 

    => SELECT txid_current(), pg_backend_pid();  



 205  

     txid_current | pg_backend_pid  

    ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

           122871 | 30865 

      (1 row)  

    => SELECT * FROM accounts WHERE id = 1 FOR SHARE; 

 

 Ҝ   ֚ә  ʊṔ ҟ  Ứ Ɑ  ᷄ḁ: 

=> SELECT * FROM pgrowlocks('accounts') \ gx 

[֧ RECORD 1 ]֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

locked_row | (0,1)  

    locker | 2  

     multi | t  

      xids | {122869,122871}  

     modes | {Share,Share}  

      pids | {30723,30865}  

 

 
 

 ♄  ‗  Ứ Ɑ  ἰṍᾠ, Ṕ ‗  Ứ Ɑ    ӈ  ʊҹ  ә ḓ֥ Ἓ ḿ

ҕ᷄ḁ. ֚Ỵ  U ‗  ʊⱢ ‗  Ứ Ɑ Ṡ  Ӏ ṑ᷄ḁ: 

    => COMMIT;  

 

=> SELECT * FROM locks_accounts WHERE pid = 30794; 

   pid |      locktype |        lockid | .            mode | granted  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

 30794 |       relation |       accounts | RowExclusiveLock | t  

 30794 | transactionid |         122870 |    ExclusiveLock | t  

 30794 | transactionid |        122871 |        ShareLock | f  

 30794 |          tuple | accounts(0,1) |    ExclusiveLock | t  

(4 rows)  

 

Ɫ ‗  Ứ Ɑ  ἰṍᾠ, Ṕ ‗  Ứ Ɑ  ḫ ὗ ּב Ӏ ṏ ҹ בּ  ᷄ḁ (  ҏ ṅ  ḁ

ὖ Ӥ  ֠  ῼ◕   ʊ ). 
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  => COMMIT;  

 

  UPDATE 1 

  => COMMIT;  

 

Ủ  ҷ▐  ʊḓҟ  ꜚⱠ  ″Ӓṍ  ᾞ  Ӥ ὗ ℮  ּב Ӧ כ ▐ ẋῄ֥  בּ   ῄ ὗ 

  ҹ ᷄ḁ. ֚Ỵ  Uḓₐₒ  Ӓ ,  Ἓ֚Ừ ♄  ʊӤ בּ    ֠   ʊҹ  

᷄ḁ. 

 

13.5 ℮ ḓ  ֥  ֠

SQL ᾤἔ  Ὼ Ἓ   ṏ ẋֱ  ḓ֥ ᷄ḁ. ֚Ỵ  UẋἛ  ʊ ֠   Ṭ  בּ 

 ʊӒ   ꜙ  ʊҹ  ὣ ḁ. ὗ  SELECT, LOCK, ALTER᷄ בּ   Ҝ  ᾤἔ  ʊ

NOWAIT  Ӥṑ᷄ḁ.  

 

  ҍ⁫ӆ ᷄ḁ: 

=> BEGIN; 

=> UPDATE accounts SET amount = amount + 100.00 WHERE id = 1; 

 

  ֠ṍ   ʊӒ  NOWAIT  ▐  ᾤἔ   ὊἛ ἰṑ᷄ḁ: 

    => SELECT * FROM accounts 

       FOR UPDATE NOWAIT; 

       ERROR: could not obtain lock on row in relation "accounts"  

 

Ỵ  Ὂ  ʊ  Ἓ֚Ừ ṫ ♄ ᵒә ὣ   .ḁ᷄ בּ 

 

UPDATE DELETE ᾤἔ  ʊNOWAIT  ᷄ḁ. ḓ , SELECT FOR UPDATE ᾤἔ  ▐   ֠

ә ḻ  ⱠӤ  Ӓ Ὥ ḫ ұ  U░  .ḁ᷄ בּ 

 

 a בּ  Ӓ  ʊ ῦ ֠Ṏ  ҳᵡỀә ▐  ҍᶾ    ὣ  ʊҹ  ὣ  .ḁ᷄ בּ 

ҹ  ῶἛ SKIP LOCKED  ▐  ṍ  ʊSELECT FOR ᷄ḁ: 

    => SELECT * FROM accounts 

    ORDER BY id 

    FOR UPDATE SKIP LOCKED 

    LIMIT 1;  

     id |     client | amount  

     + +  

      2 |        bob | 200.00  

    (1 row)  

 

 ♄  ʊ  ‗ ( ῦ ֠Ṏ)  ҳᵡỀ ә, ὣҍ Ṕ ‗   ֠ ә Ὼ ṍ ᷄ḁ. 

 

  ֜   ▐ ᾠ өἛ  ὣ ұ  U •   ‾Ἇ ὣὗ ♥ ḁ. ֚Ỵ᷄ בּ   U  
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ᾤἔ  ḓ  ḁὖ ▐  ▐ἕὗ ә  ʊҹ   ᷄ḁ. ḓₐₒ    ҏḄ   “  ▐  

ὣ  .ḁ᷄ בּ 

 

Ὣ Ὤ Ἓ,  ♥   ֧ḓ  ֥ ҏ  :ḁ᷄ בּ  

=> SET lock_timeout = '1s';  

=> ALTER TABLE accounts DROP COLUMN amount; 

ERROR: canceling statement due to lock timeout  

 

 ᾤἔ  1  ᵒ  ֠  Ṭ  ᾯ  ὊἛ ἰṑ᷄ḁ.  ⱢⱭ ּב ╝Ὥ ᷄Ớ  ּב

♄ḻ ♥ ḁ. ὗ ṯ᷄ בּ    Ứ Ɑ    ♥ “   .ḁ᷄ בּ   

▐ ᾠ ₐ ҍ  ʊ◄ ♄    ֠  Ἓ  ʊᾤἔ   ẋ № ὣ   ֧ḓ  ֥

ҏ    ◕ḁ. Ὂҍ ῼ᷄ בּ   Ӓ     ᾤἔ  ḁ  ḻ  .ḁ᷄ בּ 

 

statement_timeout ╘ ⁷ụ▫ ᾒ ╥  ᾎʼ╙ Ⱡ Ѥ ḙᶔ, lock_timeout  ᵰˌṉὡѤ ○͔ 

ҍ͙ ᾎʼ╥ ҍ ᾎʼ╙ ♬╥ ѱѻ. 

 

=> ROLLBACK; 

 

13.6 ӽ  ◄ Deadlocks 

ӽ  ◄ (deadlock)  ʊ  Ứ Ɑ   ḁὖ Ứ Ɑ  ▐    Ἓ  ẋ ῼ◕  בּ 

᷄ḁ.  ḁὖ Ứ Ɑ  Ắ  Ɫ ‗  Ứ Ɑ   ֠  ҵἌ ḓ  ֥  Ӓ ҍ ᷄ḁ.  Ҝ  

Ứ Ɑṯ  ỳ ֠  ▐  ḓ֥  ṯ ҕ᷄ḁ. 

 

֚Ỵ  Uҍᴴ  ḓ֥  ῦ  ʊ Ứ Ɑ  Ắ ḁὖ  Ἓ  Ӓ , ṅ  ḓ֥  ḁ  

ә   ṏ ẋֱ  ֥ḁἌ  ᷄ḁ. Ỵ  Ӓ  ӽ  ◄
146
ҍ ῼ◕ ᷄ḁ.  ḓ֥  ʊּד

 Ⱡ   Ἓ Ӎ ◄ʊ  בּ  ҍ ṍ  ʊҹ ᷄ḁ. 

 

Ҏ ὗ  ḓ  ֥֚Ủ
wait -for graph

ὗ ֚Ἄ⁵ ḁ. ֚Ủ  ᶂṫ  ʊ Ⱡ ἛⱢ ὗ ᵁ ᵒә, □ Ἓ 

Ṏ ҏ♠  ֠  ḓ֥  ʊ ἛⱢ ♄  ֠  ⁫  ἛⱢ Ἓ ᷄ḁ. ֚Ủ דּ    ʊ

Ӓ ,  ᶂṫҍ □ ὗ ẁỚ  ֥ Ӏ ḻḆ ʊӒ  בּ   ӽ  ◄ ҍ ῼ◕  ҹ ᷄ḁ. 

 

╪ ₉ᾎ⁄ἌѤ ᴛἝᾅ ҍᾐ נ◔Ἢ╙ Ṓ⁴ּׁשѱѻ. ╪ ҍ Ѥ ▀ḙ♠╖ᴛ ↔Ӌѱѻ. 

⃰Ј ᶔ Ϯ╥ נ◔Ἢ╘ Ϯ╥ ᴛἝᾅ⁄ ╥  ᾒ Ӈ̆, ○͔╘ נ◔Ἢ Ͽ⁄Ἄᵣ 

Ӧ  ὡ ▓͙ ԅᶷ░ѱѻ. ͎ױϮ ▀ḙ♠╖ᴛѤ ᴛἝᾅ⁄ ̕  ╪‒͙ Ѥ ˦╪ җ 

♬ ѱѻ. ⃰Ј ᶔ נ◔Ἢ╪ ₰ᴮӇ‴╙ ԅ ▀Ṩ ○͔╪ ּסᾎ ⱠӇּת Ώ╙ ὡ ▓͙ 

ԅᶷ░ѱѻ. 

 

ӽ  ◄ ҍ ῼ◕ ә ҍ   ῁ḻ  ♥   Ӓ , Ứ Ɑṯ   ♄Ἓὗ ḓ֥

Ӏ ṑ᷄ḁ. ҹ   ֠Өὣ
147
ҍ ṅ Ἓ ӽ  ◄ ὗ Ҕ  ʊ ᷄ḁ. 

 
146

 postgresql.org/docs/14/explicit-locking#LOCKING-DEADLOCKS.html 
147

 backend/storage/lmgr/README 
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֚Ỵ  U Ỵ    ᶂἍ  Ἓ ᷄ḁ. ὺ‗ ֠  ṏ ẋὫḁ  ᶂἍ  ᵍ℮ ♄  ʊ  ṑ

᷄ḁ( ᵛ ᾠ ӽ  ◄  ʊ  ῼ◕   ֥ẋῄ ᷄ḁ). ẁỚ♄ ἛⱢ ҍ ớ   ẋὫḁ Ỵ  

בּ   ʊҹ   ᷄ḁ. 

 

 
 

֠  Ṭ Ἄ  ʊ ḻҍ ә ḓ֥    ἛⱢ ҍ ṯᾠ, PostgreSQL  

dealock_timeout (֥⁮Җ: 1 ) ὺҟ″ּב
148
Ἓ Ṏ ҏֱ  ṅ Ἓ  ♥ ᷄ḁ. ὣꜙ ҍ 

ḝ ↔ὣ ▐  ҍᶾ ḁᾠ ҍ   ℮ ḁ. ֚Ỵ᷄ בּ    Uӽ  ◄   ҏ  ᵁ

ḻἜ ḓ֥ҍ ӔꜚṎḁᾠ, ḓ  ֥  ἛⱢ  ʊֽ ᵁ♄  ᷄ḁ.
149

 

 

  Ἓ  ʊḓ  ֥֚Ủ ὗ ԂⱠ ә ▐  ҷ◌  ʊҹ ᷄ḁ.
150

  ֚Ủ  ◄ ὗ "ә "

 ֥  PostgreSQL   ʊṅ  ỳ ֠  ὣὗ Ἓ ᷄ḁ. 

 

ӽ  ◄ ҍ Ҕ ṍ  ᾠ, ἛⱢ  ʊḁ  ṯӀ ṑ᷄ḁ. ҍ  ʊ ἕҍ  ҹ ᷄ḁ. 

 

ӽ  ◄ ҍ Ҕ ṍᾠ, Ứ Ɑ  ᵁҍ ҙ Ἓ ἰṍ  ֠  ṍә ḁὖ Ứ Ɑ   Ӕꜚ

Ӏ ṑ᷄ḁ. ḓₐₒ בּ   Ӓ ,   Ứ Ɑ  Ḅṍ Ὥ, ▐    №Ἔ   

 ֥   ṅӍ   ʊautovacuum ἛⱢ ҍ Ṏ Ӓ  ♄―  ʊ דּ ♠ ҍ ᵎ  autovacuum

 ἰ ᷄ḁ. 

 

ӽ  ◄  ʊ Ὼ Ἓ ᾯṎ ὣ Ɑ ♥Ӕὗ ᵁ ᵗ᷄ḁ. Ỵ  ◄  ῼӋ  ֥  ♄― Ἓ֚  

ḏ ᾕ  pg_stat_database № ♄ ҍ  ʊӽ  ◄  Җ   ᷄ḁ. 

 

בּ   ẁὖ ӽ  ◄  

ӽ  ◄  ʊԍ֛ Ἓ ỳ ֠   ῼ◕ Ὥ, Ἓ ♄Ἓ ḁὖ ּד♄Ἓ ṬṎ  ּב  ֠  ӽ  ◄

ὗ ֥ ᷄ḁ. 

 

 
148

 backend/storage/lmgr/proc.c, ProcSleep function 
149

 backend/storage/lmgr/proc.c, CheckDeadLock function 
150

 backend/storage/lmgr/deadlock.c 



 209  

ὗ ṯ ,  Ứ Ɑ  Ṕ ҟ  Ӕ  ҏ  $100   ʊӒ ὗ ҍ ⁵ ḁ.  ‗  Ӕ ♄  ֠

  ᷄ḁ: 

=> BEGIN; 

=> UPDATE accounts SET amount = amount -  100.00 WHERE id = 1; 

UPDATE 1 

 

ṅ  ḁὖ Ứ Ɑ  Ṕ ‗  Ӕ ♄  ‗  Ӕ Ἓ $10  Ἄә ᷄ḁ. ᾌ  Ṕ ‗  Ӕ

♄  ֠  ᷄ḁ: 

    => BEGIN; 

    => UPDATE accounts SET amount = amount -  10.00 WHERE id = 2; 

    UPDATE 1 

 

  ‗  Ứ Ɑ  Ṕ ‗  Ӕ  ֠  ҍ Ἄә ḻ Ὥ ḏ  ʊ  ֠ ṍ   

 :ḁ᷄ בּ 

=> UPDATE accounts SET amount = amount + 100.00 WHERE id = 2; 

 

֚ὣә Ṕ ‗  Ứ Ɑ   ‗  Ӕ בּ  Ἄә ḻ Ὥ ֠  Ώ  ᾯ ᷄ḁ: 

    => UPDATE accounts SET amount = amount + 10.00 WHERE id = 1; 

 

Ỵ דּ   ḓ  ֥◄  ʊ Ἓ Ӎṍ  ᷄ḁ.  ‗  Ứ Ɑ  1  ᵒ  ὣꜙ ὗ Ṭ  בּ 

ῡἛ ӽ  ◄   ә ♄―   Ḅṑ᷄ḁ: 

ERROR: deadlock detected 

DETAIL: Process 30423 waits for ShareLock on transaction 122877;  

blocked by process 30723.  

Process 30723 waits for ShareLock on transaction 122876; blocked by  

process 30423.  

HINT: See server log for query details.  

CONTEXT: while updating tuple (0,2) in relation "accounts"  

 

 Ṕ ‗  Ứ Ɑ  Ӕꜚ ḁ. ֚ҹ᷄ בּ   ֽ ᵁ♄ ּב בּ  ᷄ḁ: 

UPDATE 1 

 

Ứ Ɑ  ἰ ⁵ ḁ. 

    => ROLLBACK; 

 

=> ROLLBACK; 

 

 Ҝ בּ    ʊ ῶὖ  “  ṅ ꜙἛ ὣ♄דּ  ὗ ֠   ʊҹ ᷄ḁ. ὗ ṯ ,  Ӓ

 ʊӔ  ‗ ὗ ֥ Ἓ Ὑ דּ Ἓ Ӕ   ֠  .ḁ᷄ בּ 
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Ṕҟ  UPDATE Ԃῄ ▐  ӽ  ◄  

 aӒ  ʊӽ  ◄ ҍ ₔҍᶾ  ҹ Ỹ ⁫ Ὥ Ἓ ῼ◕  .ḁ᷄ בּ 

 

Ὼ Ἓ SQL ᾤἔ  
atomic

Ớә ҍ Ὥ, ὰ ֚ỷֱ ? UPDATE ᾤἔ  ḝ Ɫ  □ ⁫ӆ

᷄ḁ.  ᾤἔ   ‗  ᾧṭ  ֠  ʊḓ בּ  ṍ  ʊ  ֠ ᾞ, ṅ  ῼ◕  ᷄ḁ. ẁ

Ớ♄  UPDATE ᾤἔ בּ  Ἓ Ỵ♄דּ   ә, ḁὖ UPDATE ᾤἔ  ḁὖ ּד♄Ἓ ṅ   

בּ  ʊӒ  ӽ  ◄ ҍ ῼ◕  .ḁ᷄ בּ 

 

Ỵ  ᵁὣ ὗ ⁫ӆ ᷄ḁ. ᾌ , amount  ᵒὧ דּ Ἓ Ḭ ὗ Ⱡ ᷄ḁ: 

=> CREATE INDEX ON accounts(amount DESC); 

 

Ӧ  Ө ḻἜ  ᶿ בּ   ʊ ὗ Ⱡבּ  :ḁ᷄ בּ 

=> CREATE FUNCTION inc_slow(n numeric) 

RETURNS numeric 

AS $$ 

  SELECT pg_sleep(1); 

  SELECT n + 100.00; 

$$ LANGUAGE sql; 

 

 ‗  UPDATE ᾤἔ  ᾧṭ  ּב  ҹ ᷄ḁ.  Ӕ   №  Ө דּ   ҷ◌  ֥Ὼ Ἓ 

᷄ḁ. 

=> EXPLAIN (costs off)  

UPDATE accounts SET amount = inc_slow(amount); 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Update on accounts  

>֧ Seq Scan on accounts  

(2 rows)  

 

amount ⁸╙ ͙ר╖ᴛ  ╪ּתʺ ╙ ₡ᵒ ὣ╖ᴛ ♇◑ ҵᴜ ͙ ─ , ╪ẇ╙ ◄גϿ̆ Ự

ᴛ⇔ ╙ ừ░ ‒ ѱѻ. 

=> TRUNCATE accounts; 

=> INSERT INTO accounts(id, client, amount)  

VALUES 

(1,'alice',100.00),  

(2,'bob',200.00),  

(3,'charlie',300.00);  

 

=> ANALYZE accounts; 

=> SELECT ctid, * FROM accounts;  

  ctid | id |  client | amount  
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֧֧֧֧֧֧֧I֧֧֧֧I֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧ 

  (0,1) | 1 |   alice | 100.00  

  (0,2) | 2 |     bob | 200.00  

  (0,3) | 3 | charlie | 300.00  

(3 rows)  

 

דּ  ҷ◌   ṅ בּ Ἓ♄דּ   ҹ ᷄ḁ ( Ὥ ḓ֗ᾧ №  Ӓ  ◄ ֚ἃ  ʊ ᷄ḁ). 

 

בּ  ⁵ ḁ: 

    => UPDATE accounts SET amount = inc_slow(amount); 

 

, ḁὖ ⱢⱭ דּ ♄  ҷ◌  ֠ ⁫ӆ ᷄ḁ: 

=> SET enable_seqscan = off;  

 

ӍӦ Ἓ, Ủᵡ  ʊḁ  UPDATE ᾤἔ  Ө  Ḭ   ♠ ᷄ḁ. 

=> EXPLAIN (costs off)  

UPDATE accounts SET amount = inc_slow(amount) 

WHERE amount > 100.00; 

 

                  QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Update on accounts  

>֧ Index Scan using accounts_amount_idx on accounts  

    Index Cond: (amount > 100.00)  

(3 rows)  

 

Ṕ ‗  Ɫ ‗   ҳ  Ὥ ᷄ḁ. Ḭ ҍ ᵒὧ דּ ῡἛ  ּד Ἓ ּב ṏ ҹ ᷄ḁ. 

 

ḁ בּ   ⁵ ḁ: 

    => UPDATE accounts SET amount = inc_slow(amount) 

    WHERE amount > 100.00; 

 

pgrowlocks  ֥ᶾ  ▐ ᾠ  ‗  ▓ ҍ ῦ  ‗   (0,1) בּ  ә, Ṕ ‗  ▓ ҍ 

Ὣ Ὤ  (0,3) בּ   ҹ  .ḁ᷄ בּ  

=> SELECT locked_row, locker, modes FROM pgrowlocks('accounts');  

 locked_row | locker | modes  

֧֧֧֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

      (0,1) | 122883 | {"No Key Update"} . <-  first  

      (0,3) | 122884 | {"No Key Update"}. < -  second 

(2 rows)  
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1 ҍ ḝ Ὓ᷄ḁ.  ‗  ▓ ҍ Ṕ ‗ בּ   ә, ḁὖ ▓ ḻ ṅ בּ   Ἄә 

Ὥ ṍ  ᷄ḁ. 

=> SELECT locked_row, locker, modes FROM pgrowlocks('accounts');  

 locked_row | locker | modes  

֧֧֧֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

      (0,1) | 122883 | {"No Key Update"}  

      (0,2) | 122883 | {"No Key Update"} < -  the first one wins  

      (0,3) | 122884 | {"No Key Update"}  

(3 rows)  

 

  ‗  ▓  ʊὫ Ὤ №  ּב Ἄә ᷄ḁ. ֚Ỵ  U ḏ  ῦ Ṕ ‗  ▓  

 ֠  ҵἌ ᷄ḁ. ӽ  ◄ ҍ ῼ◕ ᷄ḁ. 

 

Ṕ Ứ Ɑ  ᵁҍ Ḅṑ᷄ḁ: 

ERROR: deadlock detected 

DETAIL: Process 30794 waits for ShareLock on transaction 122883; 

blocked by process 30723.  

Process 30723 waits for ShareLock on transaction 122884; blocked by  

process 30794.  

HINT: See server log for query details.  

CONTEXT: while updating tuple (0,2) in relation "accounts"  

 

֚ὣә ḁὖ Ứ Ɑ   ἰ ᷄ḁ: 

UPDATE 3 

 

әὨṎ ◄ Ỹ ⁫ Ὥ, ḓỳ בּ   בּ  ṍ  ʊәₐ  ♄  ʊ Ỵ  ◄  ῼ◕  בּ 

᷄ḁ.  
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14  ֥   ֠

14.1 ℮Ҡ   ֠

ӨӔἛ ҏ ṍ   ʊὣꜙ ὗ ֚  ֥  PostgreSQL  Ҡ  
151

 ỳ  ʊ ֠  ▐ ᷄ḁ. 

 Ἓ֚  Ṏ ұ  ᾧṭ ҹ № .ḁ᷄ בּ֞   , ԂḼ, Ὣ, , , ұ

 ḫ   ṴӦ Ҝ  ҹṯ  ṑ᷄ḁ. 

 

№  ◕Ⱡ  ʊ Ứ Ɑ   ⁫ӆ ᷄ḁ: 

=> BEGIN; 

=> CREATE TABLE example(n integer); 

 

 pg_locks № ♄ ӨӔҍ  ᷆ ֠  □ ⁫Ɫ : 

=> SELECT database, 

         (  

           SELECT datname FROM pg_database WHERE oid = database 

         ) AS dbname, 

         classid,  

        (  

          SELECT relname FROM pg_class WHERE oid = classid 

        ) AS classname,  

        objid,  

        mode, 

        granted 

 FROM pg_locks 

WHERE locktype = 'object'  

  AND pid = pg_backend_pid() \ gx 

 

y֧ pcampb O {֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 database | 16391  

   dbname | internals  

  classid | 2615  

classname | pg_namespace 

    objid | 2200  

     mode | AccessShareLock 

  granted | t  

 

 ֧ὣꜙ  ʊḁ  Ɫ ҍ  Җ   ṑ᷄ḁ: 

 

database -  ֠ḓ◄ Ҡ ҍ Ṏ ḫ †  oid  (Ắ  ʊ  Ҡ ҍ  Ỵ  Ӥ  Ӓ  0) 

 
151

 backend/storage/lmgr/lmgr.c, LockDatabaseObject & LockSharedObject functions  
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classid - ὣꜙ    ʊ  Ἓ  ֚ № Ὑ  ḏ  ʊpg_class  ᵁ Ṏ oid  

objid  - classid ҍ  ʊ  Ἓ  ֚ №  ᵁ Ṏ oid  

 

database Җ  ᵒ  aḫ † ὗ ҍὣ ᷄ḁ.  ⱢⱭ  ӍṎ ḫ † ᷄ḁ. classid   

Ὣὗ ᵁ  ʊpg_namespace №  ҍὣ ᷄ḁ. 

 

 objid ὗ ♅  :ḁ᷄ בּ 

=> SELECT nspname FROM pg_namespace WHERE oid = 2200; 

nspname 

̮̮̮̮̮̮̮̮̮ 

public  

(1 row)  

 

ẁỚ♄ PostgreSQL  Ứ Ɑ    ṅ  ᶞԂḻ ░  ᾯ ḻἜ public  Ὣὗ Ҙ ᷄ḁ. 

 

Ὣ ҍ Ἓ, Ҡ  ░  ʊҠ   ḏ Ҡ ҍ  ʊᾧṭ ὣꜙ  Ө     ֠  ᷄

ḁ.
152

 

=> ROLLBACK; 

 

14.2 ӨӔ   ֠

ӨӔ ҍ ҍבּ    ẁỚ PostgreSQL  ҍᶾ  Ӓ  ῦ ▐  ҍᶾ   ⅎ Ӥҏ  ○Ἓ  

 ▲ ᷄ḁ. ֚Ỵ  U  ƫ ♄  ʊӨӔὗ  ֥  ○Ἓ  ὗ ҍ   ҹ ᷄ḁ. 

ῇὣ  ἄ  Ө ♄ ○Ἓ   ʊ ḏ  ᴸ  ҍṑ᷄ḁ ( Ἓ  ○Ἓ   ◕Ⱡṏ 

 .( ḻבּ

 

○Ἓ  ҍ  ‗   ἛⱢ  ♄Ὥ ҍṍ  ֥    ‴  ỳ  ʊ  
153

 

֠ Ἓ ⁫ ṑ᷄ḁ. Ỵ  ֠  Ḭ  Ӥ ♄ḻ Ḭ    ○Ἓ   ҍὗ ֠

 ʊḫ ▐ ṑ᷄ḁ. 

 

ӨӔ  ֠  ֱ֠  ⁮ ҹӦ ҏ ḁὔӀ ṅ ᷄ḁ: 

 

 ̧  ◕Ⱡṍᾠ Ứ Ɑ  ἰṏ ẋֱ  ֥ḁὣ  ә  ṑ᷄ḁ. 

 ̧ ḫṫớ  ῼ ῡἛ ḓ בּ   ֥֚Ủ  ṍ  ᷄ḁ. 

 

◑ Ϯ, ́̕ᵑױ͎ Ѥ ♥ ʺ deadlock_timeout Ṓѻ ₡נ ᾎʼ╪ ˢᵙѤ ˿↕⁄Ѥ ⁴♣  

ҥӥד ˤỢʺ ὡ Ӌѱѻ. ╪Ѥ ▀ḙ♠╬ Ữ ╘ ῷѱּתᵣ ⁴ױ ᴛἝᾅʺ ҿᾎ⁄ ѻַא 

ừ░╙ ὡ Ѥ ˿↕⁄ ḛỸ  ὡ ▓ᾋѱѻ. ╪ ˿↕, ˤỢʺ ⁴ױ Ḵ Ӈ‡ ♬Ữ♠╬ 

ᾎᾅ  ▬ҿ╪ ỢᾒỮ ᵡẋӉ ὡ ▓ᾋѱѻ. 

 

 
152

 backend/catalog/dependency.c, performDeletion function  
153

 backend/storage/lmgr/lmgr.c, LockRelationForExtension function  
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ױ╪  ─ ╙ ἵ ͙ ─   ▀╘  Ḵ⁄ ⁴תּ╪ ױ῭ ◑Ӌѱѻ (○͔╙ ͙ѻᵙѤ 

ᴛἝᾅ ὡ⁄ ẋᴗ Ӈ  Ḵ⁄ 512 ╪ּתᵑ ̓ ͋ ╪ .Ώҵᴜ)154 תּ ╥ ₉ΩѤ B- ᵙ 

╬Ҧᾅ ▀ᴛ,  Ḵ⁄  ╪ּת῭ ◑Ӌѱѻ.155 

 

14.3   ֠

┬ תּ╪ ╬͔○ Ѥ▓װאַ ╥156רὡ תּ╪ ╘ GIN ╬Ҧᾅ⁄ᵣ ♠↔Ӈᶒ, ѻ╛̓ ˉ╘ ˿↕⁄ᵣ ♠

↔Ӌѱѻ. 

 

GIN Ḭ  ʊ  ῄ♄  Ḅ  Ҝ  ⁬  Җ  ꜙὗ ҷ◌  ʊꜚḻὗ ᶋ ḁ. GIN Ḭ᷄ בּ   ʊ

ῄ♄ ҍ  ᷆ҟ‴ Ḅ ὗ  ʊB- ὣ  ℮  Ԃ Ἓ ḓỰ Ἓ ♥ᾤ ḁ. ○Ἓ᷄ בּ   ῄ

♄ҍ ҍṍᾠ ḏ ῄ♄  ᵁ ᵁ  ʊҎ Ḅ ὗ  ֥  Ḭ ὗ Ӏ ּב  ᷄ḁ. 

 

Ⱡᶾ  ◄  ֥  GIN Ḭ  ʊ Ṏ ▲  ᷄ḁ.  ʊfastupdate  (֥⁮Җ: on)  ὺҟ

בּ″   ṑ᷄ḁ. ○Ἓ  Ḅ  ʊᾌ  Ἇṍ   ḓ  ֥ᾨἜ  ↑ὔӀ ҍṍә,  ƫ ḻ ҏ  

 ɐ  ᾧṭ ᶞ Ṏ ᾨ   Ḭ  Ԃ Ἓ ṅṑ᷄ḁ. ♄Ἓ ḁὖ ῄ♄  ⁬Ṏ Ḅ ҍ ṏ ҍᶾⱠ

 ᶋ  ֥ẋῄ    ֜   ℮  ᷄ḁ. 

 

Ỵ ἛⱢ   Ḅ  ṅ  ꞈ   ֥  Ḭ  ᾕ  ʊ  Ḭ Ἓ Ḅ ҍ ᾧṔ ṅ

ṏ ẋֱ     ᾧṫἛ ֬᷄ḁ.  ֠  Ὼ  Ḭ  ▐  ʊ   ᷄ḁ. 

 

ӨӔ  ֠Ӧ Ὣ ҍ Ἓ  ֠   ἰṍᾠ Ứ Ɑ  ἰὗ ֥ḁὣ  ә  ṍ

ῡἛ ḫṫớ  ῼ◕  ᷄ḁ. 

 

14.4   ֠

ḁὖ ỳ  ʊ  ֠(ӨӔ ֠Ӧ Ҝ )Ӧ Ḇὣ,  ֠
157

 ṅ Ἓ Ṭṍ  ᷄ḁ.  ֠  

 Ἓ֚Ừ ҟῼ   ṑ᷄ḁ. Ỵ  ֠   Ἓ֚Ừ   ᾨ     ֠Ἓ  

 Ӓ  ὣ Ӏ ▐  .ḁ᷄ בּ 

 

ὗ ṯ , SELECT FOR Ắ  ʊLOCK TABLE ᾤἔ  ▐ ʊḫ  בּ֞   †  Ҡ  ḓ   ʊ

ὣꜙ ὗ ֚Ἄᾠ ὣꜙ יּ   IDὗ ḏ  ᷄ḁ. ὣꜙ  ә  Ὑ  ḁᾠ ḏ Ὑ  Ө  

 ṫὗ ◕Ⱡ  ʊҹ  ҍ תּ    “ ᷄ḁ. 

=> select hashtext('resource1');  

hashtext  

̮̮̮̮̮̮̮̮̮̮̮ 

991601810 

(1 row)  

 

 
154

 backend/access/heap/hio.c, RelationAddExtraBlocks function  
155

 backend/access/nbtree/nbtpage.c, _bt_getbuf function  
156

 backend/storage/lmgr/lmgr.c, LockPage function  
157

 postgresql.org/docs/14/explicit - locking#ADVISORY-LOCKS.html 
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PostgreSQL   ֠
158

 Өὣ  ֥ Ủ בּ   ὗ Ӥ ᷄ḁ. ּב Ὑ pg_advisory  

Ṕ▐Ἓ ᾞ ḁ Ӧ Ҝ  ᾨ  Ἓ  ʊḄ ὗ  ּב ᷄ḁ. 

 

 ̧ lock :  ֠ Ṭ 

 ̧ try : ḓ  ֥   ֠ Ṭ  ḻ 

 ̧ unlock :  ֠  

 ̧ share: Ӥ   ֠ᾧṫ ▐  (֥⁮ Ἓ    ᾧṫ ▐ ) 

 ̧ xact : Ứ Ɑ  ᴸֱ   ֠ Ṭ ῳ  (֥⁮ Ἓ ⱢⱭ  ᴸֱ   ֠ ) 

 

ⱢⱭ  ᴸֱ     ֠  Ṭ  ⁫ӆ ᷄ḁ: 

=> BEGIN; 

=> SELECT pg_advisory_lock(hashtext('resource1'));  

=> SELECT locktype, objid, mode, granted  

   FROM pg_locks WHERE locktype = 'advisory' AND pid = pg_backend_pid();  

 

 locktype |     objid |          mode | granted  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

 advisory | 991601810 | ExclusiveLock | t  

(1 row)  

 

 ֠  Ἓ ṅ Ἄᾠ ḁὖ ἛⱢ ḻ ὣꜙ  Ɫ  ẋ ♥ Ṏ ּד♄ὗ ּב  ᷄ḁ. 

 ʊ  Ἓ֚Ừ   ⁫ ṍ  ᷄ḁ. 

 

Ṭ  ֠  Ứ Ɑ  ἰṎ ḻ ṑ᷄ḁ: 

=> COMMIT; 

=> SELECT locktype, objid, mode, granted  

FROM pg_locks WHERE locktype = 'advisory' AND pid = pg_backend_pid();  

 locktype |     objid |          mode | granted  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

 advisory | 991601810 | ExclusiveLock | t  

(1 row)  

 

ὣꜙ  Ө   ἰṍᾠ ֠  ᾤ Ἓ  ᷄ḁ: 

=> SELECT pg_advisory_unlock(hashtext('resource1'));  

 

14.5 ҳ  a  ֠

ҳ  a ֠ Ớ  ʊ  ʊ ֠  ֥Ὼ Ἓ   Ӊὣὗ Ԃ Ἄ  ʊ  ḻ ♄ Ṵ ᷄ḁ.
159

 

ḏ  ᾠ  ῄ  ʊ ә ḫ  ᾧṭ  ֚ḝỚḻ  Ӊὣὗ ⁫ ḁ בּ   ʊҹ ᷄ḁ. 

Ἓ, №  ҳ  Ὥ  ʊ○Ἓ   ▲ ṍᾠ  ֚  ἔ  ṏ ּב ᷄ḁ. 

 
158

 postgresql.org/docs/14/functions -admin#FUNCTIONS-ADVISORY-LOCKS.html 
159

 K. P. Eswaran, J. N. Gray, R. A. Lorie, I. L. Traiger. The notions of consistency and predicate locks in a  database system 
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Ỵ  Ἓ   ᷆ ҳ(ּו )  ֚  ʊҹ  ᷄ḁ. ὗ ṯ  a > 10 ҳ  ҍ  ὣὗ 

ḁᾠ,  ּו ὗ ֚ᾠ  ҳ  Ὥ  ʊ○Ἓ   №  ҍ ◕ῡἛ ἔ  ῼ בּ 

 ᷄ḁ. ῄ  ʊa < 20Ӧ Ҝ  ḁὖ ּו ҍ ᵁ ᵁᾠ Ỵ וּ  ṯ  ӏ ᶷ  ₐὗ  ḁ

 ʊҹ ᷄ḁ. Ἕ Ἓ  ῄ  ʊ әὣ Ἓ Ӎ ḁ. Ἓ᷄ בּ   ʊ   Ҝ  ὺ  ҏḄ

 Ủ וּ   Ө ♄Ὥ Ӎ  .ḁ᷄ בּ 

 

PostgreSQL ♄ Ἇ  Ӊὣ ּב  ḁὖ   Ἓ Ԃ ṑ᷄ḁ. Ἇ  Ӊὣ ּב  Serializable 

Snapshot Isolation  (SSI) Ἓ
160

 ▐ ᷄ḁ. ҳ  a ֠ Ớ  ʊ  ʊ  ▐ ṍ Ὥ,  ֚

ῦ  ʊ֜⁮ Ἓ ῶᴧ ᷄ḁ. ▐ , Ỵ  ֠   ̈͂ҹḻ ֚  ᷄ḁ. ḓ , ṯ  ♄Ἓ ḁὖ 

Ứ Ɑ ҏ  ḫ  ꜚⱠ   ʊḫ ▐ ṑ᷄ḁ. 

 

Ὼ⁬ ҍᶾ בּ֥   ♄ ᵗָא Ӊὣ  ʊ  ֥֥ (֥write skew ) ῳ  ֥  Ứ Ɑ ◄ ◄  

 ᾧṭ ◄ ◄    ᾤṍ ᷄ḁ.  Ṕ ҍ  ◄ ◄  ◄ḓ Ἓ  ℮ Ἓ 

ḫ  ꜚⱠ ֚Ủ ♄   ῼӋ  .ḁ᷄ בּ 

 

ῄ  ʊṔ ҍ  Ὂ  ꜚⱠ  Ԃ‴  ḁ  ʊҹ ᷄ḁ: 

 

 ̧  ‗  Ứ Ɑ  Ṕ ‗  Ứ Ɑ   ᵁ בּ  ṍ  ʊ   (RW ꜚⱠ). 

 ̧  ‗  Ứ Ɑ  Ṕ ‗  Ứ Ɑ   ᵁ   ʊ בּ   (WR ꜚⱠ). 

 

WR ꜚⱠ  Ὼ  ớ  ▐  Ҕ Ὥ, RW ꜚⱠ בּ   ҳ  a ֠    ᷄ḁ. 

Ỵ   Ἇ  Ӊὣ ּב ♄ ṅ Ἓ Ⱡ ṍᾞ, ҹ  ᾧṭ Ứ Ɑ (Ắ  ʊ ḻ ◄  ӍṎ 

Ứ Ɑ)  ḓ בּ    ▐  ʊҹ   ᷄ḁ. ḁὖ ּב ♄   Ứ Ɑ   ʊӒ

 ҳ  a ֠  ♥  ῡἛ Ἇ בּ   Ὼ⁬ בּ֥   Ἓ ᵒἌҍӀ ṑ᷄ḁ. 

 

ḁ   ‗ ҙ ә  ҹ  ҳ  a ֠ Ớ  ʊ Ὑ ḻ ₔԂ ә, ҳ  a ֠  Ἓ  ̈͂ҹḻ ֚

 ᷄ḁ. ḓ , Ứ Ɑ  ΅ṏ ẋ " " ꜚⱠ  ә, PostgreSQL  ◄ ◄  

ᾠ ḏ Ứ Ɑ  Ḅṑ᷄ḁ. 

 

ḁ  Ỵ  ҵ  Ḭ ὗ ҍ  №  ◕Ⱡ  ʊ ᷄ḁ (ᵎ  fillfactor  Җ  ▐  

Ԃ  :(ḁ᷄ בּ 

CREATE TABLE pred(n numeric, s text);  

 

INSERT INTO pred(n) SELECT n FROM generate_series(1,10000) n; 

 

CREATE INDEX ON pred(n) WITH (fillfactor = 10);  

 

ANALYZE pred; 

 

Ὥ  ὣҍ ּד בּ    ʊӒ , ӤṎ  ҳ  Ὥ   ʊ  a  ḝỚḻ  

 
160

 backend/storage/lmgr/README -SSI 

     backend/storage/lmgr/predicate.c  



 218  

№  ḓ  ҳ  a ֠  Ṭṑ᷄ḁ. 

 => SELECT pg_backend_pid(); 

    pg_backend_pid 

  ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

   34753 

 (1 row)  

 => BEGIN ISOLATION LEVEL SERIALIZABLE; 

 => EXPLAIN (analyze, costs off, timing off, summary off)  

 SELECT * FROM pred WHERE n > 100; 

 QUERY PLAN 

 ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Seq Scan on pred (actual rows=9900 loops=1)  

 Filter: (n > '100'::numeric)  

 Rows Removed by Filter: 100  

 

 ♄  ʊn > 100 ҳ  Ὥ  ʊ   ʊ ὣ ᷄ḁ.  ὣҍ ּד בּ   ῡἛ 

 №  ḓ  ҳ  a ֠  Ṭṑ᷄ḁ. 

 

ҳ  a ֠   Ớὗ ҍ ә Ὥ, pg_locks  ₱  ʊ῁ҸӀ  ֧ ֠Ӧ כ ṯ  כ 

᷄ḁ. ᾧṭ ҳ  a ֠  ◄ Ἇ  Ӊὣ ּב  (֥SIRead) ᾧṫἛ Ṭṑ᷄ḁ. 

=> SELECT relation::regclass, locktype, page, tuple  

FROM pg_locks WHERE mode = 'SIReadLock' AND pid = 34753 

ORDER BY 1, 2, 3, 4;  

 relation | locktype | page | tuple  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧+֧֧֧֧֧֧֧ 

     pred | relation |      |  

(1 row)  

 

 => ROLLBACK; 

 

  ʊSIReadLock ᾧṫἛ ṬṎ ҳ  a ֠   ʊҹ ᷄ḁ. ҳ  a ֠  Ứ Ɑ ҏ  

ꜚⱠ   ʊḫ ▐ ṍῡἛ, Ứ Ɑ   ꜚ ҏ⁫ḁ Ủ ṏ ּב ᷄ḁ. ֚Ỵ  U ṯ  ṅ

Ἓ Өὣṑ᷄ḁ. 

 

Ḭ בּ   ṍ  ʊӒ  ◄  ҟ♠ṑ᷄ḁ. B- ὣ Ḭ  Ӓ ,   Ӧ Ṏ ὣ  

 ḓ  ҳ  a ֠  ♥  ʊҹὭ Ἓḻ ₒ ᷄ḁ. ἃӀ Ἓ   Җ╝Ὥ ᷄Ớ   

‛ ὗ " ֚Ӏ" ṑ᷄ḁ. 

 => BEGIN ISOLATION LEVEL SERIALIZABLE; 

 => EXPLAIN (analyze, costs off, timing off, summary off)  

 SELECT * FROM pred WHERE n BETWEEN 1000 AND 1001; 

 QUERY PLAN 

 ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Index Scan using pred_n_idx on pred (actual rows=2 loops=1)  
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 Index Cond: ((n >= '1000'::numeric) AND (n <= '1001'::numeric))  

 (2 rows)  

 

=> SELECT relation::regclass, locktype, page, tuple  

FROM pg_locks WHERE mode = 'SIReadLock' AND pid = 34753 

ORDER BY 1, 2, 3, 4;  

   relation | locktype | page | tuple  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧+֧ ֧֧֧֧֧֧ 

       pred |    tuple |    4 | 96  

       pred |     tuple |    4 | 97  

 pred_n_idx |     page |   28 |  

(3 rows)  

 

ῦ Ṏ  ḏ  ʊὣ בּ    ʊ″Ӓṏ ּב ᷄ḁ. ὗ ṯ , ○Ἓ   №  ▲

ṍᾠ Ḭ  ҍ ₒ ṏ ּב ᷄ḁ. ֚Ỵ  UPostgreSQL  ὗ әἌ  ○Ἓ ◕ⱠṎ ḻ 

֚Ӏ ṑ᷄ḁ. 

=> INSERT INTO pred 

SELECT 1000+(n/1000.0) FROM generate_series(1,999) n; 

 

=> SELECT relation::regclass, locktype, page, tuple  

FROM pg_locks WHERE mode = 'SIReadLock' AND pid = 34753 

ORDER BY 1, 2, 3, 4;  

   relation | locktype | page | tuple  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧+֧ ֧֧֧֧֧֧ 

       pred |    tuple |    4 | 96  

       pred |    tuple |    4 | 97  

 pred_n_idx |     page |   28 |  

 pred_n_idx |     page |  266 |  

 pred_n_idx |     page |  267 |  

 pred_n_idx |     page |  268 |  

 pred_n_idx |     page |  269 |  

(7 rows)  

 

 ♄  ʊ○Ἓ   ▲  ҍ ҍṍ  ʊҹ  ḁ. SIReadLock ᾧṫἛ᷄ בּ  

ṬṎ ҳ  a ֠   ḓ  ♥ ṍ  ʊҹ  .ḁ᷄ בּ  

 

Ҏ   ҟ‴ Ἓ ӈ ᾞ, Ỵ   ◄ḏ  Ὦ ḁ. ҳ᷄ בּ   a ֠  ♄―   

ḏṎ   ▐ ᷄ḁ. ҳ  a ֠ בּ    ʊmax_pred_locks_per_transaction  (֥⁮Җ: 64) Җ  

max_connections (֥⁮Җ: 100)  Ӣ  ҹ Ἓ ṑ᷄ḁ (ὺҟ″ּב Ὑ ḻ ₔԂ ә, ҳ  a ֠  ҟ

‴ Ứ Ɑ ḏ Ἓ Ӕ▓ṍ  ᷄ḁ). 

 

֥♄  ʊ בּ   ֠Ӧ ṅ  ῄ ҍ ῼ◕ Ὥ, ḁὖ   Ἓ Ӎṑ᷄ḁ:  ֠ ἄ Ɑ  
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ṑ᷄ḁ.
161

 

 

ᵁ   ӨἎṎ   ּ֠בҍ max_pred_locks_per_page(֥⁮Җ: 2) ὺҟ″ּב  Җ⁫ḁ ᾠ, 

ṯ  Ḅ בּ    ֠ Ἓ ḓ ṑ᷄ḁ. 

 => EXPLAIN (analyze, costs off, timing off, summary off)  

 SELECT * FROM pred WHERE n BETWEEN 1000 AND 1002; 

 QUERY PLAN 

 ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Index Scan using pred_n_idx on pred (actual rows= 3 loops=1)  

  Index Cond: ((n >= '1000'::numeric) AND (n <= '1002'::numeric))  

 (2 rows)  

 

  Ɫ ҟ   ֠ḓ     ᵁ  ֠  ᷄ḁ: 

=> SELECT relation::regclass, locktype, page, tuple  

FROM pg_locks WHERE mode = 'SIReadLock' AND pid = 34753 

ORDER BY 1, 2, 3, 4;  

   relation | locktype | page | tuple  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧+֧ ֧֧֧֧֧֧ 

       pred |     page |    4 |  

 pred_n_idx |      page |    28 |  

 pred_n_idx |      page |   266 |  

 pred_n_idx |     page |  267 |  

 pred_n_idx |     page |   268 |  

 pred_n_idx |     page |   269 |  

 (6 rows)  

 

=> ROLLBACK; 

 

בּ   ֠  ḓ  ʊṅ   ẁὛ᷄ḁ.  ӨӔ  ḓ  Ỵ  ֠  ҍבּ 

max_pred_locks_per_relation (֥⁮Җ: -2) Җ⁫ḁ ᾠ, ᵁ  ӨӔ ּב  ֠ Ἓ ḓ ṑ᷄ḁ. (  ὺҟ

♥ Ἓבּ ҍבּ″ ṍᾠ ӔҖ  max_pred_locks_per_transaction (֥⁮Җ: 64)  

max_pred_locks_per_relation  ḓҖ Ἓ ᵁ  fҹ Ἓ Ӕ▓ṑ᷄ḁ. ẁỚ♄ ֥⁮ ӘҖ  32 ᷄ḁ). 

 ֠ ḓ  ʊ Ỵ ҍ  ᾯṎ Ἇ  Ὂὗ ῼ   ὣỳ  ₐ   ῦ ᷄ḁ. ẁỚ♄ 

ⱠᶾӦ ▐  ҍᶾ  RAM  ḓ   ֘   ᷄ḁ. 

 

ҳ  a ֠  ḁ Ӧ Ҝ  Ḭ   ᷄ḁ: 

 ̧ B- ὣ 

 ̧  Ḭ , GiST ῳ GIN 

 

Ḭ בּ   ṍ Ὥ Ḭ ҍ ҳ  a ֠    ʊӒ   Ḭ ҍ ֬᷄ḁ.  Ӓ

 ʊ῁ ῦ  Ἓ ḄṎ Ứ Ɑ ḻ ҍבּ   ҹ Ἓ ◄ṑ᷄ḁ. 

 
161

 backend/storage/lmgr/predicate.c, PredicateLockAcquire function  
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Ἇ בּ  ♄ ⁫ḁ    READ ONLY  ▐  ᾤ Ἓ  ֥  Ứ Ɑ  ♠

 ʊҹ  ᷄ḁ.
162

  ֠Өὣ ҍ  ֥  Ứ Ɑ  ḁὖ Ứ ⱭӦ ḿ   ҹ  

ᾠ ῦ ♥ Ṏ ҳ  a ֠  ә ○Ἓ  ֠  Ṭ ḁ. ֚ὣә Ỵ᷄ בּ    Ứ Ɑ

 DEFERABLEἛ ♠ ᾠ  ֥  Ứ Ɑ ◄ ◄ḻ  ּב ᷄ḁ. 
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 backend/storage/lmgr/predicate.c, SxactIsROSafe macro  
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15  ᾕᾧὣ Ԃ   ֠

15.1 ֠Spinlocks 

PostgreSQL  Ὼ  ῁ұ   ֠ḓ  ҍ‰ ᾠ♄ḻ ℮   Ỵ  ֠  ▐  Ӥ  

ᾕᾧὣ  ḫ  Ԃ ὗ ⁫ ᷄ḁ. 

 

ҍ  ҏḄ  ֠  (֠spinlock ) ᷄ḁ. ớ  ⁫  ὺ   ҏ ṅ ( Ỵ CPU ▐  )o 

 ᾕᾧὣ ⱥ  ṅ  ḫ Ἓₐ  ⁫  ֥  Ṭṑ᷄ḁ. 

 

֠  ℮ӽӦ ӽ (compare- and- swap)
163

 Ҝ   CPU ᾤἔ  ֥Ὼ Ἓ ᷄ḁ. ֠  

    ֠ᾧṫὭ ᷄ḁ.  ὣꜙ ҍ ῦ ӈ  ʊӒ  ἛⱢ  ʊᾤἔ  Ὼ⁬  ῶ╥ 

ḓ (֥busy- wait )ὗ ּב ᷄ḁ(ẁỚ♄ Ὑ  " "  ҹ ᷄ḁ). Ṏ ҏ ᵒ  ֠  Ṭ ʊ  בּ 

Ӓ  ἛⱢ  ʊ     ḁὖ ἶ ὗ ᷄ḁ. 

 

 Ự  ḿ Ὅ  ὺ  ᵎḁә ṍ  ʊӒ  ῦҍ ᷄ḁ. ẁỚ♄  ḻ  ʊ ֠  

ᾥ ҟ  ᾤἔ ᵒ ♄ Ṭṏ ҍᶾⱠ  ᶋ ᷄ḁ. 

 

֠  ӽ  ◄  Ҕ  UӔ  ֥ᶾ  ᷄ḁ.  Ө ♄  ʊ ֠  ὗ ә ᾠ 

ṍᾞ, ῶὖ Ԃ  ḓ    PostgreSQL ҟῼ Ӏ ᷄ḁ. 

 

15.2 Ӓỳ  ֠

 ֚ḁ Ἓ, Ӓỳ  ֠Ắ  ʊlwlock
164

Ớә ₔὣ  ʊҹ  ᷄ḁ. ҍ‰  ֠  ḫ  Ԃ ( :  

№ Ắ  ʊ  ᾨἜ)  ὣ  ʊḫ  ҏ ṅ  Ṭṍᾞ, Ὼ Ἓ  ҏ  ꜙ ṑ᷄ḁ. ֚

Ỵ  UI/O   ⁫  ʊḫ ▐ ṏ ẋ  ʊḝ Ứ ҏ  ҵὦ ּבḻ ᷄ḁ. 

 

ҍ‰  ֠     ᾧṫ(ḫ בּ  )  Ӥ  ᾧṫ(  ֥  )ὗ ᷄ḁ.  ʊẁἛ 

 ᷄ḁ. ֠  ֥ḁὣ  ʊ Ỵ ἛⱢ ҍ  ʊӒ ,  ƫ  ἛⱢ ҍ ℮ӽ  ῁ Ἓ  ֜

ḁ. ḁ᷄ בּ   ṅ  ἛⱢ ҍ  ʊәₐ  ♄  ʊ  aₔ  Ӧὗ Ủ  .ḁ᷄ בּ 

 

ӽ  ◄  ҷ▐  ʊ Ӥṍ  ᷄ḁ. ҍ‰  ֠  ῶὔӀ Ԃ ṍ ḁ  ʊ  ḓ  PostgreSQL ҟῼ

ṯ  Ἡ  ᷄ḁ. ֚Ỵ  U Ỵ  ֠  Ӕ  ֥ᶾ  Қә ῡἛ ֠Ӧ Ḇὣ Ө ᷄ בּ 

ḁ. 

 

15.3  

֠Ӧ Ӓỳ ֠  ẢӀ ▐ ṍә Ṷ ♄ ▐ ṏ ּב ᶷ  ⁫  ֥  ―   WAL ― Ớ

 ʊṔ ҍ  Ӥ  ᾕᾧὣ Ԃ ὗ □ ⁫ӆ ᷄ḁ. ᾧṭ ֠  ḁ ᵁ ֥  ʊᵡ  ̈͂⁬ ә PostgreSQL 

 ҟῼ ṯ ӀὭ ῦἛ  ҹ ᷄ḁ. 
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 backend/storage/lmgr/s_lock.c  
164

 backend/storage/lmgr/lwlock.c  
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―   

―  ♄  ― ὗ  ֥  ▐ ṍ  ʊ  №  ֜ Ἄᾠ ἛⱢ  ʊ―  ὺ
BufferMapping

 

Ӓỳ ֠  Ṭ  ᷄ḁ. ֥ὗ ♄  ʊӤ  ᾧṫἛ, ּב  ◄ṍ  ʊӒ  ʊ   ᾧṫἛ Ṭ

 ᷄ḁ. 

 

 
 

 №  ὺ  ⅎ‗ Ӏ ֜ṍ  ֥ẋῄ   ֠   ‾ᾨ ◄  ṑ᷄ḁ. ḝ Ɫₒ  ֥   

№  128ҟ  ҟ‴ Ӓỳ ֠ Ἓ ԂⱠṎ Ứ Ἓ ԂⱠṑ᷄ḁ.
165

 

 

ᾎ ╪ẇ ○͔╘ PostgreSQL 8.2⁄Ἄ 16ˌ╥ ○͔╖ᴛ ṉ Ӈ‴╖ᶒ, 10Ц ╬ Ḳ♣ 

9.5ʺ ᾎӉ ԅ נ ╥ ͙ʺ 128ᴛ ּשʺӇ‴ּתᵣ, ҍ╥ ᶁ ‡ ᾎᾅ ⁄Ѥ ⁴♣  

Ṫ  .Ώ╙ ὡ ▓ᾋѱѻ תּ

 

―  ḝ  Ɫ Ἄᾠ ἛⱢ  ʊ―  ḝ ֠
166

 Ṭ ᷄ḁ( ֠  ▐ ҍ ⁯ ּב  ʊ

Ὑ  ῡἛ Ὑ  Ἓ ṑ᷄ḁ). ▐ ỳ ὗ ҍ  ʊṴ   a  ᾤ  ֠

  ᾞ  CPU ᾤἔ  ▐ בּ   .ḁ᷄ בּ 

 

― ♄ ὗ  ֥  ἛⱢ  ʊ ḏ ―
167

 ḝ   ʊBufferContent  ֠  Ṭ ᷄ḁ. 

 ֠  Ὼ Ἓ  ὗ  ʊṅ Ὥ ⁫ ṍᾞ,  ʊ―  (᷿buffer pinning )   

Ӥṍ  ʊ⁫ ҍ ₒ ᷄ḁ. ―  ᵒ בּ    ʊӒ  ʊBufferContent  ֠     ᾧṫἛ 

 
165

 backend/storage/buffer/bufmgr.c  

     include/storage/buf_internals.h, BufMappingPartitionLock function  
166

 backend/storage/buffer/bufmgr.c, LockBufHdr function  
167

 include/storage/buf_internals.h  
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Ṭ  ᷄ḁ. 

 

― ҍ Ṷ ♄ ұ  UṶ Ἓ ֥Ἔṏ ẋ, PostgreSQL  ―  ḝ  BufferIO  ֠  Ṭ ᷄

ḁ.  ʊ Ἓ  ʊ ֠
168

  ᷆ ֠ Ἓ ▐ ṍ  ʊꜚⱠ ᷄ḁ.  ʊ   ḓ  Ɫ ὗ  ʊ

ḁὖ ἛⱢ Ӏ I/O   ἰṏ ẋֱ  ֥ḁἌ   ὣ  ʊ  ᷄ḁ. 

 

ⅎ ―   ұ ᾕ ᷄  ớ ṫ  ʊ ᵁ  Ӥ  ―  Ự
strategy

 ֠
169

  ⁫ ṑ᷄

ḁ. 

 

WAL ―  

 

 
 

WAL ḻ ὗ ―  ὺ  ֥   №  ▐ ᷄ḁ. ―    №Ӧ  ʊḆὣ, WAL 

 ʊ  ֥ ᷄ḁ( Ὼ Ἓ ―   ֥  1/32). ֚ὣә ―  Ɫ ҍ ḝ ּד♄ ᷄ḁ. ẁỚ

♄ WAL   №  Ḅ  WALBufMapping Ӓỳ ֠ Ἓ ⁫ ṑ᷄ḁ.
170

 

 

WAL ὗ Ṷ  ֥Ἔ  ʊ  WALWrite Ӓỳ ֠ Ἓ ⁫ ṑ᷄ḁ.  ʊ  ‗   ἛⱢ  

בּ  ṍḻἜ ⁫ ᷄ḁ. 

 

WAL ᾨ  ◕Ⱡ  ֥  ἛⱢ  ʊᾌ  WAL  ᵒ ♄  aӤҏ   ḁ  ḫ Ἓ ᷄ḁ. 

Ӥҏ  Ӊ Ӏ ּד♄ҍ ṍ  ᾞ, ἛⱢ  ʊ▲  ὗ ⁫  ʊinsert position  

֠  Ṭ  ᷄ḁ.
171

 ֚Ỵ  U  ‗ Ӥҏ  ṍᾠ Ỵ ṅ  ἛⱢ ҍ  ּב ᷄ḁ. ὗ 

 Ҏ ἛⱢ  ʊWALInsert Ứ ὗ ԂⱠ  ʊ Ḥ ҟ  Ӓỳ  ֠  ᵁὗ Ṭ  ᷄ḁ.
172

 

 

 
168

 backend/storage/buffer/bufmgr.c, StartBufferIO function  
169

 backend/storage/buffer/freelist.c  
170

 backend/access/transam/xlog.c, AdvanceXLInsertBuffer function  
171

 backend/access/transam/xlog.c, ReserveXLogInsertLocation function  
172

 backend/access/transam/xlog.c, WALInsertLockAcquire function  
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15.4 ḓ  ֥ᾧ᷄ Ὢ 

   ֠  PostgreSQL  ῶὖ ṅ בּ  Ὥ,   ʊḓ  ֥◄ Ἓ  ּב 

᷄ḁ. Ỵ  ḓ  ֥◄ ὗ    ʊҹ  ᷄ḁ. 

 

֥  ֠  ҟ ὗ  ʊҍ תּ    “  log_lock_waits (֥⁮Җ: off ) ὺҟ″ּבὗ Ⱡ  ʊҹ

᷄ḁ.  ὺҟ″ּב  ʊ Ứ Ɑ  deadlock_timeout (֥⁮Җ: 1s)⁫ḁ Ứ ҏ ṅ  ḓ֥  ʊᾧṭ ֠  

ḓ  ◄Ɫ  Ἓ֮  ҍᶾ Ӏ ᷄ḁ.  ḫ  ʊӽ  ◄  ҷ▐ҍ ἰṏ ẋ ṍῡἛ ὺҟ″ּב Ὑ  

᷄ḁ. 

 

֚Ỵ  Upg_stat_activity  ₱  ʊ  ә  ⁫ὗ Ӥ ᷄ḁ.  ἛⱢ  U  ṫ  Ҝ

 ἛⱢ ҍ ῁ ҍὗ ֥ḁὣ  ֥ẋῄ ẋ, ḏ ḓ֥  בּ     ʊwait_event_type  ῳ 

wait_event  ṫ  Ὼ ṑ᷄ḁ.  ʊҎҎ ḓ֥  Ӧ Ὑ  ᷄ḁ. 

 

ᾧṭ ḓ֥  ʊḁ Ӧ Ҝ  ₒὊṏ ּב ᷄ḁ.
173

 

 

ḁ  ֠  ḓ  ḓ֥  ʊ◄ḏ   ֚Ἳ  Ⱡ ᷄ḁ: 

 

Lock - ῁ұ   ֠

LWLock - ҍ‰   ֠

BufferPin  - ә Ṏ ―  

 

֚Ỵ  U ἛⱢ  ʊḁὖ • ὗ ֥ḁὦ ּבḻ ᷄ḁ: 

 

IO - ḫ ὗ ұ  U  ֥   Ἅ 

Client  - Ớ ҍ ⁫  ᴖḫ  (psql  ḓₐ  o  ◄  ) 

IPC - ḁὖ ἛⱢ ҍ ⁫  ᴖḫ  

Extension  -  ֥ᶾ   ṴἜṎ  •  

 

ẋἛ  ʊ ἛⱢ ҍ   ּב ḻ ᷄ḁ. Ỵבּ    ḓ֥  ʊ Ὼ Ἓ " ◄" Ớә  

ᾞ,  ʊῄ בּ ὗ ᵁ ᵒ  ᷄ḁ.  ֚Ἳ  ʊḁ Ӧ Ҝ  ḓ֥ҍ ṑ᷄ḁ: 

 

Activity  -  ֚Ớ ṫ ἛⱢ   ֥ṅ 

Timeout - ᾊ 

 

Ҏ ḓ  ֥  ֠  ḓ  ֥ Ὑ‴Ἓ ҍἛ ₒὊṑ᷄ḁ. ὗ ṯ , ҍ‰  ֠  ḓ  ḓ֥  ʊ ḏ ֠

 U ḏ Ứ  Ὑ  ҍ ᷄ḁ.
174

 

 

pg_stat_activity  ₱  ʊꜙ  ṫ ♄    Ἓ ὣṍ  ʊḓ֥Ὥ ᷄ḁ.
175

  ₱  ḓ֥  

Ὑ  ᵁ ᵁ   ʊӒ , ἛⱢ  ʊ Ἄ   ḓ  ֥◄   ᷄ḁ. Ỵ  ҏ  Ӕ▓ṍ  

 ҹ Ἓ ҏ ṍ  ᾞ, ἛⱢ ҍ ῁ҹḻ ֥ḁὣ  ᶷḁ  ʊҹ  ῦ  ʊҹ  ᷊᷄ḁ. ὣ  ʊ

 
173

 postgresql.org/docs/14/monitoring -stats#WAIT-EVENT-TABLE.html 
174

 postgresql.org/docs/14/monitoring -stats#WAIT-EVENT-LWLOCK-TABLE.html 
175

 include/utils/wait_event.h  
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ҏדּ֚   ῁   ᵁә ᶷ   ᾯ ᷄ḁ. 

=> SELECT backend_type, wait_event_type AS event_type, wait_event  

FROM pg_stat_activity ;  

                 backend_type | event_type | wait_event  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 logical replication launcher |   Activity | LogicalLauncherMain  

          autovacuum launcher |    Activity | AutoVacuumMain  

               client backend |             |  

            background writer |    Activity | BgWriterMain  

                 checkpointer |   Activity | CheckpointerMain  

                    walwriter |    Activity | WalWriterMain  

(6 rows)  

 

֥ ♄ ᾧṭ  ֚Ớ ṫ ἛⱢ  ʊ₱ҍ ◑ Ὢṏ ẋ  ◄ ᾞ, client backend  ʊ ὣὗ 

ә ẖ ḓ  ֥◄ ḻ  ᷄ḁ. 

 

15.5 ◑ Ὢ 

ָӀḻ, pg_stat_activity  ₱  ʊḓ  ֥◄  ḓ   ⁫Ὥ ᾞ Ӕ  ʊᶞ ṍ  ᷄ḁ. ḓ

 ֥ḫ ὗ ҏ  ẁỚ ּב Ἄᾠ  ҏӉ Ἓ ₱ὗ ◑ Ὢ  ᷄ḁ. 

 

◑ Ὢ  Ὅ  Ⱡ  әἌ  ᷄ḁ. ḓ  ֥ ҏ  ◑ Ὢ ҏӉ⁫ḁ ּבἜ ḏ ḓ֥ὗ Ҕ  Ὅ

 ᵎ ᷄ḁ. ẁỚ♄ ◑ Ὢ ҏӉ  ֩ ◄  Ἔבּ ὗ Ὼ  ֥  ḝ Ὦ  ◑  ᷄ḁ(

Ὥ ◑ Ὢ ꜚḻὗ ᶋ ᾠ ₐ ḻ ҍ ᷄ḁ). Ὣ ҍ Ἓ,   ꜚⱢⱭ  ₒ♅  ʊḫ  ʊ◑ Ὢ  ұ  

ᾧҍ ᷄ḁ. 

 

PostgreSQL  ◑ Ὢ   ᵒ  ḻԂὗ Ӥ  Ὥ, pg_wait_sampling
176

  ▐  ḻ  

ḁ. ὗ  shared_preload_libraries᷄ בּ ⁯  ὺҟ″ּב ♄ ḏ Ớ ⃰Ỵὣὗ ә ♄―ὗ 

 ᷄ḁ: 

=> ALTER SYSTEM SET shared_preload_libraries = 'pg_wait_sampling';  

postgres$ pg_ctl restart - l /home/postgres/logfile  

 

 ḫ †   ♥  ⁫ӆ ᷄ḁ: 

=> CREATE EXTENSION pg_wait_sampling; 

 

  ḓ  ֥ Ἅ   ʊὪ ―  Ṏ ḓ֥ὗ  ּב ᷄ḁ. ֚Ỵ  UⱢⱭ  ֥ҏ ṅ  

ᶞ Ṏ Ӕ  ḓ  ֥ Ἓ   ʊҹ   ῦἛ  ҹ ᷄ḁ. 

 

ὗ ṯ  • Ὣ   ḓ  ֥◄ ὗ □ ⁫ӆ ᷄ḁ. pgbench ὣ ὗ ә   ṅ  ḏ 

ἛⱢ  IDὗ  ᷄ḁ: 

 
176

 github.com/postgrespro/pg_wait_sampling  
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postgres$ /usr/local/pgsql/bin/pgbench - T 60 internals  

=> SELECT pid FROM pg_stat_activity  

WHERE application_name = 'pgbench'; 

pid  

̮̮̮̮̮̮̮ 

36367 

(1 row)  

 

ҍ ἰṍᾠ ḓ  ֥ Ἓ  ḁ Ӧ Ҝ  ⁫  ҹ ᷄ḁ: 

=> SELECT pid, event_type, event, count  

FROM pg_wait_sampling_profile WHERE pid = 36367  

ORDER BY count DESC LIMIT 4; 

   pid | event_type |        event | count  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧ 

 36367 |         IO |      WALSync | 3478 

 36367 |         IO |      WALWrite | 52 

 36367 |      Client |   ClientRead | 30  

 36367 |          IO | DataFileRead | 2  

(4 rows)  

 

֥⁮ Ἓ (pg_wait_sampling.profile_period  ὺҟ″ּב   ♥ Ṑ) 10msὫḁ 100‗ ◑ בּ 

ṑ᷄ḁ. ẁỚ♄ ḓ֥   ꜚ ҏ   Ḅ Ἓ Ἄᾠ count Җ  100 Ἓ ᵁᶧ  ᷄ḁ. 

 

 Ӓ  ḓₐₒ  ḓ֥  ʊWAL ᾨ  Ṷ  Ỵ  ʊҹӦ ӨἎ  ᷄ḁ.  ʊӔ▓ṍ   ḓ  ֥

ҏ   ⁫  ʊ  ᷄ḁ. WALSync •  ʊPostgreSQL12  ʊӔ ṍ  ᾞ, ᵎ  ―

♄  ʊḓ  ֥ Ἓ   ‗   ṍ Ὥ, ḓ בּ    ֥  ʊ  ᷄ḁ. 

 

Ắ  ḁ Ӧ Ҝ    I/O   Ἓ 0.1 Ἓ  ʊӒ  Ἓ  ḁ Ӧ Ҝ  ⁫

 ҹ ᷄ḁ(slowfs
177
ὗ ▐ בּ    ᷄ḁ): 

postgres$ /usr/local/pgsql/bin/pgbench - T 60 internals  

=> SELECT pid FROM pg_stat_activity  

WHERE application_name = 'pgbench'; 

pid  

֧֧֧֧֧֧֧ 

36747 

(1 row)  

 

=> SELECT pid, event_type, event, count  

FROM pg_wait_sampling_profile WHERE pid = 36747 

ORDER BY count DESC LIMIT 4; 

 
177

 github.com/nirs/slowfs  
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   pid | event_type |          event | count  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧ 

 36747 |         IO |       WALWrite | 3603 

 36747 |      LWLock |       WALWrite | 2095 

 36747 |         IO |        WALSync | 22 

 36747 |         IO | DataFileExtend | 19  

(4 rows)  

 

 I/O  ҍ  ᶵὥ ᷄ḁ. Ἓ ṅ  ֥ᾧṫ ♄ WAL  Ṷ   ʊ Ӧ ӨἎ  

᷄ḁ. WALWrite Ӓỳ ֠ Ἓ ⁫ ṍῡἛ ḏ ḻ Ἓ  ᵁ ᵊ᷄ḁ. 

