
Èåðàðõè÷åñêèå äàííûå â MySQL

Îòäåë R&D

Ìàðêåòèíãîâàÿ ãðóïïà Òåêàðò

18 äåêàáðÿ 2009 ã.

Университет Текарт



Университет Текарт

Ïðîáëåìà Adjacency List Materialized Path Nested Sets Nested Intervals Èòîãè

Î ÷åì ðå÷ü

1 Ïðîáëåìà

2 Adjacency List

3 Materialized Path

4 Nested Sets

5 Nested Intervals

6 Èòîãè

Èåðàðõè÷åñêèå äàííûå â MySQL 2/32



Университет Текарт

Ïðîáëåìà Adjacency List Materialized Path Nested Sets Nested Intervals Èòîãè

Î ÷åì ðå÷ü

1 Ïðîáëåìà

2 Adjacency List

3 Materialized Path

4 Nested Sets

5 Nested Intervals

6 Èòîãè

Èåðàðõè÷åñêèå äàííûå â MySQL 3/32



Университет Текарт

Ïðîáëåìà Adjacency List Materialized Path Nested Sets Nested Intervals Èòîãè

Èåðàðõè÷åñêèå äàííûå â òàáëèöàõ

Â êàêîì âèäå õðàíèòü îòíîøåíèÿ ìåæäó óçëàìè äåðåâà?

Êàê ýôôåêòèâíî âûáèðàòü äàííûå ñ ó÷åòîì îòíîøåíèé:

âñåõ ïîòîìêîâ óçëà;

ïóòü ê óçëó;

ñîñåäåé óçëà;

. . .

Êàê ýôôåêòèâíî âñòàâëÿòü, îáíîâëÿòü, óäàëÿòü äàííûå ñ

ó÷åòîì îòíîøåíèé?

Êàê ñîâìåñòèòü âñ¼ ýòî ñ MySQL?
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Èçâåñòíûå ðåøåíèÿ

Adjacency List Materialized Path

Nested Sets Nested Intervals
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Èäåÿ

1 CREATE TABLE (
2 i d INT AUTO_INCREMENT PRIMARY KEY ,
3 pa rent_id INT NOT NULL
4 )

Â êàæäîì óçëå õðàíèòñÿ èäåíòèôèêàòîð ïðåäêà.
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Ðåçóëüòàò

Õðàíåíèå íå âûçûâàåò ïðîáëåì;

Âûáîðêà ïðèâîäèò ê ðåêóðñèâíûì çàïðîñàì � ìåäëåííî;

Âñòàâêà è ðåàëèçàöèÿ íà MySQL íå âûçûâàåò ïðîáëåì;

Óäîáíûé ñïîñîá çàäàíèÿ îòíîøåíèé, íî íåýôôåêòèâíûé;

Â íåêîòîðûõ ÑÓÁÄ ñóùåñòâóåò ïîääåðæêà � connect by â

Oracle.
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Èäåÿ

Õðàíèì âåñü ïóòü ê êîðíþ äåðåâà;

this.path = parent.path + this.id;

Âûáîðêà ñ ïîìîùüþ LIKE;

Ñóùåñòâóþò ìîäèôèêàöèè, êîãäà õðàíèòñÿ íå

èäåíòèôèêàòîðû, à íîìåðà ñîñåäåé èëè ãðàíåé.
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Ðåçóëüòàò

Ïðè ðåàëèçàöèè ñ ïîìîùüþ òðèããåðîâ MySQL ïðèõîäèòüñÿ

äîïîëíèòåëüíûå ïîëÿ âûíîñèòü â îòäåëüíóþ òàáëèöó;

Âûáîðêà ñ ïîìîùüþ LIKE:

âñÿ íàäåæäà íà èíäåêñ;

îãðàíè÷åíèå íà äëèíó èíäåêñà � 255 ñèìâîëîâ. Îáõîäèòñÿ

ðàçáèåíèåì íà íåñêîëüêî ïîëåé;

ïðè áîëüøîì êîëè÷åñòâå ñòðîê ðàáîòàåò ìåäëåííî.

Áûñòðàÿ âûáîðêà ïðè ïðèåìëèìîì îáúåìå äàííûõ.
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Ïðèìåðû âûáîðîê

Âûáîðêà ïîòîìêîâ:

1 SET @search_path = ' 1 . 2 . 3 ' ;
2 SELECT c .∗ ,m.∗ FROM c a t e g o r i e s as c , mp as m
3 WHERE m. en t i t y_ i d = c . i d and
4 m. path l i k e concat ( @search_path , ' .% ' ) ;

Âûáîðêà ïîòîìêîâ ñ ó÷åòîì ðàçáèåíèÿ íà äâà ïîëÿ:

1 DROP PROCEDURE I F EXISTS de s cendan t s ;
2 CREATE PROCEDURE descendan t s ( i d BIGINT )
3 BEGIN
4 DECLARE l p a t h VARCHAR( 2 5 5 ) ;
5 DECLARE l p a t h1 VARCHAR( 2 5 5 ) ;
6
7 SELECT path , path1 FROM mp
8 WHERE e n t i t y_ i d=i d INTO l pa th , l p a t h1 ;
9
10 I F l e n g t h ( l p a t h1 ) > 0 THEN
11 SELECT c .∗ , m. path , m. path1 , m. depth
12 FROM c a t e g o r i e s as c , mp as m
13 WHERE
14 m. e n t i t y_ i d = c . i d and
15 m. path1 l i k e concat ( lpa th1 , ' .% ' ) ;
16 ELSE
17 SELECT c .∗ , m. path , m. path1 , m. depth
18 FROM c a t e g o r i e s as c , mp as m
19 WHERE
20 m. e n t i t y_ i d = c . i d and
21 m. path l i k e concat ( l pa th , ' .% ' ) ;
22 END IF ;
23 END
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Â ðåçóëüòàòå

Áûñòðàÿ âûáîðêà

Õðàíåíèå è ðåàëèçàöèÿ íà MySQL íå âûçûâàåò ïðîáëåì

Î÷åíü ìåäëåííàÿ âñòàâêà � íåîáõîäèìî îáíîâëÿòü ÷àñòü

òàáëèöû

Èåðàðõè÷åñêèå äàííûå â MySQL 15/32



Университет Текарт

Ïðîáëåìà Adjacency List Materialized Path Nested Sets Nested Intervals Èòîãè

Ïðèìåðû âûáîðîê

Âûáîðêà ïóòè:

1 SELECT pa r en t . name
2 FROM