 

ₒᾤ    ṅ  ֠  ֥ ♄ḻ Ṭṑ᷄ḁ. ֚Ỵ  Uḓ  ֥ ҏ  ◑ Ὢ ҏӉ⁫ḁ  ֥ẋῄ

 ◑ Ὢ ּבҍ ὺ  ұ  U Ἓ  ṍ ḁ.  ʊ᷄ בּ    ḓ  ֥ ҏ  ₒ♅ Ἄᾠ ◄ḏ

 ҏ ṅ  ◑ Ὢ  ḁ  ʊҹ  ḁ   ‗ ⁫ ᷄ḁ. 
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Part I V 
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16  ὣ  ḄӔ 

16.1 ḫᾧ ḫ †  

   ₐₒ   ʊꜙּב  Ὥ  ʊҏḄ  №  ֥Ὼ Ἓ ᷄ḁ.   ₐₒ  ὣ 

 ḁἶᾞ,  ᾠ ♄  ʊḝ Ὦ  Ԃ▐  ᷄ḁ.  ḝ Ὦ   ҍ  ӨἎ №  

᷄ḁ. Ҏ Ὣḁ ○Ἓ  ḫ  Ɫ ὗ Ὥṫ  ʊḓ , ὣ  ʊỴ  Ҡ Ӥ Ủ
178

 ⁫  ʊ

֥  ḫᾧ ḫ † ὗ ▐ ᷄ḁ.  ḫ †  ʊ Ỵ ―  ᾞ, ὣ  ʊ2017ᵹ 8  

15  ◕ⱠṎ ḝ  ―  ▐  ҹ ᷄ḁ.  ―  ♥ Ἄᾠ ḫ †  ▐⁮
179

  ʊ

  ә   psql ♄  ᷄ḁ. 

 

 ḫᾧ ḫ † ὗ ҟῼ  ẋ, ὣ  ʊ Ὣҍ ҍ  ♥ᾤ ḻ  ֥ ₒ ḻἜ ҏḄ Ӏ 

ὭṯἌә ᶂἍ ᷄ḁ. ṅ  ῦ  ʊ ὣ Ⱡ  ҍᶾ Ӏ  ֥  ₒ  ⁬ Ӏ Ὥṯә  ᷄

ḁ. ḫ †  ʊ  ḫ Ἓ   ҍ ḝ ө ә  ֥ ῦἛ  ҹ ᷄ḁ. 

֥ ♄  ʊ  ḫ †  ҟ  ḓ ♄Ὥ ҏḄ  ḁἹ ҹ ᷄ḁ.  Ὣὗ ҷ Ἄᾠ Ҏ

♄ Ṏ  ♥ᾤ  .ḁ᷄ בּ  

 

 ҟ  ʊ (booking №  ὺ Ṑ) ᷄ḁ. ᵁ   ʊ Ỵ Ҡ  ṏ ּב ᾞ, ҎҎ  

‴ḻ    ҍ ә ᷄ḁ(t ickets ). Ҡ  ‴ḻ  ҟ ὗ ԂⱠ  ᷄ḁ.   ᾧṭ 

Ҡ  ә ḁә ҍ ᷄ḁ. 

 

Ҏ   U ◄  Ӥ  Ɫ֚ᾌ ὗ ᷄ḁ(ticket_flights  №  ὺ Ṑ). ᵁ   Ṕ 

ҍ  Ӓ  Ỵ Ӥ  Ɫ֚ᾌ ὗ ҍ ḁ. ⁬ ұ᷄ בּ   U Ӎ Ӥ   ῼ Ṏ Ӓ

᷄ḁ. Ὣ  ʊ ḏ  ҳ  Ὥ,  ᵒ  ᾧṭ  ṅ  Ӥ  Ɫ֚ᾌ ὗ ҍ ә ḁә 

ҍ ᷄ḁ. 

 

Ҏ Ӥ (flights )   Ӥ (airports ) ♄ ḁὖ Ӥ Ἓ ṅ ᷄ḁ. Ҝ  Ӥ  ‗  Ӥ  

ῼ  ḻ ҍ ṅ Ὥ ῼ ᵆ ҍ ḁὛ᷄ḁ. 

 

routes  ₱  ʊflights  №  ֥Ὼ Ἓ ᷄ḁ.  ₱  ʊ  Ӥ  ᵆ    ʊἶ  Ө  

⁫ὗ ᷄ḁ. 

 

 , Ҏ Ҡ  ♅ ‗ ҍ  ʊ ԑ(boarding_passes)  ῼ֡Ώ ᷄ḁ. Ҡ  ḏ Ӥ  

 ṍ   ʊӒ Ὥ ḏ Ӥ ḁ. Ӥ᷄ בּ   - ♅  ә  ῡἛ ṅ

 ♅  ḓ  Ṕ ҟ  ԑ  ῼ֡  ʊҹ  ₔҍᶾ ᷄ḁ. 

 

Ӥ֥  ♅(seats בּ (  ḁὖ  Ủ  ҏ  ₒ  ʊ ḏ Ӥ בּ   ʊ Ӥ  ֥ᾧḮ(aircrafts )

 ẁỚ ḁὛ᷄ḁ. Ҏ Ӥ  ֥ᾧḮ  ᵁ  ⅎ ԂⱠὭ ҍ ḁә ҍ בּ  ᷄ḁ. 

 

 a №  ḓὣ ὗ ▐ ә, ḁὖ №   ὗ ▐ ᷄ḁ( ₐ  ʊ⁬  ᷄ḁ).  ʊḄּד  

Ἓ♄  ᾨ Ἓ ּב ṍ ᾞ, ẁỚ    ʊ ᷊᷄ḁ. 

 
178

 postgrespro.com/community/demodb  
179

 edu.postgrespro.com/demo -big-en-20170815.zip 
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ḫᾧ ḫ †  ʊ   ḥ Ἓ ◕Ҏ ḁ. Ӧұ  ҏ᷄ בּ   Ṏ ḫ  ᵗ☻  

ә ᷄ḁ.  ҏ   ֥  bookings.now() ḁ. ḫᾧ ὣ᷄ בּ  ὗבּ  ♄ 

Ἓ now() ּבὗ Ԃ  ʊӒ ▐ ὗבּ   . 

 

Ӥ , ḻ  ῳ Ӥ  ֥ᾧḮ  Ὑ  airports_data  aircrafts_data  №  ṍ  ᷄ḁ. Ỵ

 Ὑ   Ỵ Ἓ Ӥṑ᷄ḁ.   ḓ  ὗ ԂⱠ  ֥  Ὼ Ἓ -ӨӔ ḁ

֚Ừ  Ṏ airports  ῳ aircrafts  ₱ὗ ὣ ᷄ḁ.  ₱  ʊbookings.lang (֥⁮Җ: en) ὺҟ″ּב 

Җ  ֥Ὼ Ἓ Ἅ ὗ ♠ ᷄ḁ. ֚Ỵ  U  a֥⁮ №  Ὑ   ὣ Ӕ  ᵁ  ᴂּב 

᷄ḁ. 
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16.2 ҏḄ  ὣ Ἓ  

Ớ -♄― Ἓ
180

 ҏḄ  ―  SQL ὣ  ҍᶾ Ӏ ᷄ḁ.  Ἓ  ὣ 

ὗ ♄―Ἓ ⁫ᵒә, ẖ  ּב  ◄Ө    ӍӦὗ Ώ ᷄ḁ.
181

 ♄―Ἓ ⁫ᵒ  ὣ  ʊ , 

″ , Ӕ  ῳ  Ṵ Ỵ ḄӔὗ ұ ᷄ḁ. 

 

 

ᾌ , PostgreSQL    ᵒ   ֥  ὣ ὗ 
182

 ᷄ḁ. 

 

 ῳ Ԃῄ ₒ♅. ἅ♄  ʊ ὣ ὗ ṫ, ῄ  ὣ ỷ ῳ ּי  ὣ ỷӦ Ҝ  ἅ♄
183
Ἓ ₒ ә, 

♄  ʊ Ỵ  ἅ♄ὗ SQL  ῄ“  ḓ  Ⱡ  ҷ▐ ᷄ḁ.
184

 PostgreSQL  Ἓ Flex  ῳ Bison ḻ

Ԃὗ ▐ בּ   ᷄ḁ. 

 

Ṏ ὣ  ʊ  ṫ  ᾕᾧὣ  ◄ Ԃῄ ὣἛ ṑ᷄ḁ.  

 

ὗ ṯ , ḁ Ӧ Ҝ  ὣὗ □ ⁫ӆ ᷄ḁ. 

SELECT schemaname, tablename 

FROM pg_tables 

WHERE tableowner = 'postgres'  

ORDER BY tablename; 

 

ἅ♄  ʊḁ♬ ҟ  ṫ, ḁ♬ ҟ  ‴ , ᵁ  ῄ  ὣ ỷ ῳ Ɫ ҟ  Ḅ  ῄ  ἅ♄(ֿפ , Ṵ , Ɫ

ῦ Ἕ)ὗ ₒὣ ᷄ḁ. ♄  ʊ Ỵ  ἅ♄ὗ ▐   ὣὗ Ԃ ᾞ, Ủ ֚ὧ  ὺ  Ḅּד Ṏ 

Ἓ  ὣὗ ⁫ ᷄ḁ. ὣ ᶂṫ  Ɑ  ὣ  ḏ ₐₒ  ᷄ḁ. 

 

 
180

 postgresql.org/docs/14/protocol.html 
181

 backend/tcop/postgres.c, exec_simple_query function 
182

 postgresql.org/docs/14/parser-stage.html 

        backend/parser/README 
183

 backend/parser/scan.l 
184

 backend/parser/gram.y 
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RTE(‛  № ὣ)Ớ  ʊ◄ḏ  ᵄ   ʊPostgreSQL ꜙ  ṫ ♄ ▐ ṑ᷄ḁ. PostgreSQL

 №, ♄⃰ ὣ,  ӍӦ  Ҝ    ῦ  ʊ‛  № Ớ  ʊ ὗ ▐ ᷄ḁ. ḁ  ὰ

, SQL ▓ Ἓ ὣ ʊᾧṭ   ҍὣ  בּ  ᷄ḁ.
185

 

 

ῦ ₒ♅. ῦ ₒ♅
186

 ᾨ   ὣҍ Ὑ Ἓ  ʊ №  Uḁὖ Ҡ ҍ ḫ †  

ᶷ , ▐ ҍ Ỵ  Ҡ  ḓ  Ɫ  ԑ  ᶷ ὗ Ḅ  ʊҹ ᷄ḁ. ῦ ₒ♅   ᾧṭ 

⁫  ʊ  Ἓ֚  ṑ᷄ḁ. 

 

 ὣὗ Ώ  , ῦ ₒ♅֥  ʊ ҍ  ԂⱠ  ּב ᷄ḁ.   ʊ  ḫ †  Ҡ

, ḫ   ῳ ֥  ⁫  ḓ  ὗ ҍ  ʊҹ  ṑ᷄ḁ. 

 

debug_print_parse  ὺҟ″ּבὗ Ⱡ ᾠ ♄― Ἓ֚ ♄   ὣὗ ⁯ ּב Ὥ, Ἓ  ʊ  

ῦҍ ᷄ḁ. 

 

″  

ḁ  ḄӔ ♄  ʊ ὣὗ ″ ( Ⱡ) .ḁ᷄ בּ 
187

 

 

PostgreSQL  ʊ Ỵ ᾨ Ἓ ″  ▐ ᷄ḁ.  ֚  ᵁ  ʊ₱  Ὑ   ὣ ♄ ḏ ₱  

֥⁮ ὣ  ḏ  ʊ♄⃰ ὣἛ ḓ  ʊҹ ᷄ḁ. 

 

″  ▐  ʊẮ ḁὖ Ӓ  ʊ בּ   ⁫  Ԃ ᷄ḁ.
188

  

 

ԝ ὣ  SEARCH ῳ CYCLE ḻ  ḄӔ ♄ ″ ṑ᷄ḁ.
189

 

 

 
185

 include/nodes/parsenodes.h 
186

 backend/parser/analyze.c 
187

 postgresql.org/docs/14/rule-system.html 
188

 backend/rewrite/rowsecurity.c 
189

 backend/rewrite/rewriteSearchCycle.c 
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 ♄ pg_tables  ₱ ᷄ḁ.  ₱  ὗ ὣ  ᵭ ᾠ ḁ Ӧ Ҝ  ⁫  ҹ ᷄ḁ. 

SELECT schemaname, tablename 

FROM ( 

 --  pg_tables  

 SELECT n.nspname AS schemaname, 

  c.relname AS tablename,  

  pg_get_userbyid(c.relowner) AS tableowner,  

  ...  

 FROM pg_class c 

  LEFT JOIN pg_namespace n ON n.oid = c.relnamespace 

  LEFT JOIN pg_tablespace t ON t.oid = c.reltablespace  

 WHERE c.relkind = ANY (ARRAY['r'::char, 'p'::char])  

)  

WHERE tableowner = 'postgres'  

ORDER BY tablename; 

 

Ὥ ♄―  ʊ ὣ     ὣ  ᾞ, ᾧṭ   ὣ בּ ♄ ṑ᷄ḁ. ֚ὧ  

″ Ṏ ὣ   ꜙ―  ⁫ ᷄ḁ(Ὥ  debug_print_rewritten  ὺҟ″ּבὗ Ⱡ ᾠ  ―  

♄― Ἓ֚  .(ḁ᷄ בּ ⁯ ♄

 

 ὣ  ʊ ὣ  Ԃῄ Ԃ ὗ Ὼ Ὥ,  ּב ᶷ♄  ḓ  ⁫  ʊ Ӥ  ᷄ḁ. 

 

PostgreSQL  ▐ ҍ ὣỚ  ֗    Ԃ ▐ʊ  בּ    ″ ḻ ᷄ḁ.
190

 

 

 
190

 postgresql.org/docs/14/rules.html 
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ᾅ ͎ᴆᾅ ˌḛ╥ ל⅝ ᶜ ͋ Ϯᴛ אַ   ᾎᾅ ͋ ἐ…Ӈ‴ᾋѱѻ.191 ╪∟תּ   

ᾎᾅ ╘ ╛ ̯ Ӈ‴╙ ԅ ῷֹו ᶷ♠╬ ᴛⱡ ╪ ͎ ,ᵣת₄ּ ᴛ ⁴ױ ᴗ 

◓ἒ́Ӈ‴ᾋѱѻ. ͋  ᾎᾅ ╘ ᵰ↕ ˆᴏ  ᶉ ѱּצ░ѱѻ. ͎ױϮ ╪ᵑ ╪ ̆ 

ӰḲ͢ Ѥ ˦╘ Ữ҉  ‡ᴓᾋѱѻ. ͋ ╙ PostgreSQL ⁄Ἄ ₰♣  Ⱡ˞ Ѥ ⱠΌҵ ▓‴ּתᵣ, 

╪ ῷ╪Ӱ‡Ѥ ▀ Ѥ ּתּתᵑ Ḛּת ᶣ ᾋѱѻ. ҍṨṪ╥ ˿↕, ͋  ҍᾐ ᵙ˞ᵑ Ợ↔ Ѥ 

˦╪ Ό♣ ̆ ὺᾋѱѻ. 

 

Ủ  ᷿

SQL  ♠  ᷄ḁ. ὣ  ʊḫ ὗ ҍ  ḓ◄  Ὥ, ҍ  ʊ “   ᷄

ḁ. 

 

ẖ ὣ  ʊ Ỵ  ӒἛҍ ᷄ḁ.  ὣ  Ṏ Ҏ  Ỵ ҍ   “ Ἓ ἰṏ ּב 

᷄ḁ. ὗ ṯ , ӍӦ  ʊ  №  ♄ ( ⁬  Ὢ ) ҍ ḻ ә, Ḭבּ     

ḻ ᷄ḁ. ḫבּ     Ɫ  ʊ ◄ Ἓ ṍῡἛ  ּד♄ҍ ḁὖ Ὦ  Ɑ  

᷄ḁ. Ắ  ḁ   әὣ  ᷄ḁ. ὗ ṯ ,  ʊ  ‗  ḫ  Ɫ   ә 

 
191

 M. Stonebraker, L. A. Rowe. The Design of Postgres 
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ḁὖ Ɫ ♄  ʊ  ҷ◌ ḻ ә, Ṕ ḫבּ   Ɫ ὗ ᾌ  Ἇ  ḁ  ‾  .ḻ ᷄ḁבּ 

Ҏ әὣ  ʊḁὖ әὣ ⁫ḁ ḝ ᵁ  Ⱡᶾ  ῼ  ʊ▐  ▐ἕὗ  ּב ᷄ḁ. 

 

Ӧ ℮  Ӕ   ҏ בּ     ◄ ҍ  ᴂּב ῡἛ, Ṏ ὣὗ  ʊ Ủᵡ
192

 ʊ  ҍ  ⁬  ԂⱠ  ꜙ  ᵁ ᷄ḁ. 

 

Ứ ὣ.  Ӕ ḻ ὣἛ ṍ Ὥ, ᶄὣ    ᷆ḫ  Ө  ῇὣ   ḁἻ᷄ḁ. 

 

 Ӕ  ὣὗ ◌ ә ḁᾠ debug_print_plan  ὺҟ″ּבὗ Ⱡ  ♄― Ἓ֚  ḥ  בּ 

᷄ḁ. ֚Ỵ  U Ἓ  ʊEXPLAIN ᾤἔ Ἓ ṍ  ʊӔ    ⁫  ʊҹ Ἓ ₒ ᷄ḁ.
193

 

 

ḁ  ֚ὧ  ὣ   ᶂṫὗ ҙ ᷄ḁ.  ᶂṫṯ  Ủ  ӤṎ EXPLAIN ᾤἔ  Ἅ ♄ ⁫  ʊ

ᶂṫ ᷄ḁ. 

 

֠  ḁ  Ṕ ҍ  ᾨ  ⁵ ḁ. 

 ̧ ὣ  ʊⱢ ҟ  №  Ṕ ҟ  №Ὥ ᷄ḁ. Ủᵡ  ʊӍӦὗ ҷ◌  ʊḫ  

 №  Ӕ  ὣ ♄ ұ ᷄ḁ. 

 ̧ ὣ  Ҏ ᶂṫ  ḓ  Ủᵡ  ʊ ◄ ℮ Ӧ ὣ ὗ Ӥבּ  ◄  ᷄ḁ. 

 

=> EXPLAIN SELECT schemaname, tablename 

FROM pg_tables 

WHERE tableowner = 'postgres'  

ORDER BY tablename; 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Sort  (cost=21.03..21.04 rows=1 width=128)  

 Sort Key: c.relname  

  >֧ Nested Loop Left Join (cost=0.00..21.02 rows=1 width=128)  

   Join Filter: (n.oid = c.relnamespace)  

   >֧ Seq Scan on pg_class c (cost=0.00..19.93 rows=1 width=72)  

    Filter: ((relkind = ANY ('{r,p}'::"char"[])) AND (pg_g...  

   >֧ Seq Scan on pg_namespace n (cost=0.00..1.04 rows=4 wid...  

(7 rows)  

 

ὣ Ӕ  Ṏ Seq Scan ᶂṫ  ʊ №   ʊҹ  ᵁ ᵒә, Nested Loop ᶂṫ  ʊ   ᵁ

ᵗ᷄ḁ. 

 

 
192

 postgresql.org/docs/14/planner-optimizer.html 
193

 postgresql.org/docs/14/using-explain.html 
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Ứ ◌. PostgreSQL  ℮  ֥Ὼ Ὣ
194
ὗ ▐ ᷄ḁ. Ὣ  ʊ  Ӕ  ҷ ә 

  ὣꜙ ( : I/O   Ắ  ʊCPU ▐ )ὗ ᷄ḁ. ּי  Җ Ἓ ֗ Ṏ   Ӕ  

℮ Ớә ᷄ḁ. әἌṎ ᾧṭ Ӕ  ♄ ℮  ҍ  ᵎ  Ӕ  ♠ ṑ᷄ḁ. 

 

ῄ  ʊ Ṏ № בּ   ẁỚ Ἓ ҍᶾ  Ӕ ֥ ҍבּ  בּ֡ Ἓ ҍ  ֥ẋῄ , ℮ӽ  

ҏḄ  ὣ ḻ ᾧṭ Ӕ  әἌ  ʊҹ  ₔҍᶾ ᷄ḁ. ◌  Ὼ Ἓ ṅ  Ἓ֚Ủῲ әὣ Ӧ 

 a ὣ  Ӎ  ᷄ḁ. ὗ  Ủᵡ  ʊ ҍ Ὦבּ №  ὣ  ḓ בּ  Ἓ 

 ꜝἶⱭ  ḏ  ҏ ᵒ  .ḁ᷄ בּ  

 

♬  ἹᴴἪ╘ ἐ ӈ ́ ╪ ᾒⱠᴛ ♠╬ ˦╙ Ṓ◑ ЎѤ Ѿὣמ .Ώᾋѱѻ תּ ӈ 

ὡ ♠ ᶛҨ╙ Ợ↔ ̆ ᾐᴧ ᵣ  ░ᴏ ҥ╪ ʺ Ṩⱴ  ὡ ▓͙ ԅᶷ░ѱѻ. 

 

Өὣ. ὣ ♄דּ   ʊ ὗ   ƫ ḻἛ ҷ◌ ‛ ὗ  ּב ᷄ḁ(  Ӕ  ᶌ  

ḻ ). 

 

 ̧ Ӥ  № Ӧ  ὣ  ʊ‴ḻἛ ṏ ּב ᷄ḁ. Ỵ  ṅ  ⁫ Ἄᾠ 

MATERIALIZED   ּב ᷄ḁ.
195

 

 ̧ SQL ּב ᵒ ♄ ṍ  ʊ♄⃰ ὣ  ʊ ◄ ‴ḻἛ ṑ᷄ḁ. (SQL ּב  ʊẋἛ  ʊ  ὣ  

Ớ ṏ ּב ᷄ḁ.
196

) 

 ̧ ὣ ♄ ᾤ  JOIN  ▐ ә join_collapse_limit  ὺҟ″ּבὗ ♥ ᾠ  a  

♄דּ  ʊ ὣ Ԃῄ Ԃ   ṑ᷄ḁ. from_collapse_limit  ὺҟ″ּב  ʊ♄⃰ ὣ  ṅ  

Ӧὗ ᷄ḁ.
197

 

 
194

 backend/optimizer/README 
195

 postgresql.org/docs/14/queries-with.html 
196

 wiki.postgresql.org/wiki/Inlining_of_SQL_functions 
197

 postgresql.org/docs/14/explicit-joins.html 
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Ὣ Ὤ Ἓ ֡  ₐₒ  ♥ᾤ  ⁫ӆ ᷄ḁ. ḁ Ӧ Ҝ  FROM  ᾤ     ʊ ὣ

ὗ □ ⁫ӆ ᷄ḁ. 

SELECT ... 

FROM a, b, c, d, e  

WHERE ... 

 

֥♄ Ủᵡ  ʊᾧṭ ҍᶾ    әἌ  ᷄ḁ. ὣ  ʊḁ Ӧ Ҝ   ὣ  ₐἛ ṑ᷄

ḁ(֚ὧ Ἓ ҏỰ  Ṑ). 

 

 
 

ḁ  ♄  ʊ  JOIN   Ṏ  Ԃ ὗ Қ ᷄ḁ: 

SELECT ... 

FROM a, b JOIN c ON ..., d, e  

WHERE ... 

 

 ὣ  ʊ  Ԃ ὗ Ὼ ᷄ḁ. 

 

 
 

Ủᵡ  ʊ Ὼ Ἓ  ὣὗ   ‗   Ҝ  ᾧ Ἓ ὭṲ᷄ḁ.  әὣ  ὣ

ὗ ԝ Ἓ ◌ ә, Ҏ JOINEXPR ᶂṫὗ ḏ ꜙ   ᾨἜ Ἓ ḓ ᷄ḁ.
198

 

 

 
198

 backend/optimizer/plan/initsplan.c, deconstruct_jointree function 
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֚Ỵ  U Ỵ  ꜙ  ʊӍӦ Ἓ ◕ⱠṎ  ᾨἜ  join_collapse_limit (֥⁮Җ: 8)  ꜙ  Ӓ

Ὥ ּב ṑ᷄ḁ.   Ӓ ♄  ʊjoin_collapse_limit  Җ  5⁫ḁ ḁᾠ JOINEXPR ᶂṫҍ ꜙṍ

  ҹ ᷄ḁ. 

 

Ủᵡ Ӏ ḁ  ῦ ᷄ḁ: 

 ̧ № B  ʊ № C  ṍ  ᷄ḁ(Ắ  ʊ  ֚ῺḓἛ, Cҍ B  ṍ  ᷄ḁ;  ᵒ

♄דּ  ♄  ʊ ṍ  ᷄ḁ). 

 ̧ № A, D, E ῳ B  Cὗ  ӍӦ  ʊ ẖ ּד♄Ἓṭ  ּב ᷄ḁ. 

 

join_collapse_limit  ὺҟ″ּבὗ 1Ἓ ♥ ᾠ ᾤ  JOIN   Ṏ ּד♄ҍ ṑ᷄ḁ. 

 

FULL OUTER JOIN ▓  Ӓ , join_collapse_limit  ὺҟ″ּב  Җ  ӨӔ  ꜙṍ  ᷄ḁ. 

 

from_collapse_limit (֥⁮Җ: 8) ὺҟ″ּב  ʊ♄⃰ ὣ ὗ ▐    Ἓ ᷄ḁ. ♄⃰ ὣ  ʊ

JOIN Ӧ Ҝ  Ὥ,  ὣ ּב ♄ ▐Ⱡ  ṫỴᵊ᷄ḁ. 

 

ḁ  ◑  ὣ ᷄ḁ: 

SELECT ... 

FROM a, 

 (  

  SELECT ... FROM b, c WHERE ... 

 ) bc,  

 d, e  

WHERE ... 

 

ḏ  ʊ  ὣ  ʊ Ủ  ṑ᷄ḁ. ֥♄    ὣҍ JOINEXPR ḓ  FROMEXPR ᶂṫ

ὗ ḁ  ʊҹ ᷄ḁ(ẁỚ♄ ὺҟ″ּב Ὑ   Ҝ ᷄ḁ). 

 

 
 

 ὣ . Ṏ ὣ  ʊ  ἄ‪  ᵡ  ̈͂Ὦ  (ꜙ № Ắ  ʊ  ӍӦ)ὗ  ּב ᾞ, 

ṯ  ‴ḻἛ ṍ  ᷄ḁ. Ӕ  ҏ    ḫ  Ɫ בּ  בּ  Ἓ  ֥ẋ

ῄ  ὣ  Ӕὗ Ӧ  .ḁ᷄ בּ 
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geqo(֥⁮Җ: on) ὺҟ″ּבҍ Ⱡ ṍ  ә,  ἄ‪ ҍ geqo_thresholdבּꜙ   (֥⁮Җ: 12) Җ⁫ḁ 

ᾠ Ủᵡ  ʊ  әὣ  ▐  ὣὗ ᷄ḁ.
199

  әὣ  ṅ  Ἓ֚Ủῲ ḓ℮ 

 ↑ὔ Ὥ,  Ӕ   ⁫ בּ   ʊ ᷄ḁ. ẁỚ♄ Ὼ Ἓ  ꜙ  ♄ ὗבּ 

 әὣ  ▐  ḻἜ  ʊҹ  ᷄ḁ. 

 

 әὣ  ʊ Ỵ ҍ  ԂⱠ ҍᶾ  ὺҟ″ּב
200
ҍ Ὥ, ֥ ♄  ʊḁἶ  ӆ ᷄ḁ. 

 

 Ӕ  ♠ . Ӕ   ₐ  ʊ  Ớ ҍ ὣ ӍӦὗ ẢӀ ▐  ẁỚ ḆỚ

᷄ḁ. Ớ ҍ  ӍӦὗ  ‗  Ἓ  ʊӒ ( : ⁫ә♄ ◕Ⱡ), Ӕ  ᾧṭ  ҷ◌  ʊ

ὗ  ᷄ḁ. ֚Ỵ  U  ‗   ҍᶾ  ↔ὣ Ὼ  ʊҹ דּ♠   Ӓ ( : ᾠ  ), 

 Ӕ   ḁὗ ּב ᷄ḁ. 

 

 ♠   ֚ἄ  ℮  Ṕ ԂⱠ ꜙὗ Ӕ▓ ᷄ḁ: 

=> EXPLAIN 

SELECT schemaname, tablename 

FROM pg_tables 

WHERE tableowner = 'postgres'  

ORDER BY tablename; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Sort (cost= 21.03.. 21.04 rows=1 width=128) 

 Sort Key: c.relname  

  >֧ Nested Loop Left Join (cost= 0.00.. 21.02 rows=1 width=128) 

   Join Filter: (n.oid = c.relnamespace)  

   >֧ Seq Scan on pg_class c (cost= 0.00.. 19.93 rows=1 width=72)  

    Filter: ((relkind = ANY ('{r,p}'::"char"[])) AND (pg_g...  

   >֧ Seq Scan on pg_namespace n (cost=0.00.. 1.04 rows=4 wid...  

(7 rows)  

 

 ‗  ԂⱠ (ꜙ  ℮ )  ʊᶂṫ  ℮  ֥  ₔ  ʊ℮  ᵁ ᵒᾞ, Ṕ ‗  ԂⱠ (ꜙ  

℮ )  ʊӍӦὗ ҍ  ʊḫ ꜙ ṍ  ʊᾧṭ ℮  ᷄ḁ. 

 

ʺϡ ᾎ▬ ẋ↔╘ ˺̓ ︡ ╥  Ḵ  ╙ ˤự Ѥ ẋ↔╪̆ג …͕Ӈּתᵣ, ╪Ѥ ₰♣  

♬  .Ώᾋѱѻ תּ

 

♠  ʊӔ  Ԃₒ  ֥  Ὣ  ʊ ὣҍ ♄ὗ ▐ ᶷ ( : SQL ♄ Ӥ  ʊDECLARE ᾤ

ἔ  Ắ  ʊPL/pgSQL ♄ ᾤ Ἓ ♠ ) ᷄ḁ.
201

 ♄ὗ ▐   ʊӒ , Ớ ҍ  ‗

  ӍӦὗ Ἓ ḁә ҍ ә, Ὣ  ʊ  ℮  ҍ   Ӕ  ♠ ᷄ḁ. 

 

 
199

 postgresql.org/docs/14/geqo.html 

        backend/optimizer/geqo/geqo_main.c 
200

 postgresql.org/docs/14/runtime-config-query#RUNTIME-CONFIG-QUERY-GEQO.html 
201

 backend/optimizer/plan/planner.c, standard_planner function 
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♄ὗ ▐  ὣὗ  ʊӒ , ♠ Ṏ Ӕ  cursor_tuple_fraction (֥⁮Җ: 0.1)  ℮ ἛὭ 

ӍӦὗ ҷ◌  ʊ ὗ ּב  ᷄ḁ.  ḝ  ὰ ᾠ, PostgreSQL  ḁ   ҍ   Җ  

ҍ  ʊӔ  ♠ ᷄ḁ:
202

 

 

  startup cost + cursor_tuple_fraction (total cost ī startup cost) 

 

℮   ҟ . Ӕ   ℮  Ἄᾠ ᾧṭ ᶂṫ  ℮   Җ  ҍ  ᷄ḁ. ᶂṫ  ℮  

ḏ  ẁỚ ḁὔᾞ (  ḫ   ֥℮  Ἇ ℮ Ӧ ṅ   ᾤ  ᶂṫ  ( בּ  

♄ ὣ  ʊḫ   ẁỚ ℮  ḆỚ ᷄ḁ (ḫ   ᾠ Ὼ Ἓ ḝ ᶋ  ℮  ῼ◕). ᶂṫ 

 Ἄ  Ὥ, ḫ   Ἅ Ɫ  ◄ Ṷᵥὣ (ᶂṫҍ Ἅ Ἓ ▐  ʊ ῳ ᶂṫ (בּ   

♠ ḻ( Ἅ  ᵉ   ʊ  ℮ )ὗ ֥Ὼ Ἓ ṏ ּב ᷄ḁ. Ỵ  Ӕ▓  № ֥  № 

 ḫ  ₒ  Ҝ בּ  Ṏ Ӕ  ᷄ḁ. 

 

ẁỚ♄ ּב Ṏ  ʊ ṅ Ӥ בּ   Ӧ ּב ṍ  ʊ Ӕ ḫ  Ⱡ  ẁỚ ḆỚ ᷄ḁ. 

 

Ҏ ᶂṫ  Ṷᵥὣ    Ӓ , Ӕ▓Ṏ ℮   ℮   Ὼ  ҹ ᷄ḁ.  Ӕ  Ӎ

 Ὼ Ἓ Ṷᵥὣ  ♠ ḻ  ₐ  Ἓ  ҹ Ἓ,  ʊₐ ұ  U ỦṎ Ӕ ḫ

, Ӕ ḫ  ▐  ₔҍᶾⱠ, Ắ  ʊ◄ḓ Ἓ ₔ  Ӕ  ᾧḮ   ῼ◕  .ḁ᷄ בּ 

 

Ṷᵥὣ  . ᶂṫ  Ṷᵥὣ ὗ Ӕ▓  ֥  Ủᵡ  ʊḁ  ḄӔὗ ԝ Ἓ ἰ  ᷄ḁ: 

 

1.  Ҏ  ᶂṫ  Ṷᵥὣ ὗ ә, ᶂṫҍ ḏ  ᶂṫἛₐ  Ώ  Ἅ  ּבὗ ҍ ᷄

ḁ. 

2.  ᶂṫ  ♠ ḻὗ ᷄ḁ. , Ἅ   Ἅ  ᵉ   ℮  ῦ ᷄ḁ. 

3.   

ᶂṫ  Ṷᵥὣ  ʊ  Ṕ Җ  Ӣ Ἓ ṑ᷄ḁ. 

 

ἐ ҵѤ 0Ṩ Ὠ▫ᴛ Ϯ ╥ת1ּͥ  Ϸѱѻ. Ὠ▫ʺ ▬╙ὡᴜ ἐ ҵʺ и╖ᶒ, ͎ ḙҍᴛ 1⁄ 

ʺͥ⇔ Ὠ▫Ѥ ἐ ҵʺ ϻ╛╙ Ϯ Єѱѻ. ╪Ѥ ⁵ἒ♠╖ᴛ Ṓ▀ ὡ ▓ּתᵣ, ῷ╪Ӱ‡Ѥ ᵰ↕ 

ἐ ♠╬ ⱳˠ╘ ˞╥ ᶛӧ ╙ Ⱡ˞ ̆, ᶙ ˌ╥ ᵣ Ⱡ˞ Ѥ ⱳˠ╘ ἐ ҵʺ ϻѻѤ 

˦░ѱѻ. 

 

ᾌ , Ủᵡ  ʊḫ  Ɫ   “   ʊὣ  ᶂṫ  Ṷᵥὣ ὗ ᷄ḁ. Ỵ  Ӕ▓  

№   ֥  Ҝ בּ  Ṏ Ӕ  ᷄ḁ. 

 

 ҳ  ♠ ḻ  ʊ ҳ   ẁỚ ḆỚ ᷄ḁ. ҍ  Ḅּד  Ӓ  ʊ◄ּב Җ  ҍ  ,Ὥ בּ 

Ủᵡ  ʊ  ḝ ӽ Ӏ  ֥  ҍᶾ  ᾧṭ ⁫ὗ ▐ Ἄә ᷄ḁ. Ὼ Ἓ ҏḄ   

ҳ   ḓ  ⁫Ὥ ᾠ ₒ ᷄ḁ. ҳ  ᶄὣ ▓  Ṏ Ӓ  ʊḁ  Ӥ  ▐  ♠

ḻὗ Ӕ▓ ᷄ḁ:
203

 

 

  selx and y = selx sely 

  selx or y = 1 ī (1 ī selx)(1 ī sely) = selx + sely ī selx sely 

 
202

 backend/optimizer/util/pathnode.c, compare_fractional_path_costs function 
203

 backend/optimizer/path/clausesel.c, clauselist_selectivity_ext & clauselist_selectivity_or functions 
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Ὥ Ỵ  Ӥ  ҳ x  yҍ ♄Ἓ ḼὨ Ớә ҍ ᷄ḁ. ◄ӨṎ
predicate

 ҳ  Ӓ , Ỵ  

 .ḁ᷄ בּ   

 

 Ṷᵥὣ ὗ  ֥ ♄  ʊ  Ӣ(Ṕ ḫ  Ɫ  Ṷᵥὣ  Ӣ)  Ṷᵥὣ ὗ 

Ӕ▓ ә,  ҳ  ♠ ḻὗ  ᷄ḁ.  ʊḁ  ҳ   ẁỚ ḆỚ ᷄ḁ. 

 

Ἇ  U Ӕ  Ҝ  ḁὖ ᶂṫ  Ṷᵥὣ ḻ ▐    Ἓ ṑ᷄ḁ. 

 

  ᵎ  Ӕ  ᶂṫ  ḓ  ᾯṎ Ṷᵥὣ   ᾧṭ  ꜚӔ▓   ῦ ᾞ, ₐ   

℮  Ӧ ᵁ╥ Ӕ  ♠ Ἓ  ּב ḁ  ʊҹ ᷄ḁ. ḝ Ҏ  ῄ  ʊ Ủᵡҍ  ӍӦ  Ө  

Ӕὗ ҍ ә  ᾞ, №  ḓ  ӔὭ ҍ ә ḁ  ʊҹ ᷄ḁ. 

 

℮  . ℮   ʊӦ ḻ ԝ ᷄ḁ. ♄⃰ ὣ  ℮  Ӕ▓  ֥ ♄  ʊᾧṭ  ᶂṫ  

℮  Ӕ▓ ә ▓  ḁ , ₐᾧ ᶂṫ  ℮  ҍ  ᷄ḁ. 

 

PostgreSQL  ᶂṫҍ ּב  ʊ בּ   ᾧḮ   ᶂṫ  ℮  ᷄ḁ. ῦ Ṏ ᶂ

ṫ  Ṷᵥὣ ὗ Ἅ Ἓ ▐ ᷄ḁ. Ҏ ᶂṫ  ḓ   ℮ Ӧ  ℮  ᾧṔ Ӕ▓ṑ᷄ḁ. 

 

 a  ▐  ҳ  ῡἛ   ṑ᷄ḁ. Ỵ  ᶂṫ  ʊ  ℮  0 ᷄ḁ. 

 

ῺḓἛ ḁὖ   a ℮  ἰṏ ẋֱ  ֥ḁἌ  ᷄ḁ. ὗ ṯ , Ἇ ᶂṫ  ʊ Ὼ Ἓ 

 ᶂṫἛₐ  ᾧṭ ḫ ҍ ḻ  ẋֱ  ֥ḁἌ ḁ. Ỵ᷄ בּ      ᶂṫ  

 ℮  Ὼ Ἓ 0⁫ḁ ᶋ ᷄ḁ. ,  ᶂṫ(Ắ  ʊ Ớ )ҍ  Ἅ  ᵁ  Ὥ  

Ӓ ḻ  ℮  ₔ  ᷄ḁ. 

 

Ủᵡҍ ּב  ʊᾧṭ Ӕ▓  Ḅּד  ᷄ḁ. Ỵ   ʊ   ҏӦ  ʊ ῁Ỷ ӨἎ  

ḁ. ֚ṯ᷄ בּ   ᾨ  ṅ  ҳ ♄ ṅ  ὣ  ḓ  ḁὖ Ӕ  ℮ӽ ḻἜ  ʊ בּ 

ҹ ᷄ḁ. ḁὖ ὣ(  ♄Ἓ ḁὖ ὣ)  ℮  ℮ӽ  ʊҹ  ῦҍ ᷄ḁ. ὗ ṯ , Ӕҍ Ủ

ṍ  ℮  Ӧ  ꜙ ṏ ּב ᷄ḁ. Ӕҍ ҧ ṍᾠ Ӕ▓Ṏ ּי ҍ ҍ  Ὥ,  ḝ בּ 

ῡἛ ♄―  ʊḝ ᵁ  Ӕ  ♠  ҹ ᷄ḁ. 

 

 

ὣ   ԂⱠṎ Ӕ   ṍ  ᷄ḁ.
204

 

 

 ʊ  ṫ  ᾕᾧὣ
205

  ᷄ḁ.     ὣ  ◄ ὗ  ʊҠ ᷄ḁ. 

 ◄  ʊ ὣἛ ṑ᷄ḁ. 

 

 
204

 postgresql.org/docs/14/executor.html 

        backend/executor/README 
205

 backend/utils/mmgr/portalmem.c 
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ὣ  Ӕ  ὣ  Ԃ ὗ ẁὔ  ʊ ὣἛ Ṏ ◄ ♄ ṑ᷄ḁ.  ὣ  ᶂṫ  ʊ♄Ἓ  

ә ⁫ᵒ  ʊ  Ἓ ṅ ᷄ḁ. 

 

ὣ  ἶ ♄ ṑ᷄ḁ. ἶ  ᶂṫ(  ♄  ʊSORT  ᵁ )p  ʊ  ᶂṫἛₐ  ḫ

ὗ ҍ ᷄ḁ. ᾧṭ  Ώ   ʊ  Ἇ ә Ớ Ἓ Ḇ ᷄ḁ. 

 

 aᶂṫ( :  ֚ὧ ♄ ⁫  ʊNESTLOOP ᶂṫ)  ʊ♄Ἓ ḁὖ ꜙ Ἓₐ  Ώ  ḫ  Ɫ ὗ Ӎ ᷄

ḁ. Ỵ  ᶂṫ  ʊṔ ҟ   ᶂṫἛₐ  ḫ ὗ ҍ   ҳ  Ὥ  ʊ   Ώ   ӍӦ 

  ◄ Ἓ Ḇ ᷄ḁ( ἏӦ Ḇὣ ᾌ  ᾧṭ  ҍ   ʊҹ  ᷊᷄ḁ). 

 

 ♄ ᶂṫ   ₐᾧҍ ḁ    ẋֱ  Ḅṑ᷄ḁ. ₐ  oӍӦὭ  Ӓ ( : ὣ

 LIMIT   ʊӒ בּ   ,( ṍ  .ḁ᷄ בּ  

 

ὣ  Ṕ ҟ  SEQSCAN ὣ  ᶂṫ  ʊ №  ḋḏ ᷄ḁ. ₐᾧ ᶂṫҍ Ỵ  ᶂṫἛₐ  ḫ ὗ 

ᾠ, ḏ № ♄ ḁ   ҍ ᷄ḁ. 

 

ẁỚ♄  aᶂṫ  ʊ   ә  ◄ Ἓ Ḇ Ὥ, ḁὖ ᶂṫ( : SORT)  ʊ Ἓ  ḫ

   ᷄ḁ. ὗ    ṫ  ᾕᾧὣ  work_mem(֥⁮Җ: 4MB) ҍ ḏṑ᷄ḁ.  

ҍ ₒ   Ӓ , ᵁᾊ  ḫ  ʊṶ   Ἓ ᷄ḁ.
206

 

 

Ӕ  ʊḫ  ꜙҍ  Ỵ ᶂṫҍ  ּב ῡἛ PostgreSQL  work_mem ֥  Ỵ ᾕᾧ

ὣ ὗ ḏ ▐ ḁ. ὣҍ᷄ בּ  ʊRAM  בּ    ֥  ʊ  ᷄ḁ. 

 

 

16.3  ὣ Ἓ  

Ḅּד  ὣ Ἓ  ▐  ẋ ,ʊ ᾧṭ ᾤἔ ( Ỵ ‗ Ὼ⁬ṍ  ʊӒ ḻ )ҍ ḁ Ӧ Ҝ  ḄӔὗ 

 
206

 backend/utils/sort/tuplestore.c 
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ұ  ᷄ḁ: 

1.   

2.  ″  

3.  Ӕ  Ὠבּ 

4.   

 

Ὥ, ṅ  ὣὗ Ὼ⁬ ♄  ʊҹ  ῦҍ ᷄ḁ. ◄ּבὭ ḁὖ ὣὗ Ὼ⁬ ♄  ʊҹ

ḻ  ῦҍ ᷄ḁ.  ὣ Ԃ  ʊ  ṅ  ֥ẋῄ ᷄ḁ. 

 

Ḅּד  ὣ Ἓ  Ắ ḁὖ Ḅ  Ớ ҍ ӍӦὗ  ‗  ᾧṔ Ώᶷḁ  ʊҹ ᷄ḁ.  ּב  Ө

Ӕ   ӍӦὗ  ‗  ΏӀ ṑ᷄ḁ. 

 

Ὼ Ἓ SQL ᾤἔ ὗ ▐  Ỵ   ֛⁬ ‗  .ḁ᷄ בּ    Ӎ  ֥  

 ֥  ὣὗ ℮ ᾞ(EXECUTE ᾤἔ בּ    ), Ṕ ‗  ӨἎ ῄ  ʊDECLAREἛ ♄ὗ ◕Ⱡ

ә FETCHὗ   Ὼ Ἓ  Ӎ ḁ. ֚Ỵ᷄ בּ   U  Ӓ  ʊ○Ἓ ◕ⱠṎ Ҡ  Ὑ  

Ớ ҍ ὣ  ᾞ, ♄―  ʊ ҍ Ἓ ҍ ᾤἔ ὗ  ʊₐ ҍ ῼ◕ ᷄ḁ. 

 

Ṏ Ớ -♄― Ἓ  ᾤἔ בּ  ♄ ҟ‴ ▓   ḄӔὗ Ὺ Ӏ  ּב  ʊḓ

 ꜝἶⱭ  Ӥ ᷄ḁ. 

 

℮ 

 

℮ ḄӔ ♄  ʊ ὣҍ Ὼ Ἓ ṍә ″ ṍ Ὥ, ӍӦἛ ᵁ   ὣ  ʊ  ṫ  ᾕᾧὣ  

ṑ᷄ḁ. 

 

 ὣ  ḓ   ὗ Қә  ᷄ḁ.  Ԃ  Ḅ  ᾤ  ᷄ḁ: ṅ  ὣ

ҍ ῦ ḁὖ   ṫ ♄ ṍ ḻ ₔԂ ә, Ҏ   ṫ  ʊᾧṭ ṯ  ʊ ὣὗ  ᷄ḁ. 

Ὥ ḻ  a  ᷄ḁ.   ʊ  ֠ẋῄ  ‾ᾨ ◄  ῼ◕  Ὥ ḁὖבּ◄ .ḁ᷄ בּ 

 ὣὗ Ỵ ҟ  ʊ Ớ  ʊὮ  Ủ  ◕Ⱡ ᾞ   Ⱡᶾ  ₐ  

 .ḁ᷄ בּ  

PostgreSQL ♄  ʊ ὣҍ Ἓ ♄ ṍῡἛ ḁὖ ἛⱢ   ῦ  ᷄ḁ. 

 

℮Ṏ ὣ  ʊὺҟ″ּב ṏ ּב ᷄ḁ. ḁ  SQL ᾤἔ ὗ ▐  ҏḄ  ᷄ḁ. ( Ἓ בּ 

 ℮  ʊḁὔ Ὥ,  Ӧ  ʊṅ ᷄ḁ): 

=> PREPARE plane(text) AS 

SELECT * FROM aircrafts WHERE aircraft_code = $1;  

 

ᾧṭ ᾤᾤṎ ℮Ṏ ῄ  pg_prepared_statements ₱  :ḁ᷄ בּ  ♄

=> SELECT name, statement, parameter_types 

FROM pg_prepared_statements \ gx 

 

[RECORD 1] 

     name       | plane  

statement       | PREPARE plane(text) AS +  
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                | SELECT * FROM aircrafts WHERE aircraft_code = $1;  

parameter_types | {text}  

 

֥  ʊ Ὑ  ṍ   ῄ( Ṏ ὣ Ἓ  UPL/pgSQL  ▐  ʊῄ)  ᷄ḁ. ḁὖ  

ṫ ♄ ℮Ṏ ῄḻ ṍ  ᷄ḁ. ḁὖ ⱢⱭ  ᾕᾧὣ  Ɫ ẋῄ֥  בּ  ᷄ḁ. 

 

ὺҟ″ּב ῶ ṿ 

 

℮Ṏ ῄ  ṍ  ֥   ὺҟ″ּב Җ  ῶ ṿ  ᷄ḁ. 

=> EXECUTE plane('733');  

 aircraft_code |          model | range  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧ 

           733 | Boeing 737 3֧00 | 4200  

(1 row)  

 

℮Ṏ ῄ ♄ ὺҟ″ּבὗ ῶ ṿ  ʊҹ  ὣ ῄ Ӧ ὣ ỷ  Ӎ  ʊҹ⁫ḁ SQL Ɑ   

ₔҍᶾ Ӏ ὭṲ᷄ḁ. ῶ ṿṎ ὺҟ″ּב Җ  ῦ Ԃ Ṏ  ὣὗ ẖ   Ἓṭ ּב ᷄ בּ 

ḁ. ℮Ṏ ῄ  ṅ  ⁫ בּ   ḆⱠ Ἄᾠ Ἡ ꜙʊ  בּ  ♄ Ώ  Ҏ Җ  ♄ 

 ὣ  ᷄ḁ. 

 

Ӕ   ὨӦבּ 

 

℮Ṏ ῄ  ʊ  ὺҟ″ּב Җ  ֥Ὼ Ἓ ὣ Ӕ Ὠṍә,  ֚Ӕבּ   Ӏ Ḇṑ᷄ḁ. 

ḁὖ ὺҟ″ּב Җ  ♄Ἓ ḁὖ  Ӕ  ῦ ῡἛ  Җ בּ   әἌ  ʊҹ  ᷄ḁ. 

ὗ ṯ , ℮    ẋ, Ӕ Ὠבּ   ʊ  ʊ  ֚ὣ Ὦ   ҹ Ἓ ҍ ә Ḭ   

▐ ᷄ḁ. 

=> CREATE INDEX ON bookings(total_amount); 

=> EXPLAIN SELECT * FROM bookings 

WHERE total_amount > 1000000; 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Bitmap Heap Scan on bookings (cost=86.49..9245.82 rows= 4395 wid...  

 Recheck Cond: (total_amount > '1000000'::numeric)  

  >֧ Bitmap Index Scan on bookings_total_amount_idx (cost=0.00....  

 Index Cond: (total_amount > '1000000'::numeric)  

(4 rows)  

 

Ὥ ᾧṭ ♄ ҳ  Ὥ  ʊӒ ,  №   ῡἛ Ḭ ὗ ▐  ʊҹ  ῦ

ҍ ᷄ḁ. 

=> EXPLAIN SELECT * FROM bookings WHERE total_amount > 100; 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on bookings (cost=0.00..39835.88 rows= 2111110 width=21)  
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 Filter: (total_amount > '100'::numeric)  

(2 rows)  

 

 aӒ  ʊӔ Ὠבּ  ҍ Ὼ⁬Ṏ Ӕ   ֥   ὣ  ὣ Ӕ  ᾧṔ  ּב ᷄ḁ. 

Ỵ  Ӕ  ὺҟ″ּב Җ  ḓ  әἌὗ  ῡἛ  Җ  ֥Ὼ  ▐   Ӕ Ӧ Ԃ‴  

Ὼ Ӕ Ớә ᷄ḁ.
207

 

 

♄―ҍ Ⱡᶾ   ә Ὼ Ӕ  ▐ ʊᾤ  בּ   Ӓ  ʊὺҟ″ּבҍ  ʊ ὣ ᷄ḁ. 

ὺҟ″ּב Ṏ ℮Ṏ ῄ   ḁ♬ ҍ   ʊ ◄  ὺҟ″ּב Җ  ᷄ḁ. Ӕ Ὠבּ   ʊ

Ỵ  Җ  ֥Ὼ  ▐   Ӕ   ֘℮  Ӕ▓ ᷄ḁ. ♬ ‗  ₐ  ʊ Ὼ Ӕ  ▐  

 Ӕ ⁫ḁ ֘ Ἓ ḝ  Ӓ  (▐   Ӕ  ὺ‗ ḁ  Ὥṯ   әἌ )
208

, Ӕ  

Ὠבּ  ʊ Ὼ Ӕ  ә  ḄӔὗ ҳᵡỀᾞ Ӕ  ꜚ▐ ᷄ḁ. 

 

plane ℮Ṏ ῄ  ῦ  ‗ ṍ ᷄ḁ. ḁ  Ɫ ‗   ḻ ♄―  ʊ  ▐   Ӕ  

▐ ᷄ḁ.  ʊ ὣ Ӕ  ὺҟ″ּב Җ  .ḁ᷄ בּ   

=> EXECUTE plane('763');  

=> EXECUTE plane('773');  

=> EXPLAIN EXECUTE plane('319'); 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on aircrafts_data ml (cost=0.00..1.39 rows=1 width=52)  

 Filter: ((aircraft_code)::text = ' 319'::text)  

(2 rows)  

 

ὣ Ӕ ♄ ὺҟ″ּב Җ  ḓ  ҍ ᵁ ᵊ᷄ḁ. 

 

ḁ♬ ‗    Ӕ Ὠבּ   ʊ Ὼ Ӕ Ἓ ᷄ḁ.  Ӕ  ▐   Ӕ Ӧ ṅ ᾞ ℮

ḻ ṅ Ὥ,   ṫ  ʊ  ‗ ⅓ṫ ә  ḄӔὗ ҳᵡỂ ּב ῡἛ Ӕ Ὠ ₐבּ  ὗ  ּב 

᷄ḁ. EXPLAIN ᾤἔ   ὺҟ″ּבҍ Җ   ᷆   Ṏḁ  ʊҹ  ⁫ ᷄ḁ. 

=> EXECUTE plane('320');  

=> EXPLAIN EXECUTE plane('321'); 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on aircrafts_data ml (cost=0.00..1.39 rows=1 width=52)  

 Filter: ((aircraft_code)::text = $1)  

(2 rows)  

 

ὣ  ʊ  ᾥ ҍ  ▐   Ӕ  Ὼ Ӕ ⁫ḁ ℮  ḝ ℮ Ὥ,  ֚  Ӕ  ḝ  

ʊₔ  בּ  ◄ ◄◄ Ӏאל  ḁ. ֚Ỵ᷄ בּ   UӔ Ὠבּ   ʊ Ỵ  Ӕ  әἌ   ҹ ᷄

ḁ. Ӏḁҍ, Ӕ▓   ℮   ᷆ ὗ ℮ӽ ῡἛ ᾯṎ Ӕ▓ Ἓ  ּבḻ ᷄ḁ. 

 
207

 backend/utils/cache/plancache.c, choose_custom_plan function 
208

 backend/utils/cache/plancache.c, cached_plan_cost function 
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֚Ỵ  UӔ Ὠבּ  ҍ ּב  Ӓ , ṅ Ӎ  ῁ ә plan_cache_mode(֥⁮Җ: auto) ὺҟ″ּבὗ 

force_custom_plan Ἓ ♥  Ὼ Ӕ  U▐   Ӕ   ᵁὗ ♠  .ḁ᷄ בּ 

=> SET plan_cache_mode = 'force_custom_plan';  

=> EXPLAIN EXECUTE plane('CN1'); 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on aircrafts_data ml (cost=0.00..1.39 rows=1 width=52)  

 Filter: ((aircraft_code)::text = 'CN1' ::text)  

(2 rows)  

 

pg_prepared_statements ₱  ʊ♠ Ṏ Ӕ  ḓ  Ӕḻ ⁫ ᷄ḁ. 

=> SELECT name, generic_plans, custom_plans 

FROM pg_prepared_statements;  

  name | generic_plans | custom_plans  

֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 plane |              1 | 6  

(1 row)  

 

Ṏ ὣ Ἓ  ▐ ᾠ  ‗  ᾧṭ ḫ ὗ ҍ  ʊḓ  ө Ἓ ḫ ὗ ҷ◌  בּ 

᷄ḁ. SQL ♄ḻ ұ  ṅ  Ӧὗ Қ Ὥ (♄―  ҏ  ҍ  ᾞ, Ủᵡ  ʊ  ‗  

cursor_tuple_fraction    ҍ ᷄ḁ),  ӍӦ Ɫ ҍ  ᷆ ₐὗ ҷ◌  .ḁ᷄ בּ 

=> BEGIN;  

=> DECLARE cur CURSOR FOR 

SELECT * 

FROM aircrafts  

ORDER BY aircraft_code;  

 

=> FETCH 3 FROM cur;  

 aircraft_code |           model | range  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧ 

           319 | Airbus A319 1֧00 | 6700  

           320 | Airbus A320 2֧00 | 5700  

           321 | Airbus A321 2֧00 | 5600  

(3 rows)  

 

=> FETCH 2 FROM cur;  

 aircraft_code |          model | range  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧ 

           733 | Boeing 737 3֧00 | 4200  

          763 | Boeing 767 3֧00 | 7900  

(2 rows)  

=> COMMIT;  
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ὣҍ Ὦ   Ὼ ә Ớ ҍ ᾧṔ  Ӓ ,  ὣỳ  ө ὣ ֥  Ὦ  

᷄ḁ. ө ὣ ֥ҍ ᾠ Ớ ҍ ♄―  Ɫ ә Ḍ  Ώ  ʊḫ ṫ  ʊ  ― ṫҍ 

᷄ḁ. ֚Ỵ  U ө ὣ ֥ҍ ּבἜ Ỵ   Ḣ Ҕ ṑ᷄ḁ.  ᵁ  ҍ  ʊҹӦ 10ҟ 

 ө ὣ  ʊҹ   ʊ ᵁ Ὥ, 100ҟ  1,000ҟ  ө ὣὗ ℮ӽ ᾠ  Ḣ ᶠ  ỎӀ 

ṑ᷄ḁ. 
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17  Ӕ 

ӨӔ ּב  ֥⁮ Ӕ
209

 ʊ  Ἓ֚  pg_class №  ṍ  ᾞ ḁ Ӧ Ҝ  ḫ ὗ 

᷄ḁ: 

 

 ̧ ӨӔ   ʊ reltuples)בּ  ) 

 ̧ ӨӔ  ,֥  Ḅ (relpages )   

 ̧ ҍ Ⱡ ᾁ  ֚ҍ Ṏ  ּב(relallvisible ) 

 

ḁ  flights  №  Ỵ  Җ ᷄ḁ: 

=> SELECT reltuples, relpages, relallvisible  

FROM pg_class WHERE relname = 'flights';  

 

 reltuples | relpages | relallvisible  

֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

    214867 |     2624 | 2624  

(1 row)  

 

ὣ   ҳ  ṍ   Ӓ , reltuples  Җ  ֥⁮ Ṷᵥὣ  Җ Ἓ ▐ ṑ᷄ḁ:  

=> EXPLAIN SELECT * FROM flights; 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights (cost=0.00..4772.67 rows= 214867 width=63)  

(1 row)  

 

Ӕ  ʊ № ₒ♅  ּב ṍᾞ, ּבṅ ῳ ṅ ₒ♅  ᾧṔ ḏṑ᷄ḁ.
210

 Ắ  ֥⁮ Ӕҍ ὺ  

ῡἛ  ḫ  ʊ  aḁὖ (VACUUM FULL ῳ CLUSTER211, CREATE INDEX ῳ REINDEX212) ḻ Ӕ▓ṍ

ᾞ †  ӽ ṑ᷄ḁ.
213

 

 

ₒ♅  , default_statistics_target (֥⁮Җ: 100)  300   ḏ  ʊ  ṯ  ◑ Ὢṑ᷄ḁ. 

 ḻ  Ӕὗ Ԃ  ʊḫ  ◑  ֥  ʊₒ♅ ḓ◄ ḫ  ֥  ḓ  Ⱡ  ᵎ  ֥ẋῄ

, №  ֥  ʊәἌṍ  ᷄ḁ.
214

 

 

◑ ὪṎ  ṅ ◄Ӕ ḓ ⁮֥)בּ    300 ) ♄ Ἓ ♠ ṑ᷄ḁ.
215

 ₒᾤ , № 

 
209

 postgresql.org/docs/14/planner-stats.html 
210

 backend/commands/analyze.c, do_analyze_rel function 
211

 backend/commands/cluster.c, copy_table_data function 
212

 backend/catalog/heap.c, index_update_stats function 
213

 backend/access/heap/vacuumlazy.c, heap_vacuum_rel function 
214

 backend/commands/analyze.c, std_typanalyze function 
215

 backend/commands/analyze.c, acquire_sample_rows function 
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ҍ ḝ ḁᾠ,  ʊ ҍ  ּב ә, ₒ♅   ♠ ṍ  ʊ ḻ ᷄ḁ. 

 

ḓ  №  Ӓ , Ӕ ּב  ᾧṭ  ṍ  ῡἛ, ҍ  ҖӦ ḁὗ ּב ᷄ḁ.  ʊ

 ◄ ᷄ḁ. ḫ ҍ ″Ӓṍᾠ, Ӕҍ ◄  ּב  ʊ  ֥ẋῄ ᷄ḁ. ḓỰ  Ὡּב ḻ  

ḻᾠ  Ӕ  ♠  ʊḫ ₒ ᷄ḁ. 

 

ṅ †  ℮ Ⱡ  flights  №  ⁬▐⁮  Ὥṯ ⁫ӆ ᷄ḁ. ֚Ủ♄ ṅ ₒ♅  ҏ  

 .ḁ᷄ בּ 

=> CREATE TABLE flights_copy(LIKE flights)  

WITH (autovacuum_enabled = false);  

 

○ №  ḓ  Ӕҍ  ᷄ḁ. 

=> SELECT reltuples, relpages, relallvisible  

FROM pg_class WHERE relname = 'flights_copy';  

 reltuples | relpages | relallvisible  

֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

        1֧ |        0 | 0  

(1 row)  

 

reltuples = - 1 Җ   ₒ♅ṍ   №Ӧ    ʊ ὰ ⅎ №  Ԃ‴  ֥  ▐ ṑ

᷄ḁ. 

 

№  ◕ⱠṎ   a  №  ▲ ṏ ҍᶾⱠ  ὺ  ᶋ ᷄ḁ. 

ẁỚ♄  ◄  ᾧὔ  ʊ◄ ♄ Ủᵡ  ʊ №  10 ҍ ṍ  ḁә ҍ ᷄ḁ: 

=> EXPLAIN SELECT * FROM flights_copy; 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights_copy (cost=0.00..14.10 rows= 410 width=170)  

(1 row)  

 

בּ   ʊḄ   ֥ὗ ֥Ὼ Ἓ ṍᶷḫ,  ʊӔ ♄ widthἛ ṑ᷄ḁ.  ᵡ℮  ʊ Ὼ Ἓ 

ₒ♅  Ӕ▓Ṏ  ֘Җ Ὥ,  Ӕҍ ּב ṍ   ֥ẋῄ  ֥ ♄  ʊḄּד   ḫ   

ḓ  ֜▐ Җ ᷄ḁ.
216

 

 

 ḫ ὗ flights  № ♄ ⁬▐ ә ₒ♅ בּ  ᷄ḁ:   

=> INSERT INTO flights_copy SELECT * FROM flights ;  

INSERT 0 214867 

=> ANALYZE flights_copy;  

 

 
        backend/utils/misc/sampling.c 
216

 backend/access/table/tableam.c, table_block_relation_estimate_size function 
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בּ Ṏ Ӕ  ʊ )בּ   № ֥ҍ ₒ♅֥ҍ ᾧṭ ḫ  ḓ  Ӕὗ ּב  Ὥ  ₒ  )ὗ 

Ὼ ᷄ḁ: 

=> SELECT reltuples, relpages, relallvisible  

FROM pg_class WHERE relname = 'flights_copy';  

 reltuples | relpages | relallvisible  

֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

    214867 |     2624 | 0  

(1 row)  

 

relallvisible  Җ  Ḭ    ℮   ʊḫ ▐ ṑ᷄ḁ.  Җ  VACUUM  ḫ

ṑ᷄ḁ: 

=> VACUUM flights_copy; 

 

=> SELECT relallvisible FROM pg_class WHERE relname = 'flights_copy';  

relallvisible  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

2624 

(1 row)  

 

 Ӕὗ ḫ  ә  ּבὗ Ṕ  Ἓ ᶸὣә ὣ Ӕ  ֥⁮Җ  ᷄ḁ: 

=> INSERT INTO flights_copy SELECT * FROM flights;  

=> SELECT count(*) FROM flights_copy;  

count 

֧֧֧֧֧֧֧֧ 

429734 

(1 row)  

=> EXPLAIN SELECT * FROM flights_copy; 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights_copy (cost=0.00..9545.34 rows= 429734 width=63)  

(1 row)  

 

Ԃ  pg_class ḫ ḻ ₔԂ ә   ҹ Ἓ ᾤṑ᷄ḁ: 

=> SELECT reltuples, relpages  

FROM pg_class WHERE relname = 'flights_copy';  

 reltuples | relpages  

֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧ 

    214867 | 2624  

(1 row)  

 

Ủᵡҍ relpages     ֥▐  ὗ ⁫ᾠ reltuples  Җ    ḻὗ ◄  
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.ḁ᷄ בּ
217

  ֥ҍ relpages  ℮ӽ  Ṕ  Ἓ ҍ  ֥ẋῄ , Ủᵡ  ʊḫ  Ὺḻҍ ṅ

ḁә ҍ  Ṏ  ּבὗ ᷄ḁ. 

=> SELECT reltuples *  

(pg_relation_size('flights_copy') / 8192) / relpages AS tuples  

FROM pg_class WHERE relname = 'flights_copy';  

tuples  

֧֧֧֧֧֧֧֧ 

429734 

(1 row)  

 

ῇἝ Ỵ   ◄ ṅ  ʊҹ  ᷊᷄ḁ( :  ░ ᾠ  ṅ Ӏ Ṑ). Ὥ Ӓ

 ẁỚ Ủᵡҍ  ″Ӓ ▐  ḁ  ₒ♅  ὣұ  ẋֱ  ―  .ḻἜ ᷄ḁ בּ 

 

17.2 NULL Җ 

NULL Җ  Ἕҍṯ Ӏ ℮ᵄ  Ώ Ὥ
218

, ӨӔ  ḫ † ♄    ᷄ḁ. NULL Җ

 Җ  Ἄ  ұ  U   ᵁ ᵒ  ʊ ὣ   “  Ӥ ᷄ḁ. 

 

Ὥ ‴  Җ  ‴  ὣὗ Ԃ ᷄ḁ. Ἕ  ᾧּד ḻ әἌ   Ỵ  ῄ ҍ 

᷄ḁ. Ὼ  ₐ  ᶄὣ ḓ  Ɫ ҍ  Җ ᶄὣἛ ḓ ṍῡἛ NOT IN  ◄  ᾯ Ӏ ṅ ᷄ḁ. 

NULL Җ  Ὼ Җ⁫ḁ   ḓ  ᾤ  ᷄ḁ(ẁỚ♄ Ἇ   NULLS FIRST ῳ NULLS 

LAST  ᷄ḁ). Ӕ ּב ♄ NULL Җ  әἌṍ   ₐḻ ᾤ  ᷄ḁ. Ὺ  ὰ ᾠ 

NULL Җ   Җ  ᷄ῡἛ Ủᵡ  ʊ ὗ ὣ  ֥  ҍ ⁫ҍ ᷄ḁ. 

 

ὦἄ Ɑ ּב בּ ♄ ṍ  ʊҍ  ҏḄ  ֥⁮ Ӕ ḻ ₒ♅֥  ʊὦἄ Ɑ  Ҏ  ḓ  Ӕḻ ּב

᷄ḁ.  ḫ  ʊ  Ἓ֚  pg_statistic  №  ṍ Ὥ, pg_stats  ₱ὗ  ḝ ὣ  

Ἓ  ֜  .ḻ ᷄ḁבּ 

 

NULL Җ  ℮ בּ    Ӕ  ꜚ ᾞ, ₒ♅ Ӧ ♄ Ӕ▓ṍᾞ null_frac  ꜚⱠ Ἓ ṑ᷄ḁ. 

 

ὗ ṯ ,  ῼ   Ӥ  ҷ◌  ẋ  ʊ ῼ ҏ  ṍ  ḁ  ʊҹ  ֥ḓ ᷄ בּ 

ḁ: 

=> EXPLAIN SELECT * FROM flights WHERE actual_departure IS NULL; 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights (cost=0.00..4772.67 rows= 16702 width=63)  

 Filter: (actual_departure IS NULL)  

(2 rows)  

 

ӍӦὗ  ֥  Ủᵡ  ʊ בּ    NULL Җ  ℮  Ӣ ᷄ḁ: 

 
217

 backend/access/table/tableam.c, table_block_relation_estimate_size function 
218

 sigmodrecord.org/publications/sigmodRecord/0809/p20.date.pdf 
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=> SELECT round(reltuples * s.null_frac) AS rows  

FROM pg_class 

JOIN pg_stats s ON s.tablename = relname  

WHERE s.tablename = 'flights'  

AND s.attname = 'actual_departure';  

rows 

֧֧֧֧֧֧֧ 

16702 

(1 row)  

 

֚ὣә ֥  :ҍ ᷄ḁבּ   

=> SELECT count(*) FROM flights WHERE actual_departure IS NULL;  

count 

֧֧֧֧֧֧֧ 

16348 

(1 row )  

 

17.3 ә Җ 

pg_stats  ₱  n_distinct  ṫ  ʊ  ә  Җ  ҟּבὗ ᵁ ᵗ᷄ḁ. 

 

n_distinct ҍ ּב  Ӓ ,  ֚ ḙҖ   ҟּבҍ  ᷆  ә  Җ  ℮  ᵁ ᵗ᷄ḁ. ὗ ṯ , 

-1  ᾧṭ  Җ  ә ḁ  ʊҹ  ᵁ ᵒә, -3  Ҏ Җ  ֘ Ἓ Ɫ ҟ   ᵁ ᵄḁ  ʊҹ  ῦ

᷄ḁ. ₒ♅֥  ʊ Ṏ ә  Җ  ҟּבҍ   ּב  10% ὗ Ӧ  ʊӒ  ₒּבὗ ▐ ᷄ḁ.  Ӓ

, ҍ  ḫ בּ  Ἓ  ℮  ″Ӓ  ʊҹ  ₔҍᶾ  ҹ ᷄ḁ.
219

 

 

 

 
219

 backend/commands/analyze.c, compute_distinct_stats function 
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֘  ḫ  ₒ ҍ ◄ṍ  ʊӒ  ә  Җ  ҟּבҍ ▐ ṑ᷄ḁ. ὗ ṯ , "column = expression " 

ҳ ὗ  ẋ, Ủᵡבּ֥   ʊӔ  ḄӔ ♄  Җ  Ἄ   Ӓ   ẖ  Җ ṭ 

ṅ  ὍἛ  ּב ḁә ҍ ᷄ḁ:
220

 

=> EXPLAIN SELECT * 

FROM flights  

WHERE departure_airport = (  

 SELECT airport_code FROM airports WHERE city = 'Saint Petersburg'  

);  

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights (cost=30.56..5340.40 rows= 2066 width=63)  

 Filter: (departure_airport = $0)  

 InitPlan 1 (returns $0)  

  >֧ Seq Scan on airports_data ml (cost=0.00..30.56 rows=1 wi...  

   Filter: ((city >֧> lang()) = 'Saint Petersburg'::text)  

(5 rows)  

 

֥♄ InitPlan  ᶂṫ  ʊ  ‗Ὥ ṍᾞ, Ӕ▓Ṏ Җ   Ӕ ♄ ▐ ṑ᷄ḁ. 

=> SELECT round(reltuples / s.n_distinct) AS rows  

FROM pg_class 

JOIN pg_stats s ON s.tablename = relname  

WHERE s.tablename = 'flights'  

AND s.attname = 'departure_airport';  

     rows 

 

     2066 

(1 row)  

 

Ṏ ә  Җ  ҟּבҍ ᾯṎ Ӓ (ₒ♅Ṏ  ּבҍ  Ӓ בּ  (  :ḁ᷄ בּ  ♄

ALTER TABLE ... 

 ALTER COLUMN ... 

 SET (n_distinct = ...);  

 

ᾧṭ ḫ ҍ ◄ ֘  ₒ ὗ ҍ ḁᾠ,  ⁫( ꜙҖӦ ḓҖӦ כ)  ʊ ₒ ᷄ḁ. ֚Ỵ  U֘

  ₒ ( Ἓ  ḝ Ὼ  Ӓ )  Ӓ , Ỵ   ₐ ᷄ḁ: 

=> SELECT min(cnt), round(avg(cnt)) avg, max(cnt)  

FROM ( 

SELECT departure_airport, count(*) cnt  

FROM flights  

 
220

 backend/utils/adt/selfuncs.c, var_eq_non_const function 



 255  

GROUP BY departure_airport 

) t ;  

 min |  avg | max  

֧֧֧֧֧+֧֧֧֧֧֧+֧ ֧֧֧֧֧֧ 

 113 | 2066 | 20875  

(1 row)  

 

17.4 ҍ  Ὼ  Җ 

ḫ  ₒ ҍ ֘   Ӓ ,  ҍ  Ὼ  Җ(MCV)Ӧ ֚ṯ  ⅎḻ  ḓ  Ӕὗ ֥Ὼ Ἓ Ɫ

Ὺ Ӏ ṑ᷄ḁ. pg_stats  ₱  ʊ Ỵ     ҎҎ most_common_vals most_common_freqs ṫ  

᷄ḁ. 

 

ḁ  ḁ  Ӥ  ֥  ḓ  Ỵ  Ӕ  ᷄ḁ. 

 

 
 

=> SELECT most_common_vals AS mcv, 

left(most_common_freqs::text,60) || '...' AS mcf  

FROM pg_stats 

WHERE tablename = 'flights' AND attname = 'aircraft_code' \ gx 

[֧ RECORD 1 ]֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

mcv | {CN1,CR2,SU9,321,733,763,319,773} 

mcf | {0.27886668,0.27266666,0.26176667,0.057166666,0.037666667,0....  

 

"column = value " ҳ  ♠ ḻὗ  ֥ ♄  ʊmost_common_vals   ♄ ḏ Җ  ᶷ  ә, 
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Ḭ ҍ ṅ  most_common_freqs    ꜙ ♄ ⅎḻὗ ҍ ᾠ ṑ᷄ḁ.
221

 

=> EXPLAIN SELECT * FROM flights WHERE aircraft_code = '733';  

                   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights (cost=0.00..5309.84 rows= 8093 width=63)  

 Filter: (aircraft_code = '733'::bpchar)  

(2 rows)  

 

=> SELECT round(reltuples * s.most_common_freqs[ 

 array_position((s.most_common_vals::text::text[]),'733')  

 ])  

FROM pg_class 

JOIN pg_stats s ON s.tablename = relname  

WHERE s.tablename = 'flights'  

AND s.attname = 'aircraft_code';  

round 

֧֧֧֧֧֧֧ 

8093 

(1 row)  

 

Ỵ    ҖӦ ֜  ҹ  ₒᾤ ᷄ḁ. 

=> SELECT count(*) FROM flights WHERE aircraft_code = '733';  

count 

֧֧֧֧֧֧֧ 

8263 

(1 row)  

 

MCV ᾨἜ  ₐṴ  ҳ  ♠ ḻὗ  ʊḫ ḻ ▐ ṑ᷄ḁ. ὗ ṯ , "column < value "  Ҝ  

ҳ  ₒ♅֥ҍ most_common_vals♄ ḓ◄ Җ⁫ḁ  ᾧṭ Җ  ә most_common_freqs  ᵁ Ṏ ḏ 

ⅎḻὗ ▓  ᷄ḁ.
222

 

 

MCV Ӕ  ʊә  Җ  ᵡ  ̈͂Ὦ   ẋ ҍ   ṅ ᷄ḁ.    ḓ ֥  ʊ

default_statistics_target (֥⁮Җ: 100)  ὺҟ″ּב   ṍᾞ, Ắ  ₒ♅ ᾨ Ἓ ῁ Ἓ ◑

Ὢ ὗ 100בּ   Ἓ ᷄ḁ. 

 

 aӒ  ʊ֥⁮ ὺҟ″ּב Җ  ᶸὣ  ʊҹ  ῦҍ ᾞ, Ἓ  MCV ᾨἜ  ṍә  

ḻҍ ◄ṑ᷄ḁ. ὗ  ּב בּ ♄  :ḁ᷄ בּ 

ALTER TABLE ... 

 ALTER COLUMN ... 

 SET STATISTICS ...;  

 
221

 backend/utils/adt/selfuncs.c, var_eq_const function 
222
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◑  ֥ḻ ҍ Ὥ, Ṏ № Ὥ ḏṑ᷄ḁ. 

 

MCV     Җṯ   ֥ẋῄ  ◄ḏ  Ӥҏ ḁ. pg_statistic᷄ בּ    ֥ὗ 

ә Ủᵡ  ₔ   ₐӦ   ֥  1KB⁫ḁ  Җ  ₒ♅ ῳ Ӕ ♄ ṑ᷄ḁ. ֚Ỵ  U

Ỵ   Җ  ә  ҍᶾⱠ  ᶋ  ֥ẋῄ  ḓₐ  omost_common_vals ṍ   ҹ ᷄ḁ. 

 

17.5 ֚Ừ 

Ὥ  ә  Җṯ     ֥  ᵡ  ̈͂Ὦḁᾠ, PostgreSQL  ֚Ừ  ▐ ᷄ḁ.  Ӓ  Җṯ

 ֚Ừ  Ỵ ― ṯ ▐  ₒ ṑ᷄ḁ. ―  ҟּב  ʊdefault_statistics_target  ὺҟ″ּב  

 ṑ᷄ḁ.  

 

Ҏ ―   ḓỰ Ἓ ṅ בּ   Җṯ  ṯ ҍḻἜ ♠ ṑ᷄ḁ (  Ⱡ   ῁᷁Ἓ  ▐Ҏ

ṯ  ᾠ  ṅ Ἓ  ֚ὧ Ἓ ᵁ ᵊ᷄ḁ). MCV ὣ  Ṏ Җṯ  әἌṍ  ᷄ḁ. ӍӦ

Ἓ, Ҏ ―  Ṏ Җṯ  ᶞ  ⅎḻ  ʊ1/―  ҟּב  ṅ ᷄ḁ. 

 

֚Ừ  pg_stats  ₱  histogram_bounds ṫ  ―  ӒӔҖṯ    Ἓ ṑ᷄ḁ: 

=> SELECT left(histogram_bounds::text,60) || '...' AS hist_bounds  

FROM pg_stats s 

WHERE s.tablename = 'boarding_passes' AND s.attname = 'seat_no';  

                     hist_bounds 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

{10B,10E,10F,10F,11H,12B,13B,14B,14H,15G,16B,17B,17H,19B,19B... 

(1 row)  

 

MCV ὣ  Ӎ , ֚Ừ  '⁫ḁ ḁ'  U'⁫ḁ ḁ' ҳ  ♠ ḻὗ  ʊṴ   ▐

ṑ᷄ḁ.
223

 ὗ ṯ , ὼ Ṥ  ῼ֡Ṏ ԑ ּבὗ □ ⁫ӆ ᷄ḁ. 

 

 
223

 backend/utils/adt/selfuncs.c, ineq_histogram_selectivity function 
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=> EXPLAIN SELECT * FROM boarding_passes WHERE seat_no > '30B'; 

                        QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on boarding_passes (cost=0.00..157350.10 rows= 2983242 ...  

 Filter: ((seat_no)::text > '30B'::text)  

(2 rows)  

 

 ʊ ḻ Ἓ ֚Ừ ―  ▐  ӒӔ   ♅ ‗ ὗ ♠ ᷄ḁ. 

 

 ҳ  ♠ ḻ  ʊN/―  ҟּבἛ ṑ᷄ḁ. ֥♄ N  ḏ ҳ  Ὥ  ʊҖṯ  ҍ ә  ʊ―

 ҟּבὗ ῦ ᷄ḁ ( , Ṏ Җ  ὖ   Җṯ  ὰ ᷄ḁ). Ắ  MCVʊ  ֚Ừ  

ṍ  ᶷḁ  ʊ ḻ әἌ  ᷄ḁ. 

 

ḧ₦  ὰ ᾠ, NULL Җ  ֚Ừ  ᵁ ᵁ  Ὥ seat_no  ʊ֚Ỷ Җṯ  ᷄ḁ. 

=> SELECT s.null_frac FROM pg_stats s  

WHERE s.tablename = 'boarding_passes' AND s.attname = 'seat_no';  

 null_frac  

֧֧֧֧֧֧֧֧֧֧֧ 

         0 

(1 row)  

 

ᾌ , ҳ  Ὥ  ʊMCV  ℮  ⁵ ḁ: 

=> SELECT sum(s.most_common_freqs[ 
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array_position((s.most_common_vals::text::text[]),v)  

])  

FROM pg_stats s, unnest(s.most_common_vals::text::text[]) v  

WHERE s.tablename = 'boarding_passes' AND s.attname = 'seat_no'  

AND v > '30B';  

   sum 

֧֧֧֧֧֧֧֧֧֧֧֧ 

0.21226665 

(1 row)  

 

֚Ừ   ῁ ṍ  ʊ  MCV  ℮  ḁ Ӧ Ҝ ᷄ḁ: 

=> SELECT sum(s.most_common_freqs[ 

array_position((s.most_common_vals::text::text[]),v)  

])  

FROM pg_stats s, unnest(s.most_common_vals::text::text[]) v  

WHERE s.tablename = 'boarding_passes' AND s.attname = 'seat_no';  

   sum 

֧֧֧֧֧֧֧֧֧֧֧֧ 

0.67816657 

(1 row)  

 

Ṏ ҳ   ʊҖṯ   Nҟ  ―  ῡἛ (  100ҟ  ―  ), ḁ Ӧ Ҝ  Җ

 :ḁ᷄ בּ  

=> SELECT round( reltuples * (  

  0.21226665 --  MCV share 

  + (1 -  0.67816657 -  0) * (51 / 100.0) --  histogram share  

 ))  

FROM pg_class 

WHERE relname = 'boarding_passes'; 

 round 

֧֧֧֧֧֧֧֧֧ 

2983242 

(1 row)  
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Ὼ  Ӓ  ʊӒӔҖ   ᷆Җṯ  ḓ ♄  ʊ Ủᵡҍ ♠  ⁫ҏ   ḓ◄ Җ  Ṏ ―  

℮  әἌ ᷄ḁ. 

 

ḁ  Ἓ ὼ Ṥ ♅ בּ ♅  ᷄ḁ: 

=> SELECT count(*) FROM boarding_passes WHERE seat_no > '30B'; 

  count 

 

2993735 

(1 )  

 

default_statistics_target  Җ  ҍ ᾠ  ḻҍ ◄ṏ ּב Ὥ, ὣ  ♄ ⁫ṳ  

֚ỪӦ MCV ὣ ὗ Ӎ  Ӓ  ʊḓₐ  o  ӍӦὗ  ּב ᷄ḁ.   Ὦ  ә  

Җ  ṍ  ḝỚḻ ᷄ḁ: 

=> SELECT n_distinct FROM pg_stats 

WHERE tablename = 'boarding_passes' AND attname = 'seat_no';  

  n_distinct  

 

  461 

(1 )  

 

 ḻὗ ◄  ʊҹ  Ӕ Ὠבּ   ḝ ᵁ  ӍӦὗ ҍ  ẋ Ὥ ῦҍ ᷄ḁ. әἌ  

default_statistics_target  Җ  ҍ  ʊҹ  Ӕ ♅ὨӦ ₒבּ   ᶵὣӀ  ╝  ̈͂  בּ  

᷄ḁ. ֚ἃ Ὥ,  ὺҟ″ּב Җ  (0ֱ )  ʊҹ  Ӕ ♅ὨӦ ₒבּ   ↑ὔӀ  ּב Ὥ ᾯṎ 

Ӕ  ♠ Ἓ  ּב ᷄ḁ. Ỵ   ⁫  ḏ ṍ  ᷄ḁ. 
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17.6 Ớҍ  ᷆ḫ   Ө  Ӕ 

PostgreSQL  Ớҍ  ᷆ḫ   ḓ ♄  ʊҖ  ₒ ╝Ὥ ᷄Ớ Ỵ  Җ  ԂⱠ  ʊ ꜙṯ

 ₒ  ḓ  Ӕὗ ּב ḁ.  ʊ᷄ בּ  1 ֗  ẁὔ   ʊ  ὣ  ẋ Ӕ  ḻὗ 

◄ ᷄ḁ. 

 

 ̧ most_common_elems ῳ most_common_elem_freqs    ҍ  Ὼ  ꜙ  ᾨἜӦ  ֚▐  

ⅎḻὗ ⁫ ᷄ḁ. Ỵ  Ӕ  ʊ 
224

 ῳ tsvector 225 ḫ   ḓ  ▓  ♠ ḻὗ 

 ʊḫ ▐ ṑ᷄ḁ. 

 ̧ elem_count_histogram    Җ ᵒ  ә בּꜙ    ḓ  ֚Ừ  ⁫ ᷄ḁ.  ḫ

 ʊ   ḓ  ▓  ♠ ḻὗ  ʊḫ ▐ ṑ᷄ḁ. 

 ̧ ‛   Ӓ , PostgreSQL  ‛  ֩  ῳ  ῳ ◄  ӒӔ  Ө  ₒ  ֚Ừ  

Ⱡ ᷄ḁ. Ỵ  ֚Ừ  Ỵ  
226

 ḓ  ḁ  ▓  ♠ ḻὗ  ʊḫ ▐

ṑ᷄ḁ. ֚Ỵ  Upg_stats  ₱  ʊ ṍ  ᷄ḁ. 

 

ḁ  ‛  ḫ  
227

 ḓ ♄ḻ ▐  Ӕҍ ּב ṑ᷄ḁ. 

 

17.7  ֘ ṫ ֩  

pg_stats  ₱  avg_width ṫ  ʊ  Ṏ Җṯ   ֘ ֥ὗ ᵁ ᵗ᷄ḁ. ḏ בּ   Uchar(3)  Ҝ

  Ӓ  ʊ ◄ ṅ  ֥ ᷄ḁ. ֚Ỵ  U  Ҝ  ҍ″ ֩  ḫ   Ӓ , Ὣḁ 

֥ҍ ὺ  ḁὗ ּב ᷄ḁ: 

=> SELECT attname, avg_width FROM pg_stats 

WHERE (tablename, attname) IN ( VALUES 

('tickets', 'passenger_name'), ('ticket_flights','fare_conditions')  

);  

         attname | avg_width  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧ 

 fare_conditions | 8  

 passenger_name | 16 

 (2 rows)  

 

 Ӕ  ʊ Ἇ  U Ӧ Ҝ    ᾕᾧὣ   ʊḫ ▐ ṑ᷄ḁ. 

 

 

 

 
224

 postgresql.org/docs/14/arrays.html 

       backend/utils/adt/array_typanalyze.c 
       backend/utils/adt/array_selfuncs.c 
225

 postgresql.org/docs/14/datatype-textsearch.html 

        backend/tsearch/ts_typanalyze.c 
        backend/tsearch/ts_selfuncs.c 
226

 postgresql.org/docs/14/rangetypes.html 

        backend/utils/adt/rangetypes_typanalyze.c 
        backend/utils/adt/rangetypes_selfuncs.c 
227

 backend/utils/adt/multirangetypes_selfuncs.c 
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17.8 ӨⱠ 

pg_stats  ₱  ӨⱠ ṫ  ʊḫ  ῇὣ ♄דּ   ℮ӽ ▓   Ṏ ᶄὣ ҏ ♄דּ   ◄Ө

ӨӔὗ ᵁ ᵗ᷄ḁ. Җṯ  Ӊ  Ὑ דּ Ἓ ṍ  ḁᾠ, ֚ṯ  ӨⱠ  1  ҍָӀ ṏ ҹ ᷄ḁ. 

Ὥ  Җṯ  ᵒὧ דּ Ἓ Ἇṍ  ḁᾠ, ӨⱠ  -1  ҍָӀ ṏ ҹ ᷄ḁ. Ṷ  ◄  ḫ  ₒ ҍ 

ḝ  ḽ Ỵ Ἔ ӨⱠבּ  0  ҍֱ ᷄ḁ. 

=> SELECT attname, correlation  

FROM pg_stats WHERE tablename = 'airports_data'  

ORDER BY abs(correlation) DESC; 

      attname | correlation  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧ 

  coordinates |  

 airport_code | 0֧.21120238 

         city | 0֧.1970127 

 airport_name | 0֧.18223621 

     timezone | 0.17961165  

(5 rows)  

 

әἛ, (coordinates )  ḓ ♄  ʊ  Ӕҍ ּב ṍ  ᷄ḁ:  ḫ   ḓ ♄  ʊ  

ҖӦ  Җ ▓ ҍ ṍ    ֥ẋῄ ᷄ḁ. 

 

ӨⱠ  Ḭ   ℮   ▐ ṑ᷄ḁ. 

 

17.9  Ӕ 

בּ   Ӕ  ʊ℮ӽ ▓   Ắ  ʊ ὖ  ₐₒ  ḏ  ὗ ә Ẕ  ḻ  

 Ӓ Ὥ ▐ ḁ. ὗ ṯ᷄ בּ  , Ủᵡ  ʊ ▓Ӕ בּ   Ӕ  ẖ  ῦ  

" ῡἛ בּ  "בּ◄ =  בּ  Ҝ  ҳ  ḓ ♄  ʊ♠ ḻҍ ◄ 0.5% Ἓ ṑ᷄ḁ:
228

 

=> EXPLAIN SELECT * FROM flights 

WHERE extract( 

month FROM scheduled_departure AT TIME ZONE 'Europe/Moscow' 

) = 1;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights (cost=0.00..6384.17 rows= 1074 width=63)  

 Filter: (EXTRACT(month FROM (scheduled_departure AT TIME ZONE ... 

(2 rows)  

=> SELECT round(reltuples * 0.005)  

FROM pg_class WHERE relname = 'flights';  

 round 

֧֧֧֧֧֧֧ 

 1074 

(1 row)  

 
228
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Ủᵡ  ʊ בּ  ὗבּ   ῦ  ḓ   ̈͂ҹḻ  ᾯ ᷄ḁ. Ὼ   ẁὔᾠ 1  

בּ ṍ  ʊ Ӥ   Ӥ בּ    1/12ὗ  ҹ Ἓ ◄ṍᶷḫ,  Җ   Җ⁫ḁ  ḄӔ 

Ӏ ᵁ ᵊ᷄ḁ. 

 

 ҟ♠  ֥ ♄  ʊ בּ   Ӕ   ʊḓ   Ӕὗ ּב  ᷄ḁ. ὗ  Ṕ ҍ

  “  ᷄ḁ. 

 

  Ӕ 

 ‗  Ɑ    Ӕὗ ▐  ʊҹ ᷄ḁ.
229

 Ỵ  Ӕ  ʊ֥⁮ Ἓ ּב ṍ  ᷄ḁ.  

ḏ ḫ †  Ҡ ὗ ּבṅ Ἓ ◕Ⱡ  ֥  CREATE STATISTICS ᾤἔ   ᷄ḁ. 

> CREATE STATISTICS flights_expr ON (extract(  

month FROM scheduled_departure AT TIME ZONE 'Europe/Moscow' 

))  

FROM flights;  

Once the data is gathered, the estimation accuracy improves:  

=> ANALYZE flights;  

=> EXPLAIN SELECT * FROM flights 

WHERE extract( 

month FROM scheduled_departure AT TIME ZONE 'Europe/Moscow' 

) = 1;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights (cost=0.00..6384.17 rows= 16667 width=63)  

 Filter: (EXTRACT(month FROM (scheduled_departure AT TIME ZONE ... 

(2 rows)  

 

בּ Ṏ Ӕҍ ṍἌᾠ ὣҍ CREATE STATISTICS ᾤἔ ♄ ▐ Ṏ ҹӦ  ṅ  Ἓ 

  ᷄ḁ. 

 

ALTER STATISTICS ᾤἔ   ‴ḻἛ  Ӕ   ֥  : .ḁ᷄ בּ  

=> ALTER STATISTICS flights_expr SET STATISTICS 42; 

 

 Ӕ  ӨἎṎ ᾧṭ ᾕ ḫ  ʊ  Ἓ֚  pg_statistic_ext  №  ṍᾞ ּב Ṏ ḫ

  ʊ‴ḻ  pg_statistic_ext_data Ớ  ʊ №  ◄ ᷄ḁ. Ỵ  ₒὣ  ʊῨҔ  ⁫  ḓ  

Ɫ  ὗ Ԃ  ʊḫ ▐ ṑ᷄ḁ. 

 

 ▐ ҍ ▐ ʊ  בּ    Ӕ  ʊ‴ḻ  ⁫֥ ♄ ḝ ὣ  Ἓ  ּב ᷄ḁ. 

=> SELECT left(expr,50) || '...' AS expr,  

null_frac, avg_width, n_distinct,  

 
229

 postgresql.org/docs/14/planner-stats#PLANNER-STATS-EXTENDED.html 

        backend/statistics/README 
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most_common_vals AS mcv, 

left(most_common_freqs::text,50) || '...' AS mcf,  

correlation  

FROM pg_stats_ext_exprs 

WHERE statistics_name = 'flights_expr' \ gx 

[֧ RECORD 1 ]֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

       expr | EXTRACT(month FROM (scheduled_departure AT TIME ZO... 

  null_frac | 0  

  avg_width | 8  

 n_distinct | 12  

        mcv | {8,9,12,3,1,5,6,7,11,10,4,2}  

        mcf | {0.12053333,0.11326667,0.0802,0.07976667,0.0775666...  

correlation | 0.08355749  

 

 Ḭ  Ӕ 

 Ḭ  ḓ בּ  Ṏ ּב Ӕὗ ▐  ֥⁮   ◄  ʊẮ ḁὖ  “  ᷄ḁ.  

Ӕ  ʊ Ḭ ҍ ◕Ⱡṏ ẋ ṅ Ἓ ּב ṍῡἛ №  ḓ בּ  Ṏ ҹ Ỹ ּב ṑ᷄ḁ. Ḭ ҍ ὰ 

 Ӓ ,   ֜   ὺ  ὣ ḁ  ʊҹ  ´ ᷄ḁ. 

=> DROP STATISTICS flights_expr;  

=> CREATE INDEX ON flights(extract(  

month FROM scheduled_departure AT TIME ZONE 'Europe/Moscow' 

));  

=> ANALYZE flights;  

=> EXPLAIN SELECT * FROM flights 

WHERE extract( 

month FROM scheduled_departure AT TIME ZONE 'Europe/Moscow' 

) = 1;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Bitmap Heap Scan on flights (cost=324.86..3247.92 rows= 17089 wi...  

 Recheck Cond: (EXTRACT(month FROM (scheduled_departure AT TIME... 

  >֧ Bitmap Index Scan on flights_extract_idx (cost=0.00..320.5...  

   Index Cond: (EXTRACT(month FROM (scheduled_departure AT TI... 

(4 rows)  

 

 Ḭ  ḓ  Ӕ  ʊ №  Ӕ  ṅ    Ἓ ṑ᷄ḁ. ὗ ṯ , pg_stats    

№ Ὑ Ἓ Ḭ  Ὑ   ә  Җ ּבὗ  ּב ᷄ḁ. 

=> SELECT n_distinct FROM pg_stats 

WHERE tablename = 'flights_extract_idx';  

  n_distinct  

֧֧֧֧֧֧֧֧֧֧֧֧ 

          12 

(1 row)  
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ALTER INDEX ᾤἔ  ▐  Ḭ  ӨἎ Ӕ  ḻὗ  ּב ᷄ḁ. Ḭ Ṏ  ḏ

 ʊ  Ὑ  ᾧὔ  ʊӒ  ᾌ   ᷄ḁ. : 

=> SELECT attname FROM pg_attribute 

WHERE attrelid = 'flights_extract_idx'::regclass;  

attname 

֧֧֧֧֧֧֧֧֧ 

extract  

(1 row)  

 

=> ALTER INDEX flights_extract_idx  

  ALTER COLUMN extract SET STATISTICS 42; 

 

17.10 ḁ″ỳ Ӕ 

ḁ″ỳ Ӕὗ ּב  ʊҹḻ ҍᶾ ᾞ,  ʊ Ỵ №  ҵ ▐ .ḁ᷄ בּ    ҳ Ἓ, 

CREATE STATISTICS ᾤἔ  ▐  ḏ  ʊ  Ӕὗ ּבṅ Ἓ ◕Ⱡ  ᷄ḁ. PostgreSQL  Ɫ 

Ὂ  ḁ″ỳ Ӕὗ Ԃ ә ᷄ḁ. 

 

 ҏ  ֥  ʒ ꜚⱠ 

  Җ  ḁὖ  Җ   Ắ  ʊₐₒ Ἓ  ʊӒ ,  ҳ  Ỵ  ṯ  ᾧṔ 

ṍᾠ Ṷᵥὣ ҍ Ӧꜙ ҍṏ ּב ᷄ḁ.  

 

Ṕ ҟ   ҳ   ὣὗ әἌ ⁵ ḁ: 

=> SELECT count(*) FROM flights  

WHERE flight_no = 'PG0007' AND departure_airport = 'VKO';  

    count 

 

      396 

(1 row)  

 

 Җ  Ӏ Ӧꜙ ҍṍ ᷄ḁ: 

=> EXPLAIN SELECT * FROM flights 

WHERE flight_no = 'PG0007' AND departure_airport = 'VKO';  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Bitmap Heap Scan on flights (cost=10.49..816.84 rows= 15 width=63)  

 Recheck Cond: (flight_no = 'PG0007'::bpchar)  

 Filter: (departure_airport = 'VKO'::bpchar)  

 >֧ Bitmap Index Scan on flights_flight_no_scheduled_departure_key  

  (cost=0.00..10.49 rows= 276 width=0)  

  Index Cond: (flight_no = 'PG0007'::bpchar)  

(6 rows)  
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 ʊ◄ӨṎ ּו ṯ   Ἄ  ῄ ᷄ḁ. Ủᵡ  ʊּו ṯ  ♄Ἓ  ᶷḁә ҍ ῡἛ,  

♠ ḻ  ʊᶄὣ  ANDἛ Ӎ Ṏ  ҳṯ  ♠ ḻ  Ӣ Ἓ ṑ᷄ḁ.  Ӕ   ῄ ὗ ᾤ Ӏ 

⁫ ᷄ḁ: flight_no   ḓ  ҳ  ḓ  Bitmap Index Scan  ᶂṫҍ, departure_airport   ḓ  

ҳ   Bitmap Heap Scan ᶂṫҍ ӍӦὗ Ὢ  ẁỚ Җ  Ӏ ṯ ᷄ḁ. 

 

Ὥ ὣ  ʊӤ  Ӥ  ‗   ᾤ Ӏ Ṏḁ  ʊҹ  ә ᷄ḁ. Ṕ ‗  ҳ  ▐ ◄ 

⁬Ṏ ҳ ᷄ḁ (Ӥ  Ὑ  Ὂҍ  ʊӒ ὗ ә). Ỵ  Ӓ  ʊ בּ  ꜚⱠ  ḓ   

Ӕὗ   ҟ♠  .ḁ᷄ בּ 

 

Ṕ  ▐ בּ   ꜚⱠ  ḓ   Ӕὗ ◕Ⱡ ⁵ ḁ: 

=> CREATE STATISTICS flights_dep(dependencies) 

ON flight_no, departure_airport FROM flights;  

 

ḁ  ₒ♅ ♄  Ӕҍ ּב ṍᾞ,  ҟ♠ṑ᷄ḁ: 

=> ANALYZE flights;  

=> EXPLAIN SELECT * FROM flights 

WHERE flight_no = 'PG0007' 

AND departure_airport = 'VKO';  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Bitmap Heap Scan on flights (cost=10.57..819.51 rows= 277 width=63)  

 Recheck Cond: (flight_no = 'PG0007'::bpchar)  

 Filter: (departure_airport = 'VKO'::bpchar)  

 >֧ Bitmap Index Scan on flights_flight_no_scheduled_departure_key  

  (cost=0.00..10.50 rows=277 width=0)  

  Index Cond: (flight_no = 'PG0007'::bpchar)  

(6 rows)  

 

בּ Ṏ Ӕ  ʊ  Ἓ֚  ṍᾞ, ḁ Ӧ Ҝ  Ɫ  :ḁ᷄ בּ 

=> SELECT dependencies 

FROM pg_stats_ext WHERE statistics_name = 'flights_dep';  

dependencies 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

{"2 => 5": 1.000000, "5 => 2": 0.010200}  

(1 row)  

 

֥♄ 2  5  ʊpg_attribute  №  Ṏ  ‗ ᷄ḁ. ḏ Җ בּ   ꜚⱠ  ḻὗ ᷄

ḁ: 0  Ⱡ   ᵁ ᵒᾞ, 1  Ṕ ‗   Җ   ‗   Җ    ᵁ ᵗ᷄ḁ. 

 

ḁ″ỳ ә Җ ּב 

ḁὖ  Ṏ Җṯ  ә בּ    ḓ  Ӕ  ʊ Ỵ  ḓ בּ  ṍ  ʊGROUP BY  Ṷᵥ
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ὣ   ҟ♠ ᷄ḁ. 

 

ὗ ṯ , ῼ Ӥ Ӧ ḻ  Ӥ  ҍᶾ בּ     ʊӤ בּ    Ӣ Ὥ,  Җ   

᷄ḁ. ᾧṭ  Ἓ Ӎṍ   ֥ẋῄ ᷄ḁ: 

=> SELECT count(*) 

FROM ( 

SELECT DISTINCT departure_airport, arrival_airport FROM flights  

) t;  

 count 

֧֧֧֧֧֧֧ 

   618 

(1 row)  

=> EXPLAIN SELECT DISTINCT departure_airport, arrival_airport  

FROM flights;  

     QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

HashAggregate (cost=5847.01..5955.16 rows= 10816 width=8)  

 Group Key: departure_airport, arrival_airport  

 >֧ Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=8)  

(3 rows)  

 

ә  Җ  ḓ   Ӕὗ ә ּב ⁵ ḁ: 

=> CREATE STATISTICS flights_nd(ndistinct)   

ON departure_airport, arrival_airport FROM flights;  

=> ANALYZE flights;  

 

Ṷᵥὣ   ҟ♠ṍ ᷄ḁ: 

=> EXPLAIN SELECT DISTINCT departure_airport, arrival_airport  

FROM flights ;  

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

HashAggregate (cost=5847.01..5853.19 rows= 618 width=8)  

 Group Key: departure_airport, arrival_airport  

 >֧ Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=8)  

(3 rows)  

 

 Ἓ֚ בּ ♄ Ṏ Ӕὗ  ּב ᷄ḁ: 

=> SELECT n_distinct  

FROM pg_stats_ext WHERE statistics_name = 'flights_nd';  

  n_distinct  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

{"5, 6": 618}  
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(1 row)  

 

ḁ″ỳ MCV ᾨἜ 

Җ  ₒ ҍ ֘   Ӓ ,  ḻ  ʊ  Җ  Ӏ  ֥ẋῄ  ֥  ʒ ꜚⱠ Ὥ 

 ʊҹ Ἓ  ʊ ₒ ḁ. ὗ ṯ᷄ בּ   , Ӕ ҍ  ʊⱷἄᾕ ⁫ Ӥ ♄ Ṏ ⁫  737 Ӥ

ꜙὗ Ӧבּ  ҍ ᷄ḁ: 

=> SELECT count(*) FROM flights  

WHERE departure_airport = 'SVO' AND aircraft_code = '733';  

 count 

֧֧֧֧֧֧֧ 

  2037 

(1 row)  

=> EXPLAIN SELECT * FROM flights 

WHERE departure_airport = 'SVO' AND aircraft_code = '733';  

  QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights (cost=0.00..5847.00 rows= 736 width=63)  

 Filter: ((departure_airport = 'SVO'::bpchar) AND (aircraft_cod...  

(2 rows)  

 

 Ӓ  ḁ″ּב MCV ᾨἜ  ḓ  Ӕὗ ּב   ҟ♠ :ḁ᷄ בּ 
230

 

=> CREATE STATISTICS flights_mcv(mcv) 

  ON departure_airport, aircraft_code FROM flights ;  

=> ANALYZE flights ;  

 

○ Ṷᵥὣ    ḝ ᷄ḁ: 

=> EXPLAIN SELECT * FROM flights 

WHERE departure_airport = 'SVO' AND aircraft_code = '733';  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights (cost=0.00..5847.00 rows= 1927 width=63)  

 Filter: ((departure_airport = 'SVO'::bpchar) AND (aircraft_cod...  

(2 rows)  

 

Ỵ    ֥  Ӕ ҍ  ʊ  Ἓ֚  Ṏ ⅎḻ Җ  ᷄ḁ: 

=> SELECT values, frequency 

FROM pg_statistic_ext stx  

JOIN pg_statistic_ext_data stxd ON stx.oid = stxd.stxoid,  

 
230

 backend/statistics/README.mcv 

        backend/statistics/mcv.c 
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pg_mcv_list_items(stxdmcv) m  

WHERE stxname = 'flights_mcv'  

AND values = '{SVO,773}';  

    values | frequency  

֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 {SVO,773} | 0.005266666666666667 

(1 row)  

 

Ὼ  MCV ᾨἜӦ Ὣ ҍ Ἓ ḁ″ּב ᾨἜ  ʊdefault_statistics_target (֥⁮Җ: 100) Җ  ṑ

᷄ḁ(  ὺҟ″ּבҍ  ּב ♄ḻ ♥ Ṏ Ӓ , ḏ Җ  ҍ   Җ  ▐ ṑ᷄ḁ). 

 Ӓ  Ṏ  Ӕ  Ὣ ҍ Ἓ ᾨἜ  ֥ὗ ″Ӓ  :ḻ ᷄ḁבּ 

ALTER STATISTICS ... SET STATISTICS ...;  

 

 ᾧṭ ♄  ʊṔ ҟ  Ὥ ▐ Ὥ, ḝ Ὦ   ḁ″ּב Ӕὗ ּב  .ḻ ᷄ḁבּ 

 

Ỵ  Ӕὗ ᵁ  Ҡ  Ӎ Ἄᾠ ḏ  ֿפ Ἓ ԂₒṎ ᾨἜ  Ӥ  .ḁ᷄ בּ 

  ᾠ PostgreSQL  Ṏ  ḓ  ҍᶾ  ᾧṭ  Ӕὗ ּב ᷄ḁ. 

 

  Ὑ ḻ ḁ″ּב Ӕ  ʊ  Ӕ  Ὣ ҍ Ἓ   ▐  .ḻ ᷄ḁבּ 
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18  № Ɫ   “ 

18.1 Ỵ֚  ὣ   

PostgreSQLʊ  Ỵ ҍ  № Ɫ   “( Ỵ  ֚ҍᶾ  ὣ  )  ◕Ⱡ ә Ỵ֚ Ἓ ▐

ḻἜ ᷄ḁ. ֚Ỵ בּ   U  ʊ֥⁮ Ӥṍ  ʊ Ɫ   “  ᵁ╝ ᷄ḁ. №  ◕Ⱡ  ẋ ▐

ᾞ(CREATE TABLE ... USING), ֚ἃ בּ     ᾠ default_table_access_method  

ὺҟ″ּב  ᵁ Ṏ ֥⁮  'heap'  ṑ᷄ḁ. 

 

PostgreSQL  ʊ Ỵ Ӧ ṅ    Ἓ ṅ  ֥  № Ɫ   “  ὗ בּ 

Ԃ  ᷄ḁ.
231

 amhandler  Ṏ ּב  ʊ ҍ Ἓ  ʊᾧṭ ⁫ὗ  ʊ  

Ԃ ὗ Ὼ ᷄ḁ.
232

 

 

ᾧṭ № Ɫ   “ ♄ ḁ   ԂⱠ ꜙὗ ▐  :ḁ᷄ בּ 

 ̧ Ứ Ɑ Өὣ (ACID ῳ ᵗ☻ Ӊὣ ) 

 ̧ ―  Өὣ  

 ̧ I/O  

 ̧ TOAST 

 ̧ Ὣ  ῳ  ֥

 ̧ Ḭ   

 

Ỵ  ԂⱠ ꜙ  ʊ  ◄ Ӥṍᾞ,  ᾧṔ ▐  ḝỚḻ ṑ᷄ḁ. 

 

,  ḁ  ᷄ḁ: 

 ̧   ῳ ḫ  Ԃ  

 ̧ №  Ԃ  ῳ ℮   

 ̧ ▲ , ░ בּ ,  ῳ  ֠  Ԃ  

 ̧ ҍ Ⱡ ֗  

 ̧    ῳ ₒ♅  

 

 ḁὖ  “ṯӦ  ҏ♫    Ⱡ  ᾧṔ әἌ  ʊ  Ṷ  Ὥṫ  ʊҹ  ὺ  ἑ

 ֥ẋῄ  PostgreSQL   ֞ᵒ  ḫ  ꜙὗ ▐ ә,  Ἓ֚Ủῲ   ὗ 

ὣ ᷄ḁ. 

 

₉ᵑ ө‡, WAL╙ ᵙ Ѥ Ḣḹ╘ ⁴♣  ṬṪᶘ ѱѻ. Ựᴛ⇔  Ἕᾅ Ḣḹ╘ ‡ʺ 

╬ᾏ ᶣ תּ Ѥ ▫  ▬‰╙ ᴛ͎ᴛ ͙ᴜ ‒  ὡҵ ▓ᾋѱѻ. ͙Ⱶ╥ ▀ḙ♠╬ WAL 

ᶉ ѱּ233צ╘ ₡Ḳ ӥʺ Ўᶴ ͙ ԅᶷ⁄ ♠ ┬ Ώᾋѱѻ. Ựᴛ⇔ WAL ᶜ תּ ╙ 

ᵙ ͙ ─  ֞ ѻᵐ ╬ ╪ᾅᵑ ʺ  ὡҵ ▓ּתᵣ, ╪ ˿↕ מᾎ ṓ̯ʺ ΩṨ ӥ⁄ 

 
231

 postgresql.org/docs/14/tableam.html  
232

 include/access/tableam.h  
233

 postgresql.org/docs/14/generic -wal.html 



 272  

╥Ⱶ ˭ Ӈ‡ ᵰ↕ ḕוֹז ҉ ◑ʺ תּ͔ͥתּ .Ώᾋѱѻ תּ  ˺  ᵡѻבֿ⁪ ♬ ╘

‡ᵑ Ѥ ˦░ѱѻ. 

 

Ỵ  Ἓ № Ɫ   “Ӧ  ▐  Ӊ  Ԃₒ  Ӥ  ᷄ḁ.    ₐₒ

♄ ♥ᾤ  Ὦ  ֥ᶾ   ⁫ḁ  ʊ'heap' Ɫ   “  ꜚ ᷄ḁ.   “      Ἓ 

ᵉ  ҍᶾⱠ  ᶋ ᾞ, ḁὖ  “ṯ   Ἓṫ  ḻ  ḓ  ֥  ‴ḻ בּ    ҹ ᷄

ḁ. 

 

 ҟῼ  ○Ἓ   ♄ ḁ  ֡ ә ᷄ḁ: 

 

Zheap  №   Ӎ  ֥  ҟῼṍ ᷄ḁ.
234

   ἄ   ḫ ὗ Ԃ

ә MVCC ӨἎṎ Ӧұ ḫ ὗ ‴ḻ  undo ὣ Ἓ ṅ ᷄ḁ. Ỵ   ḫ  ḫ

ҍ ⅎ‗  Ἓṫ  ᷄ḁ. 

 

Zheap  ʊ Ớ  ▐ Ӏ ּג  ⁫  ҹ Ὥ ᾥ ҍ  ᶪ ҍ ᷄ḁ( : Ḭ  Ɫ

  “  ♄  ―  Өὣ Ḭ ὗ ◕Ⱡ  .(ḁ᷄ בּ 

 

Zedstore  ʊ   ꜙὗ Ԃ ᾞ
235

, OLAP(Online Analytical Processing) ὣ  ҍ   

ҹ Ἓ ◄ṑ᷄ḁ. 

 

Ṏ ḫ  ʊ  ID  B- ὣἛ ԂⱠṍᾞ, Ҏ   B- ὣ  ӨṎ  B- ὣ  ṑ᷄ḁ. 

Ἓ  ʊ Ỵ  ᵁ  B- ὣ   ⃰ὣṫ ꜙὗ  ּבḻ  ҹ ᷄ḁ. 

 

דּ 18.2   

  № ḫ  ῇὣ  ἄ  ә Ɫ   “  Ӥ ᷄ḁ. ṍ  ʊ “ דּ   

Ἓ, №    (Ắ  ʊ ṯ)  Ἓ ᷄ḁ. Ҏ  ♄ Ҏ  ҍ

Ⱡ  ᾞ, ὣὗ Ὥ  ᾯ  ʊ  Ὢṑ᷄ḁ. 

 

 
 

 ἛⱢ  ʊ―  ὗ  ṍᾞ, ḓ ỳ №   ḫ ὗ ұ  ḻἜ  ֥

 
234

 github.com/EnterpriseDB/zheap  
235

 github.com/greenplum -db/postgres/tree/zedstore  
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 ―  Ὢ  ▐ ᷄ḁ. ṅ  №   ʊḁὖ ἛⱢ  ʊ  ―  Ὢ   ҍ Ṷ  

֥ὗ ᷄ḁ. Ỵ   ṅ֥ Ṏ Ớә ᷄ḁ. ẁỚ♄  ◄  ♄  

ҍ ᷄ḁ. 

 

דּ    № Ắ  ʊ  ֚  ҍ   ₐₒ   ʊҍ    “ ᷄ḁ. ḁ  ὰ , ♠ Ⱡ  

ᵎ  ẋ ּד   ҍ  ҍ ҍ ᷄ḁ. (♠ Ⱡ  ᶋḁ  ʊҹ  ὣҍ ᾥ ҟ  Ὥ ♠   ʊӒ

Ἓ, Ḭ ὗ ▐  ʊҹ  ♠ ṑ᷄ḁ.) 

 

℮   

ὣ  Ӕ דּ ♄   Seq Scan ᶂṫἛ ṑ᷄ḁ: 

=> EXPLAIN SELECT * 

FROM flights;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights (cost= 0.00.. 4772.67 rows=214867 width=63)  

(1 row)  

 

֥⁮ Ӕ  ₐἛ ◄  ּבҍ Ӥṑ᷄ḁ: 

=> SELECT reltuples FROM pg_class WHERE relname = 'flights';  

 reltuples  

֧֧֧֧֧֧֧֧֧֧֧ 

    214867 

(1 row)  

 

℮   ẋ Ὣ  ʊṶ  I/O ῳ CPU ὣꜙ  Ṕ ҍ  ԂⱠ ꜙὗ әἌ ᷄ḁ.
236

 

 

I/O ℮  № בּ    ὗ ּד Ἓ  ʊҍ   ὗ  ʊ℮  Ӣ  Ӕ▓

ṑ᷄ḁ. ―  ὺ᷄ ҍ ὗ  ẋ   ʊ Ἓ Ṷ ♄ ḝ Ὦ  ḫ ὗ ῡἛ, 

ꜚṎ Ỵ ҍ    ῦ  ҍᶾⱠ  ὺ  ᶋ ᷄ḁ. ẁỚ♄ ּד   ▐

 Ḅ  ὗ  ʊ℮ ( Ὣ ҍ seq_page_cost(֥⁮Җ: 1)Ἓ )    ֜℮ (

  ֜℮  random_page_cost(֥⁮Җ: 4) Җ Ἓ Ṑ)⁫ḁ ᵎ ᷄ḁ.  

 

        ֥⁮ ♥  HDD  ḓ   ṅ ᷄ḁ. ֚Ỵ  USSDὗ ▐  ʊӒ  random_page_cost Җ  ◄ḏ  

ᵎ  ʊҹ  ᷄ḁ. (seq_page_cost ὺҟ″ּב  ʊ ә Җ Ἓ ⁫  ֚ḓἛ Ṕ  ʊҹ  Ὼ ᷄ḁ). 

Ỵ  ὺҟ″ּב ▐   ℮  ṫ  ẁỚ ḁὔ  ֥ẋῄ  Ὼ Ἓ № בּ 

♄ ♥ ṑ᷄ḁ. (ALTER TABLESPACE ... SET ▐  ♥ ᷄ḁ). 

=> SELECT relpages, 

 current_setting('seq_page_cost') AS seq_page_cost,  

 relpages * current_setting('seq_page_cost')::real AS total  

FROM pg_class WHERE relname = 'flights';  
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 relpages | seq_page_cost | total  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧ 

     2624 |              1 | 2624  

(1 row)  

 

        Ỵ  Ӕ▓ בּ   ṍ   VACUUM Ἓ  ῼ◕  ʊ №  ӍӦὗ ᾤ  ⁫

᷄ḁ: №  Ṏ ҍ ּבἜ ὗ   ʊ  ҍ ᾞ, ḏ  Ṏ 

בּ    ʊӨӔ  ἃӀ ṑ᷄ḁ. 

 

CPU ὣꜙ   Ҏ  ὣ  ʊḫ  ℮  ᷄ḁ.  ℮  Ὣ ҍ 

cpu_tuple_cost (֥⁮Җ: 0.01)Ἓ ᷄ḁ.  

=> SELECT reltuples,  

current_setting('cpu_tuple_cost') AS cpu_tuple_cost,  

reltuples * current_setting('cpu_tuple_cost')::real AS total  

FROM pg_class WHERE relname = 'flights';  

 reltuples | cpu_tuple_cost | total  

֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧ 

    214867 |           0.01 | 2148.67  

(1 row)  

 

 Ṕ    Ӕ   ℮  ᵁ ᵗ᷄ḁ. ּד   ▐  ҳ  ῡἛ  ℮

 0 ᷄ḁ.  

 

Ṏ №  Ὢṍ   ʊӒ , Ṏ  ҳ  Seq Scan ᶂṫ  Filter ⱣⱭ  ṑ᷄ḁ. 

בּ    ʊ Ỵ  ҳ  ♠ ḻ  ẁỚ ḆỚ ᾞ, ℮   ʊӨἎṎ Ӕ▓ ℮  ṑ᷄ḁ. 

 

EXPLAIN ANALYZE ᾤἔ  Ἓ Ὼ Ṏ  ּב  ὪṎ  ּבὗ ᾧṔ ᷄ḁ. ὗ  ὣ   

ӍӦ  Ὢ ӍӦὗ  ּב ᷄ḁ. 

=> EXPLAIN (analyze, timing off, summary off)  

SELECT * FROM flights 

WHERE status = 'Scheduled';  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights  

 (cost=0.00.. 5309.84 rows=15383 width=63)  

 (actual rows= 15383 loops=1)  

 Filter: ((status)::text = 'Scheduled'::text)  

 Rows Removed by Filter: 199484 

(5 rows)  

 

⁫ḁ ⁬  Ӕὗ ▐  ʊ  Ӕ  □ ⁫ӆ ᷄ḁ. 

=> EXPLAIN SELECT count(*) FROM seats; 

    QUERY PLAN 
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֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Aggregate (cost= 24.74.. 24.75 rows=1 width=8)  

>֧ Seq Scan on seats (cost=0.00..21.39 rows=1339 width=0)  

(2 rows)  

 

  Ӕ  Ṕ ҟ  ᶂṫἛ ԂⱠṑ᷄ḁ. ◄  ᶂṫ(Aggregate)  ʊcount ּבὗ Ӕ▓ ә, ḫ ὗ 

 ʊ  ᶂṫ(Seq Scan) ♄ ḫ ὗ ҍ ᷄ḁ. 

 

◄  ᶂṫ  Aggregate   ℮  ʊ Ӕ  ҍ ṑ᷄ḁ.  ‗  (  Ӓ  ʊ  )

 ҍ  ֥ ♄  ʊ  ᶂṫ ♄ ᾧṭ  ҍ  ᷄ḁ. Ӕ ℮  Ҏ Ἅ  ḓ  ҳ ▓

  ℮ (estimated at cpu_operator_cost (default: 0.0025) Ἓ )  ֥Ὼ Ἓ ṑ᷄ḁ.
237

 

=> SELECT reltuples,  

 current_setting('cpu_operator_cost') AS cpu_operator_cost,  

 round((  

  reltuples * current_setting('cpu_operator_cost')::real  

 )::numeric, 2) AS cpu_cost  

FROM pg_class WHERE relname = 'seats'; 

 reltuples | cpu_operator_cost | cpu_cost  

֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧ 

      1339 |            0.0025 | 3.35  

(1 row)  

 

Ώ   ʊSeq Scan ᶂṫ   ℮  ҍṑ᷄ḁ. 

 

Aggregate ᶂṫ   ℮  ʊῺ ṏ  ὣ ℮ ḻ ṑ᷄ḁ.  ℮  cpu_tuple_cost (֥⁮Җ: 

0.01)Ἓ Ṏ Ҏ  ὣ ℮  ῦ ᷄ḁ: 

=> WITH t(cpu_cost) AS (  

 SELECT round(( 

  reltuples * current_setting('cpu_operator_cost')::real  

  )::numeric, 2)  

 FROM pg_class WHERE relname = 'seats' 

 )  

SELECT 21.39 + t.cpu_cost AS startup_cost,  

 round((  

  21.39 + t.cpu_cost +  1 * current_setting('cpu_tuple_cost')::real  

  )::numeric, 2) AS total_cost  

FROM t; 

 startup_cost | total_cost  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧ 

        24.74 | 24.75  

(1 row)  
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ẁỚ♄ ℮   ꜚⱠ  ḁ Ӧ Ҝ  ֚ὦ ּב ᷄ḁ: 

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Aggregate 

 (cost= 24.74..24.75 rows=1 width=8)  

 ֧\ q¤° q¢ ­ ®­ ²¤ ³² 

  (cost= 0.00.. 21.39 rows=1339 width=0) 

(4 rows)  

 

18.3 ‾Ἇ Ứ 

PostgreSQL  ‾Ἇ ὣ  ᷄ḁ. 
238

ὣὗ ּב  ʊ  ἛⱢ  ʊ(postmasterὗ ) 

Ỵ ҟ   ἛⱢ ὗ ◕Ⱡ  ṅ  ṅ  ‾Ἇ Ӕ  ₐₒ  ᷄ḁ. ӍӦ  ʊGather239 ᶂṫ ♄ 

ᾧ ᾞ ὣḝ Ӏ Ḇṑ᷄ḁ. ḫ ὗ ּב   Ӓ , ὣḝ  ʊ‾Ἇ Ӕ  ḻ  ּב 

᷄ḁ. 

 

 Ӓ , parallel_leader_participation (֥⁮Җ: on) ὺҟ″ּבὗ ▐  ὣḝ  ‾Ἇ Ӕ   

ὗ ֠ ὗ ᴭᾠ ὣḝבּ″ḁ.  ὺҟ᷄ בּ   ʊ‾Ἇ Ӕ    ᷄ḁ. 

 

 
 

ḏ  Ỵ  ἛⱢ ὗ ә ḫ ὗ ꞈ  ʊҹ  ῁ἰҍ ᷄  ֥ẋῄ  ᾧṭ ὣὗ ‾Ἇ  

 ʊҹ  ᷊᷄ḁ.  
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Ắ , ‾Ἇ  ṍḝỚḻ Ӕ  ᾧṭ ₐₒ  ṅ  ὣ ʊҹ  בּ   ᷊᷄ḁ.  a  ὣ

ḝὭ ḄḼ Ἓ ּד Ἓ ּב ṑ᷄ḁ. 

 

PostgreSQL╘ ѻᵐ ♪͐ Ḣᾏ╬ ⁴ױ √ ʺ ʺỮ╖ᴛ ‡ἣẇᵙ ג╬╙ Ἓ ⁴ ҥ╪  

ᵙᵑ ὡ Ѥ Ḣᾏ╙ ּת∟ ́ Ώᾋѱѻ. (ᵦ ͎ҍᴛ ʻ תּ  Яӥᵑ Ṋҵ╥ ᴛἝᾅ⁄Ἄ 

ὡ Ѥ Ḣᾏ) ╪ױ  ᶉ ѱּצ╘ PostgreSQL ˌḛ▫ө⁄˭ ═♠╪ּת Ώѻ̆ 

ѾӇ‴ᾋѱѻ. 

 

18.4 ‾Ἇ ּד   

Parallel Seq Scan  ᶂṫ  ʊ‾Ἇ ὣὗ  ♥ӔṎ ᶂṫ  ᵁἛ, ‾Ἇ ּד בּ   ᷄ḁ.  

 

Ὑ  ҏ ᾧּד Ἓ ṯὦ ּב Ὥ ( דּ   ‾Ἇ ),   ⁮  Ὼ ᷄ḁ.  

Ɫ ὗ □ ⁫ᾠ №  ʊּד Ἓ ᾞ, Ḅּד דּ  בּ   ṍ  ẋ  .ὗ ẁὛ᷄ḁ♄דּ 

֚Ỵ  U   Ỵ ҟ  ṅ  ἛⱢ בּ   ṑ᷄ḁ. ṅ  ὗ Ṕ ‗  ʊҹ   ֥

  ʊӤ  ᾕᾧὣὗ  Ỵ  ἛⱢ ṯ  ṅ֥ ᷄ḁ. 

 

֥ ♄ ᾨ    ҍ Ὼ דּ     ֚ὧ   ᾯ ә ḓ  Ỵ ἛⱢ

ҍ ῁  ֥ὗ ּב  ʊҹ  ⁮ḁ  ʊҹ ᷄ḁ. ẁỚ♄ Ὼ Ἓ ּד   ҍꜚ  ʊḫ  ὣ

 ▐ ◄ ᾧҍ ᷄ḁ. Ỵ  ₔ  Ӧὗ ꜙ  ֥  PostgreSQL  Ҏ ἛⱢ

Ӏ ꜚ  Ỵ ὗ ḏ ᷄ḁ.
240

 

 

ẁỚ♄ ‾Ἇ  Ὼ Ἓ  ֥℮  ἛⱢ  ҏ ḫ  ꞈ Ἓ  ҍἛ ҍ  ֥ẋῄ   

ῦҍ ᷄ḁ. ֚Ỵ  U ҍ ҷ◌Ṏ  ḓ   ꜚ ὣ( : Ӕ)ὗ ּב  ʊӒ    ҏ  

 .ḁ᷄ בּ  

 

℮   

ḁỜ № ♄ Ӕὗ ּב  ʊҏḄ  ὣ   Ӕ  □ ⁫ӆ ᷄ḁ.  Ӕ  ‾Ἇ ṍ

᷄ḁ. 

=> EXPLAIN SELECT count(*) FROM bookings; 

QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Finalize Aggregate (cost=25442.58..25442.59 rows=1 width=8)  

 >֧ Gather (cost= 25442.36.. 25442.57 rows=2 width=8)  

  Workers Planned: 2 

  >֧ Partial Aggregate  

        (cost= 24442.36..24442.37 rows=1 width=8)  

   >֧ Parallel Seq Scan on bookings  

    (cost=0.00.. 22243.29 rows=879629 width=0)  

(7 rows)  
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Gather ᶂṫ Ủ   ʊᾧṭ ᶂṫ  ʊ  Ӕ  ‾Ἇ ₐₒ  ꜚ ᷄ḁ. ṯ  ҎҎ   ἛⱢ (

֥♄  ʊṔ ҟ  ἛⱢ ҍ Ӕ ṍ ᷄ḁ)   ṍᾞ, ὣḝ ἛⱢ  ♄ḻ ṏ ּב ᷄

ḁ(Ḅ, parallel_leader_participation  ὺҟ″ּבἛ  ֥ᶾ   Eּב ᷄ḁ). Gather ᶂṫ   ֚

 ᾧṭ ᶂṫ  ʊּד  ₐₒ Ἓ, ὣḝ ἛⱢ  ♄Ὥ ṑ᷄ḁ. 

 

Parallel Seq Scan  ᶂṫ  ʊ‾Ἇ   ᵁ ᵗ᷄ḁ. rows ṫ  ʊḄ  ἛⱢ ҍ ὣ  ◄  ֘  

ὗ ᵁבּ ᵗ᷄ḁ.   Ɫ ҟ  ἛⱢ ( ᵁ  ὣḝ  Ṕ ҟ  ) בּ   ṍ Ὥ, ὣḝ Ἓ

Ɫ  ʊḝ   ὣ ᷄ḁ.  ּבҍ ҍ  ẁỚ ὣḝ  ḏỳ  ᶷḫ,
241

  Ӓ  ʊ

2.4  ℮ Ἓ ḏṑ᷄ḁ. 

=> SELECT reltuples::numeric, round(reltuples / 2.4) AS per_process  

FROM pg_class WHERE relname = 'bookings'; 

 reltuples | per_process  

֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧ 

   2111110 | 879629 

(1 row)  

 

Parallel Seq Scan  ℮ דּ   Ӧ ▐ Ӏ Ӕ▓ṑ᷄ḁ. Ҏ ἛⱢ ҍ ὣ  ʊ ҍ  ֥ẋבּ 

ῄ  Ώ  ʊҖ  ḝ ᷄ḁ.   №   Ḅ Ἓ  ῡἛ I/O  ₐₒ   ℮  

ṑ᷄ḁ: 

=> SELECT round(( 

   relpages * current_setting('seq_page_cost')::real +  

reltuples / 2.4 * current_setting('cpu_tuple_cost')::real  

)::numeric, 2)  

FROM pg_class WHERE relname = 'bookings'; 

  round 

֧֧֧֧֧֧֧֧֧֧ 

   22243.29 

(1 row)  

 

 

ḁ Ἓ, Partial Aggregate ᶂṫ  ʊҷ◌Ṏ ḫ  Ӕὗ ּב ᷄ḁ.   ♄  ʊ ὗ Ӕבּ 

▓ ᷄ḁ. 

 

Ӕ ℮  Ὼ    Ἓ ṍᾞ, №  ℮   ҍṑ᷄ḁ. 

=> WITH t(startup_cost)  

AS ( 

 SELECT 22243.29 + round(( 

  reltuples / 2.4 * current_setting('cpu_operator_cost')::real  

  )::numeric, 2)  

 FROM pg_class 

 WHERE relname = 'bookings' 
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)  

SELECT startup_cost,  

 startup_cost + round((1 * current_setting('cpu_tuple_cost')::real  

  )::numeric, 2) AS total_cost  

FROM t; 

 startup_cost | total_cost  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧ 

     24442.36 | 24442.37  

(1 row)  

 

ḁ  ᶂṫ  Gatherʊ  ὣḝ ἛⱢ   ṑ᷄ḁ.  ᶂṫ  ʊ ὗ ә ֚ṯ  Ὼ  ḫ

ὗ ּב  ʊ  ḋḏ ᷄ḁ. 

 

Ӕ   ἛⱢ   ℮ בּ)   )  parallel_setup_cost  ὺҟ″ּב(֥⁮Җ: 1000)Ἓ 

ṍᾞ, ἛⱢ  ҏ  Ҏ   ꞈ℮  parallel_tuple_cost  ὺҟ″ּב(֥⁮Җ: 0.1)Ἓ ṑ᷄ḁ. 

 

 ♄  ʊ ἛⱢ   ℮ ( ἛⱢ   ꜙ℮ṍ  ʊ℮ )  ♠ ᷄ḁ.  Җ  Partial 

Aggregate ᶂṫ   ℮  ҍṑ᷄ḁ.  ℮  ʊṔ ҟ    ꞈ℮ ḻ ṍᶷḫ,  Җ  

Partial Aggregate  ᶂṫ   ℮  ҍṑ᷄ḁ.
242

 

=> SELECT 

 24442.36 + round(  

   current_setting('parallel_setup_cost')::numeric,2) AS setup_cost,  

 24442.37 + round(current_setting('parallel_setup_cost')::numeric +  

   2 * current_setting('parallel_tuple_cost')::numeric,2) AS total_cost;  

 setup_cost | total_cost  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧ 

   25442.36 | 25442.57  

(1 row)  

 

Ὣ Ὤ Ἓ, Finalize Aggregate  ᶂṫ  ʊGather ᶂṫἛₐ  ‾Ἇ ἛⱢ Ἓₐ  Ώ  ᾧṭ ₐ  oӍӦὗ 

Ӕ ᷄ḁ. 

 

 Ӕ  ʊḁὖ Ӕ  Ὣ ҍ Ἓ ṑ᷄ḁ.  ℮  Ɫ ҟ   Ӕ  ʊ℮  ֥Ὼ Ἓ ᷄

ḁ.  Җ  Gather   ℮  ҍṑ᷄ḁ(ӍӦὗ Ӕ▓  ֥  ᾧṭ   ֥ẋῄ). Finalize 

Aggregate   ℮  ʊẮ   ҟ   Ὼ  ʊ℮ ḻ ṑ᷄ḁ. 

=> WITH t(startup_cost) AS (  

    SELECT 25442.57 + round((3 * current_setting('cpu_operator_cost')::real  

            )::numeric, 2)  

    FROM pg_class WHERE relname = 'bookings' 

)  

SELECT startup_cost,  
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    startup_cost + round((  

        1 * current_setting('cpu_tuple_cost')::real)::numeric, 2) AS total_cost  

FROM t; 

 startup_cost | total_cost  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧ 

     25442.58 | 25442.59  

(1 row)  

 

℮   ▐  ꜚⱠ  ᶂṫҍ ӍӦὗ ◄  ᶂṫ  Ḇ  ֥  ḫ ὗ ᶞ  ᶷ  ₐ  ẁ

Ớ Ӎ ṑ᷄ḁ. Ӕ  ʊᾧṭ Ἅ  Ώ  ẋֱ  ӍӦὗ Ὼ ẋῄ֥  בּ  ,  ℮   ᶂṫ  

 ℮  ֥Ὼ Ἓ ᷄ḁ. ֚Ỵ  UGather ᶂṫ  ʊḫ ὗ ҍ Ὣ  ◄ Ἓ  ꞈ  ֥ ᷄

ḁ. ẁỚ♄    ℮   ᶂṫ   ℮  ᾞ,  ℮   ᶂṫ   ℮  ֥Ὼ

Ἓ ᷄ḁ. 

 

ḁ  ꜚⱠ ֚Ủ ᷄ḁ: 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Finalize Aggregate  

 (cost= 25442.58..25442.59 rows=1 width=8)  

 ֧\ e ³§¤± 

  (cost= 25442.36.. 25442.57 rows=2 width=8)  

  Workers Planned: 2  

  >֧ Partial Aggregate  

   (cost= 24442.36.. 24442.37 rows=1 width=8)  

   >֧ Parallel Seq Scan on bookings  

    (cost= 0.00.. 22243.29 rows=879629 width=0) 

(9 rows)  

 

18.5 ‾Ἇ   

 ֚Ớ ṫ  ּב 

ἛⱢ בּ   ʊⱢ ҟ  ὺҟ″ּב Ӕ   ṑ᷄ḁ. ṅ  ṍ  ʊ ֚Ớ ṫ  ḓ ּב  ʊ

max_worker_processes(֥⁮Җ: 8) Җ   ṑ᷄ḁ. 

 

֚Ỵ  U‾Ἇ ὣ   ֚Ớ ṫ ҍ    ᷊᷄ḁ. ὗ ṯ , ᶄὣ ⁬ ḻ 

ᾞ  Ἓ֚Ừ ♄ḻ ▐ ṏ ּב ᷄ḁ. ‾Ἇ Ӕ    ḏṎ ἛⱢ בּ   ʊ

max_parallel_workers (֥⁮Җ: 8) Җ Ἓ ṑ᷄ḁ. 

 

  ḓ max_parallel_workers_per_gather (֥⁮Җ: 2) ҟ  ἛⱢ ҍ ᵁ  ὣḝ  ḓ  ♄℮ ὗ 

 .ḁ᷄ בּ 

 

Ỵ  ὺҟ″ּב Җ  ♠  ḁ  ꜙ  ẁỚ ḆỚ ᷄ḁ: 

 

 ̧ ṫ  Ⱡ :ʒ  ‾Ἇ  Ṏ ₒ  ҍ  ᷄ḁ. 
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 ̧ № :֥ ḫ †  ʊ  №   ᷄ḁ. 

 ̧ Ὼ   ₐ : ‾Ἇ ♄ Ἓ   ּב  ʊ ὣҍ  ᷄ḁ. 

 

Ỵ  ֥  OLTP ⁫ḁ  ʊOLAP ♄ Ὼ Ἓ ṑ᷄ḁ. 

 

Ὥ     ḫ  ◄ ֥ҍ min_parallel_table_scan_size (֥⁮Җ: 8MB) Җ⁫ḁ ḁᾠ, 

Ủᵡ  ʊ‾Ἇ  әἌ  ᷄ḁ. 

 

parallel_workers   ὺҟ″ּבὗ   №  ḓ  ἛⱢ ὗ ᾤבּ  Ἓ   ʊ , 

ḁ  Ӥ  ẁỚ Ӕ▓ṑ᷄ḁ: 

 

 
 

 ʊ №  Ɫ  Ἓ Ⱡ  ẋὫḁ PostgreSQL  ὣὗ  ᵁ  ҍ ‾Ἇ ὗ ḏ ḁ  ʊ ῦ

᷄ḁ. ֥⁮ ♥ ♄  ʊḁ Ӧ Ҝ יּ  ҍ Ӥṑ᷄ḁ: 

 

       

MB           

8           1  

24          2  

72          3  

216         4  

648         5  

1944        6  

 

ẖ Ӓ ḻ ‾Ἇ  ּב  ʊmax_parallel_workers_per_gather  ὺҟ″ּבἛ Ṏ  Ӧ  בּ 

᷄ḁ.  

 

Ὥ  19MB ֥   №  ὣ ḁᾠ, ᵁ  Ὥ Ӕ ṍә ṏ ҹ ᷄ḁ. 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT count(*) FROM flights;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Finalize Aggregate (actual rows=1 loops=1)  

 >֧ Gather (actual rows=2 loops=1)  

  Workers Planned: 1 

  Workers Launched: 1 

  >֧ Partial Aggregate (actual rows=1 loops=2)  

   >֧ Parallel Seq Scan on flights (actual rows=107434 lo...  

(6 rows)  

 

105MB ֥  №  ḓ  ὣ  ʊmax_parallel_workers_per_gather (֥⁮Җ: 2)   ḻḆ
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 Ṕ ҟ  ἛⱢ Ὥ ▐ ṑ᷄ḁ: 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT count(*) FROM bookings; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Finalize Aggregate (actual rows=1 loops=1)  

 >֧ Gather (actual rows=3 loops=1)  

  Workers Planned: 2 

  Workers Launched: 2 

  >֧ Partial Aggregate (actual rows=1 loops=3)  

   >֧ Parallel Seq Scan on bookings (actual rows=703703 l...  

(6 rows)  

 

Ὥ    ұ ḁᾠ, ◄ṍ  ʊⱢ ҟ  ἛⱢ ὗ  ּב  ҹ ᷄ḁ. 

=> ALTER SYSTEM SET max_parallel_workers_per_gather = 4;  

=> SELECT pg_reload_conf(); 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT count(*) FROM bookings; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Finalize Aggregate (actual rows=1 loops=1)  

 >֧ Gather (actual rows=4 loops=1)  

  Workers Planned: 3 

  Workers Launched: 3  

  >֧ Partial Aggregate (actual rows=1 loops=4)  

   >֧ Parallel Seq Scan on bookings (actual rows=527778 l...  

(6 rows)  

 

ὣ   ▐  ҍᶾ  ἣ ҍ Ӕבּ  Ṏ Җ⁫ḁ  Ӓ , ▐  ҍᶾ   .Ὥ ṑ᷄ḁבּ  

 

 ‾Ἇ ἛⱢ ὗ ḁ♬ ҟἛ ә Ṕ ҟבּ   ὣὗ ṅ   ⁵ ḁ. 

=> ALTER SYSTEM SET max_parallel_workers = 5; 

=> SELECT pg_reload_conf(); 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT count(*) FROM bookings; 

 

 => EXPLAIN (analyze, costs off, timing off, summary off)  

 SELECT count(*) FROM bookings; 

     QUERY PLAN 

 ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Finalize Aggregate (actual rows=1 loops=1)  

 >֧ Gather (actual rows=3 loops=1)  

  Workers Planned: 3 
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  Workers Launched: 2 

  >֧ Partial Aggregate (actual rows=1 loops=3)  

  >֧ Parallel Seq Scan on bookings (actual rows=7037...  

 (6 rows)  

 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Finalize Aggregate (actual rows=1 loops=1)  

 >֧ Gather (actual rows=4 loops=1)  

  Workers Planned: 3 

  Workers Launched: 3 

  >֧ Partial Aggregate (actual rows=1 loops=4)    

   >֧ Parallel Seq Scan on bookings (actual rows=527778 l...  

(6 rows)  

 

Ṕ Ӓ  ᾧṔ Ɫ ҟ  ἛⱢ ҍ ◄ṍ Ὥ,  ὣ  ʊ ἣ Ṕ ҟὭ  ּב ᷄ḁ. 

 

֥⁮ ♥ Ἓ ⁬  ⁵ ḁ. 

=> ALTER SYSTEM RESET ALL; 

=> SELECT pg_reload_conf(); 

 

℮ ‾Ἇ ὣ 

ᾧṭ ὣὗ ‾Ἇ ʊҹ  בּ   ᷊᷄ḁ.
243

  ḁ Ӧ Ҝ  ὣ  ʊ‾Ἇ Ӕ  ▐  בּ 

᷄ḁ: 

 

 ̧ ḫ ὗ ּב ұ  U ֚  ʊ ὣ(UPDATE, DELETE, SELECT FOR UPDATE Ṵ)  ʊ‾Ἇ Ӕ  

▐ ḁ. Ὥ   ḁ᷄ בּ   ᾤἔῄ ᵒ  ♄⃰ ὣ  ʊ ṍ  ᷄ḁ: 

-  CREATE TABLE AS, SELECT INTO, CREATE MATERIALZED VIEW  

-  REFRESH MATERIALIZED VIEW 

  

֚Ỵ  Uᾧṭ Ӓ    ▲ דּ  Ἓ ּב ṑ᷄ḁ. 

 

 ̧ ʊ  בּ   ὣ ᷄ḁ.  ʊ ♄ ᵒ ♄ ṍ  ʊ ὣ  ṍᾞ, PL/pgSQL  FOR 

ἶ ὗ ᷄ḁ. 

 

 ̧ PARALLEL UNSAFE ּבὗ  ʊ ὣ ᷄ḁ. ֥⁮ Ἓ  ʊ▐ בּ     a  

בּ ᷄ḁ.   ּב   ᾨἜ   Ἓ֚ὗ   ּב ᷄ḁ: 

SELECT * FROM pg_proc WHERE proparallel = 'u'; 

 

 
243

 postgresql.org/docs/14/when-can-parallel-query-be-used.html 
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 ̧ ‾Ἇ Ṏ ὣ ♄ ṍ  ʊ ᵒ בּ  ὣ  ʊ בּ   ԝ  ҍὗ  ֥  ‾Ἇ 

ὣṍ  ᷄ḁ. 

PostgreSQL   ― ♄  ʊ Ỵ    ₐҍ ұṏ ּב ᷄ḁ. ὗ ṯ , Ἇ  Ӊὣ ּב

♄ ὣὗ ‾Ἇ ʊ֥ᶾ  בּ   ῦ Ӥṍә ᷄ḁ. 

 

◓ INSERT ḓ COPY₮ ˉ╘ ᶘᴖ╙ Ợ↔ ⁴ ╙ Ṏᴑᴛ ừ░ Ѥ ͙ѫ╘ ˌḛ ַא⁄ 

▓ᾋѱѻ244. 

 

ὣҍ ‾Ἇ ṍ ʊ  בּ   Ỵ ҍ  ҍ  ּב ᷄ḁ: 

 

 ̧ ḏ  ὣ  ʊ  ‾Ἇ ὗ  ᷄ḁ. 

 ̧ ♄― ♥ Ἓ  ‾Ἇ Ӕ  ▐  ֠ ṍ ᷄ḁ( : №  ֥ Ἓ ). 

 ̧ ‾Ἇ Ӕ דּ   Ӕ ⁫ḁ ḝ ℮  Ὦ  Ṳ᷄ḁ. 

 

ὣҍ ‾Ἇ ṏ ּב ᶷ   ֥  force_parallel_mode (֥⁮Җ: off) ὺҟ″ּבὗ Ἓ Ⱡ

ḁ. ֚Ỵᾠ Ủᵡ᷄ בּ   ʊҍᶾ  Ӓ  ‾Ἇ Ӕ  ◕Ⱡ  ҹ ᷄ḁ. 

=> EXPLAIN SELECT * FROM flights; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights (cost=0.00.. 4772.67 rows=214867 width=63) 

(1 row)  

 

=> SET force_parallel_mode = on;  

=> EXPLAIN SELECT * FROM flights; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Gather (cost=1000.00.. 27259.37 rows=214867 width=63) 

  Workers Planned: 1  

  Single Copy: true  

  >֧ Seq Scan on flights (cost=0.00..4772.67 rows=214867 width=63)  

(4 rows)  

 

‾Ἇ Ṏ ὣ 

‾Ἇ Ӕ  ‾Ἇ ₐₒ Ἔ Ⱡבּ   ʒ ◄  ҍᶾ ᷄ḁ. ֚Ỵ  U   ‾Ἇ  ʊӨἎ  Ὥ 

Ӊ Ӏ ּד Ἓ ὣḝ ἛⱢ   ṑ᷄ḁ.
245

 ḁ  ὰ , Ỵ   Gather ᶂṫ Ủ  Ӕ  

ὣ  ᵁ  ᴂּב ᷄ḁ. Ỵ   Ὼ Ἓ ‾Ἇ ὗ     ʊ Ὥ,  Ԃ ♄

 ʊּד Ἓ ṑ᷄ḁ. 

 

 
244

 commitfest.postgresql.org/32/2844 

        commitfest.postgresql.org/32/2841 
        commitfest.postgresql.org/32/2610 
245

 postgresql.org/docs/14/parallel-safety.html 
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⃰♄ʊ  בּ  ὣ  ҍ  ᾤ   ʊCTE ӍӦὗ  ʊҹ ᷄ḁ.
246

  ʊ  Ӕ ♄ CTE 

Scan ᶂṫἛ ṑ᷄ḁ.  

=> EXPLAIN (costs off)  

WITH t AS MATERIALIZED ( 

 SELECT * FROM flights 

)  

SELECT count(*) FROM t; 

 QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Aggregate 

 CTE t 

  >֧ Seq Scan on flights  

 >֧ CTE Scan on t  

(4 rows)  

 

CTEҍ Ἓ Ӕ▓ṍ  ʊӒ  ʊCTE Scan ᶂṫҍ  Ӕ  ṍ  ῡἛ   ṍ  

᷄ḁ.  

 

֚Ỵ  UCTE  ʊ‾Ἇ ᾧṫ ♄ Ӕ▓ṏ ּב ᷄ḁ.  ʊ℮  ḝ ἐ  Ӓ  ḏ ᷄ḁ. ẁỚ♄ 

CTEὗ ‾Ἇ Ṏ   Ἓ Ӕ▓  .ḁ᷄ בּ 

=> EXPLAIN (costs off)  

WITH t AS MATERIALIZED ( 

 SELECT count(*) FROM flights  

)  

SELECT * FROM t;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

CTE Scan on t 

 CTE t 

  >֧ Finalize Aggregate  

   >֧ Gather 

    Workers Planned: 1  

    >֧ Partial Aggregate  

     >֧ Parallel Seq Scan on flights  

(7 rows)  

 

ḁὖ Ἓ  ʊ  Ӕ ♄ SubPlan ᶂṫ Ủ  Ṏ ♄⃰ ὣҍ ᷄ḁ.  

=> EXPLAIN (costs off)  

SELECT * FROM flights f  

WHERE f.scheduled_departure > ( --  SubPlan 

SELECT min(f2.scheduled_departure) 

 
246

 backend/optimizer/plan/subselect.c 
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FROM flights f2  

WHERE f2.aircraft_code = f.aircraft_code  

);  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights f  

 Filter: (scheduled_departure > ( SubPlan 1))  

 SubPlan 1 

  >֧ Aggregate 

   >֧ Seq Scan on flights f2  

    Filter: (aircraft_code = f.aircraft_code)  

(6 rows)  

 

 Ṕ ҟ    ὣ   Ӕ  ᵁ ᵗ᷄ḁ. flights  № דּ  Ἓ ṍә, Ҏ  ӤṎ 

 ℮ӽṑ᷄ḁ.  ҳ  ʊ♄⃰ ὣҍ ṍ  ᾞ,  ♄⃰ ὣ   Ӕ  Ɫ ‗  ♄ 

ṑ᷄ḁ. ẁỚ♄ SubPlan ᶂṫ  ʊ Ỵ ‗ ṍᾞ,  Ӓ  ʊּד  Ἓ ҍ  Ҏ Ὣḁ  ‗  

ṑ᷄ḁ. 

 

 Ӕ  ◄Ḅ Seq Scan ᶂṫ  ʊSubPlan ᶂṫҍ Ὼ  ḫ   ֥ẋῄ  ‾Ἇ   ּב 

᷄ḁ. 

 

Ὣ Ὤ Ἓ, InitPlan  ᶂṫ   ᵁ ᵁ  ʊẮ ḁὖ  ּב  ʊ♄⃰ ὣҍ ᷄ḁ. 

=> EXPLAIN (costs off)  

SELECT * FROM flights f  

WHERE f.scheduled_departure > ( --  SubPlan 

 SELECT min(f2.scheduled_departure) 

 FROM flights f2  

 WHERE EXISTS ( --  InitPlan  

  SELECT * 

  FROM ticket_flights tf  

  WHERE tf.flight_id = f.flight_id  

  )  

 );  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on flights f  

 Filter: (scheduled_departure > (SubPlan 2))  

 SubPlan 2 

 >֧ Finalize Aggregate  

  InitPlan 1  (returns $1)  

   >֧ Seq Scan on ticket_flights tf  

    Filter: (flight_id = f.flight_id)  

  >֧ Gather 

   Workers Planned: 1  
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   Params Evaluated: $1  

   >֧ Partial Aggregate  

    >֧ Result  

     One֧Time Filter: $1 

     >֧ Parallel Seq Scan on flights f2  

(14 rows)  

 

SubPlan ᶂṫ  Ḇὣ, InitPlan   ‗Ὥ ҍṑ᷄ḁ(  Ӓ  SubPlan 2 ᶂṫ  Ҏ Ὣḁ  ‗). 

  

InitPlan  ◄  ᶂṫ  ʊ‾Ἇ   ּב Ὥ( Ὥ InitPlan  ҍ ӍӦὗ Ώ  ʊᶂṫ  ʊ  

 Ҝ  ‾Ἇ   ּב ᷄ḁ). 

 

 №  ‾Ἇ   ᷄ḁ.  №  ◕Ⱡ  ἛⱢ  ♄Ὥ ֜ ֥  בּ 

ẋῄ ᷄ḁ.  №   ʊἛ  ―  ♄ ὣṑ᷄ḁ. Ἓ  ὗ Ỵ ἛⱢ ♄ ֜

Ӏ בּ  Ἄᾠ Ӥ   Ҝ   ֠ᾕ ᷄  ᾞ,  ʊḁὖ  ◄ִי  .ḁ᷄ בּ 

=> CREATE TEMPORARY TABLE flights_tmp AS SELECT * FROM flights;  

=> EXPLAIN (costs off)  

SELECT count(*) FROM flights_tmp;  

  QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Aggregate 

>֧ Seq Scan on flights_tmp  

(2 rows)  

 

PARALLEL RESTRICTEDἛ Ṏ ּב  ʊӔ דּ   ₐₒ ♄Ὥ ṑ᷄ḁ. Ỵ בּ   ᾨἜ  ḁ

 ὣὗ   Ἓ֚  :ḁ᷄ בּ  ♄

SELECT * FROM pg_proc WHERE proparallel = 'r';  

 

PARALLEL RESTRICTED (ῇἝ PARALLEL SAFEḻ Ὣ ҍ )Ἓ ּבὗ  ֥  ᾧṭ Ӧ ₐӦṎ  

▐   ә  ְӀ Ԃ  Ӓ Ὥ ḏ ּבὗ ▐ .
247

 

 

 

 

 

 

 

 

 

 

 

 

 
247

 postgresql.org/docs/14/parallel-safety#PARALLEL-LABELING.html 
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19  Ḭ  Ɫ   “ 

19.1 ◌  ῳ Ⱡ 

Ḭ  ʊ Ἓ ḫ  ֜  ҍꜚ  ʊᾨ Ἓ ▐ ṍ  ʊḫ †  Ҡ ᷄ḁ. ṯ  ⁫  Ԃ ῇ

Ἓ, ẖ Ḭ ṭ  ḫ ὗ ֥Ὼ Ἓ ░ ә ḁ  ◕Ⱡ ḁ. ḫ᷄ בּ    ֜ꜚḻ ◄ ḻ, 

Ḭ  ʊ  a῁ӍⱠ  ҳ  ҙ  ʊḫ ḻ ▐ ṑ᷄ḁ. 

 

PostgreSQL  ʊ ♬ ҍ  ᵒ  Ḭ  Ɫ  ᾕꜙṫ( Ḭ  )ὗ Ӥ ᷄ḁ: 

=> SELECT amname FROM pg_am WHERE amtype = 'i'; 

amname 

̮̮̮̮̮̮̮̮ 

btree  

hash 

gist  

gin  

spgist  

brin  

(6 rows)  

 

PostgreSQL  Ⱡ  ὗ ּב  ә ○Ἓ  Ɫ  ᾕꜙṫὗ ҍ ḁ בּ   ʊҹ  ῦ ᷄ḁ. 

Ỵ  (№Ἲ ᾕꜙṫ)   ᾧṨ  ṍ  ᷄ḁ. 

 

ḁ  Ḭ   ҏ  ᾧṭ ḻ ₔԂ ә, ᾧṭ Ḭ  ʊӍԃ ( Ḭ Ṏ  Җ)ὗ  ʊ

 Ӧ ὗ ᷄ḁ.  ♬ ῶ   ID Ắ  ʊTIDἛ ṑ᷄ḁ.  Ắ  ʊ  ḓ  

 a ⁫ὗ ә ḁᾠ,  №   әḻ  ḫ ὗ  ҍᶾⱠ   ʊ  ↑ὔ

Ӏ  ּב ᷄ḁ. 

 

PostgreSQL  ○Ἓ  Ɫ  ᾕꜙṫὗ Ἓ ҍ ḻἜ Ӥ בּ   Ḭ   Ԃ  ⁫ ᷄

ḁ.    ᾨ  ʊ  Ɫ  ᾕꜙṫ   Ὼ Ṏ TIDὗ ҷ◌ ә ὣ  ʊҹ ᷄ḁ: 

 

 ̧ ḏ  ♄ ḫ ὗ  ֥

 ̧  ᵗ☻  ḓ   ҍ Ⱡ  

 ̧ ᾕꜙṫ   ҍҍ Ӎ   Ӓ  ҳ  

 

Ḭ    ḄӔ ♄ Ԃ Ṏ Ӕ  ḻ ᷄ḁ. ḁ   ӒἛὗ ҍ  ẋ, Ὣ

 ʊᾧṭ ҍᶾ  Ɫ  ᾕꜙṫ  Ⱡ   ᷄ḁ: ᾕꜙṫҍ  ּד♄Ἓ ḫ ὗ Ὼ  בּ 

ᶷ , ‴ḻ  Ἇ ḄӔҍ  ṴṴ. 

 

Ɫ  ᾕꜙṫ Ⱡבּ     ʊҹ  Ὣ ╝Ὥ  ᷊᷄ḁ. Ḭ  ◕Ⱡ  ḝ Ὦ  ῄ  Ḡ

Ӏ ṑ᷄ḁ: Ɫ  ᾕꜙṫҍ ḁ   Ḭ ὗ ᶷ ,  Ḭ ҍ ә Ⱡ  ⁫ ᶷ בּ   Ṵ. 

 

Ḭ   ḁ  Ɫ  ᾕꜙṫὗ ▐ ḻἜ ᾞ, ṍ בּ   ֥ ♄  ʊ Ɫ  ᾕꜙṫҍ 



 289  

 ὗ Ԃ  ֥ᶾӦ Ⱡ  ♠  ᷄ḁ. 

Ɫ  ᾕꜙṫ  ʊḁ Ӧ Ҝ   ὣ  ʊḫ ▐ ṑ᷄ḁ: 

 

 ̧ Ḭ ὗ Ԃ  ʊ әὣ  Ԃ  ῳ Ḭ  ᾨ ▲  ῳ ░  

 ̧  ҏ  Ḭ  ᾨ ₒ  (  ―   ὺ᷄ ♄ ὣ) 

 ̧ VACUUM әὣ  Ԃ  

 ̧ ῶὖ ṅ   ⁫  ֥   ֠ Ṭ 

 ̧ WAL ᾨ ◕Ⱡ 

 ̧ ὗ ▐  Ḭ Ṏ ḫ  ҷ◌ 

 ̧ Ḭ   ℮   

 

Ⱡ  Ɫ  ᾕꜙṫҍ ῦὣ  ᾯ  ʊ○Ἓ  ḫ   ҍ ʊᶾἍ  בּ  Ἓḻ ᵁ ᵊ᷄ḁ. 

ẁỚ♄ Ɫ  ᾕꜙṫ  ʊ  ḫ   Ỵ֚  ֥  ә  ὗ  ᷄ḁ. 

 Ɫ  ᾕꜙṫ Ἓ○ כ   ḫ   ▐ Ἄᾠ ḏ ὗ Ԃ  ᷄ḁ. , Ḭ

♄ ▐ ʊ  בּ  ▓   Ӓ   a⁫ ὗ Ӥבּ    ᷄ḁ. Ỵ  ▓ בּ 

  ▓  Ủ Ớә ᷄ḁ. 

 

Ḭ  Ἓ  Ɫ  ᾕꜙṫ  ₐₒ Ἓ Ԃ ṍ Ὥ,  ֚  ₐ  ʊ ▓  Ủ   a ṑ᷄

ḁ.  ₒ   ʊ◄ḏ  ᷄ḁ. B- ὣ  ʊᾧṭ Ἓ  Ɫ  ᾕꜙṫ  ᵒ ṍ  Ὥ, ḁὖ ᾕꜙṫ  ʊ

Ἓ  ἄ Ὥ Ӥ ә ᾧṭ Ԃ  Ɫₐ▐   ▓  Ủ  Ḅ  ẁỚ ḆἌ  ּב 

᷄ḁ. ᵁ  ḫ    Ỵ ▓  Ủ ♄ ṍᾞ, ▐  ʊҍ   ṅ  ҍ  

Ủ ὗ ♠  .ḁ᷄ בּ 

 

 ֚ὧ  ₐₒ  Ἓ ṯᾠ ḁ Ӧ Ҝ ᷄ḁ: 
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19.2 ἄ  Ҡ  Ὺὣ 

ἄ  Ҡ  

Ɫ  ᾕꜙṫ 
248

 ʊ ▓  Ủ
249

  Ԃ ṍᾞ,  ʊ Ɫ  ᾕꜙṫҍ  ḫ  

  ʊ ▓ בּ    ᷄ḁ. 

 

▓  Ủ  ʊ  Ἓ֚  pg_opclass №  ṑ᷄ḁ. ḁ  ὣ  ʊ   ḓ  

 ḫ ὗ Ὼ ᷄ḁ: 

=> SELECT amname, opcname, opcintype::regtype 

FROM pg_am am 

JOIN pg_opclass opc ON opcmethod = am.oid;  

      amname |                 opcname | opcintype  

̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮--- ̮̮̮ +̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

       btree |               array_ops | anyarray  

        hash |               array_ops | anyarray  

       btree |                 bit_ops | bit  

       btree |                bool_ops | boolean  

       ...  

        brin | pg_lsn_minmax_multi_ops | pg_lsn  

        brin |        pg_lsn_bloom_ops | pg_lsn  

        brin |       box_inclusion_ops | box  

(177 rows)  

 

ḓₐₒ  Ӓ , ὣ  ʊ ▓  Ủ  ḓ   ҍ ᷄ḁ. ὣ  ʊḄּד  ֥⁮ Ἓ ẖ ▓  

Ủ ὗ ▐  ʊ Ḭ ὗ ◕Ⱡ ᷄ḁ. 

 

ὗ ṯ , ḁ     ʊB- ὣ ▓  Ủ ᷄ḁ. Ủ   ᵁ  ʊ ◄ ֥⁮Җ Ἓ 

ṑ᷄ḁ: 

=> SELECT opcname, opcdefault 

FROM pg_am am 

JOIN pg_opclass opc ON opcmethod = am.oid 

WHERE amname = 'btree' 

AND opcintype = 'text'::regtype;  

 

               opcname | opcdefault  

̮̮̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮ 

              text_ops | t  

           varchar_ops | f  

      text_pattern_ops | f  

   varchar_pattern_ops | f  

(4 rows)  
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249
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Ḭ  ◕Ⱡ   Ὼ  ᾤἔῄ  ḁ Ӧ Ҝ ᷄ḁ: 

CREATE INDEX ON aircrafts(model, range);  

 

Ὥ ҹ  Ḅ  ֥“ Ἓ, ḁ  Ԃῄ Ἓ ṑ᷄ḁ: 

CREATE INDEX ON aircrafts 

USING btree --     

(  

 model text_ops, --       

 range int4_ops --       

);  

 

ḁὖ  Ḭ ὗ ▐ ұ  U▐   ṅ  ḆⱠ Ἄᾠ  ʊ Ɫ  ᾕꜙṫ  U ▓  Ủ ὗ 

ᾤ Ἓ  ᷄ḁ. 

 

 Ɫ  ᾕꜙṫ  ḫ   ḓ  Ṏ Ҏ ▓  Ủ  ʊ   ὺҟ″ּבὗ ▐ ә  

Ɫ  ᾕꜙṫ  ῦἝ  Ԃ  ʊ ▓    ᷄ḁ. 

 

ὗ ṯ , btree Ɫ  ᾕꜙṫ  ʊḁ♬ ҍ ▓ ӽ℮ בּ  ὗ ᷄ḁ. ẖ btree ▓  Ủ ṭ 

 ḁ♬ ҍ  ▓ ὗ ᾧṔ  ᷄ḁ: 

=> SELECT opcname, amopstrategy, amopopr::regoperator 

FROM pg_am am 

JOIN pg_opfamily opf ON opfmethod = am.oid  

JOIN pg_opclass opc ON opcfamily  = opf.oid  

JOIN pg_amop amop ON amopfamily = opcfamily  

WHERE amname = 'btree'  

AND opcname IN ('text_ops' , 'text_pattern_ops' )  

AND amoplefttype  = 'text' ::regtype  

AND amoprighttype  = 'text' ::regtype  

ORDER BY opcname, amopstrategy;  

 

         opcname | amopstrategy | amopopr  

̮̮̮ -̮ ̮ -̮ ̮̮ +̮̮̮̮̮  ̮̮̮ +̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

        text_ops |            1 | <(text,text)  

        text_ops |            2 | <=(text,text)  

        text_ops |            3 | =(text,text)  

        text_ops |            4 | >=(text,text)  

        text_ops |            5 | >(text,text)  

text_pattern_ops |            1 | ~<~(text,text)  

text_pattern_ops |            2 | ~<=~(text,text)  

text_pattern_ops |             3 | =(text,text)  

text_pattern_ops |            4 | ~>=~(text,text)  

text_pattern_ops |            5 | ~>~(text,text)  



 292  

(10 rows)  

 

Ɫ  ᾕꜙṫ   ṍ  ʊ ▓  ῦ  ʊamopstrategy250Ἓ ṍ  ʊ Ự ‗  Ὼ ṑ᷄ḁ. ὗ 

ṯ , btree  Ự 1  ḁ(less than )ὗ ῦ ә, 2  ʊ ұ  UҜḁ(less than or equal to )ὗ ῦ

᷄ḁ. ▓   ʊ  Ὑ  ҍ  .ḁ᷄ בּ 

 

  ʊṔ ҍ  Ὂ  ▓ ὗ ⁫ ᷄ḁ. Ὼ ▓  ῇӍ(~)   ʊ ▓   ҍ 

collation 251  әἌ  ә ῄ  ℮ ‴ ℮ӽὗ ּב ḁ  ʊҹ ᷄ḁ. ֚Ỵ  UṔ ҍ  ―  ṅ  

℮ӽ ▓  ᶄὣ  ṅ  Ԃ ᷄ḁ 

. 

text_pattern_ops  ▓  Ủ  ʊ~~ ▓ (LIKE ▓  ḏ)    Ӎ  ֥  ♥Ӕṍ

᷄ḁ. C  ẖ collation  ▐  ʊḫ † ♄  ʊ  ▓ ҍ  ṫ  Ὼ Ḭ

ὗ ▐  :ḁ᷄ בּ 

=> SHOW lc_collate;  

lc_collate  

̮̮̮̮̮̮̮̮̮̮̮̮̮ 

en_US.UTF̮8 

(1 row)  

 

=> CREATE INDEX ON tickets(passenger_name); 

 

=> EXPLAIN (costs off)  

SELECT * FROM tickets WHERE passenger_name LIKE 'ELENA%'; 

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on tickets  

 Filter: (passenger_name ~~ 'ELENA%'::text)  

(2 rows)  

 

text_pattern_ops  ▓  Ủ ὗ ▐  ʊ Ḭ  ʊḁὔӀ ṅ ᷄ḁ: 

=> CREATE INDEX tickets_passenger_name_pattern_idx 

ON tickets(passenger_name text_pattern_ops);  

=> EXPLAIN (costs off)  

SELECT * FROM tickets WHERE passenger_name LIKE 'ELENA%'; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Bitmap Heap Scan on tickets  

Filter: (passenger_name ~~ 'ELENA%'::text)  

>֧ Bitmap Index Scan on tickets_passenger_name_pattern_idx  
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251
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 Index Cond: ((passenger_name ~>=~ 'ELENA'::text) AND  

 (passenger_name ~<~ 'ELENB'::text))  

(5 rows)  

 

Index Cond ҳ ♄   ″ӒṎ ҹ  ᾨ Ɫ . ҷ◌   %  Ὡ Ṕ▐Ὥ ▐

ᾞ, ұ  Ⱡ ӍӦ  ʊFilter ҳ  ֥Ὼ Ἓ  Ӧ ♄ Ὢṑ᷄ḁ. btree  Ɫ  ᾕꜙṫὗ  

▓  Ủ  ʊ Ὡ ℮ӽὗ  ▓ ҍ Ӥṍ  ᾞ, ֥♄ B- ὣὗ  ʊ   “  

℮ӽ ▓ ὗ ▐   ҳ  ḁ  Ⱡ  ʊҹ ᷄ḁ. text_pattern_ops  Ủ  ▓  ʊ

collation  әἌ  ῡἛ, ḓ  ṅṴ  ҳ  ▐ ʊ֥  בּ  ҍ Ӥṑ᷄ḁ.
252

 

 

Ḭ  ʊḁ  Ṕ ҍ  ▐  ҳ   Ӓ   ҳ   Ɫ  ꜚḻὗ ◄  ʊḫ ▐ ṏ ּב 

᷄ḁ: 

 

1.  ҳ  " Ḭ Ṏ-  ▓  " Ἓ Ⱡṍ   ᷄ḁ. ( ▓  ḓ  ʊӽ  ▓

ҍ Ṏ Ӓ
253

, ҳ  "  ▓  Ḭ Ṏ- " (.ḻ ᷄ḁבּ  
254

 

2.  ֚ὣә ▓ ҍ Ḭ  ♠ ♄ Ḭ Ṏ  Ṏ ▓  Ủ  ꜚ  ᷄ḁ. 

 

ὗ ṯ , ḁ   ʊ Ḭ ὗ ▐  :ḁ᷄ בּ 

=> EXPLAIN (costs off)  

SELECT * FROM tickets WHERE 'ELENA BELOVA' = passenger_name;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Index Scan using tickets_passenger_name_idx on tickets  

 Index Cond: ( passenger_name = 'ELENA BELOVA'::text)  

(2 rows)  

 

Index Cond ҳ ♄   ᾨ Ɫ :  ḄӔ ♄, Ḭ ҍ Ṏ ṫ  ʊ   

᷄ḁ. ṯ ▓ ,ҍ ῶᴧᾠ♄דּ   ʊӽ  ҍᶾ  ḁὖ ҹ Ἓ ḓ ṑ᷄ḁ;   Ӓ ,ʊ ṅṴ ӨӔ

ҍ ӽ  ҍᶾ  ֥ẋῄ  Ҝ  ▓ Ἓ ḓ ṑ᷄ḁ. 

 

ḁ  ♄ ,ʊ ҳ ♄ Ỹ Ὑ Ἓ ḓ בּ  ṍ  ֥ẋῄ  Ὼ Ḭ ὗ ▐  ʊҹ וּ֥ 

Ἓ ₔҍᶾ ᷄ḁ: 

=> EXPLAIN (costs off)  

SELECT * FROM tickets WHERE initcap(passenger_name) = 'Elena Belova' ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Seq Scan on tickets  

 Filter: (initcap(passenger_name) = 'Elena Belova' ::text)  

(2 rows)  
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 backend/utils/adt/like_support.c  
253

 postgresql.org/docs/14/xoper -optimization#id -1.8.3.18.6.html 
254

 backend/optimizer/path/indxpath.c, match_clause_to_indexcol function  
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֥♄  ʊ♠   Ỹ ḓ    Ṏ  Ḭ
255
ὗ ▐  :ḁ᷄ בּ 

=> CREATE INDEX ON tickets( (initcap(passenger_name)) ) ;  

=> EXPLAIN (costs off)  

SELECT * FROM tickets WHERE initcap(passenger_name) = 'Elena Belova' ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Bitmap Heap Scan on tickets  

 Recheck Cond: (initcap(passenger_name) = 'Elena Belova' ::text)  

 >֧ Bitmap Index Scan on tickets_initcap_idx  

  Index Cond: (initcap(passenger_name) = 'Elena Belova' ::text)  

(4 rows)  

 

Ḭ     Җ Ὥ  ᾞ, ḫ †  Ṏ ḁὖ ḫ  UԂⱠ ὺҟ″ּב(Ἓ  

♥ Ӧ Ҝ )   Ώ   ᷄ḁ. ḁ  ὰ ṍ  בּ  ,   ʊӒ , ḏ ּב

 ʊIMMUTABLE256  ᾞ  ″ṅⱠ ‛ ὗ ּב  ᷄ḁ. ֚ἃ  ᾠ Ḭ  Ӧ   ṅ

 ὣ  ḓ  ḁὖ ӍӦὗ Ὼ  .ḁ᷄ בּ 

 

Ὼ ▓  ḻ ▓  Ủ  ʊ Ɫ  ᾕꜙṫ ♄ Ἓ  ʊ בּ 
257
ὗ Ӥ  .ḁ᷄ בּ 

ὗ ṯ , btree Ɫ  ᾕꜙṫ  ʊḁ♬ ҍ בּ  
258
ὗ ᷄ḁ.  ‗ (Ṕ Җ ℮ӽ)בּ   ʊ בּ ᾞ, 

ᵁᾊ ṯבּ   :ḁ᷄ בּ  

=> SELECT amprocnum, amproc::regproc 

 FROM pg_am am 

  JOIN pg_opfamily opf ON opfmethod = am.oid  

  JOIN pg_opclass opc ON opcfamily  = opf.oid  

  JOIN pg_amproc amproc ON amprocfamily = opcfamily  

WHERE amname = 'btree'  

AND opcname = 'text_ops'  

AND amproclefttype  = 'text' ::regtype  

AND amprocrighttype  = 'text' ::regtype  

ORDER BY amprocnum;  

 amprocnum | amproc 

֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

         1 | bttextcmp  

         2 | bttextsortsupport      

         4 | btvarstrequalimage  

(3 rows)  
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 postgresql.org/docs/14/indexes -expressional.html 
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▓  Ὺὣ 

Ҏ ▓  Ủ  ʊ ◄ ẖ ▓  Ὺὣ
259

 ꜚ ᷄ḁ (pg_opfamily  № ♄  Ἓ֚  

ᵁ Ṑ). Ὺὣ  ʊṅ    Ἓ ▐  ḫ   ὣ  ʊ Ỵ Ủ Ἓ ԂⱠṏ ּב ᷄ḁ. 

 

ὗ ṯ , integer_ops  Ὺὣ  ʊ ֥ҍ ḁὖ ּב ḫ   ḓ  ṅ  ῦἝ  ҍ Ὥ ֥

ҍ ḁὖ Ỵ Ủ ҍ ṍ  ᷄ḁ: 

=> SELECT opcname, opcintype::regtype 

 FROM pg_am am 

  JOIN pg_opfamily opf ON opfmethod = am.oid  

  JOIN pg_opclass opc ON opcfamily  = opf.oid  

WHERE amname = 'btree'  

AND opfname = 'integer_ops' ;  

  opcname | opcintype  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧ 

 int2_ops | smallint  

 int4_ops | integer  

 int8_ops | bigint  

(3 rows)  

 

datetime_ops Ὺὣ  ʊᵆ ὗ ὣ  ʊ ▓  Ủ ὗ ᷄ḁ: 

=> SELECT opcname, opcintype::regtype 

 FROM pg_am am 

  JOIN pg_opfamily opf ON opfmethod = am.oid  

  JOIN pg_opclass opc ON opcfamily  = opf.oid  

WHERE amname = 'btree'  

AND opfname = 'datetime_ops' ;  

         opcname | opcintype  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

        date_ops | date  

 timestamptz_ops | timestamp with time zone  

   timestamp_ops | timestamp without time zone  

(3 rows)  

 

Ҏ ▓  Ủ  ʊ ᵁ  ḫ   Ὥ, Ὺὣ  ʊ♄Ἓ ḁὖ ḫ    ▓  Ủ

ὗ  ּב ᷄ḁ: 

=> SELECT opcname, amopopr::regoperator 

 FROM pg_am am 

  JOIN pg_opfamily opf ON opfmethod = am.oid  

  JOIN pg_opclass opc ON opcfamily  = opf.oid  

  JOIN pg_amop amop ON amopfamily = opcfamily  
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WHERE amname = 'btree'  

AND opfname = 'integer_ops'  

AND amoplefttype  = 'integer' ::regtype  

AND amopstrategy = 1 

ORDER BY opcname;  

 

 opcname | amopopr 

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 int2_ops | <(integer,bigint)  

 int2_ops | <(integer,smallint)  

 int2_ops | <(integer,integer)  

 int4_ops | <(integer,bigint)  

 int4_ops | <(integer,smallint)  

 int4_ops | <(integer,integer)  

 int8_ops | <(integer,bigint)  

 int8_ops | <(integer,smallint)  

 int8_ops | <(integer,integer)  

(9 rows)  

 

Ỵ ▓ ὗ Ḅ  ῪὣἛ ֚Ἳ Ἓ , Ủᵡ  ʊ♄Ἓ ḁὖ  Җ  Ṏ ҳ  ḓ  Ḭ

ὗ ▐  ẋ  ″  .ḁ᷄ בּ   

 

19.3 Ḭ    

№ Ɫ  ᾕꜙṫ  Ὣ ҍ Ἓ, pg_am №  amhandler  ʊ ὗ Ԃ  ʊ בּ  

Ὑ  ṑ᷄ḁ.
260

 

=> SELECT amname, amhandler FROM pg_am WHERE amtype = 'i' ;  

 amname | amhandler 

֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧ 

  btree | bthandler  

   hash | hashhandler  

   gist | gisthandler  

    gin | ginhandler  

 spgist | spghandler  

   brin | brinhandler  

(6 rows)  

 

בּ   ʊ  Ԃ
261

 ἄ ḝὗ  Җ Ἓ ᷄ḁ. ₐ  ʊ Ḭ  Ɫ  ӨἎṎ ҟ

‴  ὣ  ʊ בּ ᷄ḁ ( ὗ ṯ , Ḭ בּ   ә   IDὗ Ὼ  ḁ). ḁὖ᷄ בּ 

ₐ  ʊ Ḭ     ʊ Ḭ  ᾕꜙṫ ꜚⱠ ᷄ḁ. 

 

 
260
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ᾧṭ ꜚⱠ  ḁ  Ɫ ҍ  ‛ Ἓ Ԃₒṑ᷄ḁ:
262

 

 

 ̧ Ɫ  ᾕꜙṫ ꜚⱠ 

 ̧  Ḭ  ꜚⱠ 

 ̧ Ḭ בּ    ꜚⱠ 

 

Ɫ  ᾕꜙṫ  Ḭ בּ   ꜚⱠ ҏ  Ԃₒ  ῦỦὗ әἌ  Ӥṑ᷄ḁ:   Ɫ  ᾕꜙṫὗ ֥

Ὼ Ἓ  ʊᾧṭ Ḭ  ʊ  Ṕ ּב ♄ ◄ ṅ  ꜚⱠ  Қ ᷄ḁ. 

 

Ɫ  ᾕ♄ṫ ꜚⱠ 

ḁ  ḁ♬ ҍ  ꜚⱠ  Ɫ  ᾕꜙṫ ּב ♄ ṑ᷄ḁ ( ֥♄  ʊB- ὣ ᾕꜙṫὗ ֥ Ἓ Ṑ): 

=> SELECT a.amname, p.name, pg_indexam_has_property(a.oid, p.name)  

FROM pg_am a, unnest(array[ 

'can_order' , 'can_unique' , 'can_multi_col' ,  

'can_exclude' , 'can_include'  

]) p(name)  

WHERE a.amname = 'btree' ;  

 amname |          name | pg_indexam_has_property 

֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

  btree |     can_order | t  

  btree |    can_unique | t  

  btree | can_multi_col | t  

  btree |   can_exclude | t  

  btree |   can_include | t  

(5 rows)  

 

ἏṎ ḫ ὗ Ώ ʊᶾἍ  בּ  ᷄ḁ.
263

  ꜚⱠ   B- ὣ ♄Ὥ ṑ᷄ḁ. 

 

 ʊּד♄Ἓ ӍӦὗ  ֥  №   ḁ  ҷ◌Ṏ ḫ ὗ Ἇ  :ḁ᷄ בּ 

=> EXPLAIN (costs off)  

SELECT * FROM seats ORDER BY seat_no;  

  QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Sort  

 Sort Key: seat_no  

 >֧ Seq Scan on seats  

(3 rows)  

 

Ὥ  ꜚⱠ   ʊ Ḭ ҍ ḁᾠ, ḫ ὗ  ‗   ʊּד♄Ἓ Ὼ  :ḁ᷄ בּ 

 
262

 backend/utils/adt/amutils.c, indexam_property function  
263
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=> EXPLAIN (costs off)  

SELECT * FROM seats ORDER BY aircraft_code;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Index Scan using seats_pkey on seats  

(1 row)  

 

ә  ῳ ֥⁮   ҳ   ʊᶾἍ ᷄ḁ.
264

  ꜚⱠ  B- ὣ Ὥ ṑ᷄ḁ. 

 

ә  Ắ  ʊ֥⁮   ҳ  ♠ ṏ ẋὫḁ PostgreSQL  ṅ Ἓ   ҳ   ֥  ә

 Ḭ ὗ ◕Ⱡ ᷄ḁ. 

=> INSERT INTO bookings(book_ref, book_date, total_amount)  

VALUES ('000004' , now(), 100.00) ;  

ERROR: duplicate key value violates unique constraint  

"bookings_pkey"  

DETAIL: Key (book_ref)=(000004) already exists.  

 

֚ἃ Ὥ ῁ӍⱠ  ҳ  ᾤ Ἓ ♠  ә ә  Ḭ Ὥ ◕Ⱡ ḁᾠ, Ӧ  ʊṅ  ⁫  ҹ

᷄ḁ. Ḭ Ṏ  ⁬    ҹ ᷄ḁ. ֚ἃḁᾠ  ῁ ֱ ? 

 

῁ӍⱠ  ҳ  Ӎ  Ὼṍ ♄  ʊ  ṍ  ʊꜚⱠ   ʊῺᾠ, Ḭ  ʊ֚ҹ  ⁫  ֥  ᾕ

᷄  ₔӦ ᷄ḁ. Ἕ Ἓ  ʊḁὖ ּבḄ  ▐   ҳ  ₐӦ  .ḁ᷄ בּ 

 

ὗ ṯ , PostgreSQL  ⱭṎ №  ḓ   Ḭ ὗ  Ὥ, ḏ №  ә  

 ҳ  ◕Ⱡ ) ḁ᷄ בּ  Ɑ ҍ Ṏ Ӓ ).  Ӓ , Ҏ Ɑ  Ἓ  ә  Ḭ   

 ә Ⱡ  ⁫ ṑ᷄ḁ. Ҏ Ɑ  ṅ  Ɑ ὗ ҍ ẋῄ֥  בּ  ᷄ḁ. 

 

ḁ   Ḭ ὗ Ԃ  ʊᶾἍ ᷄ḁ.
265

 

 

ḁ   Ḭ  ʊ♄Ἓ ḁὖ №  Ṏ Ỵ ҳ   ҷ◌ ꜚḻὗ ◄  ḁ. ὗ᷄ בּ 

ṯ , ticket_flights  №  ⁬  ֥⁮ ὗ ҍ ῡἛ ḏ Ḭ  ʊ  U ◄   Ԃ ṑ᷄ḁ: 

=> \ d ticket_flights_pkey  

Index "bookings.ticket_flights_pkey"  

    Column |          Type | Key? | Definition  

֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧ 

 ticket_no | character(13) |  yes | ticket_no  

 flight_id |       integer |  yes | flight_id  

primary key, btree, for table "bookings.ticket_flights"  

 

Ӥ  ‗  Ӥ  IDὗ ▐  Ӥ  ҷ◌  ʊӒ  Ḭ ὗ ▐ בּ  ṑ᷄ḁ: 

 
264

 postgresql.org/docs/14/indexes -unique.html  
265

 postgresql.org/docs/14/indexes -multicolumn.html  
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=> EXPLAIN (costs off)  

SELECT * FROM ticket_flights  

WHERE ticket_no  = '0005432001355' 

AND flight_id  = 51618;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Index Scan using ticket_flights_pkey on ticket_flights  

 Index Cond: (( ticket_no  = '0005432001355'::bpchar) AND  

 ( flight_id  = 51618))  

(3 rows)  

 

Ὼ Ἓ, ḁ   Ḭ  ʊ  ҳ   a Ὥ ӨἎṎ Ӓ ḻ ҷ◌ ꜚḻὗ ◄  .ḁ᷄ בּ 

B- ὣ  Ӓ , ҷ◌  Ἓ ּב ṏ ҹ ᷄ḁὭ,  ҳ  Ḭ  ♠ ♄ Ἓ ᵁ ᵁ  ʊ

 ‛ ὗ  ʊӒ ᷄ḁ: 

=> EXPLAIN (costs off)  

SELECT * 

FROM ticket_flights  

WHERE ticket_no  = '0005432001355';  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Index Scan using ticket_flights_pkey on ticket_flights  

 Index Cond: ( ticket_no  = '0005432001355'::bpchar)  

(2 rows)  

 

ḁὖ ᾧṭ Ӓ  ʊ( ὗ ṯ , ҳ  flights_id Ὥ  ʊӒ ) ҷ◌  ▐ ◄  ֥ Ἓ ṏ ҹ

ᾞ ( ὣ  ḏ ҳ  Ṏ Ӓ ), ḁὖ ҳ  Ὼ Ṏ ӍӦὗ Ὢ  ʊḫ Ὥ ▐ ṑ᷄ḁ. ḁὖ 

 Ḭ  ʊḁὔӀ ṅ  .ḁ᷄ בּ 

 

EXCLUDE  ҳ   ʊᶾἍ ᷄ḁ.
266

 

 

EXCLUDE  ҳ  №  ẖ  ḓ  ▓ Ἓ Ṏ ҳ  Ὥ ṍ  ḻἜ ⁫ ᷄ḁ.  

 ҳ  ₐӦ  ֥  PostgreSQL  ṅ Ἓ Ḭ ὗ ◕Ⱡ ᷄ḁ.  ҳ  ▐ Ṏ ▓ ὗ 

 ʊ ▓  Ủ ҍ  ᷄ḁ. 

 

Ὼ Ἓ ὗ  ӽ  ▓  &&ҍ ▐ ṑ᷄ḁ. ὗ ṯ , ṅ  ҏ   Ṕ ‗  ּב 

ḁә ᾤ Ἓ ♠ ұ ,U ḻ ♄ ҳῇ  ♄Ἓ ӏ  ḻἜ  ּב ᷄ḁ. ṅṴ ▓ ὗ ▐ ᾠ, 

  ҳ  ә Ⱡ  ῦὗ Қ ᷄ḁ. , № ♄ ṅ   Җ  ҍ  Ṕ ҟ   ҍ  בּ 

᷄ḁ. 

 

֚Ỹ ḻ ₔԂ ә,  ʊUNIQUE  ҳӦ ṅ  ᷄ḁ. ,   ҳ  ʊ Ủ ♄ 

▐ ♄ ᾞ, ON CONFLICT בּ   .ḻ ᷄ḁבּ 

 

 
266

 postgresql.org/docs/14/ddl -constraints#DDL-CONSTRAINTS-EXCLUSION.html 
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℮-   Ḭ  ҍ  ḏ Ḭ ὗ ―Ὢ Ḭ Ἓ Ὥṫ  ʊᶾἍ ᷄ḁ. 

 

 ꜚⱠ  ▐ ᾠ ә  Ḭ  ҍ   ּב ᷄ḁ. Ỵ  Ḭ  ʊ  ᾧṭ   Җ  

ә  ⁫ ᾞ, Ṏ ♄  ḫ  ҷ◌   Ɫ ὗ ּבῺ  ᷄ḁ. 

=> CREATE UNIQUE INDEX ON flights(flight_id) INCLUDE (status) ;  

=> EXPLAIN (costs off)  

SELECT status FROM flights 

WHERE flight_id  = 51618;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Index Only Scan using flights_flight_id_status_idx on flights  

 Index Cond: ( flight_id  = 51618) 

(2 rows)  

 

Ḭ  ἄ‪ ꜚⱠ 

ḁ  Ḭ  ӨἎṎ ꜚⱠṯ ᷄ḁ (֥  Ḭ  ḓ  ҹ Ἓ Ṑ): 

=> SELECT p.name, pg_index_has_property('seats_pkey' , p.name)  

FROM unnest(array[ 

'clusterable' , 'index_scan' , 'bitmap_scan' , 'backward_scan'  

]) p(name) ;  

          name | pg_index_has_property  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

   clusterable | t  

    index_scan | t  

   bitmap_scan | t  

 backward_scan | t  

(4 rows)  

 

Ỵ Ὢ: Ḭ    Ὼ Ṏ ID ♄דּ   ẁỚ   ῇὣ Ἓ ṅ ʊᶾἍ  בּ   ҍ

ὣ ᷄ḁ.  ꜚⱠ  CLUSTER ᾤἔ  ṍᶷ  ₐὗ ᵁ ᵗ᷄ḁ. 

 

Ḭ  : Ḭ    ᵁ ᵗ᷄ḁ.  ꜚⱠ  Ɫ   “  TIDὗ ᵁ  Ὼ ᶷ בּ  ὗ 

ῦ ᷄ḁ.  a Ḭ  ʊ  ֥ᶾ  Ӥ  .ḁ᷄ בּ  

 

℮ ᾁ : ℮ ᾁ   ᵁ ᵗ᷄ḁ.  ꜚⱠ  Ɫ   “  ᾧṭ TID  ℮ ᾁ   ‗  ⅓ṫ

ә Ὼ ᶷ בּ   ₐὗ ᷄ḁ. 

 

Ḭ : דּ  ◕Ⱡ  Ṏ ּד♄  ʊῺḓἛ ӍӦὗ Ὼ ʊᶾἍ  בּ   ҍὣ ᷄ḁ.  ꜚⱠ  

Ɫ   “  Ḭ    ʊӒ Ὥ ῦҍ ᷄ḁ. 

 

 ἄ‪ ꜚⱠ 

Ὣ Ὤ Ἓ,  ꜚⱠ  □ ⁫ӆ ᷄ḁ: 
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=> SELECT p.name, 

pg_index_column_has_property('seats_pkey' , 1, p.name)  

FROM unnest(array[ 

'asc' , 'desc' , 'nulls_first' , 'nulls_last' , 'orderable' ,  

'distance_orderable' , 'returnable' , 'search_array' , 'search_nulls'  

]) p(name) ;  

                name | pg_index_column_has_property 

̮̮̮̮̮̮̮̮̮̮̮̮̮+̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮----  

                 asc | t  

                desc | f  

         nulls_first | f  

          nulls_last | t  

           orderable | t  

  distance_orderable | f  

          returnable | t  

        search_array | t  

        search_nulls | t  

(9 rows)  

 

ASC, DESC, NULLS FIRST, NULLS LAST:  Җ  Ἇ ּד♄ὗ  ʊꜚⱠ ᷄ḁ.  ꜚⱠ   Җ  Ὑ

Ắ דּ  ʊᵒὧ דּ Ἓ ṍ  ᶷ , NULL Җ  Ὼ Җ⁫ḁ  ᵁ  ᶷ  Ṡ  ᵁ  ᶷ

ὗ ᷄ḁ. Ỵ  ꜚⱠ  B- ὣ Ὥ ṑ᷄ḁ. 

 

ORDERABLE: ORDER BY  ▐   Җ  Ἇ ʊᶾἍ  בּ  ᷄ḁ.  ꜚⱠ  B- ὣ Ὥ ṑ᷄ḁ. 

 

DISTANCE ORDERABLE: Ἇ ▓ ὗ  ʊᶾἍ ᷄ḁ.
267

 Ὼ  Ḭ  ▓ ҍ ᶄὣҖ  Ὼ

 ʊῺᾠ, Ἇ ▓  ʊ בּ  ♄ ḁὖ ֱּב  "ұὣ"ὗ ᵁ ᵒ  ʊ Җבּ  Ὼ ᷄ḁ. Ḭ  ʊ

ὣ  ORDER BY ♄ Ṏ Ỵ  ▓ ὗ ᷄ḁ. 

 

ὗ ṯ , Ἇ ▓  <->  ʊ Ṏ  ҍ  ҍֱ  Ӥ  .ḁ᷄ בּ  

=> CREATE INDEX ON airports_data USING gist(coordinates) ;  

=> EXPLAIN (costs off)  

SELECT * FROM airports  

ORDER BY coordinates <- > point (43.578,57.593)  

LIMIT 3;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Limit  

 >֧ Index Scan using airports_data_coordinates_idx on airpo...  

  Order By: (coordinates < >֧ '(43.578,57.593)' ::point)  

(3 rows)  

 
267

 postgresql.org/docs/14/xindex#XINDEX -ORDERING-OPS.html 



 302  

 

RETURNABLE: ḫ ὗ №  ֜  ә Ὼ ) ʊᶾἍ  בּ  Ḭ    ). 

 

 ꜚⱠ  Ḭ  Ԃ ҍ Ḭ Ṏ Җ  ҷ◌ ᶷ בּ   ₐὗ ᷄ḁ. ◄ ҍᶾ  ҹ  ᷊᷄ḁ. 

ὗ ṯ ,  a Ḭ  ʊ  Җ ḓ   ṫὗ  ּבḻ ᷄ḁ.  Ӓ  CAN INCLUDE ꜚⱠḻ ▐

 .ḁ᷄ בּ 

 

SEARCH ARRAY:   ♄ Ỵ ꜙὗ ҷ◌  ʊ֥ .ʒ 

 

ᾤ     ▐    Ӓ  ʊ ᷊᷄ḁ. ὗ ṯ , Ủᵡ  ʊIN (ὣ )     Ἓ 

″ ᷄ḁ: 

=> EXPLAIN (costs off)  

SELECT * FROM bookings 

WHERE book_ref IN ('C7C821', 'A5D060', 'DDE1BB') ;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Index Scan using bookings_pkey on bookings  

 Index Cond: ( book_ref  = ANY 

 ( '{C7C821,A5D060,DDE1BB}'::bpchar[]))  

(3 rows)  

 

Ḭ   “  Ỵ  ▓ ὗ   ʊӒ ,  ʊ  Җṯ   ֥  Ỵ ‗  Ὼ⁬ בּ 

) ḁ᷄ בּ    ʊ Ḭ   Ḣ Ἓ Ὥṯ ּב ᷄ḁ). 

 

SEARCH NULLS: IS NULL ῳ IS NOT NULL ҳ  ҷ◌ ᷄ḁ. 

 

NULL Җ  Ḭ  ֱ ? Ἓ  ʊIS [NOT] NULLӦ Ҝ  ҳ  ḓ  Ḭ בּ   ә, 

 ҳ  Ӥṍ   Ӓ  Ḭ ὗ ―Ὢ Ḭ Ἓ ▐ )ḁ᷄ בּ   Ӓ  Ḭ  ʊNULL Җ  

 ʊᾧṭ   ḫ ὗ Ὼ  ᷄ḁ). ֚Ỵ  Uḁὖ Ἓ  ʊNULL Җ  ҳᵡỀᾠ Ḭ  

֥ὗ  ּב ᷄ḁ. 

 

Ӎ   ֜ “ ҟῼ  ỳ  ḆἌ Ὥ, ḓₐₒ  Ӓ  NULL Җ  Ḭ ṑ᷄ḁ. 

 

Ḭ ♄ NULL Җ  Ἓ  ᶷḁᾠ  Ὥ ―  ʊₐ  o Ḭ
268
ὗ Ԃ  בּ  

᷄ḁ. ὗ ṯ : 

=> CREATE INDEX ON flights(actual_arrival)  

WHERE actual_arrival IS NOT NULL;  

=> EXPLAIN (costs off)  

SELECT * FROM flights  

WHERE actual_arrival  = '2017- 06- 13 10:33:00+03' ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 
268
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Index Scan using flights_actual_arrival_idx on flights  

 Index Cond: ( actual_arrival  = '2017 0֧6֧ 13 10:33:00+03' ::ti...  

(2 rows)  

 

ₐ  o Ḭ  ʊ  Ḭ ⁫ḁ ᾞ, ּב Ṏ  Ḭ ṍ  ʊӒ Ὥ ḫ ṍῡἛ ẋἛ  ʊ  

Ⱡ  ʒ ◄   Eּב ᷄ḁ. ḏ  NULL  ḻ WHERE  ᾧṭ ҳ(ₔ″ ּב ▐ כ   בּ 

 ʊ ҳ)  Ӥ  .ḁ᷄ בּ 

 

ₐ  o Ḭ ὗ Ԃ  ʊᶾἍ  Ḭ  ♄ ӤṍῡἛ  ֜ “   ᷄ḁ. 

 

ḏ ,  ʊ ῶὖ Ӎ   ▐    ʊ Ḭ   “  ꜚⱠὭ ṑ᷄ḁ. ὗ ṯ

,  ₔҍᶾ   ֠Ắ  ʊ℮ Ḅ Ḭ  ◕Ⱡ(CONCURRENTLY)Ӧ Ҝ  ֥ᶾ   ʊꜚⱠ  

ὗ Ԃ  ʊ בּ  ṫ ♄ ṑ᷄ḁ. 
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20  Ḭ   

20.1  ֥ Ḭ   

Ḭ ҍ Ӥ  ʊTIDs  ֜  ʊ֥⁮   “  Ṕ ҍ ҍ ᷄ḁ.  ‗   “  Ḭ בּ  

 ʊҹ ᷄ḁ. ḓₐₒ  Ḭ   ֜  ( Ὥ ᾧṭ ҹ  )᷉     ֥  INDEX 

SCAN ꜚⱠ  ҍ ә ᷄ḁ. Ḭ   Ӕ ♄ Index Scan269 ᶂṫἛ ṑ᷄ḁ: 

=> EXPLAIN SELECT * FROM bookings  

WHERE book_ref = '9AC0C6' AND total_amount = 48500.00;  

                     QUERY PLAN 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

Index Scan using bookings_pkey on bookings  

 (cost=0.43..8.45 rows=1 width=21)  

 Index Cond: (book_ref = '9AC0C6'::bpchar)  

 Filter: (total_amount = 48500.00)  

(4 rows) 

 

Ḭ   ṅ ,  ֜   TIDὗ ᵁ  Ὼ ᷄ḁ.
270

 TIDὗ Ώ  , Ḭ    TIDҍ 

 ʊ   ֜  ḏ  ҍ ә, ҍ Ⱡ ֗  ṍᾠ,   Ṏ ṫ Ɫ ὗ Ὼ

᷄ḁ.  Ӧ   ֜   ὣ   ʊTIDὗ ᾧṔ ꜙ  ẋֱ  Ӕꜚṑ᷄ḁ.  

 

Index Cond  ʊ Ḭ ὗ ▐ ʊ  בּ    ҳὭ ṑ᷄ḁ.  ḓ  ḁ   

 ʊḁὖ ҳṯ  Filter   ‴ḻἛ ᵁ ṑ᷄ḁ. 

 

 ♄ ⁫ṳ , Ḭ    ֜  ᾧṔ Ӥ  Index Scan ᶂṫ   ὣṍᾞ, ♄Ἓ ḁὖ Ṕ ᶂ

ṫ   ὣṍ  ʊҹ  ᷊᷄ḁ. Ὥ, IDҍ ▐  Ἄ  Ӓ  ♄  ҍ  ʊ‴ḻ  Tid 

Scan271 ᶂṫḻ ᷄ḁ: 

=> EXPLAIN SELECT * FROM bookings WHERE ctid = '(0,1)'::tid;  

    QUERY PLAN 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

 Tid Scan on bookings (cost=0.00..4.01 rows=1 width=21)  

  TID Cond: (ctid = '(0,1)'::tid)  

(2 rows)  

 

℮   

Ḭ   ℮   Ḭ   ֜ Ӧ   ֥  ◄ ℮  ᷄ḁ. ₒᾤ ,  

 
269

 backend/executor/nodeIndexscan.c  
270

 backend/access/index/indexam.c, index_getnext_tid function  
271

 backend/executor/nodeTidscan.c  
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Ḭ  ӨἎ ₐₒ    ֜   Ἓ ᷄ḁ. B- ὣ  Ӓ , ℮  Ἓ Ḭ  ὗ ҍ

ә  ֚ ᾨṯ  ὣ  ʊḫ  ῼ◕ ᷄ḁ.    ּב  ʊḫ  ỳӦ Ṏ  ♠

Ⱡ   Ӎ ṏ ּב ᷄ḁ. Ḭ   ʊ῁ Ἓ ֜ṑ᷄ḁ(ᶄὣ  Ԃ ♄ ♄Ἓ Ṡẁὔ  ʊ

ҍ Ṷ ◄ ♄ ῇὣ Ἓ  ᷄ḁ).  ἶ ♄ ὣ  ᶂṫἛ ҍ  ʊḫ  ꜙ ṍ  ʊCPU 

Ӧ  ᾧṭ  Ӕ▓  ʊḫ   ḝ ҍṑ᷄ḁ.
272

 

 

 ӨἎ ₐₒ   ʊ    ֜℮ Ӧ ҍ  ᾧṭ  ὣ  ʊḫ  CPU ҏ  ṑ

᷄ḁ.  ҹ  I/O   Ḭ   ♠ ⱠӦ Ṷ ◄   ῇὣ ♄דּ    ֜   ֚ṯ

 IDὗ Ὼ  ʊּד♄ ▐  ◄ӨӨӔ  ᾧṔ ḁ  ʊ ᷄ḁ. 

 

 ᵁὣ : ᶋ  ◄ӨӨӔ 

Ṷ  ◄   ῇὣ ҍ Ḭ♄דּ    oTID  ᶄὣ ♄דּ   ′  ◄ӨӨӔὗ ҍ ḁᾠ, Ҏ 

 ʊḄ  ‗Ὥ ֜ṏ ҹ ᷄ḁ: Index Scan ᶂṫ  ʊ  ♄ ḁὖ Ἓ ּד Ἓ ṅ ᾞ, 

 ᵁ  ҕ᷄ḁ. 

 

 
 

PostgreSQL  ◄ӨӨӔ  ḓ  Ӕὗ ּב ᷄ḁ: 

=> SELECT attname, correlation  

FROM pg_stats WHERE tablename = 'bookings' 

ORDER BY abs(correlation) DESC;  

       

      attname | correlation  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

     book_ref | 1  

 total_amount | 0.0026738467  

    book_date | 8.02188e 0֧5 

(3 rows)  

 

 
272

 backend/utils/adt/selfuncs.c, btcostestimate function  

      postgresql.org/docs/14/index -cost-estimation.html  
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◄ӨӨӔ  ʊ ḏ ḓҖ  1  ҍֱ  Ӓ  ᶋḁә  ּב ᷄ḁ( ὗ ṯ , book_ref  Ӓ  Ҝ ); 0

 ҍֱ  Җṯ  ḫ  ₒ ҍ ḽ  ᵁ ᵗ᷄ḁ. 

 

̯ ♠╬ ╪ ˿↕, book_ref  ⁸╥ и╘ Ữ́̕̕Ѥ ᶹᴝ╪˞ѱ₮ ╪ ⁸╙ ͙ר╖ᴛ Ữᾍ 

ὣἌҍᴛ ҥ╪ ʺ ╪ẇ⁄ ᴛӥӇ‴̆, ῷֹו ‰ҥ╪ ʺ ′‴͙ ԅᶷ░ѱѻ. ╪ ⁸⁄ ỸἛӈ 

╬Ҧᾅ⁄ ҍ  CLUSTER ᶘᴖ╙ ᾒ ѻᶔ ↕ᵙѤ ˉ╘ Ữ ╙ Ṗ ὡ ▓‴╙ ˦░ѱѻ. 

 

Ϯ ₰Ṉױ͎  Ữ́̕̕ʺ ᶛӧ ᵙʺ book_ref  ˃╥ ₡ᵒ ὣ╖ᴛ ˺̓ᵑ ḙ ѻѤ ˦╙ 

Ṓ◑ ╪Ѥ Ώᾋѱѻ. ᶀ♇, ‡Ԑ ╥ ‰ҥתּ Ѥ ˺̓ ╙ ╪ẇ╥ ϥ╖ᴛ ╪ҿᾎ ѱѻ. 

ӑ , ѻᵐ ⁸╙ ͙ḙ╖ᴛ  ╬Ҧᾅ ᾅ ⁄ ╥Ⱶ Ѥ ́ ╘ ˺̓ᵑ ѻᵐ ὣἌᴛ ḙ ѱѻ. 

ᾔּת‡ ὣ  ᾅ ҵ ╪ẇ╥ ᾎ▬ ṨṪ⁄Ἄ ᾎ▬  ʺḃᴛ ♬ ὣἌױ͎ .Ώ╙ ὡ ▓ᾋѱѻ תּ

⅝ ѻᶔ, ORDER BY ♥⁄Ἄ ᶘᾎ♠╖ᴛ ♬╥ ‒ ѱѻ. 

 

=> EXPLAIN SELECT * FROM bookings WHERE book_ref < '100000';  

     QUERY PLAN 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

 Index Scan using bookings_pkey on bookings  

  (cost=0.43..4638.91 rows=132999 width=21)  

  Index Cond: (book_ref < '100000'::bpchar)  

(3 rows)  

 

ҳ  ♠ Ⱡ  ḁ Ӧ Ҝ  ṑ᷄ḁ: 

=> SELECT round(132999::numeric/reltuples::numeric, 4)  

FROM pg_class WHERE relname = 'bookings';  

 round 

̮̮̮̮̮̮̮̮ 

 0.0630 

(1 row)  

 

 Җ  1/16  ҍֱ ḫ,  ʊbook_ref  Җ  000000 ₐ  FFFFFFֱ  ‛ ὗ ҍ ә ḁ  ʊҹ  ә 

ḁᾠ  ּב  ҹ ᷄ḁ.  

 

B- ὣ  Ӓ , I/O  ℮   Ḭ  ӨἎ ₐₒ   ᾧṭ ὗ  ʊ℮  ᷄ḁ. B- ὣ

  ṍ  ʊ ẖ ҳ  Ὥ  ʊ Ḭ  ᾨ ҍ  ʊὣ♄דּ  Ἓ ῃ   ṍῡἛ, 

  Ḭ בּ    ʊ Ḭ  ֥  ♠ Ⱡ  Ӣ  Җ Ἓ ṑ᷄ḁ. Ὥ Ỵ  ṯ

 ῇὣ Ἓ Ἇṍ    ֥ẋῄ , ֥  ʊ῁    Ἓ ῼ◕ ᷄ḁ.  

 

CPU   ᾧṭ Ḭ  ᾨ  ὣ  ʊḫ  ꜙᾧṍᾞ(Ḅ  ᾨ  ὣ  ʊ℮  

cpu_index_tuple_cost (֥⁮Җ: 0.005) Җ Ἓ ṑ᷄ḁ) ֚ὣә Ҏ ᾨ  ḓ  ҳ  Ӕ▓  ʊḫ  

ꜙᾧṑ᷄ḁ(  Ӓ , ҳ  Ḅ  ▓ ὗ ᾞ  ֚℮  cpu_operator_cost (֥⁮Җ: 0.0025) Җ

Ἓ ṑ᷄ḁ). 
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№ ֜ בּ    דּ   ֥Ἓ ҏ ṑ᷄ḁ. ′  ◄ӨӨӔ  Ӓ ,   Ṷ  ◄

♄ ♄Ἓὗ ẁỚґ ҹ ῡἛ,  ּב  ʊ № ֥  ♠ Ⱡ  Ӣ  Җ Ἓ ṑ᷄ḁ.  

 

I/O  ℮   ὣ   ῼ◕  ʊ℮   ҍἛ ṑ᷄ḁ; ṯ   ḏ cpu_tuple_cost (֥

⁮Җ: 0.01)  Җ Ἓ ṑ᷄ḁ. 

=> WITH costs(idx_cost, tbl_cost) AS (  

SELECT 

(  

 SELECT round( 

  current_setting('random_page_cost')::real * pages +  

  current_setting('cpu_index_tuple_cost')::real * tuples +  

  current_setting('cpu_operator_cost')::real * tuples  

  )  

 FROM ( 

  SELECT relpages * 0.0630 AS pages, reltuples * 0.0630 AS tuples  

  FROM pg_class WHERE relname = 'bookings_pkey'  

  ) c  

 ),  

 (  

 SELECT round( 

  current_setting('seq_page_cost')::real * pages +  

  current_setting('cpu_tuple_cost')::real * tuples  

  )  

 FROM ( 

  SELECT relpages * 0.0630 AS pages, reltuples * 0.0630 AS tuples  

  FROM pg_class WHERE relname = 'bookings'  

  ) c  

 )  

)  

SELECT idx_cost, tbl_cost, idx_cost + tbl_cost AS total  

FROM costs; 

  

 idx_cost | tbl_cost | total  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧ 

     2457 |      2177 | 4634  

(1 row)  

 

 Ӕ▓ṯ  ℮   Ṡ   ʊᶄὣὗ ♥ᾤ ῡἛ, ӍӦ  ʊӔ ҍ Ӥ   Ӏ ṑ᷄ḁ. 

℮Ἔ ֚ҹ  ֜▐Җ Ớḻ ὰ .  Җ   ֥ ♄  ʊḁὖ Ɫ  a▐ ṯ  әἌ  Ὥ, ὣ

 ʊ ֥♄ ֚ҹ  ḓ  ᶄ   ҹ ᷄ḁ. 

 

ᵁ╥ ᵁὣ : ᵎ  ◄ӨӨӔ 

◄ӨӨӔҍ ᵎ  Ӓ  ᾧṭ ҹ  ḆỚ ᷄ḁ. book_date  Ḭ ὗ ◕Ⱡ ḁ.    Ḭ  ұ
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 0  ҍֱ  ◄ӨӨӔὗ ҍ ә ᷄ḁ. ֚ὣә ᵁ♄   ұ  Ҝ  ℮   ♠  ʊ ὣ

ὗ □ ⁵ ḁ. Ḭ  ֜  ᵡ  ̈͂℮ ♄, Ӕ  ʊḁὖ ᾧṭ ḓ ṯ  ᾤ Ἓ ֠ ṍ  ẋὭ ὗ 

♠ ᷄ḁ: 

=> CREATE INDEX ON bookings(book_date);  

=> SET enable_seqscan = off;  

=> SET enable_bitmapscan = off;  

=> EXPLAIN SELECT * FROM bookings 

WHERE book_date < '2016 - 08- 23 12:00:00+03';  

     QUERY PLAN 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

 Index Scan using bookings_book_date_idx on bookings  

  (cost=0.43..56957.48 rows=132403 width=21)  

  Index Cond: (book_date < '2016 0̮8̮ 23 12:00:00+03'::timestamp w...  

(3 rows)  

 

ᵎ  ◄ӨӨӔ  ʊ  ֜    Ὼ Ṏ ḁ   ḁὖ   ҍᶾⱠ  ᶋ ᷄ḁ. ẁỚ♄, 

Index Scan ᶂṫ  ʊ ṯ דּ  Ἓ  ʊḓ  ṯ ▐ ὗ ṅ  ᷄ḁ;  ᵁὣ

♄,   ֜ בּ  ʊҍ בּ    ḻḆ  .ḁ᷄ בּ 

 

 
 

֚Ỵ  U ὣ  ʊ  ᵁὣ  Ӕ▓ ♄ seq_page_costὗ random_page_costἛ, relpagesὗ reltuples Ἓ 

Ḅּד  ӽ ḁ. Ӕ᷄ בּ  ℮ʊ  בּ ⁯ ♄     Ἓ  ẋ  Җ⁫ḁ  ᵎ ᷄ḁ. 

=> WITH costs(idx_cost, tbl_cost) AS (  

SELECT 

( SELECT round(  

  current_setting('random_page_cost')::real * pages +  

  current_setting('cpu_index_tuple_cost')::real * tuples +  

  current_setting('cpu_operator_cost')::real * tuples  

  )  

 FROM (  

  SELECT relpages * 0.0630 AS pages, reltuples * 0.0630 AS tuples  

  FROM pg_class WHERE relname = 'bookings_pkey'  

  ) c  

 ),  
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 ( SELECT round(  

  current_setting('random_page_cost')::real * tuples +  

  current_setting('cpu_tuple_cost')::real * tuples  

  )  

 FROM (  

  SELECT relpages * 0.0630 AS pages, reltuples * 0.0630 AS tuples  

  FROM pg_class WHERE relname = 'bookings'  

  ) c  

 )  

)  

SELECT idx_cost, tbl_cost, idx_cost + tbl_cost AS total FROM costs;  

 idx_cost | tbl_cost | total  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧ 

     2457 |   533330 | 535787 

(1 row)  

 

 ʊᾧḮ   әἌ  ֥ẋῄ ᷄ḁ.  ▐ ṍ  ʊ ṯ  ―  (֚ὣә OS )  ⁫Өṍ

ῡἛ,  ֥ҍ ּבἜ  ὗ ♄  ҍᶾⱠ  ḝ ᶋ , ҍ Ṷ   ֜  

ḁ. Ӕ᷄ בּ     ֥  ʊeffective_cache_size (֥⁮Җ: 4GB) ὺҟ″ּב   ṑ᷄

ḁ.  ֚Җ Ἔ ḝ Ὦבּ   ṯ   ҹ Ἓ ◄ṑ᷄ḁ.  

 

 ʊ֚Ủ  ʊ בּ      №  ֥▐  Ⱡ  ⁫ ᷄ḁ(♠ Ⱡ  1/2

ә ҍ 10ҟ    ʊӒ ).
273

 ♠  ҍᶾ  ♠  ᵁὣ ♄   ֜  ӨӨӔҍ◄)בּ

′  Ӓ בּ    Ὼ)   ᵁὣ ♄   ֜ ӨӨӔҍ Ἓ◄)בּ ә ҍ  ʊӒ  

בּ   Ὼ)ὗ ⁫ ᷄ḁ. 

 

 
273

 backend/optimizer/path/costsize.c, index_pages_fetched function  
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effective_cache_size  Җ   ▐ ṏ ּב  ʊᾕᾧὣ  ỳ(PostgreSQL ―   OS ὗ ᾧ

Ṕ )  ᵁ ᵔḁә ҍ ᷄ḁ. ֚Ỵ  U  ὺҟ″ּב  ʊ Ἓ   ᾨ Ἓ ▐ ṍᾞ ᾕᾧὣ ḏ 

 ʊ    ֥ẋῄ ,  ♥  ″Ӓ  ẋ  ּב ὗ әἌ   ʊ ᷄ḁ.  

 

Ὥ  effective_cache_size ὗ ꜙ Ἓ ᾠ, Ӕ   ʊ ♄ ♥ᾤ    ʊӒ  Ḅ 

Җ  ҍֱ  ҹ ᷄ḁ: 

=> SET effective_cache_size = '8kB';  

=> EXPLAIN SELECT * FROM bookings 

WHERE book_date < '2016 - 08- 23 12:00:00+03';  

    QUERY PLAN 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

 Index Scan using bookings_book_date_idx on bookings  

  (cost=0.43..532745.48 rows=132403 width=21)  

  Index Cond: (book_date < '2016 0̮8̮ 23 12:00:00+03'::timestamp w...  

(3 rows)  

 

=> RESET effective_cache_size;  

=> RESET enable_seqscan; 

=> RESET enable_bitmapscan; 
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Ӕ  ʊ  Ӓ  ♠  Ӓ  ᾧṔ  ḓ  № I/O  ℮  Ӕ▓  ,  ◄ӨӨӔ  ֥Ὼ  

ҏҖ  ᷄ḁ.
274

  

 

ẁỚ♄,    ₐὭ ḏ ḁᾠ Ḭ    ♠  ṏ ּב ᷄ḁ.    ֜ 

 IDὗ Ὼ  ʊּד♄  ◄ӨӨӔҍ ḁᾠ, Ỵ  ℮  ◄ḏ   ҹ ḁ. ֚Ỵ᷄ בּ   U◄ӨӨӔҍ 

ᵎ  Ӓ , ♠ Ⱡ  ᵎ  ὣ  ḓ  Ḭ  ᷿   Ḣ ὺἍ  ṑ᷄ḁ. 

 

20.2 Ḭ    

ὣ   ᾧṭ  ḫ ὗ  ʊ Ḭ ὗ   ὣ  ḓ  ―Ὢ Ḭ Ớә ᷄ḁ. Ỵ  

Ḭ ҍ ▐  ҍᶾ  Ӓ , ҍ  № ֜ ḁ: TID ḓ᷄ בּ   ,  ֜    ḫ

ὗ  Ὼ ḁ. Ỵ᷄ בּ    Ḭ   Ḭ   
275

Ớә ᷄ḁ.  ʊ

RETURNABLE ꜚ Ⱡ   ʊ  ֜    ▐ ṏ ּב ᷄ḁ.  

 

Ӕ ♄   Index Only Scan
276

 ᶂṫἛ ṑ᷄ḁ: 

=> EXPLAIN SELECT book_ref FROM bookings WHERE book_ref < '100000';  

    QUERY PLAN 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

 Index Only Scan using bookings_pkey on bookings  

  (cost=0.43..3791.91 rows=132999 width=7)  

  Index Cond: (book_ref < '100000'::bpchar)  

(3 rows)  

 

 Ὑ   ᶂṫҍ  ֜  ҍ  Ὥ, Ἓ  ʊ֚ἃ  ᷄ḁ. PostgreSQL ♄ 

Ḭ  ʊ  ҍ Ⱡ  ḓ  ⁫ὗ ә  ῡἛ,  ֜    Ứ Ɑ  ḝỚḻ בּ ⁯ 

 ҳ  Ὥ  ʊᾧṭ   ḫ ὗ Ὼ ᷄ḁ.  ֚  Ḭ    ֚ṯ  ҍ Ⱡ  

ṑ᷄ḁ.  

 

֚Ỵ ,U   “  Ҏ  ҍ Ⱡ   ֥  №  ֜  ḁᾠ,  ʊ Ὼ  Ḭ  

Ӧ ḁὗ ῶҍ  ҹ ᷄ḁ. ḓ ,  ʊ†  ἛⱢ   ᾧṭ ҍ  Ὥ( , ▐ Ṏ ᵗָא  ӨӔ

 ᾧṭ Ứ Ɑ   ֜ҍᶾ  ) Ṏ ὗ  ʊ №   ҍ Ⱡ ᾁ  ▐ ᷄ḁ. 

Ḭ   ֜    Ὼ Ṏ TIDҍ ֚Ỵ   ꜚ ḁᾠ,  ֚ҍ Ⱡ   ҍ ᷄ḁ.  

 

Ḭ    ℮    ᵒ  ᾧṭ ҍ   ℮  ẁỚ ḆỚ ᷄ḁ. PostgreSQL  Ỵ

 Ӕὗ ּב ᷄ḁ: 

=> SELECT relpages, relallvisible  

FROM pg_class WHERE relname = 'bookings' ;  

 relpages | relallvisible  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

    13447 | 13446  

 
274

 backend/optimizer/path/costsize.c, cost_index function  
275

 postgresql.org/docs/14/indexes -index-only-scans.html 
276

 backend/executor/nodeIndexonlyscan.c  
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(1 row)  

 

Ḭ    ℮   Ὼ  Ḭ  Ӧ ḁὛ᷄ḁ: № ֜Ӧ ӨἎṎ ֚ҹ  I/O  ℮

 ҍ Ⱡ ᾁ  ᵁ ᵁ   ʊ  ℮  ℮ἕ  ֡ṑ᷄ḁ. (  ὣ  ℮   ṅ ᷄ḁ.) 

 

  ♄ ᾧṭ ҍ  ᾧṭ ҍ  Ὥ  ֥ẋῄ , Ἓ  I/O  ℮  ℮  

♄ ṑ᷄ḁ: 

=> WITH costs(idx_cost, tbl_cost) AS (  

SELECT 

(  

 SELECT round( 

  current_setting( 'random_page_cost'):: real  * pages +  

  current_setting( 'cpu_index_tuple_cost' ):: real  * tuples +  

  current_setting( 'cpu_operator_cost' ):: real  * tuples  

 )  

 FROM (  

  SELECT relpages * 0. 0630 AS pages, 

   reltuples * 0. 0630 AS tuples  

  FROM pg_class WHERE relname = 'bookings_pkey'  

  ) c  

 ) AS idx_cost,  

(  

 SELECT round( 

  ( 1 -  frac_visible) * --  fraction of non - all - visible pages  

  current_setting( 'seq_page_cost' ):: real  * pages +  

  current_setting( 'cpu_tuple_cost' ):: real  * tuples  

  )  

 FROM (  

  SELECT relpages * 0. 0630 AS pages, 

   reltuples * 0. 0630 AS tuples,  

   relallvisible:: real /relpages:: real  AS frac_visible  

  FROM pg_class WHERE relname = 'bookings'  

  ) c  

 ) AS tbl_cost  

)  

SELECT idx_cost, tbl_cost, idx_cost + tbl_cost AS total  

FROM costs;  

 idx_cost | tbl_cost | total  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧ 

     2457 |      1330 | 3787 

( 1 row)  

 

 ḫ † בּ  ♠ ṠἛ ▐Ớ   Ẕ  ῦ  ꜙ″Ӓ ▐ ṯḻ Ӕ   ℮  ҍ

᷄ḁ(֚ὣә ẁỚ♄  Ӕ  ֥ Ӏ Ḣ ὺἍ Ἓ ὭṲ᷄ḁ). EXPLAIN ANALYZE ᾤἔ  ʊ   
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 ֜ ⁫ ὗבּ  .ḁ᷄ בּ 

 

○Ἓ ◕ⱠṎ № ♄ PostgreSQL  ᾧṭ  ҍ Ⱡ   ᷄ḁ: 

=> CREATE TEMP TABLE bookings_tmp 

WITH (autovacuum_enabled = off) AS  

SELECT * FROM bookings 

ORDER BY book_ref;  

 

=> ALTER TABLE bookings_tmp ADD PRIMARY KEY(book_ref);  

=> ANALYZE bookings_tmp;  

=> EXPLAIN (analyze, timing off, summary off)  

SELECT book_ref FROM bookings_tmp WHERE book_ref < '100000' ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Index Only Scan using bookings_tmp_pkey on bookings_tmp  

  ( cost =0.43.. 4638.91 rows=132999 width =7) (actual rows=132109 l...  

  Index Cond: (book_ref < '100000' ::bpchar)  

  Heap Fetches: 132109 

(4 rows) 

 

Ὥ №  †  ὣṍᾠ, Ỵ   ₔ ᾞ ᾧṭ ҍ ᾧṔ ҍ  ◄ Ἓ ᵉ  

 ʊ בּ  ṍ  ᷄ḁ. 

=> VACUUM bookings_tmp; 

=> EXPLAIN (analyze, timing off, summary off)  

SELECT book_ref FROM bookings_tmp WHERE book_ref < '100000';  

    QUERY PLAN 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

 Index Only Scan using bookings_tmp_pkey on bookings_tmp  

  (cost=0.43.. 3787.91 rows=132999 width=7) (actual rows=132109 l...  

  Index Cond: (book_ref < '100000'::bpchar)  

  Heap Fetches: 0 

(4 rows)  

 

   ʊ Ḭ  

ὣ ♄ Ԃ  ʊᾧṭ Ỹ  Ḭ  ҍ  ʊҹ  ◄ ҍᶾ  ҹ  ᷊᷄ḁ: 

 

 ̧ ә  Ḭ  Ӓ , ○Ἓ  Ỹ  ҍ ᾠ Ủ  Ỹ  ә Ⱡ  ꜜ◄ṏ ּב ᷄ḁ. 

 ̧ Ḭ   ֜   ҍṏ Ỹ  ḫ   ḓ  ▓  Ủ ὗ Ӥ ᷄ בּ  

ḁ. 

 

 Ӓ ḻ, Ỹ  Ḭ   ₐἛ Ὥṯ  ә Ḭ בּ    ʊ ᷄ḁ. ῇἝ Ṏ Ỹ  

֥Ὼ Ἓ  Ḭ בּ    ʊҹ  ₔҍᶾ  ҹ ᷄ḁὭ, ὣҍ Ỵ  Ỹ  ḁᾠ Ḭ  ʊ
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―Ὢ Ḭ Ἓ ֥ᶾ  ҹ ᷄ḁ. 

 

ḁ   ʊ ṅ Ἓ ◕ⱠṎ ֥⁮  Ḭ ὗ Ṏ Ỹ   ʊḁὖ Ḭ Ἓ ḓ  ʊ “  ⁫

᷄ḁ: 

=> CREATE UNIQUE INDEX ON bookings(book_ref) INCLUDE (book_date);  

 

=> BEGIN;  

=> ALTER TABLE bookings 

DROP CONSTRAINT bookings_pkey CASCADE;  

NOTICE: drop cascades to constraint tickets_book_ref_fkey on table  

tickets  

ALTER TABLE 

 

=> ALTER TABLE bookings ADD CONSTRAINT bookings_pkey PRIMARY KEY 

USING INDEX bookings_book_ref_book_date_idx; --  a new index  

NOTICE: ALTER TABLE / ADD CONSTRAINT USING INDEX will rename index 

"bookings_book_ref_book_date_idx"  to "bookings_pkey"  

ALTER TABLE 

=> ALTER TABLE tickets 

ADD FOREIGN KEY (book_ref) REFERENCES bookings(book_ref);  

=> COMMIT;  

 

=> EXPLAIN SELECT book_ref, book_date 

FROM bookings WHERE book_ref < '100000' ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Index Only Scan using bookings_pkey on bookings ( cost =0.43..437...  

  Index Cond: (book_ref < '100000' ::bpchar)  

(2 rows)  

 

ױ╪  ╬Ҧᾅө╘ ꜙꜙ Ḳᵠ╪̆ג Ṭᵙּתᵣ, ╪Ѥ ♬  ╘ ῷѷѱѻ. ╬Ҧᾅʺ ♬ 

ᵙ⁄ ╥  ⅝̯ӇѤ ᶛӧ ᴀө╙ Ѥ ᴀ ︡  ԅ, ͎ ╬ҦᾅѤ ╙▓ ̆תּʺ ╙

Ḳᵠ╖ᴛ ʼלӋѱѻ. ⁴͙⁄Ѥ INCLUDE ♥⁄ ╥  ʺӈ ᴀ╪ Ӈ‡ ▓ӧ, ₡ֹו  

ᴀᵣ Ợ↔Ӈ̆ ▓ӧ Ữ̕′ᾋѱѻ. җ↨╪, ҿ▀  ╬Ҧᾅʺ  ᵙ⁄ ҍ ἌѤ Ḳᵠ╪ Ӊ 

ὡ ▓ּתᵣ ѻᵐ ᵙ⁄ ҍ ἌѤ ͎ᴅּת Ώ╙ ὡ ▓ᾋѱѻ. 

 

20.3 ℮ ᾁ  

Ḭ   Ⱡ  Ӕҍ ᷄ḁ: ◄ӨӨӔҍ Ҕꜙ  ẁỚ   ḓ   ֜ ҍ ҍבּ

ᾞ,  ּד ֥⁫ḁ  ʊỨḥ Ӏ ṑ᷄ḁ. Ỵ  Ӕὗ ֛⁬  ֥ , PostgreSQL  №  ֜

 ֥  ᾧṭ TIDὗ ҍ ♄  ‗
277

 ֥Ὼ  Ὑ דּ Ἓ Ἇ ḁ. ҹ᷄ בּ   ῶἛ 

℮ ᾁ  ṅ  ʊ  ᾞ, TIDὗ ὣ  ʊẮ ḁὖ Ὼ   ֜  ᷄ḁ.  ʊ℮ ᾁ  ꜚ

 
277

 backend/access/index/indexam.c, index_getbitmap function  
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Ⱡ   ʊ  ֜    ▐ ṏ ּב ᷄ḁ. 

 

Ὼ Ḭ  Ӧ Ḇὣ,   ὣ Ӕ ♄ Ṕ ᶂṫἛ ṑ᷄ḁ: 

=> CREATE INDEX ON bookings(total_amount);  

=> EXPLAIN 

SELECT * FROM bookings WHERE total_amount = 48500.00;  

    QUERY PLAN 

̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮̮ 

 Bitmap Heap Scan on bookings (cost=54.63..7040.42 rows=2865 wid...  

  Recheck Cond: (total_amount = 48500.00)  

  >̮ Bitmap Index Scan on bookings_total_amount_idx  

   (cost=0.00..53.92 rows=2865 width=0)  

   Index Cond: (total_amount = 48500.00)  

(5 rows)  

 

℮ ᾁ Ḭ  
278

 ᶂṫ  ʊ  ֜  Ἓₐ  ᾧṭ TID
279

 ℮ ᾁ  ҍ ᷄ḁ.  

 

℮ ᾁ  ҎҎ Ḅ    ḏ  ʊ‴ḻ  Ɫ֚ᾌ Ἓ ԂⱠṑ᷄ḁ. Ỵ  ᾧṭ Ɫ֚ᾌ  ʊ  

ᾧṭ  ₒ  ṅ  ֥ὗ ҍ ә ᾞ,  ֚   ʊ בּ   ӨӔ ᷄ḁ.  ּי  ʊ

 ḝҍ ◄ḏ   ֥ẋῄ  ṍᾞ,   ֥  ʊ ḓ 256ҟ בּ    ,ᾞ בּ 

 ʊ32ῶ  ḏ ᷄ḁ.
280

 

 

֚Ỷ ḁ  ℮ ᾁ  
281

 ℮ ᾁ Ɫ֚ᾌ ὗ Ɫ֚ᾌ ‴Ἓ ּד ᾞ, ḏ ὗ ә, ᾧṔ ҍ

Ἓ Ṏ ᾧṭ  ᷄ḁ. ẁỚ♄,  ʊ֚ṯ  ‗  ֥Ὼ  Ὑ דּ Ἓ ᾞ, ҎҎ

   ‗  ᷄ḁ. 

 

֚ἃḁә ♄  Ӧ דּ   Ӧ Ҝ  ҹ  ᷊᷄ḁ. ֜Ṏ ṯ  ♄Ἓ  ʊӒ  ʊṫΉ᷄

ḁ.    ּב ṍ  ʊ  ֗ ὣ   Ӓ  ḻ  ṍ  ῡἛ, ℮ ᾁ   ᶂṫ  ʊ

effective_io_concurrency (֥⁮Җ: 1) ὗ ℮ṅ֥ Ἓ Ἓ   ὣ  Ԃ ᾞ, 

 ʊ בּ    ʊ  ᶂṫ ᷄ḁ.  ᾕ ᷄   a    Ԃ Ṏ posix_fadvise  

בּ  ᷄ḁ.   ּבὗ ḁᾠ, ṫ  ᶾἍ  ẁỚ №  ἄ‪ ♄ 

effective_io_concurrency  Ớῦ ὗ ԂⱠ  ʊҹ  ῦҍ ᷄ḁ. 

 

℮ṅ  ֥ ὣ  ḁὖ  aᵒ  a ἛⱢ  ♄ḻ ▐ ṑ᷄ḁ: 

 

 ̧   ░ ṏ ẋ Ḭ   ḓ
282

 

 ̧ ₒ♅(ANALYZE) ṅ    ḓ
283

 

 
278

 backend/executor/nodeBitmapIndexscan.c  
279

 backend/access/index/indexam.c, index_getbitmap function  
280

 backend/nodes/tidbitmap.c  
281

 backend/executor/nodeBitmapHeapscan.c  
282

 backend/access/heap/heapam.c, index_delete_prefetch_buffer function  
283

 backend/commands/analyze.c, acquire_sample_rows function  



 316  

 

ὣ  ְ  ʊmaintenance_io_concurrency(֥⁮Җ: 10)   ṑ᷄ḁ. 

 

℮ ᾁ ḻ 

ὣ   ҳ  Ὥ  ʊ   ʊ ҍ ḝ Ὦ ℮ Ἔבּ ᾁ  ֥  ʊ ᷄ḁ.  ℮ ᾁ

   ṫ  Ἓ  ᾕᾧὣ ♄ Ԃ ṍᾞ,  ֚ ֥  ʊwork_mem(֥⁮Җ: 4MB) Ớῦ   ṑ᷄ḁ. 

ṍ  ʊ ḓ ֥  ḻḆ ᾠ,  a℮ ᾁ Ɫ֚ᾌ  ʊꜜ  ῼ◕ ᷄ḁ: ꜜ  Ɫ֚ᾌ  Ҏ ℮  ʊ  

 ḏ ᾞ, Ɫ֚ᾌ   ʊ  ‛ ὗ ᷄ḁ.
284

 ӍӦ Ἓ, ℮ ᾁ  ֥  ʊ  ֚ ḻ

ὗ ◕  ᷄ḁ. 

 

EXPLAIN ANALYZE ᾤἔ  Ԃ Ṏ ℮ ᾁ  ḻὗ ⁫ ᷄ḁ: 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT * FROM bookings WHERE total_amount > 150000.00; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Bitmap Heap Scan on bookings (actual rows=242691 loops=1)  

  Recheck Cond: (total_amount > 150000.00)  

  Heap Blocks: exact=13447 

  >֧ Bitmap Index Scan on bookings_total_amount_idx (actual rows...  

   Index Cond: (total_amount > 150000.00)  

(5 rows)  

 

֥ ♄  ʊ  ℮ ᾁ   ₒ  ᾕᾧὣҍ ᷄ḁ. 

 

Ὥ  work_mem Җ  ḁᾠ,  a℮ ᾁ Ɫ֚ᾌ ҍ ꜜ ṍӀ ṑ᷄ḁ: 

=> SET work_mem = '512kB'; 

 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT * FROM bookings WHERE total_amount > 150000.00; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Bitmap Heap Scan on bookings (actual rows=242691 loops=1)  

  Recheck Cond: (total_amount > 150000.00)  

  Rows Removed by Index Recheck: 1145721 

  Heap Blocks: exact=5178 lossy =8269 

   >֧ Bitmap Index Scan on bookings_total_amount_idx (actual rows...  

    Index Cond: (total_amount > 150000.00)  

(6 rows)  

 

=> RESET work_mem; 

 
284

 backend/nodes/tidbitmap.c, tbm_lossify function  
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ꜜ  ℮ ᾁ Ɫ֚ᾌ  ḏ  ʊ  ὗ  ẋ, PostgreSQL    oҎ  ḓ   ҳ

 ḁ   ᷄ḁ. ḁ    ʊ ҳ  Ӕ ♄ ◄ Recheck CondἛ ṍᾞ,  ḁ  

בּ   ṍ  ḝỚḻ Ὣ ҍ ᷄ḁ. ḁ   ʊṅ  ὪṎ  ּב  ʊ‴ḻἛ ṑ᷄ḁ

( Ḭ    ұṎ Ἓ). 

 

˺̓ ︡ ╥ ͙ʺ Ўᶴ ᶔ, ᶛӧ Ἕ͎ᶀ ʺ ἸᾒӇҗגҵ ẋ ᵵ╪ work_mem ᶉᶛᵙ 

⁄ ᵭּת Ώ╙ ὡ ▓ᾋѱѻ. ͎׳ ˿↕⁄Ѥ ╪ Ⱡ ╪ ᶴᾎӇ̆, ẋ ᵵ╘ ⅝  ᵣ ╥ 

̑ʼ╙ ּת ѱѻ. PostgreSQL╘ ẋ ᵵ╥ ♬ ҵᵑ җ תּ╪ת Ώ╖ᶒ, ͎ ‡Ԑ Ἕ͎ᶀ ҵ 

Ӱᾅ ᴛ ױᾎ  .Ώᾋѱѻ תּ

 

℮ ᾁ  Ө  ▓ 

Ὥ  ὣҍ ҎҎ ‴ḻ  Ḭ ҍ ◕ⱠṎ Ỵ № Ỹ  ҳ  ḁᾠ, ℮ ᾁ  Ỵ  

Ỵ Ḭ ὗ כ ▐ .ḁ᷄ בּ 
285

  ᾧṭ Ḭ  ʊ ҏ Ἓ  ℮ ᾁ  Ԃ ᾞ,  ℮ ᾁ

ṯ  ᶄὣ  Ӎ(ANDἛ ӍṎ  Ӓ  ᶄὣ  Ӣ, ORἛ ӍṎ  Ӓ  ᶄὣ  )  ▐

 ℮  Ḅ Ἓ Ӎ ṑ᷄ḁ. ὗ ṯ : 

=> EXPLAIN (costs off)  

SELECT * FROM bookings 

WHERE book_date < '2016- 08- 28'  

AND total_amount > 250000;  

 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Bitmap Heap Scan on bookings 

  Recheck Cond: ((total_amount > '250000' ::numeric) AND (book_da...  

  >֧ BitmapAnd 

   >֧ Bitmap Index Scan on bookings_total_amount_idx  

    Index Cond: (total_amount > '250000' ::numeric)  

   >֧ Bitmap Index Scan on bookings_book_date_idx  

    Index Cond: (book_date < '2016 0֧8֧ 28 00:00:00+03' ::tim...  

(7 rows)  

 

֥♄ BitmapAnd ᶂṫ  ʊ℮ Ḅ  AND ▓  ▐  Ṕ ℮ ᾁ  Ӎ ᷄ḁ.  

 

Ṕ ℮ ᾁ  ᵁἛ ‾ ṏ ẋ
286

, ○ ℮ ᾁ  work_mem ᾕᾧὣ  ί  ʊӒ   Ɫ֚ᾌ  ʊ‾ ṍ

ḻ Ӏ ṍ Ὥ,   Ɫ֚ᾌ    ƫ ᵁỚḻ ꜜ   ʊӒ  ӍӦ Ɫ֚ᾌ ḻ ꜜ ṏ ҹ

᷄ḁ. 

 

 
285

 postgresql.org/docs/14/indexes -ordering.html  
286

 backend/nodes/tidbitmap.c, tbm_union & tbm_intersect functions  
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℮   

℮ ᾁ  ▐  ʊ ὣὗ □ ⁫ӆ ᷄ḁ: 

=> EXPLAIN 

SELECT * FROM bookings WHERE total_amount  = 28000.00;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Bitmap Heap Scan on bookings ( cost =599.48.. 14444.96 rows=31878 ...  

  Recheck Cond: (total_amount  = 28000.00)  

  >֧ Bitmap Index Scan on bookings_total_amount_idx  

   ( cost =0.00.. 591.51 rows=31878 width =0) 

   Index Cond: ( total_amount  = 28000.00)  

(5 rows)  

 

Ӕ ҍ ▐  ʊ ҳ  ḓỰ  ♠ ḻ :ʊ 

=> SELECT round(31878::numeric/reltuples::numeric, 4)  

FROM pg_class WHERE relname = 'bookings' ;  

round 

֧֧֧֧֧֧֧֧ 

0.0151 

(1 row)  

 

℮ ᾁ Ḭ   ᶂṫ   ℮      (heap) ֜  әἌ   ʊ Ὼ Ḭ   ℮  

   Ӧ ṅ ᷄ḁ: 

=> SELECT round( 

 current_setting( 'random_page_cost')::real * pages +  

 current_setting( 'cpu_index_tuple_cost' )::real * tuples +  

 current_setting( 'cpu_operator_cost' )::real * tuples  

)  

FROM ( 

 SELECT relpages * 0.0151 AS pages, reltuples * 0.0151 AS tuples  

 FROM pg_class WHERE relname = 'bookings_total_amount_idx'  

) c ;  

 round 

֧֧֧֧֧֧֧ 

  589 

(1 row)  

 

℮ ᾁ   ᶂṫ  I/O  ℮   ′  ◄ӨӨӔὗ ҍ  Ὼ Ḭ   Ӓ  ḁὛ᷄ḁ. ℮

ᾁ  ▐ ᾠ, Ҝ  Ἓ ḁ  ḿ ҍ  ә  ‗  ẁỚ Ὑ דּ Ἓ  ὗ  ּב 

Ὥ,  ҳ  Ὥ  ʊ ṯ  ḝ ◄ ꜚ Ἓ ᵁ ᵁ  ᷄ḁ. ẁỚ♄ ὺ דּ    

 ‛ ὗ  ʊḓ , PostgreSQL   ḝ Ὦ   ֜  ҍᶾⱠ  ᶋ ᷄ḁ. 
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בּ     ʊḁ  Ӥ Ἓ ṑ᷄ḁ:
287

 

 

 
 

Ḅ  ὗ  ʊḫ ṫ  ʊ  ℮  № ḓ℮ ҍ בּ      ℮  ẁỚ 

seq_page_cost  random_page_cost ▐  ᷄ḁ: 

=> WITH t AS (  

SELECT relpages, 

least(  

 (2 * relpages * reltuples * 0.0151) /  

 (2 * relpages + reltuples * 0.0151),  

 relpages  

) AS pages_fetched,  

 round(reltuples * 0.0151) AS tuples_fetched,  

 current_setting( 'random_page_cost')::real AS rnd_cost,  

 current_setting( 'seq_page_cost' )::real AS seq_cost  

FROM pg_class WHERE relname = 'bookings'  

)  

SELECT pages_fetched, 

 rnd_cost -  (rnd_cost -  seq_cost) *  

 sqrt(pages_fetched / relpages) AS cost_per_page,  

 tuples_fetched  

FROM t;  

  

 pages_fetched | cost_per_page | tuples_fetched  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

         13447 |             1 | 31878  

(1 row)  

 

Ὼ Ἓ, I/O  Җ  ҍ   ҎҎ  ὣ  ʊḫ ṫ  ʊ℮ Ὥ  ҍ ᷄ḁ.  ℮ ᾁ  ▐

ṍ  ʊӒ בּ  ,  ʊ № בּ      ҳ  ♠ ḻὗ Ӣ  Җ Ἓ ᷄ḁ. Ὥ ℮

ᾁ Ɫ֚ᾌ   ꜜ   ʊӒ , PostgreSQL  ḏ  ֜   ֚  ᾧṭ  ḁ  

 
287

 backend/optimizer/path/costsize.c, compute_bitmap_pages function  
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 ᷄ḁ. 

 
 

ẁỚ♄,  Җ  ꜜ   ʊ℮ ᾁ Ɫ֚ᾌ  ◄ ℮ (work_memἛ Ṏ ℮ ᾁ  ֥ Ӧ ♠

Ṏ   ּבὗ ֥Ὼ Ἓ Ӕ▓ ( בּ   әἌ ᷄ḁ.
288

 

 

ҳ   ℮ ḻ Җ  ᶸὨ᷄ḁ(℮ ᾁ  ḻ  ӨӔ ). 

 

Bitmap Heap Scan  ᶂṫ   ℮   Bitmap Index Scan  ᶂṫ   ℮  ֥Ὼ Ἓ ᾞ,  ʊ℮

ᾁ ὣ ℮ Ἓ ṑ᷄ḁ. 

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Bitmap Heap Scan on bookings 

  ( cost =599.48.. 14444.96 rows=31878 width =21) 

  Recheck Cond: (total_amount  = 28000.00)  

  >֧ Bitmap Index Scan on bookings_total_amount_idx  

   ( cost =0.00.. 591.51 rows=31878 width =0) 

   Index Cond: ( total_amount  = 28000.00)  

(6 rows)  

 

֥♄ ℮ ᾁ  ᾞ, ℮  ḓỰ ḁ Ӧ Ҝ  ṑ᷄ḁ:
289

 

=> WITH t AS (  

 SELECT 1 AS cost_per_page, 

 13447 AS pages_fetched, 

 31878 AS tuples_fetched  

),  

costs(startup_cost, run_cost) AS (  

 SELECT 

 ( SELECT round( 

   589 /* cost estimation for the child node */ +  

   0.1 * current_setting( 'cpu_operator_cost' )::real *  

   reltuples * 0.0151  

   )  

 
288

 backend/optimizer/path/costsize.c, compute_bitmap_pages function  
289

 backend/optimizer/path/costsize.c, cost_bitmap_heap_scan function  
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 FROM pg_class WHERE relname = 'bookings_total_amount_idx'  

 ),  

( SELECT round( 

  cost_per_page * pages_fetched + 

  current_setting( 'cpu_tuple_cost' )::real * tuples_fetched +  

  current_setting( 'cpu_operator_cost' )::real * tuples_fetched  

  )  

 FROM t 

 )  

)  

SELECT startup_cost, run_cost,  

startup_cost + run_cost AS total_cost  

FROM costs;  

 

 startup_cost | run_cost | total_cost  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧ 

          597 |    13845 | 14442 

(1 row)  

 

ὣ Ӕ  Ỵ ℮ ᾁ  Ӎ  ʊӒ , ‴ḻ Ḭ   ℮  Ӕ   ℮  ḝ (  ֚℮  

℮ ᾁṯ   ʊḫ ṫ  ʊ℮ ᷄ḁ) ҍ ᷄ḁ.
290

 

 

20.4 ‾Ἇ Ḭ   

ᾧṭ Ḭ   ᾧṫ( Ὼ Ḭ  , Ḭ   , ℮ ᾁ )  ʊ‾Ἇ Ӕ   ә  

ҍ ᷄ḁ. 

 

‾Ἇ  ℮ דּ    ℮ Ӧ ṅ    Ἓ ṍ Ὥ, (‾Ἇ ּד   Ӓ  Ὣ ҍ Ἓ) 

CPU  ᾧṭ ‾Ἇ ἛⱢ  ₒ▓ṍῡἛ  ℮  Ṳ᷄ḁ. I/O  ℮  ԂⱠ ꜙ  ʊ  Ɫ ὗ 

דּ Ἓ ּב ḻἜ ἛⱢ ҍ ṅ֥ ṍ  ֥ẋῄ  ₒ▓ṍ  ᷄ḁ. 

 

 ‾Ἇ Ӕ  ᾥ ҍ  ὗ ℮   ◄Ɫ ᵒ   ⁫ ṫὣӆ ᷄ḁ. 

 

‾Ἇ Ḭ  : 

=> EXPLAIN SELECT sum(total_amount) 

FROM bookings WHERE book_ref < '400000' ;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Finalize Aggregate ( cost =19192.81..19192.82 rows=1 width =32) 

  >֧ Gather ( cost =19192.59..19192.80 rows=2 width =32) 

   Workers Planned: 2  

    >֧ Partial Aggregate ( cost =18192.59..18192.60 rows=1 widt...  

 
290

 backend/optimizer/path/costsize.c, cost_bitmap_and_node & cost_bitmap_or_node functions  
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     >֧ Parallel Index Scan  using bookings_pkey on bookings  

      ( cost =0.43..17642.82 rows=219907 width =6) 

      Index Cond: (book_ref < '400000' ::bpchar)  

(7 rows)  

 

B- ὣ  ‾Ἇ    ẋ,  Ḭ   ID  ʊ♄―  Ӥ  ᾕᾧὣ  ṑ᷄ḁ.  ֥Җ

   ʊ ἛⱢ   ♥ ṑ᷄ḁ.  ἛⱢ  ʊἶ ♄   ‗   ὣ  

ֱ  ὣὗ Ӧ ә  ֚  IDὗ ᷄ḁ. ṯ   ẁỚ  ꜚ Ḭ   

֜ ᾞ, Ṏ IDὗ ӽ ᷄ḁ. ὗ ҍ ᾠ,  ʊ  ֚  ᾧṭ  ὣὗ Ὼ⁬ ә ḏ 

  ᷄ḁ. ҍ ὣ ὗ  ʊҖ   ‛ ὗ ᾠ  ἰṑ᷄ḁ. 

 

‾Ἇ Ḭ   : 

=> EXPLAIN SELECT sum(total_amount) 

FROM bookings WHERE total_amount < 50000.00;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Finalize Aggregate ( cost =23370.60..23370.61 rows=1 width =32) 

  >֧ Gather ( cost =23370.38..23370.59 rows=2 width =32) 

   Workers Planned: 2  

   >֧ Partial Aggregate ( cost =22370.38..22370.39 rows=1 widt...  

    >֧ Parallel Index Only Scan  using bookings_total_amoun...  

     ( cost =0.43..21387.27 rows=393244 width =6) 

     Index Cond: (total_amount < 50000.00)  

(7 rows)  

 

‾Ἇ Ḭ    ᾧṭ ҍ    Ɫ ὗ ҳᵡỄ᷄ḁ.  ʊ‾Ἇ Ḭ  Ӧ   

᷄ḁ. 

 

‾Ἇ ℮ ᾁ : 

=> EXPLAIN SELECT sum(total_amount) 

FROM bookings WHERE book_date < '2016- 10- 01';  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Finalize Aggregate (cost=21492.21..21492.22 rows=1 width=32)  

  >֧ Gather (cost=21491.99..21492.20 rows=2 width=32)  

   Workers Planned: 2  

   >֧ Partial Aggregate (cost=20491.99..20492.00 rows=1 widt...  

    >֧ Parallel Bitmap Heap Scan  on bookings 

     (cost=4891.17..20133.01 rows=143588 width=6)  

     Recheck Cond: (book_date < '2016 1֧0֧ 01 00:00:00+03...  

     >֧ Bitmap Index Scan  on bookings_book_date_idx 

      (cost=0.00..4805.01 rows=344611 width=0)  

      Index Cond: (book_date < '2016 1֧0֧ 01 00:00:00+...  
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(10 rows)  

 

℮ ᾁ  ℮ ᾁ  ◄ Ḅ  ὣḝ ἛⱢ דּ   Ἓ ⱠṎḁ  ʊҹ  ῦ ᷄ḁ. Ỵ  

Ἓ Bitmap Index Scan  ᶂṫ  Ὑ  ‾Ἇ(Parallel) Ớ  ʊḄ ҍ ṍ  ᷄ḁ. ℮ ᾁ  ℮

ṍᾠ Parallel Bitmap Heap Scan  ᶂṫҍ ‾Ἇ   ᷄ḁ. ṯ   ꜚ   ֜

ә ὗ ṅ  ὣ ᷄ḁ. 

 

20.5 ḁ  Ɫ   “ ℮ӽ 

ḁ  ֚ὧ  ḁ  Ɫ   “  ℮   ҳ  ♠ ḻ  ẢӀ ᶷ  ⁫ ᷄ḁ: 

 

 
 

 ʊ Ⱡ  ḁ ֚Ừ ᷄ḁ.  ּי  ʊ  №Ӧ ♄― ԂⱠ  ẁỚ ḆỚ ᷄ḁ. 

 

דּ   ♠ ḻ   Ώ  ᾞ, ♠ Ṏ   ℮ ₐ  ʊ Ὼ Ἓ ḁὖ  “⁫ḁ ḝ 

᷄ḁ. 

 

Ḭ   ℮  ῇὣ ♄דּ    Ɫ   “   Ὼ ṍ  ʊ ҏ ♄דּ   ◄ӨӨӔ  

 Ώ ᷄ḁ. ◄ӨӨӔҍ ′ ᾠ Ḭ   ♠ Ṏ  ℮  ḁ  ꜙᶋḝỚḻ ὺ  בּ  

᷄ḁ. Ὥ, ᵎ  ◄ӨӨӔ(  ḝ Ὼ )  Ӓ דּ   ⁫ḁ ℮  ḝ Ὦ  ṯ ּב ᷄ḁ. ֚Ỹ

ḻ ₔԂ ә, Ḭ ὗ ▐  Ḅ   ♠  ẋ Ḭ    ḓ  ♠Ṕ ᷄ḁ( Ὼ

Ἓ ә  Ḭ ). 

 

 ҍᶾ ḁᾠ, Ḭ    ὓ  Ⱡᶾ  ⁫ ә ᾧṭ  ♠ ṍḝỚḻ ּד   ᶾҍ  

ḁ. Ὥ, Ⱡᶾ᷄ בּ  ҍ Ⱡ ᾁ  Ӏ ᾞ,  ᵁὣ ♄ Ḭ    Ὼ 

Ḭ  Ἓ ṏ ּב ᷄ḁ. 

 



 324  

℮ ᾁ  ℮  ▐  ҍᶾ  ᾕᾧὣ ֥   Ώ Ὥ, Ḭ   ℮  ◄ӨӨӔ   ʊ

ḻ⁫ḁ  ᷄ḁ. ◄ӨӨӔҍ ᵎ ᾠ ℮ ᾁ   ḝ ἐ ḁ  ʊҹ  ṑ᷄ḁ. 

 

Ҏ Ɫ   “  ʊ ′  ▐  ᵁὣ ҍ ᷄ḁ. ḁὖ  “⁫ḁ ◄ Ề  ɐⱠᶾ  ⁫  ʊ “  

᷄ḁ. Ủᵡ  ʊҎ  “  Ⱡ  Ҏ ҟ‴ Ӓ  ḓ  Ӏ  ֥  Ӯ‛  Ӕ▓ בּ 

 ᷄ḁ. ₒᾤ , Ỵ   ḻ  ʊּב Ṏ Ӕ  ḻ  Ӏ ᷄ḁ. 
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21.  ἶ  

21.1   ῳ  “ 

 SQL   ֥ᶾ ᷄ḁ. ҹ  ֚ҹ  Ӧ Ⱡ  ֥ Ἓ ᷄ḁ.  (  

№ ♄ ҷ◌ṍұ  Uḁὖ  ӍӦἛ Ώ  ҹ)  ◄  ṑ᷄ḁ.  

 

Ỵ Ὂ   ᷄ḁ: 

 

ᵒₐ
Inner

 . ᵒ  a (INNER JOIN Ắ  ʊḄּד  JOIN Ἓ Ṑ)    ҳ  Ὥ  ʊṔ Ɫ  

  Ἓ ԂⱠṑ᷄ḁ.  ҳ   Ɫ    a Ӧ ḁὖ Ɫ   a  Ӎ ᾞ, ӨἎ

Ṏ ᾧṭ   ὗ ԂⱠ ᷄ḁ.  

 

 ҳ  Ṕ Ɫ   ҍ Ҝ  ḁә Ԃ  ʊӒ , Ỵ   ṅṴ
equi

 Ớә ᾞ, 

ҹ  ҍ    ᷄ḁ.  

 

Ṕ Ɫ   Ӣ(CROSS JOIN)  Ỵ  Ɫ  ᾧṭ ҍᶾ    ᷄ḁ. ҹ   ҳ

 ҍ  ᵒ  a  ‴  Ӓ ᷄ḁ. 

 

ₐ
Outer

 .   a (LEFT OUTER JOIN Ắ  ʊḄּד  LEFT OUTERἛ Ṑ)  ὖ  Ɫ ♄  

 ʊ ᾨ   ʊ  Ɫ  Ἓ ᵒ  a  ӍӦὗ ᷄ḁ( ḏ ὖ   NULL Җ

Ἓ ᷄ḁ).  

 

ὖ   a (RIGHT JOIN)ḻ Ɫ דּ   ẁỚ ṅ Ӏ ṑ᷄ḁ.  

 

  a (FULL JOIN Ἓ Ṑ)   ῳ ὖ   a  ᾞ,  ʊ ᾨ  ῼӋ

ṍ   ὖ  ῳ   ᾧṔ ҍ ᷄ḁ. 

 
Anti

 Ӧ Ɫῦ
Semi

 . Ɫῦ  ᵒ  a Ӧ Ὦ  Ḉ Ὥ, ὖ  Ɫ   ʊ ᾨ   ʊ 

 Ɫ  Ὥ ᷄ḁ(   Ỵ ‗ ḻ  ‗Ὥ ṑ᷄ḁ).  

 

  ḁὖ Ɫ ♄  ʊ ᾨ   ʊⱢ   ᷄ḁ.  

 

SQL  ʊᾤ  Ɫῦ Ӧ   ҍ ә  Ὥ, EXISTS  NOT EXISTS Ҝ וּ  ὗ 

▐  Ҝ  ӍӦὗ ḆⱠ  .ḁ᷄ בּ 

 

 ᾧṭ  ᶄὣ  ᷄ḁ. ὗ ṯ , ᵒ  a    ҳ  Ὥ   ʊ  ұṎ 

 Ӣ Ἓ ♥ᾤṑ᷄ḁ. ֚Ỵ  Uῇὣ בּ  ♄ ᵒ  a  Ὼ Ἓ Ḣ ℮ Ḅבּ    ḆⱠṑ᷄

ḁ. 

 

PostgreSQL  Ỵ   “  Ӥ ᷄ḁ: 

 

 ̧  ἶ   

 ̧   
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 ̧ ‾   

 

  “  SQL  ᶄὣ   Ԃ  ʊ әὣ ᷄ḁ.  ֥⁮ әὣ     

 ί  ‴  ὗ ҍ ә ᾞ,  ֚  ₐὭ  ּבḻ ᷄ḁ. ὗ ṯ ,  ἶ  ʊᵒ  a

(Ӕ ♄  ἶ  ᶂṫἛ Ṑ)Ӧ   a (  ἶ    ᶂṫἛ Ṑ)  

Ὥ,   ʊ▐   .ḁ᷄ בּ 

 

Ҝ  әὣ   a″  Ӕ  Ҝ  ḁὖ ḻ ▐ ṏ ּב ᷄ḁ. 

 

ḁὖ   “  ḁὖ ҳ ♄ ҍ בּ   ṑ᷄ḁ; ҍ  ℮   ҹ  ♠  ʊҹ  Ủᵡ  ῁

᷄ḁ. 

 

21.2  ἶ   

 ἶ   ֥⁮ әὣ  ḁ Ӧ Ҝ  ṅ ᷄ḁ. ῶּ  ἶ  ʊ  ‗  Ɫ (ῶּ  Ɫ Ớә )

 ᾧṭ  ּד ᷄ḁ. Ỵ  Ҏ  ḓ , Ṏ ἶ  ʊṔ ‗  Ɫ (ᵒ  aⱢ Ớә ) דּ  

ᾞ  ҳ  Ὥ  ʊ  ᷄ḁ. ҎҎ    ὣ ӍӦ  ₐἛ Ὼ ṑ᷄ḁ.
291

 

 

әὣ  ῶּ  Ɫ    ʊὭ  Ὦ  ‗ ᵒ  aⱢ  ֜ ᷄ḁ. ẁỚ♄,  ἶ   

Ⱡ  Ỵ ꜙ  ẁỚ ḆỚ ᷄ḁ: 

 

 ̧ ῶּ   Ɫ  Ṷᵥὣ ( ꜙ  (בּ 

 ̧ ᵒ  aⱢ    Ἓ ҍ ʊ  בּ   ֜ “  ҍ Ⱡ 

 ̧ ᵒ  aⱢ  ṅ   ḓ  Ὼ⁬   ֜

 

 Ӣ 

 ἶ   Ɫ בּ    ӨӔ   Ӣ   ʊҍ    “ Ớә ὰ  ʊҹ  

 ᷄ḁ: 

=> EXPLAIN SELECT * FROM aircrafts_data a1  

CROSS JOIN aircrafts_data a2  

WHERE a2.range > 5000;  

 

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop ( cost =0.00..2.78 rows=45 width =144) 

  >֧ Seq Scan on aircrafts_data a1                outer set  

   ( cost =0.00..1.09 rows=9 width =72) 

  >֧ Materialize ( cost =0.00..1.14 rows=5 width =72) 

   >֧ Seq Scan on aircrafts_data a2                 inner set  

    ( cost =0.00..1.11 rows=5 width =72) 

    Filter: (range > 5000)  

(7 rows)  

 
291

 backend/executor/nodeNestloop.c 
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 ἶ  ᶂṫ  ʊ ♄ ♥ᾤ  әὣ  ▐ בּ   ᷄ḁ. ◄ Ṕ ҟ   ᶂṫὗ ҍ ᾞ, 

Ӕ ♄ ḝ ᶋ   Ṏ ᶂṫҍ ῶּ   Ɫ  ḏ ә, ᵎ   ᶂṫҍ ᵒ  aⱢ ὗ ᵁ ᵗ᷄ḁ. 

 

 ♄, ᵒ  aⱢ  ʊMaterialize  ᶂṫ   ᵁ ᵊ᷄ḁ.
292

  ᶂṫ  ʊ  ᶂṫἛₐ  Ώ  ṯ  

ῦỦ  ▐   ᾠ♄ Ὼ ᷄ḁ( ṯ   ֥ҍ work_mem(֥⁮Җ: 4MB)  ḻḆ  ẋֱ  ᾕ

ᾧὣ  ᶞ ṑ᷄ḁ;  ֚  PostgreSQL  ṯ  Ṷ   Ἓ ֥  ֥ ᷄ḁ). ḁ  ֜ ᾠ, 

ᶂṫ  ʊ  ᶂṫὗ  ә ᶞ Ṏ ṯ  ᷄ḁ. ẁỚ♄,  ʊ  №  ḁ   ʊ

ҹ  ә ҳ  Ὥ  ʊ ṯὭ  .ḁ᷄ בּ  

 

▐  Ӕ  Ὼ  ṅṴ  ▐  ʊ ὣ  ḓ ♄ḻ Ԃ ṏ ּב ᷄ḁ. 

=> EXPLAIN SELECT * 

FROM tickets t  

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no  

WHERE t.ticket_no = '0005432000284';  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop (cost= 0.99.. 25.05 rows=3 width=136) 

  >֧ Index Scan using tickets_pkey on tickets t  

   (cost=0.43..8.45 rows= 1 width=104) 

   Index Cond: (ticket_no = '0005432000284'::bpchar)  

  >֧ Index Scan using ticket_flights_pkey on ticket_flights tf  

   (cost=0.56..16.58 rows= 3 width=32)  

   Index Cond: (ticket_no = '0005432000284'::bpchar)  

(7 rows)  

 

Ṕ Җ  ṅṴⱠ   Ủᵡ  ʊ  ҳ tf.ticket_no = t.ticket_no ὗ tf.ticket_no = ◄ּב ҳ Ἓ 

ḓ , ▐ ◄ Ṵҍ   Ӣ Ἓ ꜙ ᷄ḁ.
293

 

 

Ṷᵥὣ  .  Ӣ  Ṷᵥὣ  ʊ Ṏ ḫ  Ɫ  Ṷᵥὣ  Ӣ Ἓ ṑ᷄ḁ: 3 = 

/ Á 1, 

 

℮  .    ℮  ᾧṭ  ᶂṫ   ℮  Ӎ ᷄ḁ. 

 

  ℮  ḁ  ԂⱠ ꜙὗ ᷄ḁ: 

 

 ̧ ῶּ  Ɫ  ᾧṭ  ҍ  ʊ℮  

 ̧ ῶּ  Ɫ  Ṷᵥὣ   ᵁἛ ṅ ῡἛ ᵒ  aⱢ  ᾧṭ  Ḅ  ҷ◌  ʊ℮  

 ̧ Ὼ ṏ Ҏ  ὣ  ʊ℮  

 

℮    Ⱡ ֚Ủ ҍ  ֥ ᷄ḁ: 

 
292

 backend/executor/nodeMaterial.c 
293

 backend/optimizer/path/equivclass.c 
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 ℮  ḁ Ӧ Ҝ  Ӕ▓ṑ᷄ḁ: 

=> SELECT 0.43 + 0.56 AS startup_cost,  

 round((  

  8.45 + 16.57 +  3 * current_setting('cpu_tuple_cost')::real  

  )::numeric, 2) AS total_cost;  

 

 startup_cost | total_cost  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧ 

         0.99 | 25.05  

(1 row)  

 

♄ ֡  Ἓ ḿ ҍ ⁫ӆ ᷄ḁ: 

=> EXPLAIN SELECT * 

FROM aircrafts_data a1  

CROSS JOIN aircrafts_data a2  

WHERE a2.range > 5000;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop ( cost =0.00.. 2.78 rows=45 width =144) 

  >֧ Seq Scan on aircrafts_data a1  

   ( cost =0.00..1.09 rows=9 width =72) 

  >֧ Materialize ( cost =0.00.. 1.14 rows=5 width =72) 

   >֧ Seq Scan on aircrafts_data a2  

    ( cost =0.00..1.11 rows=5 width =72) 

    Filter: (range > 5000)  

(7 rows)  

 

 Ӕ  ʊMaterialize  ᶂṫҍ ṍ  ᷄ḁ. Materialize  ʊ  ᶂṫἛₐ  Ώ  ṯ   ‗ 

ᶞ  ,  ᾧṭ  ḓ   ḝ ↑ὔӀ Ὼ ᷄ḁ. 
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Ὼ Ἓ   ℮  ʊḁ Ӧ Ҝ  ℮  ṑ᷄ḁ:
294

 

 

 ̧ ῶּ  Ɫ  ᾧṭ  ҍ  ʊ℮  

 ̧ ᵒ  aⱢ  ᾧṭ   ҍ  ʊ℮  (  Ӧ ♄ ῇὣ ҍ ּב ṑ᷄ḁ) 

 ̧ (N-1)   ℮  ṫ  ʊᵒ  aⱢ  ṯ  Ὼ⁬ ♄ ҍ  ʊ℮  ( ֥♄ N  ῶּ  Ɫ  

בּ  ᷄ḁ) 

 ̧ Ὼ ṏ Ҏ  ὣ  ʊ℮  

 

֥  Ⱡ ֚Ủ  ʊḁ Ӧ Ҝ ᷄ḁ: 

 

 
 

 ♄  ʊῇὣ (materialization) ҍ Ὼ⁬  ḫ  ҍ ֥  ℮  ᷄ḁ. Ӕ ♄  ʊ  

‗  Materialize  ℮  ᵁ ᵁ Ὥ,  ֚  ᾧṭ  ᵁ ṍ  ᷄ḁ. ֥♄ Ԃ  Ӕ

▓  Ӥ  Ὥ,
295

   ▐ἕ ♄   ʊ0.0125 ᷄ḁ. 

 

ẁỚ♄,  ♄ ּב Ṏ  ℮  ḁ Ӧ Ҝ  Ӕ▓ṑ᷄ḁ: 

=> SELECT 0.00 + 0.00 AS startup_cost,  

 round((  

  1.09 + (1.14 + 8 * 0.0125) +  45 * current_setting('cpu_tuple_cost')::real  

  )::numeric, 2) AS total_cost;  

 

 startup_cost | total_cost  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧ 

         0.00 | 2.78  

(1 row)  

 

ὺҟ ″ּב Ṏ  

 Ӣ(Cartesian product) Ἓ Ḅּד ṍ   ʊḝ Ὼ  ὗ әἌ  ⁫ӆ ᷄ḁ: 

 
294

 backend/optimizer/path/costsize.c, initial_cost_nestloop andfinal_cost_nestloop function 
295

 backend/optimizer/path/costsize.c, cost_rescan function 
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=> CREATE INDEX ON tickets(book_ref) ;  

=> EXPLAIN SELECT * 

FROM tickets t  

JOIN ticket_flights tf ON tf.ticket_no  = t.ticket_no  

WHERE t.book_ref  = '03A76D';  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop ( cost =0.99..45.68 rows=6 width =136) 

  >֧ Index Scan using tickets_book_ref_idx on tickets t  

   ( cost =0.43..12.46 rows=2 width =104) 

   Index Cond: ( book_ref  = '03A76D'::bpchar)  

  >֧ Index Scan using ticket_flights_pkey on ticket_flights tf  

   ( cost =0.56..16.58 rows=3 width =32) 

   Index Cond: ( ticket_no  = t.ticket_no )  

(7 rows)  

 

֥♄  ἶ (Nested Loop) ᶂṫ  ʊ  a ( ) דּ   ᾞ, Ỵ  Ҏ  ḓ  ᵒ  a

( Ӥ )  ḏ  ᷄ḁ. ẋ  ‗ (t.ticket_no) ὗ ҳ  Ớῦ Ἓ Ḇ ᷄ḁ. ᵒ  aᶂṫ

( Ḭ  )ҍ ṏ ẋ,  ʊticket_no ҳ בּ◄ =   ὣ  ᷄ḁ. 

 

Ṷᵥὣ   ὣ Ủᵡҍ  ּב  ֥  Ὢ ҳ,   Ӓ  ʊ  ‗   Ὥ

ṍ  ʊ ὗ  ʊӦבּ  ᷄ḁ.  a ♄  ‗   Ὢ ṍ  ʊ  2 ә( , 

`rows=2`),  ҎҎ   ᵒ  a ♄ ֘ Ἓ 3 Ӧ ḁә ◄ ḁᾠ(`rows=3`),  ʊ

 ♠ Ⱡ  Ӕ▓  ʊḫ ▐ ṑ᷄ḁ. 

 

 ♠ Ⱡ  Ṕ   Ӣ ♄   ᵉ  ʊₐₒ  ℮  ῦ ᷄ḁ.  ♄ NULL Җ

  ʊṔ    ḁ  ʊҹ  ᾤ  ᷄ḁ. ᵛ ᾠ ṅṴ ҳ  ṯ  ḓ  Ӎ  Ὥ

ṏ ּב  ֥ẋῄ ᷄ḁ. 

 

Ṏ Ṷᵥὣ  ʊṔ  Ṷᵥὣ ( , Ṕ  Ṷᵥὣ  Ӣ)  ♠ Ⱡ  Ӣ  ҖӦ Ҝ ᷄

ḁ.
296

 

 

֥♄  ‗ ( )a  Ṏ Ṷᵥὣ  ʊ2 ᷄ḁ.  ҳ ὗ ә Ṕ ‗ (ᵒ )a 

 ṍ  ʊ ҳ  ῡἛ, Ṕ ‗   Ṷᵥὣ  ʊ`ticket_flights` №  Ṷᵥὣ Ἓ ҏ

ṑ᷄ḁ. 

 

Ṏ №  Ủ Ἓ Ӎṍ   ֥ẋῄ , ♠ Ⱡ   №  Ҏ  ₐᾧ № ♄ 

 ᵁ   ʊ  ҍ ḁ  ʊ▐  ᷄ḁ. ẁỚ♄ ♠ Ⱡ  Ủ Ἓ ṍ  ʊ №  

֥ .Ἓ ᷄ḁבּ 
297

 

 

ẁỚ♄ `ticket_no`  NULL Җ   ʊӒ   ḁ Ӧ Ҝ ᷄ḁ: 

 
296

 backend/optimizer/path/costsize.c, calc_joinrel_size_estimate function 
297

 backend/optimizer/path/costsize.c, get_foreign_key_join_selectivity function 
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=> SELECT round(2 * tf.reltuples * (1.0 / t.reltuples)) AS rows  

FROM pg_class t, pg_class tf  

WHERE t.relname  = 'tickets'  

AND tf.relname  = 'ticket_flights' ;  

 rows 

֧֧֧֧֧֧ 

 6 

(1 row)  

 

ₒᾤ , №  Ủ ὗ ▐  әḻ ṏ ּב ᷄ḁ. ֚Ỹ ♠ Ⱡ    ҳ  Ṏ 

♠ Ⱡ Ἓ  ҹ ᷄ḁ.
298

 

 

 ♄ ṅṴ (equi -join)  Ӓ , Җ  ֘  ₒ ὗ ҍ  ʊ♠ Ⱡ  Ὼ  Ӥ  ḁ

Ӧ Ҝ ᷄ḁ: min(1/nd 1, 1/nd 2) , ֥♄ nd1Ӧ nd2  ʊҎҎ  ‗  ῳ Ṕ ‗  ♄   ә  Җ 

ὗ ᵁבּ ᵗ᷄ḁ.
299

 

 

ә  Җ  ḓ  Ӕ  ʊ  №   ‗ ҍ ә  ⁫ ᷄ḁ(  ‗   ֥⁮ ῡἛ ḏ

 ӍӦ ᷄ḁ), ֚ὣә ticket_flights  ʊҎ  ḓ  ḓỰ Ɫ ҟ   ʊ  ҍ ә ᷄ḁ. 

=> SELECT t.n_distinct, tf.n_distinct  

FROM pg_stats t, pg_stats tf  

WHERE t.tablename  = 'tickets'  AND t.attname  = 'ticket_no'  

AND tf.tablename  = 'ticket_flights'  AND tf.attname  = 'ticket_no' ;  

 n_distinct | n_distinct  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧ 

         1֧ | 0֧.30362356 

(1 row)  

 

ӍӦ  ʊ Ủ   ḓ    ҹ ᷄ḁ: 

=> SELECT round(2 * tf.reltuples *  

  least(1.0/t.reltuples, 1.0/tf.reltuples/0.30362356)  

  ) AS rows  

FROM pg_class t, pg_class tf  

WHERE t.relname = 'tickets' AND tf.relname = 'ticket_flights';  

 rows 

֧֧֧֧֧֧ 

    6 

(1 row)  

 

Ủᵡ  ʊҍᶾ  Ӓ   ֥⁮ ὗ Ἄә ḻ ᷄ḁ.  ֚Ừ  ▐  Ὥ, Ṕ בּ 

№ ᾧṔ ♄   ḓ  ḏ Ӕҍ ּב Ṏ Ӓ  MCV(Most Common Values, ҍ   Җ) ᾨἜ

 
298

 backend/optimizer/path/clausesel.c, clauselist_selectivity function 
299

 backend/utils/adt/selfuncs.c, eqjoinsel function 
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 әἌ ᷄ḁ.
300

 ᾨἜ  ᵁ ᵁ  ʊ  ♠ Ⱡ  ḝ Ӏ ṏ ּב ᾞ, ᵁᾊ  ṯ  ֘  ₒ

ὗ ֥Ὼ Ἓ  Ӕ▓  Ὥ ᷄ḁ. 

 

Ὼ Ἓ, Ủ ҍ ṍ   Ӓ   ♠ Ⱡ  ḝ  ҍᶾⱠ  ᶋ ᷄ḁ.  ʊ  ⁬

   Ӓ  ḏṍᾞ,  Ӓ  ♠ Ⱡ   Ӏ Ӧꜙ ҍṑ᷄ḁ. EXPLAIN ANALYZE ᾤἔ ὗ ▐

ᾠ,   ּב╝Ὥ ᷄Ớ ᵒ  aἶ ҍ Ṏ ּבḻ ⁯ ּב ᷄ḁ. 

=> EXPLAIN (analyze, timing off, summary off) SELECT *  

FROM tickets t  

JOIN ticket_flights tf ON tf.ticket_no  = t.ticket_no  

WHERE t.book_ref  = '03A76D';  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop ( cost =0.99..45.68 rows=6 width =136) 

  ( actual rows=8 loops=1) 

  >֧ Index Scan using tickets_book_ref_idx on tickets t  

   ( cost =0.43..12.46 rows=2 width =104) ( actual rows=2 loops=1) 

   Index Cond: ( book_ref  = '03A76D'::bpchar)  

  >֧ Index Scan using ticket_flights_pkey on ticket_flights tf  

   ( cost =0.56..16.58 rows=3 width =32) ( actual rows=4 loops=2)  

   Index Cond: ( ticket_no  = t.ticket_no)  

(8 rows)  

 

 a  Ṕ  ә ᾞ( ḁ. ẁỚ♄ Ḭ᷄  ,(2=בּ     ᶂṫ  ʊṔ 

‗ ṍ ᾞ(loops=2), ҎҎ  ֘ᵮ  ♠ ᷄ḁ( בּ    ỴῡἛ֚ .(4=בּ    ʊ  

8=בּ  ᷄ḁ. 

 

ʻ ́  Ѿ́╥ ᾒ  ᾎʼ╙ ᾎ Ⱡ ╥תּ╪ ╪Ώᾋѱѻ(TIMING OFF). ╪Ѥ ᴏ תּ ӈ 

Ўẋ⁄ ᵭ ͙ ─ ╪ᶒ, ֞  ▀Ṩ פ ⁄ἌѤ ╪Ḓ╪ Ἓ ӈ ᴏ╪ ᵙ ᾒ ╙ 

Ữ҉  Ѣᵙ˭  ὡ ▓͙ ԅᶷ░ѱѻ. ּתᵣ ᾒ  ᾎʼ╙ ᾎ ѻᶔ, PostgreSQL╘  

ὡ₮ ᵡ ᴛ ͌ ˃╙ ᾎתּʺ  ˦░ѱѻ.  ᾒ  ᾎʼ╙ ᴎᶔ, ╪ ˃╙ ḙṓ╖‫ 

ὡ(ᴴ )ᴛ ̏ ‒ ѱѻ. 

 

℮  . ֥♄  ℮   Ӥ   ṯӦ ṅ ᷄ḁ. 

 

ὣ  ὣ Ӕ  ḁ  ◕Ҏ  ⁵ ḁ: 

=> EXPLAIN SELECT * 

FROM tickets t  

JOIN ticket_flights tf ON tf.ticket_no  = t.ticket_no  

WHERE t.book_ref  = '03A76D';  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 
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 Nested Loop ( cost =0.99.. 45.68 rows=6 width =136) 

  >֧ Index Scan using tickets_book_ref_idx on tickets t  

   ( cost =0.43..12.46 rows=2 width =104) 

   Index Cond: ( book_ref  = '03A76D'::bpchar)  

  >֧ Index Scan using ticket_flights_pkey on ticket_flights tf  

   ( cost =0.56..16.58 rows=3 width =32) 

   Index Cond: ( ticket_no  = t.ticket_no)  

(7 rows)  

 

 Ӓ , ᵒ  a  Ҏ  ꜚ  ℮   ‗   ℮ Ӧ ṅ ᷄ḁ. ֚Ủ♄ Ἓ ḁ Ӧ Ҝ

בּ  ὗ Ӏ ṑ᷄ḁ: 

=> SELECT 0.43 + 0.56 AS startup_cost,  

 round((  

  12.46 + 2 * 16.57 +  6 * current_setting('cpu_tuple_cost')::real  

  )::numeric, 2) AS total_cost;  

 startup_cost | total_cost  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧I֧֧֧֧֧֧֧֧֧֧֧֧ 

         0.99 | 45.66  

(1 row)  

 

 (ᾕᾧ ) 

ᵒ  a  ṅ  ὺҟ″ּב Җ Ἓ Ὼ⁬ ♄ ṏ Ӓ (ẁỚ♄ ṅ  ӍӦὗ Ӥ ),    

 ʊҹ  ὣ   .ḁ᷄ בּ 

 

Ỵ   Memoize301 ᶂṫ בּ   ṑ᷄ḁ. Materialize  ᶂṫ  ▐ Ӏ,  ʊὺҟ″ּב Ṏ 

 ὣ ḻἜ ♥Ӕṍ ᾞ  ḝ ⁬  Ԃ  ҍ ә ᷄ḁ: 

 

 ̧ Materialize  ᶂṫ  ʊ  ᶂṫ   Ὼ Ṏ ᾧṭ  Ḅּד   ʊῺᾠ, Memoizeʊ  ḁ

ὖ ὺҟ″ּב Җ  ḓ  Ὼ Ṏ  ‴ḻἛ ṍḻἜ ⁫ ᷄ḁ. 

 ̧ ― Ἓ ҍ ῼ◕  ʊӒ , Materialize  ꜙ  ʊ  Ṷ Ἓ ֥  ֥ Ὥ, Memoize

 ʊᾧṭ  ᾕᾧὣ  ᷄ḁ(֚ἃ  ᾠ  ῦҍ ᷄ḁ). 

 

Memoizeὗ ▐  ʊ ὣ   ʊḁ Ӧ Ҝ ᷄ḁ: 

=> EXPLAIN SELECT * 

FROM flights f  

JOIN aircrafts_data a ON f.aircraft_code  = a.aircraft_code  

WHERE f.flight_no  = 'PG0003';  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop ( cost =5.44..387.10 rows=113 width =135) 

  >֧ Bitmap Heap Scan on flights f  

 
301
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   ( cost =5.30..382.22 rows=113 width =63) 

   Recheck Cond: (flight_no  = 'PG0003'::bpchar)  

    >֧ Bitmap Index Scan on flights_flight_no_scheduled_depart...  

     ( cost =0.00..5.27 rows=113 width =0) 

     Index Cond: ( flight_no  = 'PG0003'::bpchar)  

 >֧ Memoize (cost =0.15.. 0.27 rows=1 width =72) 

  Cache Key: f.aircraft_code  

  Cache Mode: logical  

  >֧ Index Scan using aircrafts_pkey on aircrafts_data a  

   ( cost =0.14.. 0.26 rows=1 width =72) 

   Index Cond: ( aircraft_code  = f.aircraft_code )  

(13 rows)  

 

Ṏ   ʊḫ ▐ ṍ  ʊᾕᾧὣ  ֥  ʊwork_mem(֥⁮Җ8 2K@' Á

hash_mem_multiplier(֥⁮Җ:1.0) ᷄ḁ. Ṕ ‗  ὺҟ″ּב  Ὑ ♄ ṳ, Ṏ   

№  ṑ᷄ḁ(  ṫἄ    ).
302

  (Ӕ ♄  ʊ  Ἓ Ṑ)  ʊὺҟ″ּב Җ ᷄ḁ(ὺҟ

ҍ Ỵ ҟבּ″  Ӓ  Ỵ Җ  .( בּ 

 

ᾧṭ   ʊὣ Ἓ ῃ  ᾞ,  ֚  L  ᵁ  ʊ ҍ  ҹ Ἓ ҏ ṑ᷄ḁ( Ửṅ  ▐ ṍ   

ὗ  ֥ẋῄ ), Ὼᾠ ḁὖ ᵁ  ʊỆұ  ҹ Ἓ ҏ ṑ᷄ḁ( ֜  ▐ Ṏ ὗ ᷄ḁ). 

 

Memoize ᶂṫ  ḓ   ḆṎ ὺҟ″ּב Җ  ῦ Ṏ  ḏ  ʊҹ Ἓ ᵁ ᵁᾠ,  ṯ  

 ᶂṫὗ  ә ₐᾧ ᶂṫ(  ἶ )Ἓ Ḇṑ᷄ḁ. ▐ Ṏ   ʊ  ֚  ὣ  Ệұ  ᴸ

Ἓ ṅṑ᷄ḁ. 

 

    ʊӒ , Memoize ᶂṫ  ʊ  ᶂṫἛₐ   ҍ  ә,  ֚  ᶂṫἛ Ḇ

᷄ḁ. ḏ  ḻ Ệұ ᷄ḁ. 

 

○Ἓ  ḫ ҍ ṍᾠ♄, ᾧṭ ▐  ҍᶾ  ᾕᾧὣὗ  ּב ᷄ḁ.  aӤҏ  ⁫  ֥ , 

ҍ   ḏ  ʊ  ұṑ᷄ḁ.  ұ әὣ  ―  ♄ ▐ ṍ  ʊҹӦ ḁὔ Ὥ Ҝ  ᾨ

 Ӥ ᷄ḁ. 

 

 aὺҟ″ּב Җ  ᵡ  ̈͂Ὦ   ʊ  ҍ ә  ḏṎ ᾕᾧὣ  ί  ᾞ, ῦ בּ  

ḁὖ ṯ  ұṎ ◄ Ớḻ Ὣ ҍ ᷄ḁ. Ỵ  ὺҟ″ּב  ʊҳᵡỀ ᷄ḁ¬ḁ    

 ᶂṫἛₐ  ᾧṭ  ҍ   ֥ẋῄ   a Ὥ  ʊҹ  ῦҍ ᷄ḁ. 

 

℮  ῳ Ṷᵥὣ  . Ỵ  Ӕ▓  ὣҍ ♄ ῦ ⁮ ҹӦ ὺ  ▐ ᷄ḁ. ὣҍ ֥   

ҹ  Ӕ  Ṏ Memoize ᶂṫ  ℮   ℮ Ӧ  ʊ  ̈͂ӨἎ  ḁ  ʊҹ ᷄ḁ: ֚ҹ  Ḅ   

ᶂṫ  ℮  cpu_tuple_cost (֥⁮Җ: 0.01) Җ  ḝ  ҹ  ╝ ᷄ḁ.
303

 

 

ὣ  ʊ ῦ Materialize  ᶂṫ  ḓ  ℮  ◄  Ὣ ᷄ḁ:  ֚℮   ꜚ Ὥ Ӕ▓ṍᾞ
304
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Ӕ  ʊῺ ṍ  ᷄ḁ. 

 

ₒᾤ , Memoizeὗ ▐  ʊҹ  ֚ҹ   ᶂṫ⁫ḁ ἐ  Ӓ Ὥ ῦҍ ᷄ḁ. Ҏ  ꜚMemoize 

 ℮  ◄  Ɫ  Ἓ Ӧ  ▐ ṏ ּב  ʊᾕᾧὣ  ֥  ẁỚ ḆỚ ᷄ḁ. Ӕ

▓Ṏ Җ  ᵒ  a    ▐ ṏ ♄Ἓ ḁὖ ὺҟ″ּב Җ בּ     Ӏ ᷄ḁ.
305

 

יּ   ֥Ὼ ,  ṏ  ὍӦ ♄ ұṏ  Ὅ  ҍ  ◄ .ḁ᷄ בּ 

 ʊ  ℮   ʊῺᾠ,  ұ  ʊ֚ҹ  ҍ ᷄ḁ. ֥♄  ʊ Ỵ  Ӕ▓  Ɫ  a▐  

◕Ự ӆ ᷄ḁ. 

 

ὣ   Ἓ ῁   ᵁә ᶷ   ֥ , ὣ  ʊ ꜙ Ỹ `EXPLAIN ANALYZE` ᾤἔ

ὗ ▐  ҹ ᷄ḁ: 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT * FROM flights f  

JOIN aircrafts_data a ON f.aircraft_code  = a.aircraft_code  

WHERE f.flight_no  = 'PG0003';  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop (actual rows=113 loops=1) 

  >֧ Bitmap Heap Scan on flights f  

   (actual rows=113 loops=1) 

   Recheck Cond: (flight_no  = 'PG0003'::bpchar)  

   Heap Blocks: exact=2 

   >֧ Bitmap Index Scan on flights_flight_no_scheduled_depart...  

    (actual rows=113 loops=1) 

    Index Cond: ( flight_no  = 'PG0003'::bpchar)  

  >֧ Memoize (actual rows=1 loops=113)  

   Cache Key: f.aircraft_code  

   Cache Mode: logical  

   Hits: 112 Misses: 1 Evictions: 0 Overflows: 0 Memory  

   Usage: 1kB 

   >֧ Index Scan using aircrafts_pkey on aircrafts_data a  

    (actual rows=1 loops=1) 

    Index Cond: ( aircraft_code  = f.aircraft_code)  

(16 rows)  

 

 ὣ  ʊ   Ӥ֥Ἓ ּב ṍ  ʊҜ  ӒἛὗ ẁὔ  ʊ Ӥ  ♠ ῡἛ, Memoize ᶂṫ  ḓ  

ᾧṭ  ṅ   ὗ ▐ ᷄ḁ.  ‗   № ♄ ҍ  ᷄ḁ(ῦ : 1), Ὥ  ֚

 ᾧṭ  ♄  ּב ᷄ḁ( : 112).   ᾕᾧὣ 1KὭ  ▐ ᷄ḁ. 

 

ḁὖ Ṕ Ṏ Җ  0 ᷄ḁ: ṯ   ὺҟ″ּב Ɫ  ӨἎṎ ᾧṭ   ּב Ḡ ẋ  ұ 

בּ   ― Ἓ ὗ ᵁבּ  ᵗ᷄ḁ.  ּב  ʊ ḏṎ ҍ ᵡ  ̈͂ ḁ  ʊҹ  ᵁ ᵒᾞ,  ʊ♄Ἓ 

ḁὖ ὺҟ″ּב Җ ὗ ₐבּ  Ӏ  ӍӦ ḁ. ֚Ỵᾠ Memoize ᶂṫ᷄ בּ   ▐  ◄ḏ  ℮
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Ӏ ṏ ּב ᷄ḁ. ֛Ḅ  Ӓ  ʊenable_memoize(֥⁮Җ: on) ὺҟ″ּבὗ ᴭ  ʊҹ Ἓ Ӕ ҍ 

 ▐  ᾯ Ӏ  ּב ᷄ḁ. 

 

 a  

 ἶ  (Nested Loop Join)    a (Left Outer Join) בּ   ʊḫ ▐ ṏ ּב ᷄ḁ: 

=> EXPLAIN SELECT * 

FROM ticket_flights tf  

LEFT JOIN boarding_passes bp ON bp.ticket_no  = tf.ticket_no  

         AND bp.flight_id  = tf.flight_id  

WHERE tf.ticket_no  = '0005434026720';  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop Left Join ( cost =1.12.. 33.35 rows=3 width =57) 

  Join Filter: (( bp.ticket_no  = tf.ticket_no) AND ( bp.flight_id  = tf.flight_id))  

  >֧ Index Scan using ticket_flights_pkey on ticket_flights tf  

   ( cost =0.56..16.58 rows=3 width =32) 

   Index Cond: ( ticket_no  = '0005434026720'::bpchar)  

  >֧ Materialize ( cost =0.56..16.62 rows=3 width =25) 

   >֧ Index Scan using boarding_passes_pkey on boarding_passe...  

    ( cost =0.56..16.61 rows=3 width =25) 

    Index Cond: ( ticket_no  = '0005434026720'::bpchar)  

(10 rows)  

 

֥♄  ▓  Nested Loop Left Join  ᶂṫἛ ṑ᷄ḁ. Ӕ  ʊ ҍ  ʊ℮ Ớῦ Ṏ 

 ♠ ᷄ḁ:  ʊᵒ  a   ṅ בּ   ᷄ḁ(֚Ủ♄   Materialize  ᶂṫ Ṡ

ӈזּ   ᷄ḁ) ῳ  ҳ  Ὥ  ʊ  Ὼ ᷄ḁ(Join Filter ). 

 

 a  Ṷᵥὣ  ʊᵒ  a  ҹӦ Ὣ ҍ Ἓ ṍ Ὥ, Ӕ▓Ṏ  ʊ  a   Ṷ

ᵥὣ  ℮ӽṍᾞ, ḝ  Җ   ӍӦἛ ᷄ḁ.
306

 ḁ  ὰ ,  a ὗ  ʊבּ  

Ὥ ᶸὦ ּב  ʊ ᷄ḁ. 

 

℮   ᵒ  a  ҹӦ ▐ ᷄ḁ. 

 

Ắ  Ӕ ҍ ᵒ  a Ӧ  a  ḓ  ḁὖ Ӕ  ♠ ḁ בּ   ʊ ḻ ֥  ᷄ḁ.  

 ҏḄ  ♄ḻ, Ӕ ҍ  ἶ   ▐ ḻἜ ҙ Ṏḁᾠ ḁὖ Join Filter ὗ ҍ  ҹ ᷄ḁ: 

=> SET enable_mergejoin = off ;  

=> EXPLAIN SELECT * 

FROM ticket_flights tf  

JOIN boarding_passes bp ON bp.ticket_no  = tf.ticket_no  

     AND bp.flight_id  = tf.flight_id  

WHERE tf.ticket_no  = '0005434026720';  
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    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop ( cost =1.12.. 33.33 rows=3 width =57) 

  Join Filter: ( tf.flight_id  = bp.flight_id)  

  >֧ Index Scan using ticket_flights_pkey on ticket_flights tf  

   ( cost =0.56..16.58 rows=3 width =32) 

   Index Cond: ( ticket_no  = '0005434026720'::bpchar)  

  >֧ Materialize ( cost =0.56..16.62 rows=3 width =25) 

   >֧ Index Scan using boarding_passes_pkey on boarding_passe...  

    ( cost =0.56..16.61 rows=3 width =25) 

    Index Cond: ( ticket_no  = '0005434026720'::bpchar)  

(9 rows)  

=> RESET enable_mergejoin;  

 

 ℮ ♄ ҏ  ҍ ῼ◕  ʊҹ   a   a  ♄  ʊҹ   ʊӒ  ῶὖ 

ӍӦὗ  ֥   ‗ ḻ   ֥ẋῄ ᷄ḁ. 

 

ὖ   ṍ  ᷄ḁ.
307

  ἶ  әὣ  ᵒ  aῳ  a  ḁὔӀ ὣ  ֥ẋῄ ᷄

ḁ.  a  ҍ ṍᾞ, ᵒ  a  Ӓ , Ḭ  ֜    ҳ  Ὥ  ʊ Ὥ  ּב 

ῡἛ  a   ҳᵡỀ  .ḁ᷄ בּ 

 

ṅ  Ἓ  ḻ ṍ  ᷄ḁ. 

 

 Ӧ Ɫῦ  

 (Anti -joins)Ӧ Ɫῦ (Semi-joins)   ‗ ( )a  Ҏ  ḓ  Ṕ ‗ (ᵒ )a 

♄ ᵁ   ʊ Ὥ ᾠ ₒ ḁ  ʊ ♄ ▐ ᷄ḁ.  

 

   ‗    Ṕ ‗  Ӧ   Ӓ Ὥ ḏ  Ὼ ᷄ḁ: ҍ 

Ṕ ‗  ♄  ‗   ʊ   ʊ   ἶ ὗ ἰ ‗  :ḁ᷄ בּ    ḏ 

 ӍӦ ♄ ṍ  ᷄ḁ.  

 

  NOT EXISTS ҳ  Ӕ▓  ʊḫ ▐ ṏ ּב ᷄ḁ. 

 

ὗ ṯ , ṍ   ֥  oԂⱠ  ҍ  Ӥ  ֥ᾧḮ  ⁵ ḁ. ḏ Ӕ  ʊNested Loop Anti 

Join ᶂṫҍ ṑ᷄ḁ: 

 

=> EXPLAIN SELECT * 

FROM aircrafts a  

WHERE NOT EXISTS ( 

 SELECT * FROM seats s WHERE s.aircraft_code  = a.aircraft_code  

) ;  
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    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop Anti Join ( cost =0.28..4.65 rows=1 width =40) 

  >֧ Seq Scan on aircrafts_data ml ( cost =0.00..1.09 rows=9 widt...  

  >֧ Index Only Scan using seats_pkey on seats s  

   ( cost =0.28..5.55 rows=149 width =4) 

   Index Cond: ( aircraft_code  = ml.aircraft_code)  

(5 rows)  

 

NOT EXISTS ҳ  ḁὖ ὣὗ ▐ ḻ Ҝ  Ӕ  ҍ  ҹ ᷄ḁ: 

=> EXPLAIN SELECT a.* 

FROM aircrafts a  

LEFT JOIN seats s ON a.aircraft_code  = s.aircraft_code  

WHERE s.aircraft_code IS NULL ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop Anti Join ( cost =0.28..4.65 rows=1 width =40) 

  >֧ Seq Scan on aircrafts_data ml ( cost =0.00..1.09 rows=9 widt...  

  >֧ Index Only Scan using seats_pkey on seats s  

   ( cost =0.28..5.55 rows=149 width =4) 

   Index Cond: ( aircraft_code  = ml.aircraft_code)  

(5 rows)  

 

Ɫῦ (Semi-join)   ‗    ♄ Ṕ ‗  Ӧ ḻ ᵁ   ʊ   ʊӒ  

ḏ  Ὼ ᷄ḁ(ḁ  ὰ Ὥ, ḁὖ  ᾨ   ҍ ᷄ḁ¬ӍӦ  ʊ ῦ Ἄ  

᷄ḁ). 

 

Ɫῦ  EXISTS ҳ  Ӕ▓  ʊḫ ▐ ṏ ּב ᷄ḁ. ֥ᵒ  ♅  ♥ Ṏ Ӥ  ֥ᾧḮ  ⁵

ḁ: 

=> EXPLAIN SELECT * 

FROM aircrafts a  

WHERE EXISTS ( 

 SELECT * FROM seats s 

  WHERE s.aircraft_code  = a.aircraft_code  

) ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop Semi Join ( cost =0.28..6.67 rows=9 width =40) 

  >֧ Seq Scan on aircrafts_data ml ( cost =0.00..1.09 rows=9 widt...  

  >֧ Index Only Scan using seats_pkey on seats s  

   ( cost =0.28..5.55 rows=149 width =4) 

   Index Cond: ( aircraft_code  = ml.aircraft_code)  

(5 rows)  
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Nested Loop Semi Join  ᶂṫ  ʊṅ  Ὑ    “  ᵁ ᵗ᷄ḁ.  Ӕ  (    Ӕ Ӧ 

Ὣ ҍ Ἓ) ♅ № בּ    ḓ  ֥⁮  ( =149)ὗ Ӥ Ὥ, Ἓ  ʊ  ֚  ᵁὭ ҷ

◌  ʊҹ Ἓ ₒ ᷄ḁ.  ὣ  ῇἝ  ‗   ҍ   Ḅṑ᷄ḁ. 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT * FROM aircrafts a 

WHERE EXISTS ( 

 SELECT * FROM seats s 

 WHERE s.aircraft_code  = a.aircraft_code  

) ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop Semi Join (actual rows=9 loops=1) 

  >֧ Seq Scan on aircrafts_data ml (actual rows=9 loops=1) 

  >֧ Index Only Scan using seats_pkey on seats s  

   ( actual rows=1 loops=9) 

   Index Cond: ( aircraft_code  = ml.aircraft_code)  

   Heap Fetches: 0  

(6 rows)  

 

Ṷᵥὣ  . Ɫῦ  ♠ ḻ  ʊ Ὼ    Ἓ ṍ Ὥ, ᵒ  a  Ṷᵥὣ  ʊ ᵁἛ 

ҏ ṑ᷄ḁ.   Ӓ , Ṏ ♠ ḻ  ʊₐ Ӧ Ὣ ҍ Ἓ ᵁ ♄ − ᷄ḁ.
308

 

 

℮  .  Ӧ Ɫῦ  Ӓ , ℮   Ṕ ‗     ‗   ʊ   ʊ

 ḄṎḁ  ʊ▐  Ὼ ᷄ḁ.
309

 

 

℮ṅṴ  

 ἶ  әὣ  ẖ  ҳ  ֥Ὼ Ἓ    ּב ᷄ḁ.  

 

ₒᾤ , ᵒ  a  Ḭ ҍ ◕ⱠṎ ֥⁮ № ә,  ҳ   Ḭ  ▓  Ủ  ꜚ  ʊ

▓ ὗ ▐ ḁᾠ, ᵒ  a  ḓ  ֜  ◄ḏ ḁ. Ὥ ẖ ҳ᷄ בּ     Ὢ

Ṏ   Ӣ  Ӕ▓ בּ   ¬ḻ ᷄ḁבּ   Ӓ  ʊ  .ḁ᷄ בּ  

ḁ Ӧ Ҝ  ὣ ♄ Ỹ, ♄Ἓ ҍֱ   Ӥ   ♠ ᷄ḁ: 

=> CREATE EXTENSION earthdistance CASCADE;  

=> EXPLAIN (costs off) SELECT *  

FROM airports a1 

JOIN airports a2 ON a1.airport_code != a2.airport_code  

     AND a1.coordinates <@> a2.coordinates < 100 ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 
308

 backend/optimizer/path/costsize.c, calc_joinrel_size_estimate function 
309

 backend/optimizer/path/costsize.c, final_cost_nestloop function 



 340  

 Nested Loop 

  Join Filter: ((ml.airport_code <> ml_1.airport_code) AND  

  ((ml.coordinates <@> ml_1.coordinates) < '100' ::double precisi...  

  >֧ Seq Scan on airports_data ml  

  >֧ Materialize  

   >֧ Seq Scan on airports_data ml_1  

(6 rows)  

 

‾Ἇ ᾧṫ 

 ἶ   ‾Ἇ Ӕ .ḁ᷄ בּ   
310

 

 

 a Ὥ ‾ἏἛ ὣṏ ּב ᶷḫ,  ʊ Ỵ ҍ ṅ ẋῄ֥  בּ   ᷄ḁ.  a  ҍ

 Ҏ  ʊ  ֚ḁ  ᵒ  a ♄  ʊ   ᶷḫ,  Ӧ דּ  Ἓ ἶ ᷄ḁ. 

 

Ủ  Ṏ ὣ  ʊ Ỵ  ә ᾞ,  Ӥ  ḓ   ҍ  Ҡ  ҷ◌ ᷄ḁ: 

=> EXPLAIN (costs off) SELECT t.passenger_name 

FROM tickets t  

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no  

JOIN flights f ON f.flight_id = tf.flight_id  

WHERE f.flight_id = 12345;  

     QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Nested Loop 

  >֧ Index Only Scan using flights_flight_id_status_idx on fligh...  

   Index Cond: (flight_id = 12345)  

  >֧ Gather 

   Workers Planned: 2  

   >֧ Nested Loop 

    >֧ Parallel Seq Scan on ticket_flights tf  

     Filter: (flight_id = 12345)  

    >֧ Index Scan using tickets_pkey on tickets t  

     Index Cond: (ticket_no = tf.ticket_no)  

(10 rows)  

 

◄ בּ  ♄  ἶ דּ   Ἓ ּב ṑ᷄ḁ.  a  ә  Ἓ ҍ  flights  №  

Ḅ  Ἓ ԂⱠṍῡἛ, ᵒ  a ҍ ὮḝỚḻ  ἶבּ   ▐  ḏ ṑ᷄ḁ. 

 

ᵒ  a  ‾Ἇ Ӕ  ▐  ҷ◌ṑ᷄ḁ. Ҏ  ʊticket_flights  №   ᾩ   

ә  ἶ  әὣ  ▐  ὗ Ӧ ᷄ḁ. 

 

 

 
310

 backend/optimizer/path/joinpath.c, consider_parallel_nestloop function 
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22. H︡ashing 

  תּ 22.1

1-   תּ 

  ▐  Ԃ Ṏ  №  ▐   ʊ  ҷ◌ ᷄ḁ. ḁ  ֚Ỵ    ʊ

Ӕ  ᷄ḁ: 

=> EXPLAIN (costs off) SELECT *  

FROM tickets t  

JOIN ticket_flights tf ON tf.ticket_no  = t.ticket_no ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Hash Join 

  Hash Cond: ( tf.ticket_no  = t.ticket_no)  

  >֧ Seq Scan on ticket_flights tf  

  >֧ Hash 

   >֧ Seq Scan on tickets t  

(5 rows)  

 

 ‗  ḄӔ ♄,   ᶂṫ
311

 ʊ  ᶂṫ
312
ὗ ᶷḫ,  ʊ  ᶂṫἛₐ  ᵒ  a   

 ҍ   №    ᷄ḁ. 

 

  Җ   Ἓ ,  №    Җ  ḓ  ↑ὖ ֜  ҍᶾ Ӏ ᷄ḁ;  

ҍ Ṏ ּב  ―  ▐   ƫ ḻ ֘Ṵ Ӏ ₒ ṍ   ֥ẋῄ , ҷ◌ ҏ   №  ֥  

ẁỚ ḆỚ  ᷄ḁ.  ҍ ҍ  ʊ― בּ       Ӎ ṑ᷄ḁ; ―  ҍבּ 

◄ 2  ұṲ Ӣ  ֥ẋῄ , Ӕ▓Ṏ Җ בּ    ℮ ὗ  ʊҹ Ἓ ₒ ᷄ḁ. 

 

―   Ὣ ҍ Ἓ,  Ԃ  ṅ Ἓ  ҍᶾ   №  ▐  ᷿    ḿ

 Ӎ ᷄ḁ.
313

 

 

 ▓   ḄӔ ♄ ᵒ  a  ṍә, Ҏ  ḓ )ҍ Ӕ▓ṑ᷄ḁ.  ҳבּ    ҳ)

♄ Ṏ   Ἓ ▐ ṍᾞ,  №  ʊᵒ  a  ᾧṭ Ṏ ṫὗ ᷄ḁ. 

 

    №  RAM בּ  ẋ ҍ  בּ   ᾞ,  Ӓ  ֥  ʊḫ ὗ  

‗  ὣ ḁ.  ᾨ᷄ בּ  Ἓ ḏṎ ᾕᾧὣ Ḩ ὣ  ֥  ʊwork_mem( ֥⁮Җ8 2K@' Á

hash_mem_multiplier( ֥⁮Җ: 1.0) Җ Ἓ ṑ᷄ḁ. 

 

 
311

 backend/executor/nodeHashjoin.c 
312

 backend/executor/nodeHash.c 
313

 backend/utils/hash/dynahash.c 
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ὣ  ᾕᾧὣ ▐  ḓ  Ӕὗ ⁫  ֥  EXPLAIN ANALYZEὗ  ⁵ ḁ: 

=> SET work_mem = '256MB'; 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT * FROM bookings b 

JOIN tickets t ON b.book_ref = t.book_ref;   

                    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Hash Join (actual rows=2949857 loops=1)  

  Hash Cond: (t.book_ref = b.book_ref)  

  >֧ Seq Scan on tickets t (actual rows=2949857 loops=1)  

  >֧ Hash (actual rows=2111110 loops=1)  

   Buckets: 4194304 Batches: 1 Memory Usage: 145986kB 

   >֧ Seq Scan on bookings b (actual rows=2111110 loops=1)  

(6 rows)  

 

 ἶ   ᵒ  a Ӧ  a  ḁὔӀ ֡  ʊҹӦ Ḇὣ,   ṯ  ♄Ἓ ῶᴕ ּב 

᷄ḁ. Ὼ Ἓ ḝ   ᵒ  a Ἓ ▐ ṍᾞ,  ʊḝ   №  ӍӦἛ ᷄ḁ. 

 

 ♄,  №  ḏṎ  ί ᷄ḁ:  143MB(ᾕᾧὣ ▐ ỳ)ὗ ᾞ 4M = 2
22

 ―

 ᷄ḁ. ֚Ủ♄   ‗  (  ) בּ ♄ ṑ᷄ḁ. 

 

֚Ỵ  U ὣҍ ᵁ  Ὥ  ḁᾠ,  №  111MB  ί  ҹ ᷄ḁ: 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT b.book_ref 

FROM bookings b 

JOIN tickets t ON b.book_ref  = t.book_ref ;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Hash Join (actual rows=2949857 loops=1) 
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  Hash Cond: ( t.book_ref  = b.book_ref)  

  >֧ Index Only Scan using tickets_book_ref_idx on tickets t  

   (actual rows=2949857 loops=1) 

   Heap Fetches: 0  

  >֧ Hash (actual rows=2111110 loops=1) 

   Buckets: 4194304 Batches: 1 Memory Usage: 113172kB 

   >֧ Seq Scan on bookings b (actual rows=2111110 loops=1) 

(8 rows)  

=> RESET work_mem;  

 

ҹ  ὣ ♄ ₔ  ṫὗ  ʊҹ    ʊẮ ḁὖ ᷄ḁ( ὗ ṯ , ‴ ὗ ▐

 ʊӒ  ῼ◕  .(ḁ᷄ בּ 

 

♠ Ṏ ― בּ   ʊ  №  ḫ Ἓ   ẋ ֘ Ἓ Ҏ ―  ᵁ  Ὥ  ҍ

ḻἜ ⁫  ᷄ḁ. ᶋ  Ὺḻ  ʊ  ḿὍ  ҍ  ҷ◌  ẗ Ệὣᾞ, Ḣ Ὺ   №

 ᵡ  ̈͂Ὦ  ᾕᾧὣὗ  ҹ ᷄ḁ. ― בּ ◄   ʊҍ  ҍֱ  2  ұṲ Ӣֱ  ҍṑ᷄ḁ.
314

 

(Ḅ    ֘ᵡ℮ὗ ֥Ὼ Ἓ  ᾕᾧὣ ḻὗ  № ֥ҍ Ӧ  ʊӒ , 2ḄӔ  ṑ

᷄ḁ.) 

 

   №   Ԃ ṏ ẋֱ  ӍӦὗ Ὼ  ֥  .ḁ᷄ בּ 

 

Ṕ ‗  ḄӔ ♄(    №  ῦ Ԃ ṍ  ᷄ḁ),   ᶂṫ  ʊ֚  Ṕ ‗   ᶂ

ṫὗ   a   ҍ ᷄ḁ. Ṏ Ҏ  ḓ ,  №   ʊ ᾨ   ֥  

ҷ◌ṑ᷄ḁ.  ʊ  ҳ  Ṏ  a   ḓ   ὗ Ӕ▓  ʊҹ  Ԃ ᷄ḁ. 

 

 
 

  ᾨṯ  ₐᾧ ᶂṫἛ Ὼ ṑ᷄ḁ. 

 

℮  . ὣ  ʊ ῦ Ṷᵥὣ   ḓ  ḁἶ ᷄ḁ; ҹ    “    ֥ẋῄ , 

 ℮    ί  ҹ ᷄ḁ. 

 

 ᶂṫ  ℮   ֚  ᶂṫ   ℮ Ἓ ṑ᷄ḁ. ҹ  Ḅּד  Ӕ
315

♄ ἣ   ʊḝῦ 

 
314

 backend/executor/nodeHash.c, ExecChooseHashTableSize function 
315

 backend/optimizer/plan/createplan.c, create_hashjoin_plan function 
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יּ ᷄ḁ. ᾧṭ   ʊ   ᶂṫ
316

 ℮  ṑ᷄ḁ. 

 

ḁ   ֚ ᷄ḁ: 

=> EXPLAIN (analyze, timing off, summary off)  

SELECT * FROM flights f  

JOIN seats s ON s.aircraft_code  = f.aircraft_code ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Hash Join ( cost =38.13.. 278507.28 rows=16518865 width =78) 

  (actual rows=16518865 loops=1) 

  Hash Cond: ( f.aircraft_code  = s.aircraft_code)  

  >֧ Seq Scan on flights f ( cost =0.00.. 4772.67 rows=214867 widt...  

   (actual rows=214867 loops=1) 

  >֧ Hash ( cost =21.39.. 21.39 rows=1339 width =15) 

   (actual rows=1339 loops=1) 

   Buckets: 2048 Batches: 1 Memory Usage: 79kB  

   >֧ Seq Scan on seats s ( cost =0.00..21.39 rows=1339 width =15) 

    (actual rows=1339 loops=1) 

(10 rows)  

 

  ℮  Ἓ  № ◕Ⱡ  ℮  Ὼ ᾞ ḁ  ԂⱠ ꜙὗ ᷄ḁ: 

 

 ̧  №  Ԃ  ʊḫ  ᵒ  a   Ṭ ℮  

 ̧ ᵒ  a  Ҏ  ḓ    Ṏ ᾧṭ   ּב Ӕ▓ ℮

(cpu_operator_cost( ֥⁮Җ: 0.0025) ḏ ▓ Ἓ ) 

 ̧ ᾧṭ ᵒ  a   №  ▲  ʊ℮ (cpu_tuple_cost( ֥⁮Җ: 0.01) ḏ ▲ Ṏ Ἓ 

) 

 ̧    ʊḫ   a   Ṭ  ℮  

 

 ℮   ℮ Ӧ   ℮ Ἓ ԂⱠṍᾞ, ḁ  ᷄ḁ: 

 

 ̧  a  Ҏ  ḓ    Ṏ ᾧṭ   ּב Ӕ▓ ℮ (cpu_operator_cost)  

 ̧ ҍᶾ   ḿ  Ӎ  ֥    ҳ ҷ▐ ℮ (cpu_operator_cost ḏ Ҏ ҷ▐

Ṏ ▓ Ἓ ) 

 ̧ Ҏ ӍӦ  ḓ  ὣ ℮ (cpu_tuple_cost)  

 

 ҷ▐ ּבὗ  ʊҹ  ҍ  ἑ ᷄ḁ. ҹ   a בּ    ᵒ  a   aₒּב

(  №  Ṑ)ὗ Ӣ  Ӕ▓ṑ᷄ḁ.  ₒּבὗ  ֥ , Ӕ  ʊḫ  ₒ ҍ ֘  

ḁ בּ   ʊ  әἌ  ᷄ḁ.  Ӕ▓  Ɫ  a▐  Ỵₒ Ӏ ◕Ự ӆ ᷄ḁ
317

;   Ӓ

,  ₒּב  ʊ0.150112 Ἓ ṑ᷄ḁ. 

 

 
316

 backend/optimizer/path/costsize.c, initial_cost_hashjoin and final_cost_hashjoin functions 
317

 backend/utils/adt/selfuncs.c, estimate_hash_bucket_stats function 
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ẁỚ♄, ὣ ὣ  ℮  ḁ Ӧ Ҝ  ṑ᷄ḁ: 

=> WITH cost(startup) AS (  

 SELECT round(( 

   21.39 +  current_setting('cpu_operator_cost')::real * 1339 +  

    current_setting('cpu_tuple_cost')::real * 1339 +  0.00 

   )::numeric, 2)  

)  

SELECT startup, 

 startup + round((  4772.67 + current_setting('cpu_operator_cost')::real * 214867 +  

    current_setting('cpu_operator_cost')::real * 214867 * 1339 *  

    0.150112 + current_setting('cpu_tuple_cost')::real * 16518865  

   )::numeric, 2) AS total  

FROM cost; 

 startup | total  

֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧ 

   38.13 | 278507.26  

(1 row)  

 

֚ὣә  ֥ Ⱡ ֚Ủ ҍ ᷄ḁ: 

 

 
 

2-   תּ 

Ӕ   ẁὔᾠ  №  ḏṎ ᾕᾧὣ  ί   Ӓ , ᵒ  a   ‴ḻἛ ὣṏ  

Ἓ ₒ ṑ᷄ḁ.   ―)בּ  בּ   Ὣ ҍ Ἓ)  ʊ ◄ 2  ұṲ Ӣ ᾞ, ▐     ʊ  
318

 ḏ 

℮ בּ    Ӎ ṑ᷄ḁ. 

 

ẖ Ṕ  ʊ ḻ ᵁ  ṅ     ꜚ ᷄ḁ: ḁὖ      Ṏ ṯ  ṅ   ṫὗ ҍ  

 .ḁ᷄ בּ

 

 
318

 backend/executor/nodeHash.c, ExecHashGetBucketAndBatch function 
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ᾧṭ    ʊṅ בּ    ὗ ⁫ ᷄ḁ. ḫ ҍ ֘ Ӏ ₒ ṍ  ḁᾠ,    ֥ḻ ḓỰ

Ἓ Ҝ  ҹ ᷄ḁ. Ӕ  ʊ בּ     ὗ ♠ Ἓ  ᾕᾧὣ ꜙ℮ὗ  ּב ᷄ḁ.
319

 

 

 ‗  ḄӔ ♄,  ʊ  №  Ԃ  ֥  ᵒ  a   ᷄ḁ. Ṏ   ‗  

   ꜚ  ʊӒ , ֚ҹ   №  ҍṍә RAM  ṑ᷄ḁ. ֚ἃ  ᾠ, ֚ҹ   

 ֥Ἔṑ᷄ḁ(Ҏ   Ὣḁ ‴ḻ   ᷄ḁ).
320

 

 

ἝἪ⁄Ἄ Ӱᾅ ⁄ ♇◑  ὡ ▓Ѥ ▐ᾎ ▀╥  ↔װ╘ temp_file_limit (͙ṕ˃: -1) 

ᵰˌṉὡ⁄ ╥  Ⱡ Ӌѱѻ(▐ᾎ ╪ẇ╘ ╪ ҵ⁄ Ӈּת Ώᾋѱѻ). ἝἪ╪ ╪ ˃⁄ 

ҵҀ ᶔ ᵙѤ ַאѾӋѱѻ. 

 

 
 

Ṕ ‗  ḄӔ ♄,  a  ṑ᷄ḁ.   ‗     ꜚ  ʊӒ , ֚ҹ  ᵒ  a   ‗  

   ṯ   ʊ  №Ӧ ḓ ṑ᷄ḁ(  ḁὖ   ♄  ʊ  ʊ ᾨ   ҹ ᷄ḁ). 

 

 ḁὖ    ꜚ  ʊӒ , ֚ҹ    ṍᾞ,   ḁ  Ҏ   Ὣḁ ‴ḻἛ ◕Ⱡṑ᷄

ḁ. ẁỚ♄, Nҟ     ʊ2(N  1)ҟ  (  a  ҍ ℮   Ӓ  ḝ  ּב )  ▐  בּ 

᷄ḁ. 

 

Ṕ ‗  ḄӔҍ ἰṍᾠ,  №  ḏṎ ᾕᾧὣ  ʊ ṑ᷄ḁ.  ♄, ὣ  ʊ ῦ     

ᵁ  ḓ   ӍӦὗ ҍ ә ᷄ḁ. 

 

 
319

 backend/executor/nodeHash.c, ExecChooseHashTableSize function 
320

 backend/executor/nodeHash.c, ExecHashTableInsert function 
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Ṷ  Ṏ Ҏ    ḓ  Ṕ ḄӔҍ Ὼ⁬ṑ᷄ḁ: ᵒ  a  ṯ   ♄  №Ἓ 

ꞈṍә,  ֚ḁ  ṅ     ӨἎṎ  a  ṯ  ḁὖ  ♄ ә   №Ӧ 

ḓ ṑ᷄ḁ. ὣҍ ἰṍᾠ,  ṯ  ░ ṑ᷄ḁ. 

 

 
 

  ḓ  ▐  ἍӦ Ḇὣ, Ṕ   ḓ  EXPLAIN ᾤἔ  Ἅ   ҟ ◄    ὗ 

᷄ḁ. BUFFERS ⱭӦ כ ṍᾠ,  ᾤἔ  ʊṶ  ֜  ḓ  Ӕḻ ᷄ḁ: 

=> EXPLAIN (analyze, buffers, costs off, timing off, summary off)  

SELECT * 

FROM bookings b 

JOIN tickets t ON b.book_ref  = t.book_ref ;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Hash Join (actual rows=2949857 loops=1) 

  Hash Cond: ( t.book_ref  = b.book_ref)  

  Buffers: shared hit =7236 read=55626, temp read=55126 written =55126 

  >֧ Seq Scan on tickets t (actual rows=2949857 loops=1) Buffers: shared read=49415 

  >֧ Hash (actual rows=2111110 loops=1) 

   Buckets: 65536 Batches: 64 Memory Usage: 2277kB 

   Buffers: shared hit =7236 read=6211, temp written =10858 
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   >֧ Seq Scan on bookings b (actual rows=2111110 loops=1) 

    Buffers: shared hit =7236 read=6211 

(11 rows)  

 

ῦ work_mem ♥  ҍ  ὣὗ ♄ ⁫ ṫἓ ᷄ḁ. ֥⁮Җ  4MB  ʊ   №  RAM

 ί֥  ʊᵡ  ̈͂ ᷄ḁ;  ♄, ḫ  ʊ64ҟ    Ἓ ₒ ṍә,  №  64K = 2
16

 ―

 ▐ ᷄ḁ.  №  Ԃ ṍ  ʊṅ (Hash node), ḫ  ʊ  ṯ  ֥Ἔṑ᷄ḁ(temp 

written );  ḄӔ(Hash Join node) ♄,  ṯ  ә  ֥ᾧṔ ּב ṑ᷄ḁ(temp read, 

written ). 

 

  ḓ  ḝ Ὦ  Ӕὗ ּב Ἄᾠ, log_temp_files (֥⁮Җ: -1) ὺҟ″ּבὗ 0 Ἓ ♥  בּ 

᷄ḁ. ֚Ỵᾠ ♄― Ἓ֚ҍ ᾧṭ  Ӧ  ֚ ֥ὗ ░   ◄ Ἓ ᵁ  ҹ ᷄ḁ. 

 

ṅ   

Ӕ Ṏ ▐ҳ   Ṕ ҍ  ῄ     Ώ ḁ: ₐ᷄ בּ   Ӕ  ℮֘  ḫ  ₒ

᷄ḁ. 

 

  ♄ Җ  ₒ ҍ ℮֘  Ӓ , ḁὖ    ʊḁὖ ֥ὗ ҍ  ҹ ᷄ḁ. 

 

ẖ   (ὼ    ὗ ә)ҍ ᵡ  ̈͂ ḁә ᾤṍᾠ,  ֚   ᾧṭ ṯ  Ṷ  ֥Ἔṍ  

ә,  ֚  Ṷ ♄  ᷄ḁ.  a  ḓₐₒ  ῄ ὗ ᶷḫ,  ʊ Ὼ Ἓ ḝ 

 ֥ẋῄ ᷄ḁ. ֚ỴῡἛ  a  MCV  ḓ  ֗ ә ℮ḁ″ỳ Ӕҍ ḁᾠ( ,  a  

№Ἓ ṍә  Ḅ  Ἓ ּב Ṏḁᾠ), MCV  ḏ  ʊ  ṫὗ ҍ  ṯ   ‗   
321

 

ₐἛ ҏ ṑ᷄ḁ.  ּ֥ו( Ӛ Ớә )  2-   I/O  ― ṫὗ  ƫ ḻ  ּב ᷄

ḁ. 

 

 Ṕ  ẋῄ , (aẮ  ʊᾧṭ)    ֥ҍ ὗ Ӧ ḁ. ֚Ỷ ḁ᷄ בּ   ḏ  

№  ḏṎ ᾕᾧὣ Ḩ ὣ  ί  ә Ṏ Ӕὗ Ӧ  ҹ ᷄ḁ. 

 

֚Ủ♄  №  Ԃ  ʊӦ ♄ ᵡ  ̈͂ Ӏ ṍᾠ,   בּ   ʊ ♅ ♄ ҍ(Ṕ  Ἓ Ṑ)ṑ᷄ḁ. Ҏ 

   ʊҍ◄ Ἓ Ṕ ҟ  ○Ἓ  ҹ Ἓ ₒ ṑ᷄ḁ:  ḓỰ Ὼ(ₒ ҍ ֘ ḁә ҍ  ẋ)   

№  ᵉ  ә, ḁὖ Ὼ  ○   ṑ᷄ḁ.
322

 

 

Ỵ  ₒ  Ủ 1-   Ӕ ṍ ḝỚḻ ῼ◕ ▐ .ḁ᷄ בּ  , 1-  Ӧ 2-   

ṅ  ṫ   Ԃ Ṏ ᵁ  Ҝ  әὣ  ▐ ᷄ḁ; ֥♄ ᵁ  ʊḄ  ֥ὗ ḝ ₐṫỹӀ 

Ḇ  ֥  ֚ṯ  ‴ḻἛ Ԃₒ ᷄ḁ. 

 

  בּ  ὗבּ   ʊ ᷄ḁ. Ủᵡҍ ḫ  ֥ὗ Ӧḓ ҍ  ҹ Ἓ ´ ᾠ,   ṯ ‾ כ 

ṍ   ҹ ᷄ḁ. 

 

℮֘  ₒ  Ӓ ,   ὗ ᶸὣבּ   ʊҹ  ḻ  ṍ ḁ. ὗ ṯ᷄ בּ   ,   ᾧṭ ♄ 

 
321

 backend/executor/nodeHash.c, ExecHashBuildSkewHash function 
322

 backend/executor/nodeHash.c, ExecHashIncreaseNumBatches function 
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ṅ  Җ  ҍ ә ḁᾠ,  ּבҍ Ӕꜚ ♄ ṅ  Җ  Ὼ  ֥ẋῄ   ֚ ṯ  Ҝ      

ṏ ҹ ᷄ḁ. ₔ ḻ,  Ӓ   №  ₐӦṎ  ӨӔ  Ӕ  ꜚⱠ  ҹ ᷄ḁ. 

 

╪ᴝ♠╖ᴛ, ╪ ᶷⱠѤ ṨṪ♠╖ᴛ Ḥ ᵑ ᾅ Ѥ ᶁ - ᾅ ⱳ╬╙  ˺Ӊ ὡ ▓ּתᵣ, 

╪Ѥ ּת∟Ӈּת Ώᾋѱѻ. 

 

  בּ   ṅ  ҍὗ ⁫  ֥ ♄, ὣ  ʊᾌ  ᾥ ҍ בּ    ᷄ḁ: 

=> CREATE TABLE bookings_copy ( LIKE bookings INCLUDING INDEXES) 

WITH (autovacuum_enabled = off );  

=> INSERT INTO bookings_copy SELECT * FROM bookings;  

INSERT 0 2111110 

=> DELETE FROM bookings_copy WHERE random() < 0. 9;  

DELETE 1899232 

=> ANALYZE bookings_copy; 

=> INSERT INTO bookings_copy SELECT * FROM bookings 

ON CONFLICT DO NOTHING; 

INSERT 0 1899232 

=> SELECT reltuples FROM pg_class WHERE relname = 'bookings_copy' ;  

reltuples  

֧֧֧֧֧֧֧֧֧֧֧ 

211878 

( 1 row)  

 

ӍӦ Ἓ, ὣ  ʊbookings_copyỚә ₔὣ  ʊ○Ἓ  №  Ӏ ṑ᷄ḁ. ҹ  bookings №  

 ⁬▐⁮ Ὥ, Ủᵡҍ  ֚ ꜙὗ   Ἓ Ӧבּ   ҍ ᷄ḁ. ▐  ◄  ḁὖ  ▓  

 ◕ⱠṎ   ḓ   №  ◕Ⱡṏ ẋ ῼ◕ ῡἛ, Ἡ בּ  ʊ  בּ  Ӕҍ ᷄ḁ. 

 

 Ӕ▓ ὊἛ  Ủᵡ  ʊ8ҟ  ―  ₒ ḁә ◕Ҏ Ὥ,  ּב ṍ  ʊṅ יּ    ʊ32ҟ

Ἓ ҍ ᷄ḁ: 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT * 

FROM bookings_copy b 

JOIN tickets t ON b.book_ref  = t.book_ref ;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Hash Join (actual rows=2949857 loops=1) 

  Hash Cond: ( t.book_ref  = b.book_ref)  

  >֧ Seq Scan on tickets t (actual rows=2949857 loops=1) 

  >֧ Hash (actual rows=2111110 loops=1) 

   Buckets: 65536 (originally 65536) Batches: 32 (originally 8)  

    Memory Usage: 4040kB 

   >֧ Seq Scan on bookings_copy b (actual rows=2111110 loops=1) 

(7 rows)  
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℮  . ῦ  ὗ ▐    ḓ  ℮   ⁫ Ὥ,  ▐  ҍᶾ  ᾕᾧ

ὣ  ֥ὗ ꜙἛ ♄ Ủᵡҍ Ṕ   ὗ ▐   ҹ ᷄ḁ. ҹ   ℮  ҍ ᷄ḁ: 

=> SET work_mem = '64kB' ;  

=> EXPLAIN (analyze, timing off, summary off)  

SELECT * FROM flights f  

JOIN seats s ON s.aircraft_code  = f.aircraft_code ;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Hash Join ( cost =45.13.. 283139.28 rows=16518865 width =78) 

  (actual rows=16518865 loops=1) 

  Hash Cond: ( f.aircraft_code  = s.aircraft_code)  

  >֧ Seq Scan on flights f ( cost =0.00..4772.67 rows=214867 widt...  

   (actual rows=214867 loops=1) 

  >֧ Hash ( cost =21.39..21.39 rows=1339 width =15) 

   (actual rows=1339 loops=1) 

   Buckets: 2048 Batches: 2 Memory Usage: 55kB 

   >֧ Seq Scan on seats s ( cost =0.00..21.39 rows=1339 width =15) 

    (actual rows=1339 loops=1) 

(10 rows)  

=> RESET work_mem;  

 

Ṕ ‗   ℮    Ἓ ֥ә  ṯἛₐ   ʊḫ  ῼ◕ ᷄ḁ. 

 

2-    ℮  1-   ℮  ֥Ὼ  Ṕә ᾞ, ᵒ  a
323

 ᾧṭ   

ṫὗ  ֥   Ὥ  ὗ  ʊ  ℮   ҍṑ᷄ḁ.  №  Ԃ ṏ ẋ  

‗    ҍ Ṷ   ḝỚḻ,  ὗ әἌ  ᾞ ẁỚ♄   בּ    ᷄ḁ. 

 

ἕἛ,  ℮  1-    ℮ Ӧ  Ṷ  Ṏ ᵒ  a  ṯ   ʊ  ℮ , 

֚ὣә  a  ṯ  ә  ʊ  ℮  ᷄ḁ. 

 

֥   ֥ᾧṔ  ḏ seq_page_costἛ ṍᾞ, I/O דּ   Ἓ ҍ ṑ᷄ḁ. 

 

  Ӓ , ᵒ  a בּ     ʊ7Ἓ ṍᾞ,  a  ḫ  ʊ2309  ί  

ҹ Ἓ ◄ṑ᷄ḁ.  ὗ ♄ Ӕ▓  1-   ℮  ҍ ᾠ, ὣ Ӕ ♄ ⁫  ҹӦ Ҝ

בּ  ὗ Ӏ ṑ᷄ḁ: 

=> SELECT 38.13 + --  startup cost of a one - pass join  

      current_setting('seq_page_cost')::real * 7  

         AS startup,  

         278507.28 + --  total cost of a one - pass join  

      current_setting('seq_page_cost')::real * 2 * (7 + 2309)  

AS total;  

 
323

 backend/optimizer/path/costsize.c, page_size function 
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 startup | total  

֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧ 

   45.13 | 283139.28  

(1 row)  

 

ẁỚ♄, ₒ  ᾕᾧὣҍ  ʊӒ ,  Ṕ ‗  Ἓ ּב ṍᾞ  ẗ ᷄ḁ. ֚ỴῡἛ ḁ  ▐

בּ   ʊҹ  ᷄ḁ: 

 

 ̧ ὣ  ʊ  № ♄ ₔ  ṫὗ ḻἜ ԂⱠṍ  ᷄ḁ. 

 ̧ Ủᵡ  ʊ  №  Ԃ  ẋ Ṕ    ḝ  ҹ  ♠  ᷄ḁ. 

 

‾Ἇ Ӕ ♄   ▐  

♄ ♥ᾤ    әὣ  ‾Ἇ Ӕ ♄ḻ ▐ ṏ ּב ᷄ḁ. ᾌ , Ỵ ‾Ἇ ἛⱢ ҍ ♄Ἓ 

ḼὨ Ἓ ᵒ  a  ḓ  Ὥ  (  ṅ )  №  Ԃ  ḁ , ṅ   a  

ὣ  ֥ ᷄ḁ. ֥♄ Ⱡ  ʒ ◄  Ҏ ἛⱢ ҍ  a   ᾩὭ   ֥ẋῄ  ῼ◕ ᷄

ḁ. 

 

ḁ  Ӕ  Ὼ  1-    ▐ ᷄ḁ: 

=> SET work_mem = '128MB';  

=> SET enable_parallel_hash  = off ;  

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT count(*) 

FROM bookings b 

JOIN tickets t ON t.book_ref  = b.book_ref ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

Finalize Aggregate (actual rows=1 loops=1) 

 >֧ Gather (actual rows=3 loops=1) 

  Workers Planned: 2  

  Workers Launched: 2 

  >֧ Partial Aggregate (actual rows=1 loops=3) 

   >֧ Hash Join (actual rows=983286 loops=3) 

    Hash Cond: ( t.book_ref  = b.book_ref)  

    >֧ Parallel Index Only Scan using tickets_book_ref...  

     Heap Fetches: 0  

    >֧ Hash (actual rows=2111110 loops=3) 

     Buckets: 4194304 Batches: 1 Memory Usage: 113172kB 

     >֧ Seq Scan on bookings b (actual rows=2111110...  

(13 rows)  

=> RESET enable_parallel_hash ;  

 

֥♄ Ҏ ἛⱢ  ʊbookings №   ḁ , Parallel Index Only Scan  ᶂṫὗ   

 a  ᾩ  ҷ◌ ә  ṯ  ӍӦ  №Ӧ ὺ ᷄ḁ. 
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 № ᾕᾧὣ  Ҏ ‾Ἇ ἛⱢ  ‴ḻἛ ṍῡἛ,  ᾨ Ἓ ḏṎ  ᾕᾧὣ ֥  ʊӔ

♄ Ṏ ҹ⁫ḁ Ɫ   ḝ  ҹ ᷄ḁ(ᾕᾧὣ ▐ ỳ). 

 

‾Ἇ 1-   תּ 

Ὼ   ‾Ἇ Ӕ ♄ ◄ḏ )ḁ᷄ בּ    ‾Ἇ ὣҍ Ӏ ῦҍ  ʊ  ᵒ  a

 ḓ ), ֚Ỵ  Uḝ  ḫ  Ɫ  ʊ ‴  ‾Ἇ   әὣ Ἓ ḝ  ὣṑ᷄ḁ. 

 

 әὣ  ‾Ἇ ―     №  Ӥ  ᾕᾧὣ  ◕ⱠṎḁ  ʊҹ ᷄ḁ.  ᾕᾧὣ

 ʊṅ Ἓ ḏṍᾞ   ֥  ʊᾧṭ ‾Ἇ ἛⱢ ҍ ֜ ḁ. Ỵ ҟ᷄ בּ   ‴ḻ  

№ ḓ ,  ʊᾧṭ ἛⱢ  ḏṎ  ᾕᾧὣ  ▐  ʊḄ  Ӥ  №  Ԃ ṑ᷄ḁ. 

 ʊ  ‗  Ἓ  ἰ  Ὅ  ҍ ᷄ḁ. 

 

 ‗  ḄӔ ♄(Ӕ ♄ Parallel Hash  ᶂṫἛ Ṑ), ᾧṭ ‾Ἇ ἛⱢ ṯ  ᵒ  a  ḓ  ‾Ἇ 

֜   Ӥ   №  Ԃ ᷄ḁ.
324

 

 

 
 

֥♄ Ἄᾠ, Ҏ ‾Ἇ ἛⱢ  ʊ  ‗  ḄӔ  ὣ ₒḋ  ἰ  ᷄ḁ.
325

 

 

Ṕ ‗  ḄӔ(Parallel Hash Join  ᶂṫ) ♄, ἛⱢ ṯ  ῦ Ԃ Ṏ  №  ḓ   a  

ṯ  ₒḋ  ὺ  ֥  ḁ  ‾ἏἛ ṑ᷄ḁ.
326

 

 

 
 

324
 backend/executor/nodeHash.c, MultiExecParallelHash function 

325
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326
 backend/executor/nodeHashjoin.c, ExecParallelHashJoin function 
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Ỵ  Ӕ   ʊḁ Ӧ Ҝ ᷄ḁ: 

=> SET work_mem = '64MB';  

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT count(*) 

FROM bookings b 

JOIN tickets t ON t.book_ref  = b.book_ref ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Finalize Aggregate (actual rows=1 loops=1) 

  >֧ Gather (actual rows=3 loops=1) 

   Workers Planned: 2  

   Workers Launched: 2 

   >֧ Partial Aggregate (actual rows=1 loops=3) 

    >֧ Parallel Hash Join  (actual rows=983286 loops=3) 

     Hash Cond: ( t.book_ref  = b.book_ref)  

     >֧ Parallel Index Only Scan using tickets_book_ref...  

      Heap Fetches: 0  

     >֧ Parallel Hash  (actual rows=703703 loops=3) 

      Buckets: 4194304 Batches: 1 Memory Usage: 

      115392kB 

     >֧ Parallel Seq Scan on bookings b (actual row...  

(13 rows)  

=> RESET work_mem;  

 

 ⱣⱭ ♄ ⁫ ṫὥ ҹӦ ṅ  ὣ Ὥ, ֚ẋ  ʊenable_parallel_hash (֥⁮Җ: on) ὺҟ″ּבὗ 

▐  ‾Ἇ   ֥ᶾ ב   ᷄ḁ.  

 

♄ ⁫  Ὼ   ℮  ▐  ҍᶾ  ᾕᾧὣҍ Ὼ Ἓ ṯ ḻ ₔԂ ә,   ᾧ

ṭ ‾Ἇ ἛⱢ  ḏṎ ᾕᾧὣὗ ▐  ֥ẋῄ   ‗  Ἓ  ἰṑ᷄ḁ(ᾕᾧὣ ▐ ỳ). 

 №   ֠ḝ Ὥ,  ὣҍ ҍ  ҹ  ҹ╝ ῡἛ  ᾕᾧὣ ▐ ỳ  Ҕꜙ ᷄ḁ. 

 

‾Ἇ 2-   תּ 

ᾧṭ ‾Ἇ ἛⱢ   ᾕᾧὣҍ    № בּ  ֥  ₒ  .ḁ᷄ בּ  

 ʊӔ  ḄӔ ♄  Uᵁ , ὣ   ᾤ ḁ.  Ӓ᷄ בּ   Ṏ 2-  әὣ  

ֱ֠  ⁮ ҹӦ ◄ḏ  ḁὛ᷄ḁ. 

 

 әὣ    Ḅ   № ḓ  Ỵ ҟ    №  ◕Ⱡ ḁ  ʊҹ ᷄ḁ. Ҏ 

ἛⱢ  ʊ Ὥ  №  Ώ  ḼὨ Ἓ    ὗ ὣ ᷄ḁ. ( Ὥ ‴ḻ   №  

 Ӥ  ᾕᾧὣ    ֥ẋῄ , ẖ ἛⱢ ṭ  №ṯ   ƫ ᵁ  ֜ ᷄ בּ 

ḁ.) Ӕ ♄ Ỵ   ҍ ḁ  ʊҹ  ᵁ ᵁᾠ,
327

 Ҏ ἛⱢ ὗ  ‴ḻ   №  ῶἛ Ԃ

 
327

 backend/executor/nodeHash.c, ExecChooseHashTableSize function 
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ṑ᷄ḁ.  ḄӔ ♄ Ӎ  ᵒἌ ᾠ,  №  Ԃ ṑ᷄ḁ.
328

 

 

ẁỚ♄  ‗  ḄӔ ♄ ἛⱢ ṯ  ᵒ  a  ‾ἏἛ ᾞ, ὗ   Ἓ ᵁᶞ    ᷄

ḁ.
329

 Ҏ ἛⱢ ҍ ᵒ  a   ᾩὭ  ֥ẋῄ ,  ֚ ẖ   (  ‗    ḻ)  ḓ ♄ḻ 

  №  Ԃ  ᷄ḁ. ẖ      Ɫ  ʊṅ֥ Ṏ   Ἓ ᾧṭ ‾Ἇ ἛⱢ

  ⱠṎ Ὥ ᶞ ṑ᷄ḁ.
330

 ẁỚ♄ ℮‾Ἇ ῳ Ⱡ ‾Ἇ ―  әὣ Ӧ Ḇὣ, ‾Ἇ Ṕ ‗

     ‗    ὗ  ᾧṭ   ὗ Ṷ  ᷄ḁ. 

 

 
 

ᵒ  a  ḓ   ᾧṭ ἛⱢ   ἰṍᾠ, Ṕ ‗  ḄӔҍ ṑ᷄ḁ.
331

 

 

әὣ  ℮‾Ἇ ―  ▐ ḁᾠ,  ‗     ꜚ  ʊ  a  ṯ  ῶἛ  №Ӧ ὺ

ṏ ҹ ᷄ḁ. Ὥ ‾Ἇ ―  Ӓ , ᾕᾧὣ  ʊ   №   ῡἛ, ṯ   

ὗ ḼὨ Ἓ ὣ ᷄ḁ. ẁỚ♄, Ṕ ‗  ḄӔ  ʊ  a  ‾Ἇ Ἓ   ֚ ṯ    Ἓ 

ₒ  ә, Ҏ   ὗ ‴ḻ    ᷄ḁ.
332

 Ṏ ṯ   №  ▲ ṍ  ᷄ḁ(  ‗

 ḄӔ ♄ ῼ◕  ʊҹ Ỹ), ֚Ủ♄   בּ   ʊ ḓ ҍ  ᷄ḁ. 

 

ᾧṭ ἛⱢ ҍ  a   ἰ ᾠ, Ṷ  ʊ2Nҟ    ◕Ⱡṑ᷄ḁ; ṯ  ᵒ  aῳ 

 a    ὗ ᷄ḁ. 

 

 
328

 backend/executor/nodeHash.c, ExecParallelHashIncreaseNumBatches function 
329

 backend/executor/nodeHash.c, MultiExecParallelHash function 
330

 backend/utils/sort/sharedtuplestore.c 
331

 backend/executor/nodeHashjoin.c, ExecParallelHashJoin function 
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֚Ỷ ḁ  Ҏ ἛⱢ  ʊ    ᵁὗ ♠ ә  ּב ᷄ḁ: ᾕᾧὣ   ʊ  №  ᵒ  a

 ṯ  Ἓṫ ә,  a  ṯ   , ֚ҹṯ   №Ӧ ὺ ᷄ḁ.     

ἰṍᾠ, ἛⱢ  ʊ  ὣṍ   ḁ    ὗ ♠ ᷄ḁ.
333

 

 

 
 

ὣṍ     ҍ ḝ ◄ ᵉ   ḁᾠ,    ὗ ἰ  ἛⱢ  ʊḁὖ ἛⱢ ҍ  

ὣ      ᵁὗ ὣ  ֥ ᷄ḁ; ᾧṭ  №  Ӥ  ᾕᾧὣ    ֥ẋῄ  Ỵ  

ṅ  ὣҍ ҍᶾ ᷄ḁ. 

 

 
333

 backend/executor/nodeHashjoin.c, ExecParallelHashJoinNewBatch function 
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  ֜   ᾧṭ ἛⱢ  ḓ  Ḅ    №  ▐  ʊҹ⁫ḁ ḝ ᷄ḁ: ‾Ἇ ὣὗ 

♥ ֥ҍ ḝ אלә, ṅ֥  ℮  ἐ ᷄ḁ. 

 

בּ  ▐  

  әὣ  ᵒ  a ╝Ὥ ᷄Ớ , ὖ ,   a , ֚ὣә Ὼ(Ɫῦ) Ӧ Ὼḓ(

) Ӧ Ҝ  ᾧṭ   ᷄ḁ. Ὥ ῦ ֡ ṳ ,  ҳ  ṅṴ ▓ Ἓ 

ṑ᷄ḁ.  

 

 ἶ   ḁἶᾠ♄ Ỵ    ₐὗ ῦ Ө ᷄ḁ.  ֥ ὖ   a  ҍ 

᷄ḁ: 

=> EXPLAIN (costs off) SELECT *  

FROM bookings b 

LEFT OUTER JOIN tickets t ON t.book_ref  = b.book_ref ;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Hash Right  Join  

  Hash Cond: ( t.book_ref  = b.book_ref)  

  >֧ Seq Scan on tickets t  

  >֧ Hash 

   >֧ Seq Scan on bookings b  

(5 rows)  

 

SQL ὣ ♄ Ṏ ᶄὣ     Ӕ ♄ ὖ   ῇὣ  Ἓ ″ ṍ ḁ  ʊ  

֥  ʊҹ  ᷄ḁ.  

 

ᶄὣ בּ  ♄, bookings  ʊ  a №(    ԂⱠ) ᾞ, tickets  №  ᵒ  a №

᷄ḁ. ẁỚ♄, tickets ҍ  ʊbookingsḻ  ӍӦ  ṍ  ᷄ḁ. 

 

ῇὣ בּ  ♄, ᵒ  aῳ  a  ὣ ♄  ҍ  ᷆  ℮  ֥Ὼ Ἓ ḏṑ᷄ḁ. 

 ʊ Ὼ Ἓ ḝ   №  ҍ   ᵒ  a Ἓ ▐ ṏ ҹ  ῦ ᷄ḁ. ֥♄ ῼ◕

 ʊҹ  ῶἛ Ỵ  Ӓ ᷄ḁ: bookings №  ᵒ  a Ἓ ▐ ṍᾞ,   ὖ  

Ἓ ″Ӓṑ᷄ḁ. 
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֚ὣә  ֚Ὼḓ  Ӓ ḻ Ὣ ҍ ᷄ḁ. ὣ ♄ ὖ   a  ( ẖ bookings ḻ Ө

ṍ     ֥ ),  Ӕ    ▐ ᷄ḁ: 

=> EXPLAIN (costs off) SELECT *  

FROM bookings b 

RIGHT OUTER JOIN tickets t ON t.book_ref  = b.book_ref ;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Hash Left  Join  

  Hash Cond: ( t.book_ref  = b.book_ref)  

  >֧ Seq Scan on tickets t  

  >֧ Hash 

   >֧ Seq Scan on bookings b  

(5 rows) 

 

 ֚ὧ  Ⱡ  ֥ ,   a  ▐  ʊ ὣ Ӕ  ὗ Ӥ ӆ ᷄ḁ: 

=> EXPLAIN (costs off) SELECT *  

FROM bookings b 

FULL OUTER JOIN tickets t ON t.book_ref  = b.book_ref ;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Hash Full Join  

  Hash Cond: ( t.book_ref  = b.book_ref)  

  >֧ Seq Scan on tickets t  

  >֧ Hash 

   >֧ Seq Scan on bookings b  

(5 rows)  

 

‾Ἇ    ὖ  Ӧ   ḓ ♄ ṍ  ᷄ḁ.
334

 

 

ḁ  ♄  ʊbookings №   a Ἓ ▐ Ὥ, Ὥ  Ṏḁᾠ Ӕ  ʊ ὖ   

♠  ҹ ᷄ḁ: 

=> EXPLAIN (costs off) SELECT sum(b.total_amount)  

FROM bookings b 

LEFT OUTER JOIN tickets t ON t.book_ref  = b.book_ref ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Finalize Aggregate  

  >֧ Gather 

   Workers Planned: 2  

   >֧ Partial Aggregate  

    >֧ Parallel Hash Left Join  

 
334
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     Hash Cond: (b.book_ref  = t.book_ref)  

     >֧ Parallel Seq Scan on bookings b  

     >֧ Parallel Hash  

      >֧ Parallel Index Only Scan using tickets_book...  

(9 rows)  

 

22.2 ә  Җ ῳ ֚Ἳ  

Ӕὗ  Җ  ֚Ἳ ә ⁬  ұ  ʊ әὣ   әὣ Ӧ ὺ  ▐ ᷄ḁ. ṯ  ▐  

ʊ  בּ  ֜ “  ᵁ  ʊ   ḓ   №  Ԃ  ʊҹ ᷄ḁ. ḏ Җ    

№   Ӓ Ὥ Җ   №  ṑ᷄ḁ. ӍӦ Ἓ,  №  ᾧṭ ә  Җ  Ӏ 

ṑ᷄ḁ. 

 

 Ӕὗ ּב  ʊᶂṫ  ʊHashAggregateỚә ₔὨ᷄ḁ.
335

 

 

 ᶂṫҍ  ּב  ʊᾥ ҍ  ◄  әἌ  ⁫ӆ ᷄ḁ. 

 

Ҏ  Ủ  :(GROUP BY) בּ ♅ ‴

=> EXPLAIN (costs off) SELECT fare_conditions, count(*)  

FROM seats 

GROUP BY fare_conditions;  

  QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 HashAggregate 

  Group Key: fare_conditions  

  >֧ Seq Scan on seats  

(3 rows)  

 

 Ủ  ᾨἜ (DISTINCT): 

=> EXPLAIN (costs off) SELECT DISTINCT fare_conditions  

FROM seats;  

  QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 HashAggregate 

  Group Key: fare_conditions  

  >֧ Seq Scan on seats  

(3 rows)  

 

 U ◄  ҖӦ Ӎ Ṏ  Ủ  (UNION): 

=> EXPLAIN (costs off) SELECT fare_conditions  

FROM seats 

 
335
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UNION 

SELECT NULL;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 HashAggregate 

  Group Key: seats.fare_conditions  

  >֧ Append 

   >֧ Seq Scan on seats  

   >֧ Result  

(5 rows)  

 

Append ᶂṫ  ʊṔ Ɫ ὗ Ӎ Ὥ, UNION ӍӦ  ᵁ ᵁ    Ẕ  ⁬ḻ ұ  ᷄ḁ. 

⁬  HashAggregate ᶂṫ   ‴ḻἛ ұṍ  ᷄ḁ. 

 

 №  ḏṎ ᾕᾧὣ  ʊ   Ӓ  Ὣ ҍ Ἓ work_mem(֥⁮Җ8 2K@' Á

hash_mem_multiplier(֥⁮Җ: 1.0) Җ   ṑ᷄ḁ. 

 

 №  ḏṎ ᾕᾧὣ  ί  ʊӒ , Ӕ  ʊḄ    ὗ ▐ ᷄ḁ: 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT DISTINCT amount FROM ticket_flights; 

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 HashAggregate (actual rows=338 loops=1)  

  Group Key: amount 

  Batches: 1 Memory Usage: 61kB 

  >֧ Seq Scan on ticket_flights (actual rows=8391852 loops=1)  

(4 rows) 

  

amounts ṫ ♄ ә  Җ  ֚ὣ Ὦ   ֥ẋῄ ,  №   61k(ᾕᾧὣ ▐ ỳ)Ὥ  

᷄ḁ. 

 

ḏṎ ᾕᾧὣὗ  №   ʊ , ᾧṭ ҍ Җṯ   Ἓ ӈ ә ֚ṯ   Җ  Ỵ 

℮ ὗ ֥Ὼ Ἓ Ɑ Ἓ ֚Ἳ ṑ᷄ḁ. Ɑ בּ   ʊ2  ұṲ Ӣ ᾞ, ҎҎ   №  ḏṎ 

ᾕᾧὣ  ίḻἜ ♠ ṑ᷄ḁ.  Ⱡ  ῇἝ ּב Ṏ Ӕ   ḆἌ ῡἛ, Ώ יּ   ʊ Ɑ 

֥ὗ ḝ ә  ‗  Ἓ Ҏ Ɑ  ὣ  Ὅ  ᶋ  ֥  1.5 Ἓ Ӣ ᷄ḁ.
336

 

 

 Ɫ ҍ ṍᾠ, ᶂṫ  ʊ  №  ṯ ҏ Җṯ  ḓ  Ӕ ӍӦὗ Ὼ ᷄ḁ. 

 

֚Ỷ ḁ   №  ә,  ḄӔ ♄   Ṏ Ҏ Ɑ  ḁὖ  Ɫ Ỹ ṍ

ә ὣṑ᷄ḁ. Ὥ   №   ḏṎ ᾕᾧὣὗ Ӧ ḁᾠ, ― Ἓ  ḓ◄ ṯ  ḁ  

Ɑṍ  ҍ ὣὗ  Ṷ  ᷄ḁ. 

 

 
336
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Ӧḻ  I/Oὗ  ֥ , Ṕ ‗     әὣ  MCVὗ  ‗    Ἓ ṅ ᷄ḁ. ֚Ỵ ,U 

Ӕ  ʊ Ỵ  ὗ Ԃ  ᷄ḁ: ḏṎ ᾕᾧὣ  ί  ʊ ṯ  Ɑ Ἓ ᵁᶪ   ҹ ᾞ, 

MCVʊ  RAM  ṯ ґ Ὥ  ₒ   ῼ◕  ҍᶾⱠ  ᷄ḁ. 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT DISTINCT flight_id FROM ticket_flights ;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 HashAggregate (actual rows=150588 loops=1) 

  Group Key: flight_id  

  Batches: 5 Memory Usage: 4145kB Disk Usage: 98184kB 

  >֧ Seq Scan on ticket_flights (actual rows=8391852 loops=1) 

(4 rows)  

 

 ♄, ә  ID ҍ ◄ḓבּ  Ἓ ᶋ  ֥ẋῄ   №  ḏṎ ᾕᾧὣ  ί  ᷄ḁ. ὣὗ 

בּ  ʊḫ  ʊḁ♬ ‗    ҍ ᷄ḁ:  ֥ḫ  Ɫ ὗ  ᵁ  Ṷ   Ɑṯ  

 ᵮ ҟ ᷄ḁ. 
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23. ἏӦ ‾  

23.1 ‾   

‾    Ἓ ἏṎ ḫ  Ɫ ὗ ὣ ә ▐    Ἓ ἏṎ ӍӦὗ Ὼ ᷄ḁ. Ἅ Ɫ

 ʊ Ḭ   ẁỚ ▐  Ἇṏ ּב ᾞ, ֚ἃ   Ӓ   ʊ  ‾  ṍ  ֥  

Ɫ ὗ Ἇ  ᷄ḁ.
337

 

 

ἏṎ Ɫ  ‾  

‾   ὗ □ ⁫ӆ ᷄ḁ.  Ӕ ♄  ʊ"Merge Join" ᶂṫἛ ṑ᷄ḁ:
338

 

=> EXPLAIN (costs off) SELECT *  

FROM tickets t  

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no  

ORDER BY t.ticket_no;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Merge Join 

  Merge Cond: (t.ticket_no = tf.ticket_no)  

  >֧ Index Scan using tickets_pkey on tickets t  

  >֧ Index Scan using ticket_flights_pkey on ticket_flights tf  

(4 rows)  

 

 Ἓ֚Ừ  ORDER BY  Ṏ ḓἛ ἏṎ ӍӦὗ Ὼ  ֥ẋῄ     “  ♠ ᷄ḁ. 

Ӕ  ♠  ẋ,  Ἓ֚Ừ  ḫ  Ɫ  Ἇ ּד♄ὗ ᾨ ә ὰ  Ӓ ҍ ᷄ᾠ Ἇ

בּ   ᷄ḁ. ὗ ṯ , ‾    ◕ⱠṎ ḫ  Ɫ ҍ ῦ  Ἇ ּד♄ὗ ҍ ә 

ḁᾠ, ֚ḓἛ  ‾  ♄ ▐ ṏ ּב ᷄ḁ. 

=> EXPLAIN (costs off) SELECT *  

FROM tickets t  

JOIN ticket_flights tf ON t.ticket_no = tf.ticket_no  

JOIN boarding_passes bp ON bp.ticket_no = tf.ticket_no  

AND bp.flight_id = tf.flight_id  

ORDER BY t.ticket_no;  

     QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Merge Join 

  Merge Cond: (tf.ticket_no = t.ticket_no)  

  >֧ Merge Join  

   Merge Cond: ((tf.ticket_no = bp.ticket_no) AND (tf.flight_...  

   >֧ Index Scan using ticket_flights_pkey on ticket_flights tf  
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   >֧ Index Scan using boarding_passes_pkey on boarding_passe...  

  >֧ Index Scan using tickets_pkey on tickets t  

(7 rows)  

 

 ‗ Ἓ ṍ  ʊ №  ticket_flights  boarding_passes ᾞ, Ṕ № ᾧṔ ⁬  ֥⁮ 

(ticket_no, flight_id )ὗ ҍ ә ә, ӍӦ  ʊ  Ṕ   Ἇṑ᷄ḁ. ◕ⱠṎ    ֚  

ticket_no  Ἓ ἏṎ tickets  №Ӧ ṑ᷄ḁ. 

 

  Ṕ ḫ  Ɫ  ᾧṔ  ḓ  Ḅ  ‗  Ὥ Ԃ ᾞ ҍ ᾕᾧὣὗ ▐  ᷄ḁ.  ʊ

ᵒ  aῳ  aⱢ   ( Ủ  ‗  )  ḓ  Ṕ ὗ ▐ ᷄ḁ. 

 

  ҍ  ᾠ, ḝ  ὗ ҍ    ʊ   ᵁҍ ḁ  Ἓ ṅṏ ẋ

ֱ  ṍ   ʊ  ᷄ḁ. Ṏ  ◄  ᶂṫἛ Ὼ ṍә, ᵒ  aⱢ   ʊ   

Ἓ ṅṑ᷄ḁ.  Ɫ ҍ ᴸ  ᴂẋֱ   Ӕꜚṑ᷄ḁ. 

 

 әὣ  ᵒ  aⱢ  ⁬  ὣ Ὥ,  aⱢ בּ  ḻ ⁬ ḁ. ẁỚ♄, ә᷄ בּ  

ὣ  ҟ♠ṍ  ᷄ḁ:  a ҍ Ṏ  ҍ ṅ Ӏ ṍᾠ, ᵒ  a  ʊ  ‗  

 ʊ Ἓ ṍḿ ҕ᷄ḁ. ἃӀ   aⱢ  Ҏ  ṅ  ὗ ҍ  ᵒ  aⱢ  ᾧṭ Ӧ ὺ ṏ 

ҹ ᷄ḁ.
339

 

 

 a  Ӓ , әὣ  ҏ ṍ Ὥ  ṅ   ֥Ὼ ᷄ḁ.  

 

‾   ҳ  ṅṴ ▓ Ὥ ▐ ῡἛ,  Ṵҍ (equi בּ  -joins)Ὥ ṑ᷄ḁ(℮Ἔ ḁὖ 

ҳ  ḓ  ḻ   ᷄ḁ).
340

 

 

℮  .  ὗ  ḝ Ɫ  □ ⁫ӆ ᷄ḁ: 

=> EXPLAIN SELECT * 

FROM tickets t  

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no  

ORDER BY t.ticket_no;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Merge Join (cost= 0.99.. 822355.54 rows=8391852 width=136) 

  Merge Cond: (t.ticket_no = tf.ticket_no)  

  >֧ Index Scan using tickets_pkey on tickets t  

   (cost=0.43..139110.29 rows=2949857 width=104)  

  >֧ Index Scan using ticket_flights_pkey on ticket_flights tf  

   (cost=0.56..570972.46 rows=8391852 width=32)  

(6 rows)  

 

  ℮  ʊᾧṭ  ᶂṫ   ℮  ꜙ  ṑ᷄ḁ. Ὼ Ἓ,  ‗  ὺ ὗ  ֥

 
339
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340
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  aⱢ  Uᵒ  aⱢ  ₐὗ   ּבḻ ᷄ḁ.  ℮  Ṕ Ɫ ♄ ҍ    

ὗ ℮ӽ Ἓ ( ֚Ừ  ֥Ὼ Ἓ)  ּב ᷄ḁ.
341

 ֚Ỵ  U  ‴  Ӓ ,ʊ Ṕ № ♄ 

 ‗  ‛ ҍ ṅ ᷄ḁ. 

 

 ℮  ʊ  ᶂṫἛₐ  ḫ ὗ ҍ  ʊ℮ Ӧ Ӕ▓ ℮  ṑ᷄ḁ.  әὣ   Ɫ

ҍ ᴸᵁ  ʊ  ṍῡἛ(ῇἝ  a בּ   ʊӒ ὗ ә), ḁὖ Ɫ  ʊₐₒ ἛὭ ṏ 

ḁ. Ṏ ₐₒ᷄ בּ  ֥ὗ  ֥ , Ṕ Ɫ ♄ ḓ  Җṯ  ℮ӽ   .ḁ᷄ בּ 

♄  ʊṔ Ɫ  ᾧṔ Ἓ ῡἛ,   ℮  ʊṔ  ᶂṫ   ℮   ṑ᷄ḁ. 

 

Ӏḁҍ, ⁬   ʊӒ  ᵒ  aⱢ   a  Ỵ ‗ ṏ ּב ᷄ḁ. Ὼ⁬   ּב  ʊ  

ӍӦ  Ṷᵥὣ  ᵒ  aⱢ  Ṷᵥὣ   Ҝ ᷄ḁ.  ὣ ♄,  Ṷᵥὣ  ʊҜ ḫ,  ʊ

Ɫ  ⁬  ḁ  ʊҹ  ῦ ᷄ḁ. 

 

әὣ  Ṕ Ɫ   ὗ ℮ӽ ᷄ḁ.  ‗  ℮ӽ ℮  cpu_operator_cost( ֥⁮Җ: 0.0025) Җ

Ἓ ṍᾞ, ṍ  ʊ℮ӽ ּב  ʊṔ Ɫ   ӔἛ  ּב ᷄ḁ( ⁬   Ὼ⁬  ֥  בּ

ҍ). ӍӦ  Ṏ Ҏ  ὣ ℮  ꜙ  Ҝ  cpu_tuple_cost( ֥⁮Җ: 0.01) Җ Ἓ ṑ᷄ḁ. 

 

ẁỚ♄,  ♄  ℮  ḁ Ӧ Ҝ  ṑ᷄ḁ:
342

 

=> SELECT 0.43 + 0.56 AS startup,  

  round((  

   139110.29 + 570972.46 + 

   current_setting('cpu_tuple_cost')::real * 8391852 +  

   current_setting('cpu_operator_cost')::real * (2949857 + 8391852)  

  )::numeric, 2) AS total;  

 startup | total  

֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧ 

    0.99 | 822355.54  

(1 row)  

 

‾Ἇ ᾧṫ 

‾   ‾Ἇ  Ⱡ  ḻ ₔԂ ә, ‾Ἇ Ӕ ♄  ▐ ṏ ּב ᷄ḁ.
343

  aⱢ  ʊ

Ỵ   ‾ἏἛ ṏ ּב Ὥ, ᵒ  aⱢ  ʊ ◄ Ҏ   Ἓ ṑ᷄ḁ. 

 

‾Ἇ   ұ  ◄ ḝ ἐ  ֥ẋῄ ,  ṅ    ℮ Ⱡ ӆ ᷄ḁ: 

=> SET enable_hashjoin = off;  

 

‾   ▐  ʊ‾Ἇ Ӕ   ʊḁ Ӧ Ҝ ᷄ḁ: 

=> EXPLAIN (costs off)  
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SELECT count(*), sum(tf.amount)  

FROM tickets t  

JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Finalize Aggregate  

  >֧ Gather 

   Workers Planned: 2  

   >֧ Partial Aggregate  

    >֧ Merge Join  

     Merge Cond: (tf.ticket_no = t.ticket_no)  

     >֧ Parallel Index Scan using ticket_flights_pkey o...  

     >֧ Index Only Scan using tickets_pkey on tickets t  

(8 rows)  

 

‾Ἇ Ӕ ♄  ʊ   a‾  (Full Outer Merge Join) Ӧ ὖ   a‾  (Right Outer 

Merge Join)  ṍ  ᷄ḁ. 

 

בּ  ▐  

‾   әὣ  ᾧṭ   ▐ ṏ ּב ᷄ḁ.     a (Full Outer 

Join)Ӧ ὖ   a (Right Outer Join)   ҳ  ‾   ("  a  ᵒ  a Ӧ ṅ " 

Ắ  ʊ" בּ◄   ṅ ")
344

  ḁ  ʊҹ ᷄ḁ. ᵒ  a (Inner Join)Ӧ   a (Left 

Outer Join)  ӨἎ  ʊ ҳ    ӍӦὗ Ὢ Ὥ,  Ӧ ὖ   ḓ ♄  ʊ Ỵ

 Ὢ  ṍ  ᷄ḁ. 

 

ḁ  ‾  әὣ  ▐  ʊ   ᷄ḁ: 

=> EXPLAIN (costs off) SELECT *  

FROM tickets t  

FULL JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no  

ORDER BY t.ticket_no;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Sort  

  Sort Key: t.ticket_no  

  >֧ Merge Full Join  

   Merge Cond: (t.ticket_no = tf.ticket_no)  

   >֧ Index Scan using tickets_pkey on tickets t  

   >֧ Index Scan using ticket_flights_pkey on ticket_flights tf  

(6 rows)  

 

ᵒ  a (Inner Join)Ӧ  (Left Join)  Ἇ ּד♄ὗ ᷄ḁ. ֚Ỵ  U   a (Full Outer 
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Join)Ӧ ὖ   a (Right Outer Join)  ἏṎ  aⱢ  Җ ▐  NULL Җ  ▲ ṏ ּב  ֥ẋ

ῄ  Ἇ ּד♄ὗ ⁫ .ḁ᷄ בּ 
345

⁬ ὗ♄דּ    ֥ , Ủᵡ  ʊ ֥  Sort ᶂṫὗ ḻ

᷄ḁ. ḏ ,  ʊӔ  ℮  ҍ    ḝ ὺἍ Ἓ ὭṯῡἛ, Ủᵡ  ʊ   

 ℮ Ⱡ Ṏ ◄ ♄Ὥ  Ӕ  ♠ ᷄ḁ. 

 

֚Ỵ  Uḁ   ʊ    ʊּב ḁ:  ἶ᷄ בּ   ʊ     ᾞ, 

ṍ   ʊ  ҳ ẋῄ  ‾  ▐ ḁ. ẁỚ♄   enable_hashjoin᷄ בּ   ὺҟ″

Җ בּ  ӨӔ  ▐ ṑ᷄ḁ: 

=> EXPLAIN (costs off) SELECT *  

FROM tickets t  

FULL JOIN ticket_flights tf ON tf.ticket_no = t.ticket_no  

AND tf.amount > 0  

ORDER BY t.ticket_no;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Sort  

  Sort Key: t.ticket_no  

  >֧ Hash Full Join  

   Hash Cond: (tf.ticket_no = t.ticket_no)  

   Join Filter : (tf.amount > '0'::numeric)  

   >֧ Seq Scan on ticket_flights tf  

   >֧ Hash 

    >֧ Seq Scan on tickets t  

(8 rows)  

 

 ℮ Ⱡ Ḡ   ▐  ֥ᶾ  ⁬ ḁ: 

=> RESET enable_hashjoin; 

 

23.2 Ἇ 

 Ἓ Ἇṍ   Ɫ (Ắ  ʊṔ Ɫ  ᾧṔ ҍ )ʒҍ ḁᾠ,   ṍ  ֥  Ἇṍ  

᷄ḁ.  Ἇ  Ӕ ♄ Sort ᶂṫἛ ṑ᷄ḁ:
346

 

=> EXPLAIN (costs off)  

SELECT * FROM flights f  

JOIN airports_data dep ON f.departure_airport = dep.airport_code  

ORDER BY dep.airport_code; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Merge Join 

  Merge Cond: (f.departure_airport = dep.airport_code)  
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  >֧ Sort  

   Sort Key: f.departure_airport  

   >֧ Seq Scan on flights f  

  >֧ Sort  

   Sort Key: dep.airport_code  

   >֧ Seq Scan on airports_data dep  

(8 rows)  

 

Ỵ  Ἇ  Ὼ ὣ  ḻ ᵒ בּ  ♄ ORDER BY  ṍ  ʊӒ ,  ύớ ₐ ♄ḻ 

ṏ ּב ᷄ḁ: 

=> EXPLAIN (costs off)  

SELECT flight_id,  

row_number() OVER (PARTITION BY flight_no ORDER BY flight_id) 

FROM flights f;  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 WindowAgg 

  >֧ Sort  

   Sort Key: flight_no, flight_id  

   >֧ Seq Scan on flights f  

(4 rows)  

 

֥♄ WindowAgg ᶂṫ
347

 ʊSort  ᶂṫ   ▐  ἏṎ ḫ  Ɫ  ḓ  ḻ ▓ὗ Ӕבּ  ᷄

ḁ. 

Ủᵡ  ʊ Ỵ ҍ  Ἇ  “  ḻԂ ◄  ҍ ә ᷄ḁ. ῦ ⁫ ṫὥ  ʊ  ֚  Ṕ ҍ (Sort 

Method) ὗ ▐ ᷄ḁ. Ỵ  Ɫ  a▐  ꜙ  Ҝ  EXPLAIN ANALYZE ᾤἔ Ἓ ṏ ּב ᷄ḁ: 

=> EXPLAIN (analyze,costs off,timing off,summary off)  

SELECT * FROM flights f  

JOIN airports_data dep ON f.departure_airport = dep.airport_code  

ORDER BY dep.airport_code; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Merge Join (actual rows=214867 loops=1)  

  Merge Cond: (f.departure_airport = dep.airport_code)  

  >֧ Sort (actual rows=214867 loops=1)  

   Sort Key: f.departure_airport  

   Sort Method: external merge  Disk: 17136kB 

   >֧ Seq Scan on flights f (actual rows=214867 loops=1)  

  >֧ Sort (actual rows=104 loops=1)  

   Sort Key: dep.airport_code  

   Sort Method: quicksort  Memory: 52kB 

 
347

 backend/executor/nodeWindowAgg.c  
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   >֧ Seq Scan on airports_data dep (actual rows=104 loops=1)  

(10 rows)  

 

Ἇ 

Ἇ  ḫ  Ɫ ҍ work_mem( ֥⁮Җ: 4MB)  ί  ʊӒ , Ủ  Ἇ  “  ṑ᷄ḁ.  

әὣ  ᾧṭ ӽӦ♄  ♥ᾤṍ  ῡἛ ֥♄  ʊ♥ᾤ  ӆ ᷄ḁ. 

 

Ԃ Ӧ ӨἎ , Ἇ  ▐  ҍᶾ  ᾕᾧὣ  
348
Ӧ  aḁὖ  ẁỚ ҍ   әὣ  ♠

 ʊ  ᵤ בּ   ṑ᷄ḁ. 

 

℮  .  №  ẢӀ Ἇṍᶷ  □ ⁫ӆ ᷄ḁ.  Ӓ , Ἇ  ᾕᾧὣ ♄ Ἇ әὣ

 ▐ בּ  ṑ᷄ḁ: 

=> EXPLAIN SELECT * 

FROM airports_data 

ORDER BY airport_code; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Sort (cost= 7.52.. 7.78 rows=104 width=145) 

  Sort Key: airport_code  

  >֧ Seq Scan on airports_data (cost=0.00..4.04 rows=104 width=...  

(3 rows)  

 

nҟ  Җ  Ἇ  ʊӔ▓ ⁬ ḻ  ʊO(nlog2n) Ἓ Ἄ  ᷄ḁ. Ḅ  ℮ӽ ▓  

cpu_operator_cost (֥⁮Җ: 0.0025) Җ  Ṕ  Ἓ ṑ᷄ḁ.  ḫ  Ɫ  ʊӍӦὗ ҷ◌  ֥  

ṍә Ἇṍ  ῡἛ, Ἇ   ℮  ʊ  ᶂṫ   ℮ Ӧ ℮ӽ ▓   ῼ◕  ʊᾧ

ṭ ℮  ṑ᷄ḁ. 

 

Ἇ   ℮  ʊῺ ṏ Ҏ  ὣ  ʊ℮ ḻ ṍᾞ,  ʊcpu_operator_cost ♄ ṍᾞ(

◄  cpu_tuple_cost  Җ  ,᷆ Sort  ᶂṫ   ῼ◕  ʊ ― ṫҍ ῦῦ  ֥ẋῄ ᷄ḁ).
349

 

 

  ℮  ḁ Ӧ Ҝ  Ӕ▓ṑ᷄ḁ: 

=> WITH costs(startup) AS (  

 SELECT 4.04 + round((current_setting('cpu_operator_cost')::real * 2 *  104 * log(2, 104)  

    )::numeric, 2)  

)  

SELECT startup, 

 startup + round((  current_setting('cpu_operator_cost')::real * 104  )::numeric, 2) AS 

  total  

FROM costs; 

   startup | total  

 
348

 backend/utils/sort/tuplesort.c  
349

 backend/optimizer/path/costsize.c, cost_sort function  
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֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧ 

    7.52 | 7.78  

(1 row)  

 

Top-N Ἇ 

ḫ  Ɫ ҍ ₐₒ ἛὭ Ἇṍ   ʊӒ (LIMIT   Ṑ),  Ἇ(heapsort)  “  

ṏ ּב ᷄ḁ(Ӕ ♄  ʊtop -N heapsortἛ ṑ᷄ḁ). ḝ  ὰ ᾠ,  әὣ  Ἇ  

ὗ ḻ Ὼבּ  Ἓ ұ  U ḏṎ ᾕᾧὣҍ  Ἅ Ɫ ὗ ּב ʊӒ  בּ  (Ὼᾠ Ἅ Ɫ

 ʊּב  ҍᶾ  Ӓ )  ▐ ṑ᷄ḁ. 

=> EXPLAIN (analyze, timing off, summary off)  

SELECT * FROM seats 

ORDER BY seat_no LIMIT 100; 

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Limit (cost= 72.57.. 72.82 rows=100 width=15) 

  (actual rows=100 loops=1)  

  >֧ Sort (cost=72.57..75.91 rows=1339 width=15)  

   (actual rows=100 loops=1)  

   Sort Key: seat_no  

   Sort Method: top N֧ heapsort  Memory: 33kB 

   >֧ Seq Scan on seats (cost=0.00..21.39 rows=1339 width=15)  

    (actual rows=1339 loops=1)  

(8 rows)  

 

nҟ ♄ kҟ  ҍ  ᶋ (Ắ  ʊᵎ ) Җ   ֥ ,  ʊ  kҟ   Ớә ₔὣ  ʊḫ  

Ԃ  ҍ ᷄ḁ. ֚Ỷ ḁ  ᵁᾊ  ṯ  ᵁ  ҍṍә, Ҏ Ὼ⁬  ʊ ♄ ҍ  (Ắ  ʊҍ  

) Җ  ұṑ᷄ḁ. ᾧṭ  ὣṍᾠ,  ʊ ә   ʊkҟ  Җ  ṑ᷄ḁ. 

 

⁴͙Ἄ ' (heap)'╪גѤ ↔‡Ѥ ◄ ῼᴎֿב ҥ╪  ̯ⱳᵑ ּת ᶒ, ꜙꜙ ˉ╘ ╪ᵒ╖ᴛ 

…͕ӇѤ ҥ╪ ḽ╪ᾅ ╪ẇ̓Ѥ ̕ᴐ╪ ′ᾋѱѻ. 

 

℮  .  әὣ  Ӕ▓ ⁬ ḻ  ʊO(nlog2k)Ἓ ṍ Ὥ, ҎҎ   ▓  ꜙ  әὣ  

℮  ḝ ℮ ᷄ḁ. ẁỚ♄ Ӥ  nlog 22kὗ ▐ ᷄ḁ.
350

 

=> WITH costs(startup)  

AS ( 

  SELECT 21.39 + round((  

  current_setting('cpu_operator_cost')::real * 2 *  1339 * log(2, 2 * 100)  

  )::numeric, 2)  

)  

SELECT startup, 

 
350

 backend/optimizer/path/costsize.c, cost_sort function  
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startup + round((  current_setting('cpu_operator_cost')::real * 100  )::numeric, 2) AS  

 total  

FROM costs; 

 startup | total  

֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧ 

   72.57 | 72.82  

(1 row)  

 

 a Ἇ 

 ḫ  Ɫ ҍ ᾕᾧὣ ᵒ ♄ Ἇ ֥  ᵡ  ̈͂ ḁ  ʊҹ  ᵁ ᵒᾠ, Ἇ ᶂṫ  ʊ  a‾  Ἇ(Ӕ

♄  ʊexternal merge Ἓ Ṑ)Ἓ ṑ᷄ḁ. ῦ Ṏ ṯ  ꜙ  әὣ Ἓ ᾕᾧὣ ᵒ

♄ Ἇṍᾞ  Ἓ ֥Ἔṑ᷄ḁ. 

 

 
 

 ֚ḁ  ʊᵉ  ᾕᾧὣἛ ҍ ṯ  ṯ ә,  ὗ ᾧṭ ḫ ҍ Ỵ ҟ  ▐  ἏṎ Ἓ 

֥Ἔṏ ẋֱ  Ὼ⁬ ᷄ḁ. 

 

 
 

ḁ Ἓ,  ṯ  ᵁἛ ‾ ṑ᷄ḁ.   ‾   ▐ ṍ  ʊ әὣ Ӧ ḓỰ Ἓ Ҝ  

әὣ Ἓ ּב ṍ Ὥ,  ‗  Ṕ ҟ ◄   ὣ ḁ בּ   ʊ   ᷄ḁ. 

 

‾  ▓  Ὦ  ᾕᾧὣὗ Ἓ  ᷄ḁ. Ἓ,  ḏ   ӤҏὭ ᾠ ₒ ᷄ḁ. Ҏ 

♄  ‗   ә, ҍ  ᵎ  Җ(Ắ  ʊ Ἇ ּד♄  ẁỚ ҍ  ᶋ  Җ)  ҍ   ₐ  oӍӦἛ 

Ὼ ṍᾞ,  Ṏ ᾕᾧὣ  ʊҜ  ♄ ҍ  ḁ  Ἓ ᷄ḁ. 
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Ἓ  ʊ ṯ  ᵁ   ᷆32    Ἓ , I/O  ּבὗ ᷄ḁ. Ḅ  Ὼ⁬ ♄ ‾

ṍ  ʊ בּ   ʊ▐  ҍᶾ  ᾕᾧὣ  ẁỚ ḁὔ Ὥ, ḓἛ ♬ ҟ ῦὭ  ṍ  ʊ ᷄ḁ. Ⱡ  

ᵡ  ̈͂Ὦ    ẋ ә Ώ  ֥ẋῄ , ◄ ♠  Ắ  ṍ  ᷄ḁ(500 Ἓ).
351

 

 

♬ᴑ ῼ̆ᵙּמ₡ ╘צ♣Ṩ  ᵞӈ ↔‡ᵑ ʺּ̆ת ▓ᾋѱѻ. ΩṨ ♬ᴑ╘ ∟מ ▫͙ ╪ ᵑ 

Ợ↔ ⁴ ὡ Ӈ‴̆, PostgreSQL╘ ▐ᾎ ▀352╙ Ⱡ‡ Ѥ Б ⁄ ẋᾌ  ╪ᵒ╙ 

תּ┬ ̆ ▓ᾋѱѻ. ṨṪ♠╖ᴛ ♬ᴑӈ ҥ╪  Ἕ Ѥ "run" Ṭᵞѱѻ. Ṏ ̆ג╪353 ⁄ ⁴ Ѥ 

run ╥ ὡѤ "Ṏ  ὡ(merge order)"̆ג Ṭᵞѱѻ. ╪ ↔‡ө╙ Ợ↔  ,ᵣתּ Ώ תּ

PostgreSQL╥ ӥ₮ לἍ╙ ╪ ̆ ᾘѻᶔ ῼῷӎᶔ ꜜᾋѱѻ. 

 

ἏṎ  ṯ   ‗  ᾧṔ ‾ ʊӒ  בּ  , Ỵ ‗  ὗ  ὣṍ  ᾞ,  ֚ₐₒ

 ӍӦṯ  ○Ἓ   ṯἛ ֥Ἔṑ᷄ḁ. Ҏ Ὼ⁬  ә   ḫ   ҍ ῡἛ, ▐  

ҍᶾ  RAM  ḝ Ὦ Ἔ  aבּ Ἇ  ḝ ↔ὣ ἰṑ᷄ḁ. 

 

 
 

ḁ  Ὼ⁬ ♄  ʊ○Ἓ ◕ⱠṎ  ṯ  ‾ ᷄ḁ. 

 

 
351

 backend/utils/sort/tuplesort.c, tuplesort_merge_order function  
352

 backend/utils/sort/logtape.c  
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 ‾  Ὼ Ἓ ֥ṍᾞ ◄  ᶂṫҍ ḫ ὗ ҍ  ẋ ҏ Ἓ ּב ṑ᷄ḁ. 

 

 a Ἇ   ▐ Ṏ Ṷ  Ӥҏ  Ὣ  Uṍᶷ  ⁫Ἄᾠ, EXPLAIN ANALYZE ᾤἔ ὗ  ⁵ ḁ. 

BUFFERS Ɑ   ( Ἓ ә  ҹ)  ḓ  ―  ▐  Ӕὗ ⁫ ᷄ḁ.  ― בּ   ʊ(ḓỰ

Ἓ)  ― בּ   Ҝ  ҹ ᾞ;  Җ  Ἓῶ Ἓ ″ ṍ  Ӕ ♄ 'Ṷ 'Ἓ ṑ᷄ḁ: 

=> EXPLAIN (analyze, buffers, costs off, timing off, summary off)  

SELECT * FROM flights 

ORDER BY scheduled_departure; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Sort (actual rows=214867 loops=1)  

  Sort Key: scheduled_departure  

  Sort Method: external merge  Disk: 17136kB 

  Buffers: shared hit=2627, temp read= 2142 written= 2150 

  >֧ Seq Scan on flights (actual rows=214867 loops=1)  

   Buffers: shared hit=2624  

(6 rows)  

 

♄― Ἓ֚    ▐  ḓ  Ɫ  ᵒ  Ἅ Ἄᾠ, log_temp_files  ὺҟ″ּבὗ Ⱡ  בּ 

᷄ḁ. 

 

℮  . ὗ ṯ ,  a Ἇ   Ҝ  Ӕ  □ ⁵ ḁ: 

=> EXPLAIN SELECT * 

FROM flights  

ORDER BY scheduled_departure; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Sort (cost= 31883.96.. 32421.12 rows=214867 width=63) 

  Sort Key: scheduled_departure  

  >֧ Seq Scan on flights (cost=0.00.. 4772.67 rows=214867 width=63) 

(3 rows)  
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֥♄ ℮ӽ   ֗℮ (ᾕᾧὣ  o ꜙ   Ӓ  ṅ (בּ   I/O  ℮ Ἓ ṑ᷄ḁ.
354

 ᾧṭ 

Ἅ ḫ  ʊᾌ  Ṷ   Ἓ  ᾞ,  ֚ḁ  ‾   ṅ (Ὥ  ◕ⱠṎ ᾧṭ  

 ‗  Ὼ⁬ Ἓ ‾ ṏ ּב ḁᾠ Ỵ ‗ ҍᶾⱠ  ) Ṷ ♄  ᷄ḁ. 

 

Ṷ  (  ֥ῳ  ֥ᾧṔ)  3/4 דּ  Ớә ҍ ᾞ, 1/4  Ứḥ ᷄ḁ. 

 

Ṷ   ḫ   Ἇṍ   ʊ בּ   ὣ ♄ ▐ Ṏ Ỹ בּ   ẁỚ ḆỚ ᷄

ḁ.
355

  ♄, ὣ  ʊflights №  ᾧṭ Ỹ  ῡἛ, Ӧ  ᾕ ḫ ὗ әἌ  

ᶷḁᾠ Ṷ   ḫ  ֥  ʊұ   №  ֥  Ҝ ᷄ḁ(2624  ḓ  2309 

). 

 

֥♄ Ἇ   ‗  Ὼ⁬ Ἓ ἰṑ᷄ḁ. 

 

ẁỚ♄,  Ӕ ♄ Ἇ ℮  ḁ Ӧ Ҝ  ṑ᷄ḁ: 

=> WITH costs(startup) AS (  

 SELECT 4772.67 + round(( 

  current_setting('cpu_operator_cost')::real * 2 *  214867 * log(2, 214867) +  

  (current_setting('seq_page_cost')::real * 0.75 +  

  current_setting('random_page_cost')::real * 0.25) *  2 * 2309 * 1 --  one iteration  

  )::numeric, 2)  

)  

SELECT startup, 

  startup + round((current_setting('cpu_operator_cost')::real * 214867  

    )::numeric, 2) AS total  

FROM costs; 

  startup | total  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧ 

 31883.96 | 32421.13  

(1 row)  

 

 o Ἇ 

ḫ  Ɫ ҍ  K1 ¨ Im ¨ In   Ἇṍ  ә,  ḫ  Ɫ ҍ  ‗  mҟ    ῦ 

Ἇṍ   ʊҹ Ἓ Ἄ  ḁᾠ, ₐ  ḁ  Ἇ  ҍ ᷄ḁ. ḓ ,  Ɫ ὗ Ҝ   ‗  

 K1 ¨ Im   ֚Ἳ Ἓ ᵁ  ɡּב ᷄ḁ(  ֚Ἳṯ ♄  ʊ ῦ Ṏ ּד♄ὗ ẁὔә ), ֚ὣә 

ᵁ♄ Ỵ  Ҏ ֚Ἳ  ᵁᾊ  Km+1  ¨ In   ‴ḻἛ Ἇ “   .ḁ᷄ בּ    o Ἇ Ớә 

᷄ḁ. 

 

 o Ἇ  ḁὖ Ἇ әὣ ⁫ḁ ᾕᾧὣ ▐ ỳ  ᾞ, Ɫ ὗ Ỵ ҟ   ֚Ἳ Ἓ ᵁᶞ  ֥ẋῄ

, Ắ   Ɫ ҍ Ἇṏ ẋֱ  ֥ḁὣ  ә  ‗  ֚Ἳ  ὣṎ  ҍ ӍӦὗ Ὼ  ֥

 .Ӏ ᷄ḁ בּ 
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PostgreSQL ♄  ʊԂ   ֠ḝ ῦᾼ ᷄ḁ:
356

 ◄ḓ Ἓ   ֚Ἳ  ‴ḻἛ ὣṍ Ὥ, ḝ  ֚

Ἳṯ Ӎ כ  ṍ  Ἓ Ἇṑ᷄ḁ.  ʊ Ἇ ὗ  ʊḫ ṫ  ʊ ― ṫὗ ᷄ḁ. 
357

 

 

 Ӕ ♄  ʊ  o Ἇ  Incremental Sort  ᶂṫἛ ᷄ḁ. 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT * FROM bookings 

ORDER BY total_amount, book_date; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Incremental Sort (actual rows=2111110 loops=1)  

  Sort Key: total_amount, book_date  

  Presorted Key: total_amount  

  Full s֧ort Groups: 2823 Sort Method: quicksort Average  

  Memory: 30kB Peak Memory: 30kB 

  Pre s֧orted Groups: 2624 Sort Method: quicksort Average  

  Memory: 3152kB Peak Memory: 3259kB 

  >֧ Index Scan using bookings_total_amount_idx on bookings (ac...  

(8 rows)  

 

Ӕ ♄ ⁫ ṳ , ḫ  Ɫ  ʊtotal_amount  ṫ   ▐  Ἇṍ  ᷄ḁ.  ʊ  Ỹ ♄ 

Ṏ Ḭ   ӍӦ ᷄ḁ(Presorted Key). EXPLAIN ANALYZE ᾤἔ  ʊẮ   ҏ Ӕὗ 

᷄ḁ. Full-sort Groups  Ἓ Ἇṍ  ֥    ֚ἻṯӦ ӨἎ  ᾞ, Presorted 

Groups  ₐₒ Ἓ ἏṎ ḫ ὗ ҍ   ֚Ἳṯ  ḓ  ḫ ὗ ᾞ,  ʊbook_date 

Ỹ  ḓ ♄Ὥ  o Ἇ  ᷄ḁ. Ṕ Ӓ  ᾧṔ, ᾕᾧὣ  o Ἇ  “  ṍ ᷄ḁ. ֚Ἳ 

֥   ʊ  ℮  ֘   ₒ  ẋῄ ᷄ḁ. 

 

 o Ἇ  ḻ ▓ὗ Ӕבּ   ʊḫ ḻ ▐ ṏ ּב ᷄ḁ: 

=> EXPLAIN (costs off)  

SELECT row_number() OVER (ORDER BY total_amount, book_date) 

FROM bookings; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 WindowAgg 

  >֧ Incremental Sort  

   Sort Key: total_amount, book_date  

   Presorted Key: total_amount  

   >֧ Index Scan using bookings_total_amount_idx on bookings  

(5 rows)  
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℮  .  o Ἇ  ḓ  ℮  Ӕ▓
358

 ◄ṍ  ʊ֚Ἳ ּב   ֘ ֥  ֚Ἳ  Ἇ  ʊ ◄ ℮  

֥Ὼ
359

Ἓ ᷄ḁ( ῦ ҷ  ᵒ ᷄ḁ). 

 

 ℮   ‗  ֚Ἳ  Ἇ  ʊ℮   Ὼ ᾞ, ὗ  ᶂṫҍ ἏṎ  Ὼ  ֥  

℮  ;ḁ᷄ בּ  ᾧṭ ֚Ἳ  Ἇ ℮  ᷄ḁ. 

 

֥♄ Ỵ  Ӕ▓  ḝ Ԃ  ʊ  ҹ ᷄ḁ. 

 

‾Ἇ ᾧṫ 

Ἇ  ṅ בּ  ṏ ּבḻ ᷄ḁ. Ὥ ‾Ἇ ҍ ḫ  ₒ  ▐  Ἇ ḝỚḻ Gather ᶂ

ṫ  ʊ֚ṯ  Ἇ ּד♄  ḓ    ᾯ ә,  ᾌ  ḻ ḓἛ ֚ṯ♄דּ   ґ ּבὭ ᷄ḁ. 

Ἇ ּד♄ὗ  ֥ ♄  ʊ ҍ Gather Merge ᶂṫὗ  ᷄ḁ.
360

 

=> EXPLAIN (analyze, costs off, timing off, summary off)  

SELECT * 

FROM flights  

ORDER BY scheduled_departure 

LIMIT 10;  

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Limit (actual rows=10 loops=1)  

  >֧ Gather Merge (actual rows=10 loops=1)  

   Workers Planned: 1  

   Workers Launched: 1 

   >֧ Sort (actual rows=7 loops=2)  

    Sort Key: scheduled_departure  

    Sort Method: top N֧ heapsort Memory: 27kB 

    Worker 0: Sort Method: top N֧ heapsort Memory: 27kB 

    >֧ Parallel Seq Scan on flights (actual rows=107434 lo...  

(9 rows)  

 

Gather Merge ᶂṫ  ʊ Ỵ   ҍ ֥  ὗ♄דּ     
361

 ▐ ᷄ḁ.  ʊ

 a Ἇ בּ   ʊҹ Ỹ Ỵ ҟ  ἏṎ   ҍ◄ Ἓ ‾ Ὥ, ḁὖ ▐  ▐ἕὗ  ♥Ӕ

ṍ ᷄ḁ: Gather Mergeʊ  Ὼ Ἓ ꜙּב  ә Ṏ ḫ  ꜙ ὗ ḁἶᾞ, №Ἔ Ḅ ҍ  ᷆  ‗   

 ҍ ᷄ḁ. 

 

℮  . Gather Merge ᶂṫ   ℮   ᶂṫ   ℮  ֥Ὼ Ἓ ᷄ḁ. Gather ᶂṫ  Ὣ

ҍ Ἓ,  Җ  ‾Ἇ ἛⱢ ὗ  ʊ℮ (parallel_setup_cost (֥⁮Җ: 1000 ))   ҍṑ᷄

ḁ. 
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Ώ  Җ    ԂⱠ  ʊ℮ Ἓ ḝ ṍᾞ,  ʊnҟ  Җ Ἇ  Ԃ ᷄ḁ. ֥♄ n  ‾Ἇ 

בּ  ᷄ḁ( , nlog 2n). Ḅ  ℮ӽ ▓  cpu_operator_cost (֥⁮Җ: 0.0025)  Ṕ  Ἓ ṑ᷄

ḁ. ֚Ỵ  Un  ◄ḏ   ֥ẋῄ  Ỵ  ▓   ℮  Ὼ Ἓ ῁  .ḁ᷄ בּ 

 

 ℮  ‾Ἇ ₐ  oӔ בּ   ʊ Ỵ ἛⱢ   ᾧṭ ḫ ὗ ҍ  ʊḫ ῼ◕  ʊ℮ Ӧ  

ḫ ὗ ὣḝ Ӏ ꞈ  ʊ℮  ᷄ḁ. Ḅ   ꞈ  parallel_tuple_cost (֥⁮Җ: 0.1)  5%

ὗ ҍ  ḁ  Җṯ  ҍ  ʊṅ  ḓ֥ὗ ⁫◄  ֥  ҍṎ ҹ Ἓ ṑ᷄ḁ. 

 

  ḫ   ῼ◕  ʊ℮ ḻ  ℮  Ӕ▓   ᷄ḁ: Ҏ Ἅ  log 2n ℮ӽ ▓Ӧ 

 ҍ ṅ  Ԃ ᷄ḁ(  ʊcpu_operator_costἛ ṑ᷄ḁ).
362

 

 

 Gather Merge ᶂṫὗ ▐  ʊẮ ḁὖ Ӕ  □ ⁫ӆ ᷄ḁ. ֥♄ ṯ  ᾌ    

ₐ  o Ӕὗ ּב  ḁ , Sort ᶂṫҍ Ώ  ӍӦὗ Ἇ ᷄ḁ( Ӕ  ᵉ    ֥ẋῄ  ℮  ἐ

᷄ḁ)  ὣḝ ἛⱢ Ӏ Ḇṍә,  ὣḝ ἛⱢ  ʊGather Merge ᶂṫ ♄  ӍӦὗ ᾧ ᷄

ḁ.  Ӕ  ʊ ἏṎ Җ ὣ בּ ♄ ṑ᷄ḁ: 

=> EXPLAIN SELECT amount, count(*) 

FROM ticket_flights  

GROUP BY amount; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Finalize GroupAggregate (cost=123399.62..123485.00 rows=337 wid...  

  Group Key: amount 

  >֧ Gather Merge (cost= 123399.62.. 123478.26 rows=674 width=14) 

   Workers Planned: 2  

   >֧ Sort (cost=122399.59..122400.44 rows=337 width=14)  

    Sort Key: amount  

    >֧ Partial HashAggregate (cost=122382.07..122385.44 r...  

     Group Key: amount 

     >֧ Parallel Seq Scan on ticket_flights (cost=0.00...  

(9 rows)  

 

֥♄ ὣ  ʊὣḝὗ  Ɫ ҟ  ‾Ἇ ἛⱢ ὗ ҍ ә ᾞ, Gather Merge ᶂṫ  ℮  ḁ

Ӧ Ҝ  Ӕ▓ṑ᷄ḁ: 

=> WITH costs(startup, run) AS (  

 SELECT round(( 

 --  launching processes  

  current_setting('parallel_setup_cost')::real +  

 --  building the heap  

  current_setting('cpu_operator_cost')::real * 2 * 3 * log(2, 3)  

 )::numeric, 2),  

 round((  
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 --  passing rows  

  current_setting('parallel_tuple_cost')::real * 1.05 * 674 +  

 --  updating the heap  

  current_setting('cpu_operator_cost')::real * 2 * 674 * log(2, 3) +  

  current_setting('cpu_operator_cost')::real * 674  

 )::numeric, 2)  

)  

SELECT 122399.59 + startup AS startup,  

  122400.44 + startup + run AS total  

FROM costs; 

   startup | total  

֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧ 

 123399.61 | 123478.26  

(1 row)  

 

23.3 ә  Җ ῳ ֚Ἳ  

ὣҍ    ֠⁫ ṳ , Ӕὗ ּב ә ⁬  ұ  ֥  Җṯ  ֚Ἳ  ʊ  ╝Ὥ ᷄Ớ 

Ἇ  ♄ḻ ּב ṏ ּב ᷄ḁ. ἏṎ ὣ ♄  ʊ ⁬ṍ  ʊҖṯ  ֚Ἳ   ‗  Ἓ ‴  

 .ḁ᷄ בּ

 

ἏṎ ὣ ♄ ә  Җ  ҷ◌  ʊҹ  Ӕ ♄ ὺ  ҏḄ  ᶂṫ  'Unique'   ᵁ ᵊ᷄

ḁ:
363

 

=> EXPLAIN (costs off) SELECT DISTINCT book_ref 

FROM bookings 

ORDER BY book_ref; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Result  

 >֧ Unique 

  >֧ Index Only Scan using bookings_pkey on bookings  

(3 rows)  

 

Ӕ  ʊ'GroupAggregate' ᶂṫ בּ ♄ ṑ᷄ḁ:
364

 

=> EXPLAIN (costs off) SELECT book_ref, count(*)  

FROM bookings 

GROUP BY book_ref 

ORDER BY book_ref; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 GroupAggregate 
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  Group Key: book_ref  

  >֧ Index Only Scan using bookings_pkey on bookings  

(3 rows)  

 

‾Ἇ Ӕ ♄,  ᶂṫ  ʊ'Partial GroupAggregate 'Ἓ ₔὣᾞ, Ӕὗ ἰ  ʊᶂṫ  ʊ'Finalize 

GroupAggregate'Ἓ ₔὨ᷄ḁ. 

 

 ῳ Ἇ Ự  GROUPING SETS, CUBE Ắ  ʊROLLUP ♄ Ṏ Ỵ    ֚Ἳ ҍ ּב

ṏ Ӓ  Ḅ  ᶂṫ ♄ Ӎ ṏ ּב ᷄ḁ.  әὣ  ḁ  ꜙ⁬  Ɫ  a▐  ṯ ҍ  ә, ᾕᾧὣ

ҍ ₐ  ҳ ♄ Ɫ ҍ  ḁὖ Ἓ ֚Ἳ ὗ ּב  ʊ ὗ ҏḄ  Ӥ ӆ ᷄ḁ: 

=> SET work_mem = '64kB'; 

=> EXPLAIN (costs off) SELECT count(*)  

FROM flights  

GROUP BY GROUPING SETS (aircraft_code, flight_no, departure_airport);  

  QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 MixedAggregate 

  Hash Key: departure_airport  

  Group Key: aircraft_code  

  Sort Key : flight_no  

   Group Key: flight_no  

  >֧ Sort  

   Sort Key: aircraft_code  

   >֧ Seq Scan on flights  

(8 rows)  

=> RESET work_mem; 

 

 ὣҍ ṍ  ʊṅ  ᵁ  ʊ ᷄ḁ. Ӕ ♄ MixedAggregateἛ Ṏ Ӕ ᶂṫ  ʊ

aircraft_code    ἏṎ ḫ  Ɫ ὗ Ώ ᷄ḁ. 

 

ᾌ ,  ḫ  Ɫ  ʊ ṍᾞ, Җṯ  aircraft_code    ֚Ἳ ṑ᷄ḁ(֚Ἳ ).  Ṑ

 ẁỚ, ṯ  flight_no   ẁỚ Ἇṑ᷄ḁ(ᾕᾧὣҍ ₒ ᾠ ꜙ   “  , Ắ  ʊṶ  ◄

  a Ἇ  ▐  Ὼ Sort ᶂṫҍ  ʊҹ Ỹ); ṅ ,  ʊ  ṯ  departure_airport ὗ 

Ἓ ▐  ʊ  №  ᵭ ᷄ḁ(ᾕᾧὣ ᵒ ♄, Ắ  ʊ   ▐   Ӕҍ  ʊҹ Ỹ). 

 

Ṕ ‗  ḄӔ ♄,  ʊ   ֠flight_no    ἏṎ ḫ  Ɫ ὗ ә ṅ    Җ

ṯ  ֚Ἳ ᷄ḁ( Ἇ  Ṏ ֚Ἳ  ᶂṫ). Ὥ  ṯ  Ắ ḁὖ   ֚Ἳ ṍ  ḁᾠ, 

 ẁỚ ḁ  Ἇṏ ҹ ᷄ḁ. 

 

Ὣ Ὤ Ἓ,  ‗  ḄӔ ♄ ℮Ṏ  №  ṍә, Җṯ  departure_airport    ֚Ἳ

ṑ᷄ḁ(  ). 
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23.4   “ ℮ӽ 

ὣҍ ⁫ ṳ , Ṕ ḫ  Ɫ  ʊⱢ ҍ  ḁὖ  “  ▐  ṏ ּב ᾞ, Ҏ  “  Ὥ  

Ḅ  ҍ ә ᷄ḁ. 

 

 ἶ  (nested loop join)  ▐  ℮ҍ  ᾞ, ӍӦ Ɫ   ‗   ῶἛ Ὼ  בּ 

᷄ḁ.  ʊᵒ  aⱢ ὗ   ҍ  ʊ    “ ᷄ḁ( Ḭ  ֜  ҍᶾ  Ӓ ). 

Ỵ  Ⱡ  ◄ḓ Ἓ   Ɫ ὗ ḁἶ  ʊ  OLTP ὣ  ◄  ♠ Ἓ  ἶ  әὣ

( Ḭ  Ӎ Ṑ)  ὭṲ᷄ḁ. 

 

ḫ  ⁯ὐ   ẁỚ  ἶ   ₒᾤ ᷄ḁ.  Ӣ(Cartesian product)  Ӓ ,  

әὣ   ⁬ ḻ(quadratic complexity) ὗ ҍ ᷄ḁ¬℮  ṍ  ʊḫ  Ɫ  ֥  Ӣ  ℮

ἕ ᷄ḁ. ֚Ỵ ,U Ἓ  Ӣ  ֚ὣ  ᷄ḁ;  aⱢ  Ҏ  ḓ ,  ʊ Ὼ

Ἓ Ḭ ὗ ▐  ᵒ  aⱢ בּ     ֜ ᾞ,   ּ֘י  ʊḫ  Ɫ   ֥  

 ᷄ḁ( ὗ ṯ ,   ʊ  ֘ בּ   ʊ  ῳ ԂὺṎ  ּבҍ ҍ  ẁỚ ″  

᷄ḁ). ẁỚ♄,  ἶ  әὣ  ⁬ ḻ  ʊ   Ⱡ ⁫ḁ  ʊ♠  Ⱡ  ⁫ ӛ 

᷄ḁ, ℮Ἔ ᶋ  ♠  ӔּבἛ ὰ . 

 

 ἶ  әὣ   ‴  ֚ҹ  ⁫   ҍᶾⱠ ᷄ḁ: ᾧṭ  ҳ   ʊῺᾠ, 

ḁὖ  “ṯ  Ṵҍ (equijoins)Ὥ  ḁἹ ּב ᷄ḁ.  ʊᾧṭ  ҳ(  (full join)  

 ἶ ▐ כ  (ә  בּ  Ἓ ὣὗ  ּב Ӏ Ὥ, ḓ֗ᾧ ḫ  Ɫ  ℮Ṵ

ҍ (non -equi -join)   ʊҹ⁫ḁ  ᶵὣӀ ּב ṏ ҍᶾⱠ  ὺ  ᶋḁ  ʊҹ  Ṕ  Ṕ  

᷄ḁ. 

 

 (hash join)  ḓ֗ᾧ ḫ  Ɫ ♄ ҍ   ṅ ᷄ḁ. RAM  ₒ ḁᾠ, Ṕ ḫ  Ɫ  

ḓ   ‗  Ὥ ῡἛ  ֚⁬ ḻ  ʊ♠ ᷄ḁ. ּד  № Ӧ Ӎ ṏ ẋ,  әὣ  

ḓỳ  ḫ ὗ ֥Ὼ Ἓ ӍӦὗ Ӕ▓  ʊOLAP ὣ  Ὼ Ἓ ▐ ṑ᷄ḁ. 

 

֚Ỵ ,U Ḍ ҏ  ὣỳ⁫ḁ ḝ  Ӓ ,   ♠  ♠  ᷊᷄ḁ:   №  

Ԃ ṏ ẋֱ  ӍӦ  Ὼ    ҹ ᷄ḁ. 

 

  әὣ  Ṵҍ Ὥ  ҍᶾ ᷄ḁ. ḁὖ    ḫ    

 ḁ  ʊҹ ᷄ḁ(֚Ỵ  Uұ  ᾧṭ ḫ   ֚ἃ ᷄ḁ). 

 

 ἶ   ẋẋἛ ᾕᾧ (Memoize) ᶂṫ(  №  ֥Ὼ Ἓ ) ♄ ᵒ  aⱢ   

 ʊҹ ḁ.   ◄ ᵒ᷄ בּ֩       aⱢ ὗ Ἓ  ʊῺᾠ, 

 ἶ  әὣ  ֚ỷ ҍ   a℮  Ҕ  ҍ  .ḁ᷄ בּ 

 

‾  (merge join)   OLTP ὣ   ֧OLAP ὣ ᾧṔὗ ′ Ӏ ὣ ♠ḁ.  ʊ᷄ בּ   

⁬ ḻὗ ҍ ᾞ( ṏ Ɫ  ʊ  ‗Ὥ ṍ  ), Ὦ  ᾕᾧὣὗ Ԃ  ᾞ, ▐  ὣ  Ӎ

Ӧὗ Ὼ ᷄ḁ; Ὥ, ḫ  Ɫ  ʊ ῦ  Ἇ ּד♄ὗ ҍ ә  ᷄ḁ. ҍ  ℮  

  “  Ḭ    ḫ ὗ ҍ  ʊҹ ᷄ḁ.  ּבҍ  Ӓ  Ỵ  ♠ ᾞ, ḝ  

ḫ  Ɫ  Ӓ , Ḭ ֜ Ὥ, (heap) בּ      ꜙ ṍұ  U  ῼ◕

  ẋὭ ֚ἃ ᷄ḁ. 

 

 Ḭ ҍ  ʊӒ , Ɫ  ʊ Ἇṍ  Ὥ,   ᾕᾧὣ ᾞ ⁬ ḻҍ ♠ ⁫ḁ ᶋ
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᷄ḁ: O(nlog2n) . Ỵ  Ӓ ,   ‾  ⁫ḁ ұ  ◄ ḝ ἐ ᷄ḁ¬ӍӦҍ Ἇṍ  

 ʊӒ ὗ ә. 

 

‾   ҍ   ᵒ  aῳ  aⱢ  ṅṴⱠ ᷄ḁ.  ἶ  ῳ   Ⱡ  Ủᵡ

ҍ ᵒ  aῳ  aⱢ ὗ ῶὔӀ ḏ ᶷ בּ   ₐ  Ӏ ᷄ḁ. 

 

‾   Ṵҍ (equi -joins) Ἓ ṑ᷄ḁ. Ắ , ḫ   B- ὣ ▓  Ủ ὗ ҍ  

᷄ḁ. 

 

ḁ  ֚Ủ  ʊ ṍ    ℮ Ӧ ḁ    “  ℮  ▐  ḓỰ  Ⱡ  ⁫ ᷄ḁ. 

 

 
 

♠ Ⱡ  ᶋ  Ӓ ,  ἶ   Ṕ № ᾧṔ  ḓ  Ḭ  ֜  ▐ ᷄ḁ;  ֚  Ủᵡ  ʊ

 a №   Ἓ ᶷḫ,  ʊ֚Ủ  ♠  ₐₒ  Ὼ ṑ᷄ḁ. ֥♄   Ṕ 

№ ᾧṔ  ḓ    ▐ ᷄ḁ. ֚Ủ  ◄  "ӔḄ"   №   ᾕᾧὣὗ ә   ҍ 

Ṷ Ἓ ᵨ ὔ  ֥  ʊּדҏ  ḏ ᷄ḁ. 

 

Ḭ   ▐ ṍ  ʊӒ , ‾   ℮   ♠  Ⱡ  ⁫ ᷄ḁ. work_mem ֥ҍ ₒ   

Ӓ ,   Ὼ Ἓ ḝ Ὥ,   ӨἎṏ ẋ ‾   ֚ҹ  ֬᷄ḁ. 

 

Ἇ-‾   ◄Ḅ ֚Ủ  ʊ Ḭ ҍ ▐  ₔҍᶾ ә ḫ ὗ Ἇ   ẋ ℮  ҍ  ʊҹ  

⁫ ᷄ḁ.   Ӓ  Ὣ ҍ Ἓ, ֚Ủ  ◄  "ӔḄ"  ᾕᾧὣҍ ₐ  Ἇ    

 ▐  Ἓ  ῼ◕ ᷄ḁ. 

 

 ʊḄ    ╝ ᾞ, ҎҎ   ▐ἕ ♄ ℮  ҏ  ℮  ḁὗ ҹ ᷄ḁ. 
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Part V 
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24  תּ .

24.1 ҟ  

 Ḭ
365

 ʊ  Ḭ     ID(TID)ὗ ↑ὔӀ  ּב  ʊ֥ᶾ  Ӥ ᷄ḁ. ḓỰ

Ἓ ὰ ᾠ, ֚ҹ  Ḅּד  Ṷ  Ṏ  № ᷄ḁ.  Ḭ ҍ  ʊ  ▓  ṅ

Ṵ ҳ   ҷ◌ ᷄ḁ. 

 

Җ  Ḭ  ▲ ṏ ẋ
366

, Ḭ ҍ Ӕ▓ṑ᷄ḁ. PostgreSQLבּ    בּ  ♄  ʊ32℮  Ắ

 ʊ64℮ ὗ Ὼבּ  ᷄ḁ;  Җṯ  Ỵ ҍ  ᵎ  ℮ ṯ  ḏ ―  ‗ Ἓ ▐ ṑ᷄ḁ. 

TID    ṫҍ ♠ Ṏ ―  ҍṑ᷄ḁ.   ʊ Ḭ  ṍ  ᷄ḁ. ᵛ ᾠ ә 

ә  ֩  Җ  ḁἶ  ʊҹ  ḝ ὣ  ֥ẋῄ ᷄ḁ. 

 

Ḭ   №  ṅ Ἓ ṑ᷄ḁ.
367

 ― בּꜙ    ʊṔ ҟ ᷄ḁ. Ḭ Ṏ  ּבҍ ҍ

 ẁỚ, ―   ᵁҍ Ṕ ҟἛ ₒ ṑ᷄ḁ.  ▓   ṫ   ℮ ὗ ḝ ▐  ֥ẋῄ , ꜙ

ṯ  ₒ Ἓ  ◕  ֧Ṕ ―  ▐ ♄Ὥ ₒ ṍᾞ,  №  ḁὖ ― ṯ  ԂⱠ  ֚ḓἛ ṑ

᷄ḁ.
368

 

 

Ḭ  ҷ◌ ▓
369

 Ḭ בּ     ḏ ―  ‗ ὗ Ӕ▓ ᷄ḁ. ―  ᵒ  ♄, ҷ◌  

  ṫ  ḏ  ʊTIDṯὭ Ὼ  ҹ ᷄ḁ. ―  ꜙṯ    ṫ  ẁỚ Ἇṍ   ֥ẋ

ῄ ,  ҷ◌   ʊTIDṯ  Ἓ Ὼ  .ḁ᷄ בּ 

 

ҍ  №  ṍ   ֥ẋῄ , Ḭ   ֜    ḿἛ  ⁬Ṏ TIDὗ Ὼ  בּ 

᷄ḁ. ẁỚ♄, Ḭ    ֜  Ἓ ҍ  ᾧṭ ӍӦὗ ḁ   ᷄ḁ. Ҝ  Ἓ Ḭ

-Ὥ  ṍ  ᷄ḁ.  

 

24.2  ἄ  

Ὼ  №Ӧ Ḇὣ,  Ḭ  ʊṶ  ṑ᷄ḁ. ẁỚ♄, ᾧṭ ḫ  ʊ Ἓ ὣṍ  

ᾞ, Ḭ  ▓(ҷ◌, ▲ , ░ )  ҍᶾ     ֜  Ԃ ḻἜ  ʊ   ῶỞ ᷄

ḁ.  Ḭ  ʊᵮ ҍ   ὗ ▐ ᷄ḁ: 

 

 ̧ ᾕ : Ḭ  "ᾨ "ὗ Ӥ  ʊ  Ἓ 

 ̧ ―  : Ḭ   , ― ḏ  U

 ̧ ― Ἓ :  ―  ҍ ᾧṭ ꜙὗ ּב ▐ ẋ  בּ  ṍ  ʊ ҍ  

 ̧ ℮ ᾁ : ṍ  ▐ ṏ ּב  ʊ ― Ἓ ὗ  ʊḫ ▐ ṍ  ʊ℮     

Ṏ   
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'pageinspect'   ▐ ᾠ Ḭ   ᵒₐὗ □ ḁ. ⅎ №Ἓ  ⁫ӆ᷄ בּ ⁯ ᷄ḁ: 

=> CREATE EXTENSION pageinspect; 

=> CREATE TABLE t(n integer);  

=> ANALYZE t; 

=> CREATE INDEX ON t USING hash(n) 

 

№  ₒ♅ ῡἛ, ◕ⱠṎ Ḭ  ʊҍᶾ   ꜙ ֥ὗ ҍ  ҹ ᷄ḁ. ֚ἃ  ḁᾠ, ― בּ   ʊ

№  10 ὗ ә ḁ  ʊҍ  ֥Ὼ  ♠ ṍ  ҹ ᷄ḁ.
370

 

 

Ḭ  ʊᵮ ҟ  ҍ ṍ  ᷄ḁ: ᾕ , Ṕ ҟ  ―  , ֚ὣә ᵁ  ℮ ᾁ 

(ῦỦ ▐    ‗  ◕ⱠṐ): 

=> SELECT page, hash_page_type(get_raw_page('t_n_idx', page))  

FROM generate_series(0,3) page;  

    page | hash_page_type 

+  

       0 | metapage  

       1 | bucket  

       2 | bucket  

       3 | bitmap  

(4 rows)  

  

 
 

ᾕ  ʊ Ḭ  Ө  ᾧṭ  ⁫ҍ ṍ  ᷄ḁ.  ὣҍ Ө   ʊᾥ ҍ  ҖὭ 

 ⁫ӆ ᷄ḁ: 

=> SELECT ntuples, ffactor, maxbucket  

FROM hash_metapage_info(get_raw_page('t_n_idx', 0));  

     ntuples |      ffactor | maxbucket  

+ +  

           0 |          307 |          1  

(1 row)  

 

― ḏ ◄  ּב  ʊffactor  ṫ  ṑ᷄ḁ.  Җ  №Ἔ ֥  fillfactor (֥⁮Җ: 75)  ὺҟ″

Җ בּ  ֥Ὼ  Ӕ▓ṑ᷄ḁ. ḫ  ₒ ҍ  ֘ ә  ḿ   ʊӒ  ḝ ᶋ  fillfactor  

Җ  ▐ Ὥ,  ḫ בּ  † ♄  ʊ  ― Ἓ   ҍ ᷄ḁ.  

 

 Ḭ  ḓ   ᵁὣ  ʊḫ  ₒ     ẋ ᷄ḁ. ҍ Ỵ ‗ Ὼ⁬ṍᾠ  

בּ  ʊҜ  Җ  Ὼ ә, ᾧṭ ḫ ҍ ṅ  ―    ṍῡἛ ― ὗ ᶸἌḻ ḻבּ   ṍ  ᷄
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 backend/access/table/tableam.c, table_block_relation_estimate_size function 



 384  

ḁ. 

 

 Ḭ  ʊntuples  ṫ   Ṏ ῶ  Ҝ  ℮  ᷄ḁ. ṅ  Ḭ   Җ  ҍ  Ỵ  

▲  ―   ― Ἓὗ  ⁫ӆ ᷄ḁ. Ḭ  ― Ἓ ҍ ᵁ ᵊ᷄ḁ:  

=> INSERT INTO t(n) 

SELECT 0 FROM generate_series(1,500); --  the same value  

 

=> SELECT page, hash_page_type(get_raw_page('t_n_idx' , page))  

FROM generate_series(0,4) page;  

 page | hash_page_type 

֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

    0 | metapage  

    1 | bucket  

    2 | bucket  

    3 | bitmap  

    4 | overflow  

(5 rows)  

 

 
 

ᾧṭ  ḓ   Ӕὗ ⁫ᾠ, ―  0  ℮  ә, ᾧṭ Җ  ―  1    ṍ ḁ  ʊҹ  בּ  

᷄ḁ. ₐ  ʊᾕ   ә, ᵁᾊ  ʊ ― Ἓ ♄  ּב ᷄ḁ. 

=> SELECT page, live_items, free_size, hasho_bucket  

FROM (VALUES (1), (2), (4)) p(page),  

hash_page_stats(get_raw_page('t_n_idx', page));  

    page |       live_items |      free_size | hasho_bucket  

+ + +  

       1 |                0 |           8148 | 0  

       2 |              407 |              8 | 1  

       4 |               93 |           6288 | 1  

(3 rows)  

 

ᵁ  ―  ꜚ  ꜙṯ  Ỵ  ҵ  ₒ ṍ  ᾠ Ⱡᶾ  ṏ ҹ  ᾤ ᷄ḁ.  

Ḭ  ʊḫ  ₒ ҍ ֘  ẋ ◄  ӍӦὗ ⁫ ᷄ḁ. 

 

 ―  ẢӀ ₒ ṍᶷ  □ ⁫ӆ ᷄ḁ.  ʊ Ḭ ▐ ҍבּ    ҍᶾ  ―  ḓ  ◄Ṏ 

ffactor  Җ  Ӧ  ẋ ῼ◕ ᷄ḁ. ֥  ʊṔ ҟ  ―  ә, ffactor  ʊ307 ῡἛ, 615‗   

Ḭ  ▲ ṏ ẋ ῼ◕  ҹ ᷄ḁ:  
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=> SELECT ntuples, ffactor, maxbucket, ovflpoint  

FROM hash_metapage_info(get_raw_page('t_n_idx' , 0)) ;  

 ntuples | ffactor | maxbucket | ovflpoint  

֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧ 

     500 |     307 |          1 | 1  

(1 row)  

 

=> INSERT INTO t(n) 

SELECT n FROM generate_series(1,115) n; --  now values are different  

 

=> SELECT ntuples, ffactor, maxbucket, ovflpoint  

FROM hash_metapage_info(get_raw_page('t_n_idx' , 0)) ;  

 ntuples | ffactor | maxbucket | ovflpoint  

֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧ 

     615 |     307 |         2 | 2  

(1 row)  

 

maxbucket Җ  2Ἓ ҍṍ ῡἛ,  0 ♄ 2ֱ  ‗ ҍ ὺӈ  Ɫ ҟ  ―  ᷄ḁ. Ὥ  

ҟ  ― Ὥ ҍ ḻ ₔԂ ә,  ּב  ʊṔ  ҍ ṍ ᷄ḁ: 

=> SELECT page, hash_page_type(get_raw_page('t_n_idx', page))  

FROM generate_series(0,6) page;  

    page | hash_page_type 

+  

       0 | metapage  

       1 | bucket  

       2 | bucket  

       3 | bitmap  

       4 | overflow  

       5 | bucket 

       6 | unused 

(7 rows)  

 

 
 

○Ἓ    ᵁ  ʊ―  2   ▐ ṍᾞ, ḁὖ ᵁ  ʊ  ℮ ә ―  3  ᵁ ᵁ  ʊḓἛ ▐

ṏ ҹ ᷄ḁ. 

=> SELECT page, live_items, free_size, hasho_bucket  

FROM (VALUES (1), (2), (4), (5)) p(page),  

hash_page_stats(get_raw_page('t_n_idx', page));  

    page |       live_items |      free_size | hasho_bucket  
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+ + +  

       1 |               27 |           7608 | 0  

      2 |            407 |                8 | 1  

      4 |            158 |             4988 | 1  

      5 |             23 |             7688 | 2  

(4 )  

 

ẁỚ♄,   Ө ♄  Ḭ  ʊḿῼ Ἓ Ⱡ Ὥ, ᶄὣ  Ө ♄  ʊ  №  

Ἓ Ⱡ  ʊҹ Ἓ ᵁ ᵊ᷄ḁ. 

 

 Ⱡ   ƫ ḻ ә  ‗  ᵡ  ̈͂Ὦ  ὗ ḏ  ʊҹ   ֥ ,  ‗  ҍₐ

 ʊ ҍ ᾧṔ ב‗  ḏṍ  ʊḓ  ᵮ ҟ  ṅṴ    Ἓ ḏṑ᷄ḁ. 

 

ᾕ  Ṕ ҍ  ҍ ṫ,  ―  ꜙ  ḓ  Ɫ  a ⁫ὗ Ӥ  ʊҍ◄ ℮  Ὣ  ʊḁ Ӧ Ҝ

᷄ḁ: 

=> SELECT maxbucket, highmask::bit(4), lowmask::bit(4)  

FROM hash_metapage_info(get_raw_page('t_n_idx', 0));  

      maxbucket |      highmask | lowmask  

+ +  

              2 |          0011 | 0001  

(1 )  

 

―  ‗  ʊhighmask  ḏ  ʊ  ṫ ℮ Ἓ ṑ᷄ḁ. ֚Ỵ  UΏ  ―  ‗ ҍ   ʊӒ

( , maxbucket  Ӧ  ʊӒ ) lowmask ℮ ҍ ▐ ṑ᷄ḁ.
371

   Ӓ  ʊҍ  ᵎ  Ṕ ℮ ὗ 

 0 ♄ 3ֱ  Җ  ᷄ḁ; ֚Ỵ  UὭ  ὣҍ 3  ḁᾠ, ҍ  ᵎ   ℮ Ὥ   ―

 3 ḓ  ―  1  ▐ ᷄ḁ. 

 

֥ҍ Ṕ  ҍ ṏ ẋὫḁ ○Ἓ  ―  ṯ  Ḅ   ꜚ Ἓ ḏṍᾞ, ― Ἓ ῳ ℮ ᾁ  ʊ

 ẁỚ Ỵ  Ҏṯ ▐  ▲ ṑ᷄ḁ. ᾕ  ʊspares    Ҏ  ▲ Ṏ  ּבὗ 

, Ḅּד וּ▓   ▐  ―  ‗ ὗ ֥Ὼ Ἓ   ּבὗ Ӕ▓ ʊ֥  בּ  ὗ Ӥ ᷄

ḁ.
372

 

 

  Ӓ  ʊ  ‗  ҍ  Ṕ (℮ ᾁ  ― Ἓ )ҍ ▲ ṍ Ὥ, Ṕ ‗  

ҍ  ʊ  ○Ἓ  ҍҍ ἶ  ᷄ḁ:  

=> SELECT spares[2], spares[3]  

FROM hash_metapage_info(get_raw_page('t_n_idx', 0));  

 spares | spares  

֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

      2 | 2  

(1 row)  

 
371

 backend/access/hash/hashutil.c, _hash_hashkey2bucket function 
372

 include/access/hash.h, BUCKET_TO_BLKNO macro 
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ᾕ  ʊẮ  ℮ ᾁ ṯἛ      ᷄ḁ:  

=> SELECT mapp[1] 

FROM hash_metapage_info(get_raw_page('t_n_idx', 0));  

  mapp 

֧֧֧֧֧֧ 

   3 

(1 row)  

 

 
 

  ҍὣ  ʊ ҍ ұṏ ẋ Ḭ   ᵒ  Ӥҏ  ṑ᷄ḁ.  ҍ (֥  

  ꜙὗ ▲ Ἄ  ʊ ḻἛ ὣұṐ)
373

 ṅ  U ◄  † בּ   ṏ ẋ ᵊ

᷄ḁ.  

 

֚Ỵ  U  Ḭ  ʊ ꜙ ḁ. ‗ ḏṍᾠ Ḭ᷄ בּ    ʊ   Ὼ ṍ  ᷄ḁ. 

  ʊ ẖ ꜙḻ  ḝỚḻ  ―  Ԃ Ἓ ḏṑ᷄ḁ.  ― Ἓ 

 ʊ℮ ᾁ  ṍә ▐ ṏ ּב ᷄ḁ(ḁὖ ― ♄ḻ ҍ )ʒ. Ḭ  ῇὣ  ֥ὗ  ʊ  

 “  REINDEXU VACUUM FULL ᾤἔ  ▐  ḁ  ⅓ṫ  ʊҹ ᷄ḁ.  

 

ὣ Ӕ  ʊ Ḭ   ḓ  ҍ ᷄ḁ: 

=> CREATE INDEX ON flights USING hash(flight_no) ;  

 

=> EXPLAIN (costs off)  

SELECT * 

FROM flights  

WHERE flight_no  = 'PG0001';  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Bitmap Heap Scan on flights  

  Recheck Cond: (flight_no  = 'PG0001'::bpchar)  

  >֧ Bitmap Index Scan on flights_flight_no_idx  

   Index Cond: ( flight_no  = 'PG0001'::bpchar)  

(4 rows)  

 
373

 backend/access/hash/hashinsert.c, _hash_vacuum_one_page function 
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24.3 ▓ Operator  Ủ  

PostgreSQL 10  ʊ  Ḭ ҍ Ἓ֮ṍ  ᷄ḁ. ,  ḓ  ⁫ ṍ  ᾞ ⁬ ṍ

  ֥ẋῄ  ▐  ʊҹ  ԑ ṍ  ᷄ḁ. ֚Ỵ  U֚Ỹ ḻ ₔԂ ә  Ḭ  ʊ  

ҍ ὗ ҍ ᷄ḁ.  әὣ  ᵥὣ ▐ ṍә ᾞ(   Ӧ ֚Ἳ בּ   ),  

 ḫ   ḓ  ẖ  ּבὗ ▐ ᶷ בּ    ᷄ḁ. ֚Ỵ  U  ḓ  ӨӔ  ʊ  

᷄ḁ. ,  ‗ ṍ  Ԃ  ҹ  ᷄ᾞ, PostgreSQL  ○Ἓ  ḫ   ♅ ♄ ҍ  

ẋῄ֥  בּ   Өὣṍ  ᷄ḁ. ẁỚ♄,  ʊ  Ḭ  ▓  Ủ   ḫ   

 ṑ᷄ḁ.  ּב  ʊ Ủ   .Ἓ ṑ᷄ḁבּ  

=> SELECT opfname AS opfamily_name, 

amproc::regproc AS opfamily_procedure  

FROM pg_am am 

JOIN pg_opfamily opf ON opfmethod = am.oid  

JOIN pg_amproc amproc ON amprocfamily = opf.oid  

WHERE amname = 'hash'  

AND amprocnum = 1 

ORDER BY opfamily_name, opfamily_procedure;  

      opfamily_name | opfamily_procedure  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

        aclitem_ops | hash_aclitem  

          array_ops | hash_array  

           bool_ops | hashchar  

         bpchar_ops | hashbpchar  

 bpchar_pattern_ops | hashbpchar  

                   ...  

         timetz_ops | timetz_hash  

           uuid_ops | uuid_hash  

           xid8_ops | hashint8  

            xid_ops | hashint4  

(38 rows)  

 

Ỵ ṯבּ   32℮ ὗ Ὼבּ  ᷄ḁ. ῄ♄ ṍ   Ὥ, ḏ  Җ    ṫὗ 

Ӕ▓  ʊḫ ▐ ṏ ּב ᷄ḁ.  

 

ὗ ṯ , text_ops Ὺὣ  ʊhashtext ּבὗ ▐ ᷄ḁ: 

=> SELECT hashtext( 'one' ), hashtext( 'two' ) ;  

   hashtext | hashtext  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧ 

 1793019229 | 1590507854 

(1 row)  

 

 Ḭ  ▓  Ủ  ʊ'ṅṴ' ▓ Ὥ  Ӥ ᷄ḁ: 
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=> SELECT opfname AS opfamily_name, 

left(amopopr::regoperator::text, 20) AS opfamily_operator  

FROM pg_am am 

JOIN pg_opfamily opf ON opfmethod = am.oid  

JOIN pg_amop amop ON amopfamily = opf.oid 

WHERE amname = 'hash' 

ORDER BY opfamily_name, opfamily_operator; 

      opfamily_name | opfamily_operator  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

        aclitem_ops | =(aclitem,aclitem)  

          array_ops | =(anyarray,anyarray)  

           bool_ops | =(boolean,boolean)  

              ...  

           uuid_ops | =(uuid,uuid)  

           xid8_ops | =(xid8,xid8)  

            xid_ops | =(xid,xid)  

(48 rows)  

 

24.4 ꜚⱠ 

  ֜    ₐ  ʊ Ḭ בּ   ꜚⱠṯ  □ ⁫ӆ ᷄ḁ.  

 

 ֜ “ ꜚⱠ 

=> SELECT a.amname, p.name, pg_indexam_has_property(a.oid, p.name) 

FROM pg_am a, unnest(array[ 

'can_order' , 'can_unique' , 'can_multi_col' ,  

'can_exclude' , 'can_include'  

]) p(name)  

WHERE a.amname = 'hash' ;  

 amname |          name | pg_indexam_has_property 

֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

   hash |      can_order | f  

   hash |     can_unique | f  

   hash | can_multi_col | f  

   hash |   can_exclude | t  

   hash |   can_include | f  

(5 rows)  

 

 Ḭ  ʊ  Ἇ  ▐ ṏ ּב ᷄ḁ:  ּב  ʊḫ ὗ ḝ  ῁ Ἓ ♆ ᷄ḁ. 

 

ә  ҳḻ ṍ  ᷄ḁ. ֚Ỵ  U  Ḭ  ʊ   ҳ ә, ṍ בּ    ʊ

ҍ 'ṅṴבּ  '  ֥ẋῄ ,    Ⱡ  ә Ⱡ  ῦὗ ҚӀ ṑ᷄ḁ:  

=> ALTER TABLE aircrafts_data 
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ADD CONSTRAINT unique_range EXCLUDE USING hash(range WITH =); 

=> INSERT INTO aircrafts_data  

VALUES ('744','{"ru": "Boeing 747 - 400"}',11100);  

ERROR: conflicting key value violates exclusion constraint  

"unique_range"  

DETAIL: Key (range)=(11100) conflicts with existing key  

(range)=(11100).  

 

ḁ   Ḭ  ҍ  INCLUDE ḻ ṍ  ᷄ḁ.  

 

Ḭ  ἄ‪ ꜚⱠ 

=> SELECT p.name, pg_index_has_property('flights_flight_no_idx', p.name)  

FROM unnest(array[ 

'clusterable', 'index_scan', 'bitmap_scan', 'backward_scan'  

]) p(name);  

          name | pg_index_has_property  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

   clusterable | f  

    index_scan | t  

   bitmap_scan | t  

 backward_scan | t  

(4 rows)  

 

 Ḭ  ʊ Ὼ Ḭ  Ӧ ℮ ᾁ  ᾧṔ ᷄ḁ.  

 

֚Ỵ  U  Ḭ ὗ ▐  № Ỵ  ʊ ṍ  ᷄ḁ.  ʊ Җ בּ   ֥Ὼ   ḫ

ὗ ῇὣ Ἓ Ἇ  Ⱡ  ◄◄  ֥ ἑ  ֥ẋῄ  ὺ  ὣ ᷄ḁ.  

 

Ỹ ἄ‪ ꜚⱠ 

בּ   ꜚⱠ  Ḭ   ֜    ҍ◄ Ἓ ṍᾞ, ◄ ṅ  Җ  ҍ ᷄ḁ.  

=> SELECT p.name, 

pg_index_column_has_property('flights_flight_no_idx' , 1, p.name)  

FROM unnest(array[ 

'asc' , 'desc' , 'nulls_first' , 'nulls_last' , 'orderable' ,  

'distance_orderable' , 'returnable' , 'search_array' , 'search_nulls'  

]) p(name) ;  

               name | pg_index_column_has_property 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

                asc | f  

               desc | f  

        nulls_first | f  

         nulls_last | f  
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          orderable | f  

 distance_orderable | f  

         returnable | f  

       search_array | f  

       search_nulls | f  

(9 rows)  

 

בּ   ʊҖ ⁫ ὗ♄דּ    ֥ẋῄ ♄דּ ,  ӨἎṎ ᾧṭ ꜚⱠ   Ḭ  ṍ  ᷄

ḁ.  Ḭ  ʊ Ḭ  ὗ  ә (heap) ֜   ֥ẋῄ  Ḭ - (index -only) 

  .ḁ᷄ בּ  

 

Ắ ,  Ḭ  ʊNULL Җ  ḓ  'ṅṴ(equal to)' ▓  ṏ ּב  ֥ẋῄ  NULL Җ   

᷄ḁ.  

 

   ᵒ  ꜙὗ ҷ◌  ʊ֥  ʒẮ  Ԃ ṍ   ᷄ḁ.  
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25. B-tree 

25.1 ҟ  

B- ὣ( ὣ  ֜  Ἓ Ԃ Ṑ)  ʊἶ ♄  ὣ  ᶂṫ ♄  ꜙὗ ↑ὔӀ  ּב Ӏ 

 ʊḫ  Ԃ ᷄ḁ.
374

 ҷ◌ ӒἛҍ ᾤ Ӏ ‴ṍἌᾠ, ᾧṭ ὣ ꜙҍ Ἇṍ   ᷄ḁ. 

B- ὣ  ʊҖ  ℮ӽṍә Ἇṏ ּב  ʊּד♄  ḫ    ♥Ӕṍ ᷄ḁ. Ӥ  ṫ  ḓ  Ḭ

ὗ Ԃ  ʊḁ  ҟỰ  ḁ ֚Ừ  ᵒ  aᶂṫὗ ּב  ▐Ҏ Ἓ, ὣ  ᶂṫ  ʊּב Ἓ Ἇ  

⁫ ᷄ḁ.  

 

 
 

Ҏ ὣ ᶂṫ  ʊ Ḭ   Ἓ ԂⱠṎ Ỵ ꜙὗ ᷄ḁ. ᵒ  aᶂṫ ꜙ  ʊḁ  ἄ‪  ᶂṫὗ 

ә, ὣ  ᶂṫ ꜙ  ʊ   ᷄ḁ( Ỵ   ʊ֚ὧ  ᵁ ᵁ  ᷄ḁ). 

 

B- ὣ  ʊḁ Ӧ Ҝ   Ⱡ  ҍ ә ᷄ḁ: 

 

 ̧ ֘   ♄, ὣ  ᾧṭ ὣ  ᶂṫҍ Ҝ  ְ  ᷄ḁ. ẁỚ♄, ᾧṭ Җ  ḓ  ṅ

 ҷ◌ ҏ  ⁫ ᷄ḁ. 

 ̧ Ὦ  ₒ֥ὗ ҍ ә ᾞ,  Ҏ ᶂṫ  ʊὮ  ꜙὗ ә ᾞ,  ּב  ҟ  Ὓ᷄ḁ

(ᾤ Ⱡ   ֚ὧ  ʊⱢ  ꜙᶂṫὭ ṑ᷄ḁ). ӍӦ Ἓ, B- ὣ  ְ  ʊ ◄ ᾞ, 

ὺ   №  ḓ ♄ḻ Ὣ ҍ ᷄ḁ. 

╪ ̯ⱳ╥ ╪ᵒ⁄Ἄ Bʺ ᶴ″╙ ╥Ḉ Ѥּת ♥ҍ♠╖ᴛ ᾐ  ὡѤ ′ᾋѱѻ. 

͌ ◌ (Balanced)̓  ҟṬ ˉ╘(Bushy) ɒ ӎ ҿӮ ˭ ◄ ‡∂ᵞѱѻ. вח˭ҵ, ꜙꜙ 

╪ᵑ ╪ֿב(Binary)╖ᴛ Ἅ Ѥ ˦╙ Ṗ ὡ ▓Ѥҥ, ╪Ѥ Ṫᶘ  ◄ᶣӈ ˦░ѱѻ. 

 
374

 postgresql.org/docs/14/btree.html 

        backend/access/nbtree/README 
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 ̧ Ḭ  ᵒ  ḫ  ʊ Ὑ Ắ דּ  ʊᵒὧ דּ Ἓ Ἇṍ  ᾞ, Ҏ ᶂṫ ᵒₐ╝Ὥ ᷄Ớ Ҝ

 ἄ‪  ᾧṭ ᶂṫ  ҵ  Ἇṑ᷄ḁ. ṅἰ ᶂṫṯ     ὣ Ἓ Ӎṍ  ♄, ἶ

♄ ὺ‗  ә Ḅּד  ὣ ὗ     Uḁὖ   Ἓ Ἓ  ἏṎ ḫ  

Ɫ ὗ  ּב ᷄ḁ.  

 

25.2 ҷ◌ ῳ ▲  

ṅ Ⱡ Ἓ ҷ◌ 

Ủ  ʊ"indexedcolumn = expression"
375

 ҳ Ἓ ὣ ♄ Җ  ҷ◌  ʊ “  □ ⁫ӆ ᷄ḁ. Ớ

ᶂ ὔ  KJA Ӥ  ⁫ӆ ᷄ḁ. 

 

ҷ◌  ἶ  ᶂṫ ♄ ṍᾞ, Ɫ   “   ᶂṫἛ ҙ   ᶂṫὗ Ӎ  ᷄ḁ. Ki  

expression < Ki+1  Ὥ  ʊKi ὗ ♠ ᷄ḁ. 

 

ἶ  ᶂṫ  ʊAERӦ OVB ҍ ᷄ḁ. ҳ AER  KJA < OVBҍ ῡἛ AER ҍ  ʊ ꜙ ♄ 

 ʊ  ᶂṫἛ ҙ  ᷄ḁ.  

 

 
 

  ʊ   IDὗ  ʊὣ  ᶂṫ  ḻḆ  ẋֱ  ԝ Ἓ Ὼ⁬ṑ᷄ḁ.  Ӓ   ᶂ

ṫ  ʊ ҳ DME   KJA < KZN  ῡἛ DME ҍ  ʊ ꜙ ♄  ʊὣ  ᶂṫἛ ҙ  

᷄ḁ. 

 

ṳ בּ  , ὣ  ᵒ  aᶂṫ    ʊ ⁬ṑ᷄ḁ. ἶ   ᶂṫὗ ♠  ֥ ♄  ʊ ҳ KJA 

< OVBҍ Ὥ ṍᾠ ₒ ᷄ḁ. B- ὣ  ʊ Ỵ  ҍ ṍ  ῡἛ, ḁ  ♥ᾤ  Ỵ ἄ Ɑ

♄ ḏ ꜙὗ ℮ ṗ ҹ ᷄ḁ. 

 

 
375

 backend/access/nbtree/nbtsearch.c, _bt_search function 
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 ꜙ  ʊὣ  ᶂṫ ♄  ҷ◌ Ἓ ↑ὔӀ  ּב ᷄ḁ.  

 

Ὥ ҷ◌  ʊ⁫  ʊҹ Ỹ Ḅּד  ᷄ḁ. Ḭ  ḫ  Ἇ ּד♄  ʊ  Ỹ Ὑ

דּ ḻ ә ᵒὧבּ  דּ ḻ ḁבּ   ʊҹ  әἌ  ᷄ḁ. ә  Ḭ Ớḻ Ỵ ҟ   Җ   

ᾞ ᾧṔ Ὼ בּ ṍ  ᷄ḁ. Ắ , ⁬Җ  ᵡ  ̈͂Ὦ  ᵁ  ᶂṫ  ḋ֥  ḻ ῡἛבּ  

 ὣ  ᶂṫḻ ὣ  ᷄ḁ.   

 

╬Ҧᾅ⁄ ̆┬ Ώ╘ ˃╪ Ӊ ὡ ▓╖ḃᴛ ₡ᵒ תּ ὣṒѻѤ ẋˁἵ ὣἌ, Ͽᵝ ὣṒѻѤ 

ẋּשʺ ὣἌ̆ג ṨᵎѤ ˦╪ җ ♬  ˦░ѱѻ. ּתᵣ җ ʼѾ  ↔‡ᵑ Ợ↔ ˳ᾋѱѻ. 

˭ѻʺ  IDѤ ╬Ҧᾅ ╥ ▀Ṩ╪ḃᴛ ᾒⱠᴛ ˃╪ ҿ▀ җגҵ ╬Ҧᾅ ᶜ╙ ̆┬  

˦╖ᴛ ʼל  ὡ ▓ᾋѱѻ.  

 

Ӏḁҍ ҷ◌    ẋ ḁὖ ἛⱢ ҍ ḫ ὗ ּב ә, ҍ Ṕ ҟἛ ₒ בּ  ṏ ּב ᾞ 

ὣ Ԃ ҍ ″Ӓṏ ּב ᷄ḁ. ᾧṭ әὣ  Ỵ  ṅ  ҏ  Ӓ  ҍᶾ   ꜙ ә Ӧḻ

 ֠   ֥  ♥Ӕṍ  Ὥ ֥♄  ʊ וּ֥   Ɫ  a▐  ḁἶ  ӆ ᷄ḁ.  

 

ₔ Ṵ ֥ Ἓ ҷ◌ 

"indexed -column  expression"(Ắ  ʊ"indexed -column  expression") ҳ Ἓ ҷ◌ בּ  ṍᾠ, ᾌ

 ṅṴ ҳ   ʊҖ   Ḭ ὗ ҷ◌  ḁ  ὣ  ᴸ  ḻḆ  ẋֱ     Ἓ  ֚ὣ

 ᶂṫὗ Ḅ  ᷄ḁ. 

 

 ḁ ֚Ừ  DME(ḻᾧḫḻ⁫)⁫ḁ ұ  UҜ  Ӥ  ṫὗ ҷ◌  ʊҹ  ⁫ ᷄ḁ.  

 

 
 

ῦὭ ῳ Ӧ ▓  Ӓ  ʊ  ῼӋṎ Җ  ᾠ ṅ  ὗ ẁὛ᷄ḁ.  
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‛ Ἓ ҷ◌ 

"expression 1  indexed -column  expression2" ‛ Ἓ ҷ◌  ẋ, ᾌ  expression1   ḁ  

expression2  ḻḆ  ẋֱ  ὖ    Ἓ ὣ  ᶂṫὗ Ḅ  ᷄ḁ.  ḁ ֚Ừ  LED(◄

ὔₐὔ )  ROV(Ἓ ) ▐  ‛ ( ) ♄ Ӥ  ṫὗ ҷ◌  ʊӦ  ⁫ ᷄ḁ.  

 

 
 

▲  

○ ꜙ  ▲   ʊ ♄דּ    ᾤ Ӏ ṑ᷄ḁ. ὗ ṯ , RTW(▐Ớ ) Ӥ  ṫὗ 

№  ▲ ᾠ, ○ ꜙ  ʊὫ Ὤ ♄ Ṕ ‗  ὣ  ᶂṫ  ROV  SGC ▐  ᵁ  ᴂҹ ᷄ḁ.   

 

Ὥ ὣ  ᶂṫ  ○ ꜙὗ  Ӥҏ  ₐ  Ӓ  ʊ ẢӀ ṏֱ ? ὗ ṯ (ᶂṫҍ ḓ 3ҟ  

ꜙὗ ּב ḁә ҍ בּ   ẋ), TJM( ᾗ) Ӥ  ṫὗ ▲ ᾠ Ὣ Ὤ ὣ  ᶂṫҍ ҍṬ Ӏ ṑ᷄ḁ. 

 Ӓ  ᶂṫ  ʊṔ ҟἛ ₒ ṍә, ֥  ᶂṫ   a ꜙҍ ○ ᶂṫἛ ṅṍᾞ, ○  ᶂṫὗ ҍὣ  ʊ

ҍ ₐᾧ ᶂṫ  ҍṑ᷄ḁ. ῇἝ, ₐᾧ ᶂṫḻ ҍṬ  ּב ᷄ḁ. ֚Ỵᾠ ḻ Ṕ ҟ  ᶂṫἛ ₒ ṍ

ә,  Ҝ  Ӧ  Ὼ⁬ṑ᷄ḁ. ἶ ὗ ₒ   ʊӒ , ӍӦ ᶂṫ  ᵁ  ᶂṫҍ ḝ ◕Ⱡṍ  

ὣ  ○Ἓ  ἶ ҍ ṑ᷄ḁ.  Ӓ  ὣ  ְ ҍ  ἄ‪ ҍ ᷄ḁ.   

 

 ♄, TJM Ӥ  ▲ Ἓ  Ṕ ҟ  ᶂṫ ₒ  ῼ◕ ᷄ḁ. Ủ ḁ ֚Ừ  ○Ἓ ◕ⱠṎ ᶂ

ṫҍ ҙ  ṍ  ᷄ḁ. ᾧṭ ᶂṫὗ ₒ ⁫ ḻἜ בּ   ֥     Ӎ ὣ ҍ ҍ  ᵎ  

ἄ‪ ╝Ὥ ᷄Ớ ᾧṭ ἄ‪  ᶂṫὗ ῶ ṿ ᷄ḁ.  
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♥ᾤ  ▲  ῳ ₒ   ʊ ὣҍ ֘  ḻἜ ⁫ ᾞ, ᶂṫҍ ּב ʊ  בּ  ҍ Ὼבּꜙ 

Ἓ   ֥ẋῄ  ὣ ְ ҍ ṫῇӀ ҍ ᷄ḁ. 

 

ῄ  ʊ ‗ ₒ Ṏ ᶂṫ  ʊ Ӥ  ꜙ ḻ ꜙҍ ὺ  ḻ ḁ  ‾ ḁ בּ   ʊҹ ᷄ḁ.  

▐  B- ὣ ḫ  Ԃ  ⁫ḁ PostgreSQL Ԃ  ḏ ᷄ḁ. ẁỚ♄ ▲  ḻ  ẋ ᶂṫҍ ҍṬ 

ᾠ Ɫ   “  ᾌ  ⁬Ṏ ḫ ὗ ұ  Ӥҏ  ⁫ ә ҍ ₒ  Ἄә ḻ ᷄ḁ.  

 

25.3  ԂⱠ 

B- ὣ  Ҏ ᶂṫ  ʊ ᵁ  ὗ ᷄ḁ.  ֥ҍ ᶂṫ ỳ  ᷄ḁ.  ₒ Ἓ 

 ὣ  ἶ  ʊ ҏ  ẁỚ ḁὖ Ἓ ṏ ּב ᷄ḁ. Ὥ ҷ◌ әὣ  ◄ ἶ ♄ 

  ᷄ḁ. Ἓ Ḭ  (ᾕ Ớә ) ♄  ἶ   IDὗ ᷄ḁ. ᾕ

 ʊḁὖ ᾕ ḫ ḻ ṍ  ᷄ḁ.  
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Ḭ   ḫ  ἄ  ֱ֠  ⁮ ҹӦ ҏ ḁὛ᷄ḁ. Ҏ ἄ‪  ҍ  ὖ  ὗ 

 ᾧṭ  ʊ   ᾧṭ ⁫ḁ   ҹ  ⁫ ṍ  ʊ ҍ  "high key" ҍ ṑ᷄ḁ. 

 ḁ ֚Ừ ♄ high key  ʊҙ  ṍ  ᷄ḁ. 

 

6 ὣ   ‗ ὗ ֥Ὼ Ἓ Ԃ Ṏ  Ḭ  ὗ pageinspect  ▐  □ ⁫ӆ

᷄ḁ. ᾕ  ἶ   ID  ὣ  ְ (ἄ‪ ‗  ʊὣ  ᶂṫ ♄ ṍᾞ 0ₐ  )ҍ ᵁ

ṍ  ᷄ḁ.  

=> SELECT root, level  

FROM bt_metap('bookings_pkey');  

 root | level  

֧֧֧֧֧֧+֧ ֧֧֧֧֧֧ 

  290 | 2 

( 1 row) 

 

Ḭ  ᾨ  Ṏ  ʊῶ  Ἓ ṍῡἛ ὰ ὣ  ᷄ḁ:  

=> SELECT data 

FROM bt_page_items('bookings_pkey',290)  

WHERE itemoffset = 2;  
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       data 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

0f 30 43 39 41 42 31 00 

( 1 row) 

 

 Җṯ  Ḽ  ֥ ♄  ʊ ὗ Ⱡבּ   ᷄ḁ. ᾧṭ Ử   ʊ ә  ᵁὣ

♄ ṅ Ὥ,    ḓ בּ   ♄  ʊ ṅ  ҹ ᷄ḁ:  

=> CREATE FUNCTION data_to_text(data text) 

RETURNS text 

AS $$ 

DECLARE 

 raw bytea := (' \ x'||replace(data,' ',''))::bytea;  

 pos integer := 0;  

 len integer;  

 res text := '';  

BEGIN 

 WHILE (octet_length(raw) > pos)  

 LOOP 

  len := (get_byte(raw,pos) -  3) / 2;  

  EXIT WHEN len <= 0;  

  IF pos > 0 THEN 

   res := res || ', ';  

  END IF; 

  res := res || (  

   SELECT string_agg( chr(get_byte(raw, i)),'')  

   FROM generate_series(pos+ 1,pos+len) i  

   );  

  pos := pos + len + 1;   

 END LOOP; 

 RETURN res; 

END; 

$$ LANGUAGE plpgsql; 

 

 ἶ   ᵒ  □  :ḁ᷄ בּ ⁯

=> SELECT itemoffset, ctid, data_to_text(data)  

FROM bt_page_items('bookings_pkey',290);  

 itemoffset |     ctid | data_to_text  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧ 

          1 |    (3,0) |  

          2 |  (289,1) | 0C9AB1  

          3 |  (575,1) | 192F03  

          4 |  (860,1) | 25D715  

          5 | (1145,1) | 32785C  
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        ...  

         17 | (4565,1) | C993F6  

      18 | (4850,1) | D63931  

      19 | (5135,1) | E2CB14 

      20 | (5420,1) | EF6FEA  

      21 | (5705,1) | FC147D  

(21 rows)  

 

ὰ  ḓἛ,  ‗  ᾨ  ʊ ҍ ᷄ḁ. ctid   Ἓ  Ὢ ὗ Ӥ ᷄ḁ. 

 

E2D725  ᶷḁә ҍ ⁫ӆ ᷄ḁ.  Ӓ  19‗ ᾨ(E2CB14 <= E2D725 < EF6FEA)  ♠

ә 5135 Ἓ ᵒἌҍ  ᷄ḁ.  

=> SELECT itemoffset, ctid, data_to_text(data)  

FROM bt_page_items('bookings_pkey',5135);  

 itemoffset |     ctid | data_to_text  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧ 

          1 | (5417,1) | EF6FEA . < -  high key  

          2 | (5132,0) |  

          3 | (5133,1) | E2D71D 

          4 | (5134,1) | E2E2F4  

          5 | (5136,1) | E2EDE7  

         ...  

        282 | (5413,1) | EF41BE  

        283 | (5414,1) | EF4D69  

        284 | (5415,1) | EF58D4  

        285 | (5416,1) | EF6410  

(285 rows)  

 

   ‗  ᾨ  ʊ ҏ ◄  high keyҍ ṍ  ᷄ḁ. ᶄὣ Ἓ  ʊ  ᴸ

   ṍ  ӆ Ὥ, Ԃ  Ө ♄  ҍ ″Ӓṏ ẋὫḁ ṅ   ֥   ₐₒ  Ṕ

 ʊҹ  ḝ ὣ ᷄ḁ. 

 

֥♄ ὣ  ʊ ᾨ 3(E2D71D <= E2D725 < E2E2F4)  ♠ ә 11919 Ἓ ᵒἌҕ᷄ḁ.  

=> SELECT itemoffset, ctid, data_to_text(data)  

FROM bt_page_items('bookings_pkey',5133);  

 itemoffset |        ctid | data_to_text  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

          1 |   (11921,1) | E2E2F4  

          2 |  (11919,76) | E2D71D 

          3 |  (11919,77) | E2D725  

          4 |  (11919,78) | E2D72D 

          5 |  (11919,79) | E2D733  

         ...  
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        363 | (11921,123) | E2E2C9  

        364 | (11921,124) | E2E2DB  

        365 | (11921,125) | E2E2DF  

      366 | (11921,126) | E2E2E5  

      367 | (11921,127) | E2E2ED  

(367 rows)  

 

 ʊ Ḭ  ὣ  ᷄ḁ.  ‗  ᾨ  high key ᾞ, ḁὖ ᾧṭ ᾨ    ҍὣ ᷄ḁ. 

 

֚ὣә  ֥ ὣ   ᷄ḁ:  

=> SELECT * FROM bookings 

WHERE ctid = '(11919,77)';  

 book_ref |              book_date | total_amount  

֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

   E2D725 | 2017֧ 01֧ 25 04:10:00+03 | 28000.00  

(1 row)  

 

 ʊ  ṫἛ  ҷ◌  ẋ ᵎ  ἄ‪ ♄ ᵁ  ʊ  ҟỰ ᷄ḁ:  

=> EXPLAIN (costs off)  

SELECT * FROM bookings 

WHERE book_ref = 'E2D725';  

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Index Scan using bookings_pkey on bookings  

  Index Cond: (book_ref = 'E2D725'::bpchar)  

(2 rows)  

 

⁬ ұ 

℮ә  Ḭ  ʊ♄Ἓ ḁὖ   ҍὣ  ʊὮ  ⁬ ὗ  ּב ᷄ḁ. ℮ә  ҍ Ṕ ‗ ◄ 

ᵁ ᵁ  ֥ẋῄ  Ӥҏ  Ὦ  ῡἛ, ⁬   ḏ  ID ᾨἜ
376

  ʊḄ  Ḭ  ᾨ

Ἓ ꜙṑ᷄ḁ.  ( ⁬ ұỚә )  ʊ Ḭ  ֥ὗ ◄ḏ  .ḁ᷄ בּ  

 

Ὥ MVCC ẋῄ  ә  Ḭ ḻ ⁬ ḁ: Ḭ᷄ בּ    ʊ №  ᾧṭ ―  ḓ  

ὗ ᷄ḁ. HOT ḫ  ᾕ ᷄  Ԃ ә Ὼ Ἓ  ּבᾤ  ҍ   ―   

Ḭ      ʊḫ ḻ  ṏ ּב Ὥ, ẋἛ  ʊ ʊӒ  בּ  ḻ ᷄ḁ.  Ӓ  ⁬ ұ  ʊ

ᾧ  ʊ   ә ҍ  ₒ  Ὤᶷḫ  ҏ  ’  .ḁ᷄ בּ 

 

Ҏ     ẋ ⁬ ұ   ᵍ℮  Ἄᾠ,  ᵁ   ḝ ּב  Ӥ

ҏ  ᾠ♄Ὥ ꜙҍ ּב ṑ᷄ḁ.
377

 ֚Ỵᾠ  ҍ Ӧ ⁬ ұ
378
ҍ Ӥҏ  ⁫ ә ῶỞ

 
376

 postgresql.org/docs/14/btree-implementation#BTREE-DEDUPLICATION.html 
377

 backend/access/nbtree/nbtinsert.c, _bt_delete_or_dedup_one_page function 



 402  

   ₒ    ⁬ ḁ. Ὥ᷄ בּ   ṫῄ Ӓ  deduplicate_items  ὺҟ″ּבὗ 

ᴭᾠ ⁬ ұ ֥ᶾ  ℮ Ⱡ   .ḁ᷄ בּ 

 

 a Ḭ  ʊ ⁬ ұὗ  ᷄ḁ. Ṏ  ▐   ṅṴⱠ   ֚ᵒ  a  Ḅּד  

℮ӽἛ  ḁ  ʊҹ ᷄ḁ. Ӎ  ᾧṭ ḫ   Ỷ Ἓ ℮ӽṏ ּב  ʊҹ  ᷊᷄ḁ. 

ὗ ṯ , ₐṅ ꜙּב יּ  (float  double precision)  ʊ0  ḓ  Ṕ ҍ  ḁὖ  ҍ ᷄ḁ.  Ὺ

ḻ ּי (numeric)  ʊḁὖ ḻ ♄ ṅ יּ  ὗ ᵁ  ᴗּב  ʊῺᾠ jsonb  Ỵ יּ  ὗ ▐  

ḁ. ℮Ӎ᷄ בּ  Ἇ
379

 ▐  ʊӒ ḻ   ḓ  ⁬ ұҍ ₔҍᶾ ᷄ḁ.  ʊṅ

 ֥ ὗ ḁὖ ῶ  Ἓ  ּב ḻἜ ᷄ḁ(  Ἇ  Ӎ ). 

 

Ӏḁҍ  ⁬  , ‛  ῳ    ḓ  ⁬ ұ  ʊ ṍ  ᾞ, INCLUDE Ἓ ♠ Ṏ Ḭ  

ḓ ♄ḻ ṍ  ᷄ḁ.  

 

 Ḭ ҍ ⁬ ұὗ ▐ ᶷ בּ   Ἄᾠ ḏ ᾕ  allequalimage ṫὗ  

 :ḁ᷄ בּ

=> CREATE INDEX ON tickets(book_ref); 

=> SELECT allequalimage FROM bt_metap('tickets_book_ref_idx');  

allequalimage  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

          t  

( 1 row) 

 

allequalimageҍ t ᾠ ⁬ ұҍ Ṑ  ῦ ᷄ḁ. ֚ὣә Ἓ  ҟ   ID(htid)ὗ ҍ  

Ḭ  ᾨӦ ID ᾨἜ(tids)  ҍ  ᾨ  Ṏ ὣ  ὗ ⁯ ּב ᷄ḁ:  

=> SELECT itemoffset, htid, left(tids::text,27) tids,  

data_to_text(data) AS data  

FROM bt_page_items('tickets_book_ref_idx',1)  

WHERE itemoffset > 1;  

 itemoffset |       htid |                        tids | data  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧ 

          2 | (32965,40) |                             | 000004  

          3 | (47429,51) |                             | 00000F 

          4 |  (3648,56) |   {"(3648,56)","(3648,57)"} | 000010  

          5 |  (6498,47) |                             | 000012  

       ...  

        271 | (21492,46) |                             | 000890  

        272 | (26601,57) | {"(26601,57)","(26601,58)"} | 0008AC  

        273 | (25669,37) |                              | 0008B6 

(272 rows)  

 

 
378

 backend/access/nbtree/nbtdedup.c, _bt_dedup_pass function 
379

 postgresql.org/docs/14/collation.html 



 403  

ᵒ  a Ḭ  ᾨ    

⁬ ұὗ  Ḭ  ὣ   ḝ Ὦ  ᾨ בּ  ḁ. Ὥ ὣ᷄ בּ   ҍ Ḭ

 ḓₐₒ  ḝỚḻ ҍ ₒ     ֥  ᵒ  a בּ ♄ ṍ  ʊḫ   ҷ◌ Ⱡ

 ὣ ְ  Ἓ ṍ  ֥ẋῄ  ắҜ  ᷄ḁ. 

 

ᵒ  a Ḭ  ᾨ  ʊ Ḭ  ҍ ṍ  Ὥ,  ֚Җ  ҷ◌    ὣὗ Ӎ  ʊḫὭ 

▐ ṑ᷄ḁ. ḁ   Ḭ  Ӓ   ‗   ꜚⱠ(Ắ  ʊ  ᾥ ҟ)  ҍ ֥Ὥ ḻ ₒ ᷄ḁ. ḁὖ 

ꜚⱠ   Ӥҏ   ֥  ὦ ּב ᷄ḁ.  

 

Ỵ  ῦ▐ ὧ  ὣ  ҍ ₒ ṏ ẋ ῼ◕ ᾞ, ᵒ  a ҍ ○ ὗ ּב   ẋ ῼ◕

᷄ḁ.
380

 

 

╪ᴝ♠╖ᴛѤ  ˢ╛ җ Ϯῷʺ ─ ᵙᵑ ̯Ṫ ͙⁄ Ṫ  ╥  ᶙ ˌ ͙ ₮ ˉ╪ 

ἶἛ╥ ╥Ḉ ▓Ѥ ṨṪᵣ Ṓ̕  ὡҵ ▓ᾋѱѻ. ּתᵣ ῷֹו ̯ Ӈּת Ώ ᾋѱѻ. ╬Ҧᾅ 

ᶜ╘ ἶἛ ♣ ᵑ ˞Ϯ ╪ ἶἛ╙ ₰♣  ḤⱠ ѱѻ. 

 

ὗ ṯ ,   Ҡ Ὑ   ʊ  ḓ  Ԃ Ṏ Ḭ  ἶ   ᾥ ҍ  ᾨ  

᷄ḁ:  

=> CREATE INDEX tickets_bref_name_idx 

ON tickets(book_ref, passenger_name);  

=> SELECT itemoffset, ctid, data_to_text(data)  

FROM bt_page_items('tickets_bref_name_idx',229)  

WHERE itemoffset BETWEEN 8 AND 13; 

 itemoffset |     ctid | data_to_text  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

          8 | (1607,1) | 1A98A0  

          9 | (1833,2) | 1E57D1, SVETLANA MAKSIMOVA 

         10 | (2054,1) | 220797  

         11 | (2282,1) | 25DB06  

         12 | (2509,2) | 299FE4, YURIY AFANASEV 

         13 | (2736,1) | 2D62C9  

(6 rows)  

 

 a Ḭ  ᾨ  Ṕ ‗  ꜚⱠ  ḁ  ʊҹ  .ḁ᷄ בּ ⁯ 

 

ḏ Ӏḻ, ὣ   ʊᾧṭ  ꜚⱠӦ INCLUDE  Җ(  ʊӒ )   ᷄ḁ. ֚ἃ  ᾠ 

Ḭ בּ    ḁ.   ʊhigh key᷄ בּ  ᷄ḁ.  ʊₐₒ Ἓ ṏ ּב ᷄ḁ.  

 

 
380

 backend/access/nbtree/nbtinsert.c, _bt_split function 
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25.4 ▓  Ủ  

℮ӽ ὼ  

 Җ╝Ὥ ᷄Ớ,  ▐     ḁ   Җ  Ἇ  ʊ “ḻ  ᷄

ḁ.  ʊ Ἇ, ֚Ἳ , ‾   ῳ ֥ בּ   ᷄ḁ.  Ӓ  Ὣ ҍ Ἓ,  ḫ  

 ḓ  ℮ӽ ▓  ʊ ▓  Ủ   ṑ᷄ḁ.
381

 

 

▓  Ủ ὗ  Ὑ(>, <, = Ṵ) ♄ ◄ ᾞ, ṅ בּ    Җ  Ἇ  ʊ Ỵ ҍ   

“  Ӥ  .ḻ ᷄ḁבּ 

 

 ֥bool_ops Ὺὣ  btree  “  ᾧṭ ▓  Ủ ♄   ʊ ▓ ӽ℮ בּ ҍ ᷄ḁ:  

=> SELECT amopopr::regoperator AS opfamily_operator,  

amopstrategy 

FROM pg_am am 

JOIN pg_opfamily opf ON opfmethod = am.oid  

JOIN pg_amop amop ON amopfamily = opf.oid 

WHERE amname = 'btree' 

AND opfname = 'bool_ops'  

ORDER BY amopstrategy; 

   opfamily_operator | amopstrategy  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧ 

  <(boolean,boolean) | 1  

 <=(boolean,boolean) | 2  

  =(boolean,boolean) | 3  

 >=(boolean,boolean) | 4  

  >(boolean,boolean) | 5  

(5 rows)  

 

 5ҟ  ℮ӽ ▓  ҎҎ  ᵁ  Ự  ḏ ᾞ
382

,  ʊ  ֚ ῦὗ ᷄ḁ: 

 

 ̧ less than: ῦὭ 

 ̧ less than or equal to:   

 ̧ equal to: Ҝ  

 ̧ greater than or equal to: ◄ 

 ̧ greater than: Ӧ 

 

B-tree ▓  Ủ  ʊ Ỵ ҟ .ḻ ṑ᷄ḁבּ  
383

  ‗ בּ   ʊ  ‗ ‗ ҍ Ṕבּ   

⁫ḁ  Ӓבּ  1  Ὼ  ә,  ‗ ‗ ҍ Ṕבּ  ⁫ḁ  Ӓבּ   -1  Ὼ  ᾞ, ּבҍ 

Ҝ  Ӓ  0  Ὼ  ᷄ḁ.  

 

 
381

 postgresql.org/docs/14/btree-behavior.html 
382

 postgresql.org/docs/14/xindex#XINDEX-STRATEGIES.html 
383

 postgresql.org/docs/14/btree-support-funcs.html 
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ḁὖ  ּב  ʊ♠  ▐ Ὥ Ɫ   “  Ⱡᶾ  ◄ ᷄ḁ. 

 

 ᾕ ᷄  ḝ   ֥ , ℮֥⁮ Ἇ  ▐  ʊ○ ḫ ♄ḁ. ῄ᷄ בּ   

 ʊ⁬ꜙּב
384

 ҍ ᵁ  Ὥ CἛ Ⱡṍ  ᷄ḁ. ḁ ḻ B-tree ▓  Ủ  ʊ ♅  ὗ 

▐  Ԃ ḻ ῡἛ, ҍᶾבּ    ҏḄ  ὗ Ὥṯ    ӆ ᷄ḁ(℮ Ớ

ḻ ḻ Ἓ). 

 

⁫ Ḅ  ḓ  ○ ⁬   ⁫ӆ ᷄ḁ:  

=> CREATE TYPE capacity_units AS ENUM ( 

'B', 'kB', 'MB', 'GB', 'TB', 'PB'  

);  

=> CREATE TYPE capacity AS ( 

amount integer,  

unit capacity_units  

);  

 

 ○   ҍ  №  Ὥṯә  Җ Ἓ ᷄ḁ: 

=> CREATE TABLE test AS 

SELECT ( (random()*1023)::integer, u.unit )::capacity AS cap  

FROM generate_series(1,100),  

   unnest(enum_range(NULL::capacity_units)) AS u(unit);  

 

֥⁮ Ἓ ⁬   Җ  ▐ Ἓ Ἇṍᶷḫ,  Ӓ♄דּ   Ỵ ♄דּ   Ҝ  ᷄ḁ:  

=> SELECT * FROM test ORDER BY cap; 

  cap 

֧֧֧֧֧֧֧֧֧֧֧ 

(1,B)  

(3,GB) 

(4,MB) 

(9,kB)  

...  

(1017,kB)  

(1017,GB) 

(1018,PB) 

(1020,MB) 

(600 rows)  

 

 ὣ  ▓  Ủ ὗ Ὥṯ  ⁫ӆ ᷄ḁ. ♠ ỳ  ῶ Ἓ ″  ʊ ὗ ӆבּ ᷄ḁ:  

=> CREATE FUNCTION capacity_to_bytes(a capacity) RETURNS numeric 

AS $$ 

 
384

 postgresql.org/docs/14/xindex#XINDEX-EXAMPLE.html 
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 SELECT a.amount::numeric * 

  1024::numeric ^ ( array_position(enum_range(a.unit), a.unit) -  1 );  

$$ LANGUAGE sql STRICT IMMUTABLE; 

=> SELECT capacity_to_bytes('(1,kB)'::capacity);  

capacity_to_bytes  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

1024.0000000000000000 

(1 row)  

 

▓  Ủ ὗ   ּבὗ ὭṲ᷄ḁ:  

=> CREATE FUNCTION capacity_cmp(a capacity, b capacity) 

RETURNS integer 

AS $$ 

 SELECT sign(capacity_to_bytes(a) -  capacity_to_bytes(b));  

$$ LANGUAGE sql STRICT IMMUTABLE; 

 

▐ ὗבּ     ℮ӽ ▓ ὗ אלӀ  ּב ᷄ḁ. ә Ἓ ◄  Ὑ  ▐  

Ἓ  ּב  ⁫ ә ᷄ḁ:  

=> CREATE FUNCTION capacity_lt(a capacity, b capacity) RETURNS boolean 

AS $$ 

BEGIN 

 RETURN capacity_cmp(a,b) < 0;  

END; 

$$ LANGUAGE plpgsql IMMUTABLE STRICT; 

 

=> CREATE OPERATOR #<# ( 

 LEFTARG = capacity, 

 RIGHTARG = capacity, 

 FUNCTION = capacity_lt 

);  

 

ḁὖ ᵮ ҟ  ▓ ḻ ℮    Ἓ ṑ᷄ḁ.  

=> CREATE FUNCTION capacity_le(a capacity, b capacity) RETURNS boolean 

AS $$ 

BEGIN 

 RETURN capacity_cmp(a,b) <= 0;  

END; 

$$ LANGUAGE plpgsql IMMUTABLE STRICT; 

 

=> CREATE OPERATOR #<=# ( 

 LEFTARG = capacity, 

 RIGHTARG = capacity, 

 FUNCTION = capacity_le 
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);  

 

=> CREATE FUNCTION capacity_eq(a capacity, b capacity) RETURNS boolean 

AS $$ 

BEGIN 

 RETURN capacity_cmp(a,b) = 0;  

END; 

$$ LANGUAGE plpgsql IMMUTABLE STRICT; 

 

=> CREATE OPERATOR #=# ( 

 LEFTARG = capacity, 

 RIGHTARG = capacity, 

 FUNCTION = capacity_eq, 

MERGES --  can be used in merge joins  

);  

 

=> CREATE FUNCTION capacity_ge(a capacity, b capacity) RETURNS boolean  

AS $$ 

BEGIN 

 RETURN capacity_cmp(a,b) >= 0;  

END; 

$$ LANGUAGE plpgsql IMMUTABLE STRICT; 

 

=> CREATE OPERATOR #>=# ( 

 LEFTARG = capacity, 

 RIGHTARG = capacity, 

 FUNCTION = capacity_ge 

);  

 

=> CREATE FUNCTION capacity_gt(a capacity, b capacity) RETURNS boolean  

AS $$ 

BEGIN 

 RETURN capacity_cmp(a,b) > 0;  

END; 

$$ LANGUAGE plpgsql IMMUTABLE STRICT; 

 

=> CREATE OPERATOR #># ( 

 LEFTARG = capacity, 

 RIGHTARG = capacity, 

 FUNCTION = capacity_gt 

);  

 

 ♄ ὣ  ʊ ῦ ỳ  ℮ӽ   :ḁ᷄ בּ 

=> SELECT (1,'MB')::capacity #># (512, 'kB')::capacity;  
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?column? 

֧֧֧֧֧֧֧֧֧֧ 

t  

(1 row)  

 

▓  Ủ ҍ ◕Ⱡṍᾠ Ἇḻ ◄ḓἛ ṅ  ֥ ᷄ḁ:  

=> CREATE OPERATOR CLASS capacity_ops 

DEFAULT FOR TYPE capacity --  to be used by default  

USING btree AS 

OPERATOR 1 #<#, 

OPERATOR 2 #<=#, 

OPERATOR 3 #=#, 

OPERATOR 4 #>=#, 

OPERATOR 5 #>#, 

FUNCTION 1 capacity_cmp(capacity,capacity);  

 

=> SELECT * FROM test ORDER BY cap; 

  cap 

֧֧֧֧֧֧֧֧֧֧֧ 

(1,B)  

(21,B)  

(27,B)  

(35,B)  

(46,B)  

...  

(1002,PB) 

(1013,PB) 

(1014,PB) 

(1014,PB) 

(1018,PB) 

(600 rows)  

 

○ Ḭ ҍ ◕Ⱡṏ ẋ ֥⁮ Ἓ ὣ  ▓  Ủ ҍ ▐ ṍᾞ,  Ḭ  ʊӍӦὗ ῶὖ ּד♄Ἓ Ὼ

᷄ḁ:  

=> CREATE INDEX ON test(cap); 

 

=> SELECT * FROM test WHERE cap #<# (100,'B')::capacity ORDER BY cap; 

cap 

֧֧֧֧֧֧֧֧ 

(1,B)  

(21,B)  

(27,B)  

(35,B)  
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(46,B)  

(57,B)  

(68,B)  

(70,B)  

(72,B)  

(76,B)  

(78,B)  

(94,B)  

(12 rows)  

 

=> EXPLAIN (costs off) SELECT *  

FROM test WHERE cap #<# (100,'B')::capacity ORDER BY cap; 

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Index Only Scan using test_cap_idx on test  

  Index Cond: (cap #<# '(100,B)'::capacity)  

(2 rows)  

 

ṅṴ ▓  ♠ ♄  MERGES   ḫ   ḓ  ‾   Ⱡ ᷄ḁ.  

 

ḁ   Ḭ  ῳ Ἇ 

Ỵ  Ḭ  Ἇ  ḝ Ɫ  □ ⁫ӆ ᷄ḁ.  

 

ᾌ , Ḭ ὗ ♠  ẋ   ּד♄ὗ ♠  ʊҹ  ὺ  ᷄ḁ.  ᵒ ♄ ḫ  Ἇ  

 ‗  ♄  ḁ  Ṕ ‗  Ἓ ṅ ә ֚ἃӀ Ӕꜚ ᷄ḁ. Ỵ  Ḭ  ʊ ӤṎ  ҳ

 ҍ   ‗  ₐ   ʊ ꜚṎ  ּד♄ὗ  ʊӒ Ὥ  ҷ◌  ⁫  .ḁ᷄ בּ 

 ‗  ,  ‗  Ṕ ,  ‗  Ɫ ‗   ▐  ‛  ṴӦ Ҝ  ὰ ᷄ḁ.  ҳ  ḁὖ 

֥  ẁỚ ҍ  ⁬ Җ  Ὢ  ʊḫὭ ▐  .ḁ᷄ בּ 

 

 ֥tickets №  ◕ⱠṎ Ḭ   ‗  ὣ    ʊ Ḭ  ᾨ ҍ ᷄ḁ.  Ḭ♄דּ 

 ʊ   Ҡ Ὑ  ṍ  ᷄ḁ.  

=> SELECT itemoffset, data_to_text(data)  

FROM bt_page_items('tickets_bref_name_idx',1)  

WHERE itemoffset > 1;  

 itemoffset | data_to_text  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

          2 | 000004, PETR MAKAROV 

          3 | 00000F, ANNA ANTONOVA 

          4 | 000010, ALEKSANDR SOKOLOV 

          5 | 000010, LYUDMILA BOGDANOVA 

          6 | 000012, TAMARA ZAYCEVA 

          7 | 000026, IRINA PETROVA 

          8 | 00002D, ALEKSANDR SMIRNOV 
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         ...  

        187 | 0003EF, VLADIMIR CHERNOV 

        188 | 00040C, ANTONINA KOROLEVA 

        189 | 00040C, DMITRIY FEDOROV 

        190 | 00041E, EGOR FEDOROV 

        191 | 00041E, ILYA STEPANOV 

        192 | 000447, VIKTOR VASILEV 

        193 | 00044D, NADEZHDA KULIKOVA 

(192 rows)  

 

 Ӓ    ҷ◌    Ҡ Ὑ Ἓ ұ  U  Ὥ Ἓ ҍᶾ ᷄ḁ.  

=> EXPLAIN (costs off) SELECT *  

FROM tickets 

WHERE book_ref = '000010'; 

       QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Index Scan using tickets_book_ref_idx on tickets  

  Index Cond: (book_ref = '000010'::bpchar)  

(2 rows)  

 

=> EXPLAIN (costs off) SELECT *  

FROM tickets 

WHERE book_ref = '000010' AND passenger_name = 'LYUDMILA BOGDANOVA'; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Index Scan using tickets_bref_name_idx on tickets  

  Index Cond: ((book_ref = '000010'::bpchar) AND (passenger_name...  

(2 rows)  

 

Ὥ Ҡ Ὑ  ֥Ἓ Ӎ ḁᾠ, ᾧṭ   ᷄ḁ:  

=> EXPLAIN (costs off) SELECT *  

FROM tickets 

WHERE passenger_name = 'LYUDMILA BOGDANOVA'; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Gather 

  Workers Planned: 2  

  >֧ Parallel Seq Scan on tickets  

   Filter: (passenger_name = 'LYUDMILA BOGDANOVA'::text) 

(4 rows)  
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Ủᵡҍ Ḭ   ♠ ḝỚḻ, ᾧṭ Ḭ  ᾨ  Ὼ⁬  ᷄ḁ.
385

 ₔ ḻ Ӕ  ҳ  

Ἓ ӍӦὗ Ὢ  ʊḫὭ ▐ Ṏḁ  ʊҹ  ⁫  ᷄ḁ. 

 

 Ḵ  ⁸⁄ Ўᶴ ᵤּת Ώ╘ ̆┬ ˃ v1, v2, ... , vn╪ ▓Ѥ ˿↕, ҉ ─ ᵙ⁄ ҍ  ױ⁴ 

ᾅᵑ ὡ ᶔ ᾒⱠᴛ ⱳˠ ŗcol2 = ˃Ř⁄ ҍ  Ѿ▀ ˤự╙ ▀ᴐ╥ ˤự╖ᴛ ʺỮ╖ᴛ ҍ  

ὡ ▓ᾋѱѻ. ѻ╛̓ ˉ╘ ⱳˠ⁄ ╥  ˤự ᵦ░ѱѻ: 

 

col1 = v 1 AND col2 = ˃   

col1 = v 2 AND col2 = ˃ 

... 

col1 = v n AND col2 = ˃ 

 

ױ╪  ┬ ╥ ╬Ҧᾅ  Ἕᾅᵑ ᾅ  ᾅ ̯ וѤҥ, ῷֹ ̆ג╪ Ӈּת Ώ ᾋѱѻ.386 

 

֚ὣә ῺḓἛ, Ҡ ὙӦ  ‗  ḓ  Ḭ ҍ ◕Ⱡṍᾠ, Ҡ ὙὭ Ắ  ʊ Ҡ ὙӦ   

ṗ ḁὗ ▐  ʊ ὣ  ḝ  ί ᷄ḁ:  

=> CREATE INDEX tickets_name_bref_idx 

ON tickets(passenger_name, book_ref);  

=> SELECT itemoffset, data_to_text(data)  

FROM bt_page_items('tickets_name_bref_idx',1)  

WHERE itemoffset > 1;  

 itemoffset | data_to_text  

֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

          2 | ADELINA ABRAMOVA, E37EDB 

          3 | ADELINA AFANASEVA, 1133B7 

          4 | ADELINA AFANASEVA, 4F3370 

          5 | ADELINA AKIMOVA, 7D2881 

          6 | ADELINA ALEKSANDROVA, 3C3ADD 

          7 | ADELINA ALEKSANDROVA, 52801E 

           ...  

        185 | ADELINA LEBEDEVA, 0A00E3 

        186 | ADELINA LEBEDEVA, DAEADE 

        187 | ADELINA LEBEDEVA, DFD7E5 

        188 | ADELINA LOGINOVA, 8022F3 

        189 | ADELINA LOGINOVA, EE67B9 

        190 | ADELINA LUKYANOVA, 292786 

        191 | ADELINA LUKYANOVA, 54D3F9 

(190 rows)  

 

=> EXPLAIN (costs off) SELECT * FROM tickets  

 
385

 backend/access/nbtree/nbtsearch.c, _bt_first function 
386

 commitfest.postgresql.org/34/1741 
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WHERE passenger_name = 'LYUDMILA BOGDANOVA'; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Bitmap Heap Scan on tickets  

  Recheck Cond: (passenger_name = 'LYUDMILA BOGDANOVA'::text) 

  >֧ Bitmap Index Scan on tickets_name_bref_idx  

   Index Cond: (passenger_name = 'LYUDMILA BOGDANOVA'::text) 

(4 rows)  

 

ḻ ○ Ḭ ♄דּ  ὗ ◕Ⱡ  ẋ Ἇ ּד♄ ḻ ὗ ֥  ᷄ḁ. ֥⁮ Ἓ Җ  Ὑ דּ

(ASC) Ἓ Ἇṍ Ὥ  Ӓ  ᵒὧ (DESC)דּ Ἓ Ὼ ḁ. Ḭ᷄ בּ  ҍ Ḅ    Ԃ

Ṏ Ӓ  ẖ   Ἓḻ  ּב  ֥ẋῄ  Ӏ  ᷄ḁ. Ὥ Ỵ  Ḭ  Ӓ דּ 

♄ҍ ᷄ḁ. 

 

○Ἓ ◕ⱠṎ Ḭ ὗ ▐  Ṕ  ᾧṔὗ ֥ Ἓ ḫ ὗ Ὑ דּ  Uᵒὧ דּ Ἓ ἏṎ ◄ Ἓ 

ҷ◌   :ḁ᷄ בּ 

=> EXPLAIN (costs off) SELECT *  

FROM tickets 

ORDER BY passenger_name, book_ref; 

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Index Scan using tickets_name_bref_idx on tickets  

( 1 row) 

 

=> EXPLAIN (costs off) SELECT *  

FROM tickets ORDER BY passenger_name DESC, book_ref DESC; 

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Index Scan Backward using tickets_name_bref_idx on tickets  

( 1 row) 

 

Ὥ  Ḭ  ʊ   ֥ Ἓ Ὑ Ἇ דּ ә ḁὖ  ֥ Ἓ ᵒὧ Ἇ דּ   ʊӒ  

 ḫ ὗ Ὼ  .ḁ᷄ בּ 

 

 Ӓ  Ḭ  ʊṔ ‗  ꜚⱠ  ֥ Ἓ ҍ Ἇ   ₐₒ Ἓ ἏṎ ḫ ὗ Ӥ ᷄ḁ:  

=> EXPLAIN (costs off) SELECT *  

FROM tickets ORDER BY passenger_name ASC, book_ref DESC; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Incremental Sort  

  Sort Key: passenger_name, book_ref DESC 

  Presorted Key: passenger_name 

  >֧ Index Scan using tickets_name_bref_idx on tickets  
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(4 rows)  

 

NULL Җ   ʊ Ἇ   Ḭ ὗ ▐ ʊᶾἍ  בּ  ḻ  ῦ ᷄ḁ. ֥⁮ Ἓ, Ἇ ᾨ

Ἓ NULL Җ  Ὼ Җ⁫ḁ "ḝ " ҹ Ἓ ҏ ṍ , Ἇ ּד♄ҍ Ὑ דּ  Ӓ  ὣ  ὖ , ᵒὧ

דּ  Ӓ   ᷄ḁ. NULL Җ   ʊNULLS LAST  NULLS FIRST  ▐  ″Ӓ  בּ 

᷄ḁ.  

 

ḁ  ♄, Ḭ ҍ ORDER BY  Ὥ  ᾯ ῡἛ, ӍӦ  ʊ Ἇṍ  ᷄ḁ:  

=> EXPLAIN (costs off) SELECT *  

FROM tickets ORDER BY passenger_name NULLS FIRST, book_ref DESC; 

    QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Gather Merge 

  Workers Planned: 2  

  >֧ Sort  

   Sort Key: passenger_name NULLS FIRST, book_ref DESC 

   >֧ Parallel Seq Scan on tickets  

(5 rows)  

 

Ὥ  ʊּד♄ὗ ẁὔ  ʊ Ḭ ὗ ◕Ⱡ ᾠ,  ֚ Ḭ ҍ ▐ ṏ ҹ ᷄ḁ:  

=> CREATE INDEX tickets_name_bref_idx2 

ON tickets(passenger_name NULLS FIRST, book_ref DESC); 

=> EXPLAIN (costs off) SELECT *  

FROM tickets ORDER BY passenger_name NULLS FIRST, book_ref DESC; 

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Index Scan using tickets_name_bref_idx2 on tickets  

(1 row)  

 

25.5 ꜚⱠ 

B- ὣ   ꜚⱠ  □ ⁵ ḁ.  

 

Ɫ   “ ꜚⱠ 

=> SELECT a.amname, p.name, pg_indexam_has_property(a.oid, p.name)  

FROM pg_am a, unnest(array[ 

'can_order', 'can_unique', 'can_multi_col',  

'can_exclude', 'can_include'  

]) p(name)  

WHERE a.amname = 'btree'; 

 amname |          name | pg_indexam_has_property 

֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

  btree |     can_order | t  
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  btree |    can_unique | t  

  btree | can_multi_col | t  

  btree |   can_exclude | t  

  btree |    can_include | t  

(5 rows)  

 

B- ὣ  ʊḫ ὗ Ἇ ә  ֚ә Ⱡ  ⁫ ḁ. Ỵ᷄ בּ   ꜚⱠ  ҍ    ֜ “ ᷄ḁ.  

 

Ὦ   ֜ “ṯ  ḁ  Ỹ Ḭ ὗ Ὥ, B- ὣ ♄ Җṯ  Ἇṍ   ֥ẋῄ  Ḭ  ᵒ  

Ỹ ּד♄  ὗ ֥  ᷄ḁ.  

 

Ӥ Ἓ,     ҳ  ṍ Ὥ,  ʊṅṴ ҳ  ṍ  , ә   ҳӦ ▐ ᷄ḁ. 

 ә   ҳ  ▐  ʊҹ   ḝ ῶỞ ᷄ḁ. B- ὣ Ḭ  ʊҷ◌    ʊ ҍ 

INCLUDE Ỹ Ἓ ṏ ּבḻ ᷄ḁ.  

 

Ḭ בּ   ꜚⱠ 

=> SELECT p.name, pg_index_has_property('flights_pkey', p.name)  

FROM unnest(array[ 

'clusterable', 'index_scan', 'bitmap_scan', 'backward_scan'  

]) p(name);  

          name | pg_index_has_property  

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧ ֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

   clusterable | t  

    index_scan | t  

   bitmap_scan | t  

 backward_scan | t  

(4 rows)  

 

B- ὣ Ḭ  ʊ Ỵ  ▐ ṏ ּב ᷄ḁ. Ḭ  Ӧ ℮ ᾁ  ᾧṔ ṑ᷄ḁ. ὣ  

ҍ    ὣ Ἓ ῃ   ֥ẋῄ , Ḭ  ʊ   Ἓḻ ◌ṏ ּב ᾞ,  ʊ Ἇ ּד♄ὗ ӍӦ

Ἓ ᷄ḁ:  

=> EXPLAIN (costs off) SELECT *  

FROM bookings ORDER BY book_ref DESC; 

   QUERY PLAN 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

 Index Scan Backward using bookings_pkey on bookings  

(1 row)  

 

Ỹ ּב  ꜚⱠ 

=> SELECT p.name, 

pg_index_column_has_property('flights_pkey', 1, p.name)  
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FROM unnest(array[ 

'asc', 'desc', 'nulls_first', 'nulls_last', 'orderable',  

'distance_orderable', 'returnable', 'search_array', 'search_nulls'  

]) p(name);  

               name | pg_index_column_has_property 

֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧+֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧֧ 

                asc | t  

               desc | f  

        nulls_first | f  

         nulls_last | t  

          orderable | t  

 distance_orderable | f  

         returnable | t  

       search_array | t  

       search_nulls | t  

(9 rows)  

 

ORDERABLE ꜚⱠ  B- ὣ  Ṏ ḫ ҍ Ἇṍ  ḁ  ʊҹ  ᵁ ᵗ᷄ḁ. Ὼᾠ  ᵮ ҍ  ꜚⱠ(ASC

 DESC, NULLS FIRST ῳ NULLS LAST)   Ỹ ♄ ♄  .ὗ ᷄ḁ♄דּ    ʊ Ỹ Җ

ṯ  Ὑ דּ Ἓ Ἇṍᾞ NULL Җ  Ὣ Ὤ  ᵁ ṑ᷄ḁ. 

 

SEARCH NULLS ꜚⱠ  NULL Җ  ҷ◌ ҍᶾ  ₐὗ ᵁ ᵗ᷄ḁ. 

 

B- ὣ  ʊּד♄ ▓ (DISTANCE ORDERABLE)ὗ  ᷄ḁ. ℮Ἔ ὗ Ԃ Ἄ  ʊ ḻҍ 

ḻ ₔԂ ә .
387

 

 

B- ὣ  ʊ   ᵒ  Ỵ ꜙὗ ҷ◌  ʊҹ(SEARCH ARRAY ꜚⱠ)  ᾞ,   ֜  ӍӦ ḫ ὗ 

Ὼ   .ḁ(RETURNABLE)᷄ בּ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
387

 commitfest.postgresql.org/27/1804  
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26 . GiST 

26.1 ҟ  

GiST(Generalized Search Tree)
388

 ʊҖ  ◄ḓ     ʊḫ    ֘  ҷ◌ 

ὣ  Ὼ Ớә  ּב  ʊ  ֜ “ ᷄ḁ. B- ὣ   ҍᶾⱠ  ℮ӽ ▓   ʊּד♄   

ṍ Ὥ, Ỵ   ḓ   ὺ  ᷄ḁ. GiST  Ӓ ,  ֚ ▓  Ủ  ʊ ὣ ᵒ  ḫ

 ₒ  ḓ   ֥ Ӏ ᷄ḁ. GiST Ḭ בּ    ʊӤҏ ḫ ὗ  R- ὣ,  

 RD- ὣ, ֚ὣә  ῳ ῦ ὗ  ᾧṭ ḫ    ֚᷄  ὣὗ ּב  בּ 

᷄ḁ. 

 

Ⱡ Ḟₒ , PostgreSQL ♄ ◌   ὗ Ԃ Ἓ  ₐ  ○Ἓ   ֜ “  ◕

Ⱡ ḁ. ֚Ỵ᷄ בּ  ,U ◌  Ἓ  ♥Ӕ  ʊҹ ḻ,  ἄ ,   ֠ Ự, ֚ὣә 

WAL   ᷄ḁ.  ᾧṭ ҹ  ҙἍ  Ἓ֚Ủῲ ּ֥וӦ ◄ḏ  Ԃ  ᶂἍ  Ἓ ᷄ḁ. 

GiSTʊ  Ỵ   Ḅּד ᾞ, ᾧṭ ּב ▐ וּ֥   ὣ ә ҷ◌ әὣ  ֥Ὼ  Ӥ ᷄ḁ. 

○Ἓ  ḫ  Ӧ כ GiST  “  ▐ Ἄᾠ, ḓỰ  ҟ ὗ  ʊ○Ἓבּ    ▓  Ủ

ὗ ҍ ֥Ὥ ᾠ ṑ᷄ḁ. B- ὣ  Ӥṍ  ʊḄּד  ▓  Ủ  Ḇὣ, Ỵ  Ủ  ʊḓₐₒ

 ◌  Ἓ  ṍ  ᷄ḁ.  ᾠ ♄ GiSTʊ  ○Ἓ   ֜ “  Ԃ  ֥  ἄ Ἓ ҏ

ṏ ּב ᷄ḁ. 

 

ҍ  Ὼ  Ἓ ὰ ᾠ, ὣ  ᶂṫ(ὣ  ᾨ)  ꜚ  ʊҎ ᾨ  ҳ(ᶄὣ  ҳ)Ӧ   ID

ὗ ᷄ḁ. Ḭ   ʊ ҳ  Ὥ  ᾞ,  ҍ  ᾨ  ₐ  ₐ  ʊ  ᷄ḁ.  

 

ᵒ  aὣ (ᵒ  a ᾨ)  Ҏ ᾨ  ʊẮ  ҳӦ  ᶂṫ  ḓ  ҍ ṑ᷄ḁ;  ♄⃰ ὣ  ᾧ

ṭ ◌ Ṏ ḫ  ʊ  ҳ  Ὥ  ᷄ḁ. ḁ  ὰ , ᵒ  a ᾨ  ҳ   ֚  ᾨṯ  ᾧṭ ҳ

 ᷄ḁ.   GiST  ꜚⱠ  B- ὣҍ ▐  ʊҏḄ דּ   Ӎ   ᾨ  Ӥ ᷄ḁ. 

 

GiST ὣ ҷ◌  ӨⱠ ּב  ᶷḫ,  ʊ ▓  Ủ   Ṏ  ּב  ᵁ ᷄ḁ. 

 

ӨⱠ ּב  ʊ Ḭ  ᾨ  ḓ  ṍ   ᾨ  ҳ  ҷ◌ ҳ("◌ Ṏ- Ỹ ▓  ")Ӧ "

Ө "ὗ Ḅ ᷄ḁ. ᵒ  a ᾨ  Ӓ , ḏ ♄⃰ ὣἛ ᵒἌҍ  ᶷ ὗ ⁫ ᷄ḁ; ὣ  ᾨ  

Ӓ , ֚ҹ  Ḭ  ҍ ҳ  Ὥ ᶷ ὗ ҷ▐ ᷄ḁ. 

 

ҷ◌  ὣ ҷ◌      ἶ  ᶂṫ ♄ ṑ᷄ḁ.
389

 ӨⱠ ּב  ʊ ẖ  ᶂṫṯ דּ 

ṍ  ә ẖ ҹṯ  ҳᵡỀ ᶷ בּ  ὗ Ӎ ᷄ḁ. ֚Ỷ ḁ    ʊῼӋṎ Ҏ  ᶂṫ  

ḓ  Ὼ⁬ṑ᷄ḁ; B- ὣ  Ḇὣ, GiST Ḭ  ʊ Ỵ ҟ  Ỵ  ᶂṫὗ ҍ בּ ḁ. ӨⱠ᷄ בּ   

 ♠ Ṏ ὣ  ᶂṫ ᾨṯ  ӍӦἛ Ὼ ṑ᷄ḁ.  

 

ҷ◌  ◄ ְ  ♠ ᷄ḁ: әὣ  ҍᶾ   ↔ὣ ὣ   ḻḆ Ἄә ᷄ḁ. ẁỚ♄, ῶἛ 

ӍӦὗ Ὼ  ֥ ▐ᾞ,  ʊ בּ  ҍ  ᾥ Ὥ Ἓ  ẋ Ὦ  ῦὗ ҍ ᷄ḁ. 

 
388

 postgresql.org/docs/14/gist.html  

     backend/access/gist/README 
389

 backend/access/gist/gistget.c, gistgettuple function  
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GiST ὣ  ○Ἓ  Җ  ▲  ֥ ♄  ʊ ӨⱠ ּבὗ ▐ .ḁ᷄ בּ 
390

 ὣ  ʊ  ᵁ  ᶂ

ṫἛ ᵒἌҍ   ҍ  ֥ẋῄ ᷄ḁ.  ᶂṫ  ʊ  ꜙ▲  ℮  ҍ  ᾞ,  ʊ ▓  Ủ  

ᵥ בּ    Ӎ ṑ᷄ḁ. 

 

B- ὣ  Ӓ  Ὣ ҍ Ἓ, ♠ Ṏ ᶂṫ   Ӥҏ ᾞ,  ʊₒ בּ   Ἓ ᷄ḁ.
391

  

 Ṕ ҟ  ҍ ּבὗ Ἓ ᷄ḁ. ᵁ  ʊ ᾨṯ  ֥  ᶂṫ  ○ ᶂṫ ▐  ₒ   ʊ  

ә, ḁὖ ᵁ  ʊṔ ҳ   Ⱡ  ₐᾧ ᶂṫ  ҳ  ḫ ᷄ḁ.  

 

○Ἓ  Җ  ҍṐ  ẁỚ ֥  ҳṯ  ṍᾞ, ҍ ₒ ṍұ  U  Ḭ ҍ ԂⱠṏ ẋὭ 

Ὼ Ἓ ᷄ḁ. ẁỚ♄, GiST Ḭ  ⅎ‗  ḫ  ʊⱠ  ʒ Ἓ  ּב ᷄ḁ.  

 

Ỵ  Ἕ  ᶄ ҍ ᵡ  ̈͂ᾧ Ӏ ᶵס ᾞ,  Ἓ בּ     ▓  Ủ  ḓₐ  o

 ֥ẋῄ , ᾥ ҍ  Ԃ  ὗ Ӥ ӆ ᷄ḁ.  

 

26.2  R- ὣ 

 ‗   ʊ ᾠ  ṯ(Ắ  ʊḁὖ ֥  ṯ)  ◌  ʊҹӦ ӨἎ  ᷄ḁ.  ֗B- ὣ

 ʊ ṯ  ḓ  Ṏ ℮ӽ ▓ ҍ  ֥ẋῄ   ḫ   ▐ ṏ ּב ᷄ḁ. ῇἝ, ὣ Ἓ 

֚Ỵ  ▓ ṯ  Ԃ ӆ בּ  Ὥ, ֥  ṯ   ḁὖ ṯ   Ḭ   

᷄ḁ.  ʊ  ֚  Ṕ ҍ Ὥ ḁἶӆ ᷄ḁ:   ᵒ  Ṏ Ҡ ὗ ҷ◌ ә, ҍ  ҍֱ   ҷ

◌ ᷄ḁ. 

 

R- ὣ  ʊ ᾠ  ▐Ҏ  ֚Ὠ᷄ḁ; ṯ ◌ ᾧṭ כ  Ṏ ṯ  ―  ᷄ḁ. Ḭ  ᾨ  Ӓ

Ӕ ◄ ὗ ᾞ, ҳ  ḁ Ӧ Ҝ  ṏ ּב ᷄ḁ:   ӒӔ ◄  ᵒ  ᷄ḁ. 

 

R- ὣ  ἶ  ʊ Ỵ ҟ   ▐Ҏ ṯ(ӏ ( ḻבּ   ᷄ḁ.  ᶂṫṯ  ₐᾧ ᶂṫ  ί  ʊḝ 

 ▐Ҏ ṯ  ⁫ ᾞ; כ, ֚ṯ  ᾧṭ ֥  ṯ  ― ᷄ḁ. 

 

ὣ  ᶂṫ  ʊ◌ Ṏ ṯ ὗ  Ὥ, GiSTʊ  ᾧṭ ᾨ  ṅ  ḫ   ҍ  ḁә 

Ԃ ᷄ḁ; ẁỚ♄, ὣ  ᾨḻ ▐Ҏ Ἓ ṍᾞ, Ḅּד  Ἓ ꜙṑ᷄ḁ. 

 

 Ԃ ὗ ḝ  Ҏ  ֥ , Ӥ    Ԃ Ṏ R- ὣ  Ɫ ἄ‪  □ ⁫ӆ ᷄ḁ.  ὗ , 

ḫᾧ ḫ †  Ӥ  №   ֱ  ᷄ḁ.
392

 Ắ , ὣὗ ḝ ְӀ Ὥṯ  ֥  

fillfactor (֥⁮Җ: 90) Җ  ᷄ḁ; ֥⁮Җ  ὣ Ӏ Ḅ  ἄ‪ ὣὗ Ӥ  ҹ ᷄ḁ.  

=> CREATE TABLE airports_big AS 

SELECT * FROM airports_data; 

 

=> COPY airports_big FROM 

'/home/student/internals/airports/extra_airports.copy';  

 
390

 backend/access/gist/gistutil.c, gistchoose function  
391

 backend/access/gist/gistsplit.c, gistSplitByKey function  
392

 You can download the corresponding file at edu.postgrespro.ru/internals -14/extra_airports.copy (I have used the data 

available at the openflights.org website).  
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=> CREATE INDEX airports_gist_idx ON airports_big  

USING gist(coordinates) WITH (fillfactor=10);  

 

◄  ἄ‪ ♄, ᾧṭ ṯ  Ỵ ҟ  (ₐₒ Ἓ ӏ )ʊ ӒӔ ◄  ṑ᷄ḁ:  

 

 
 

ḁ  ἄ‪ ♄,  ▐Ҏ ṯ  ḝ  ▐Ҏ ṯἛ ₒ ṑ᷄ḁ:  

 

 
 

Ὣ Ὤ Ἓ, ὣ  ᵒ  aἄ‪ ♄ Ҏ ӒӔ ◄  ʊḄ  ҍ ּב ʊὭ  בּ   ṯ  ᷄ḁ:  

 
































































































































































































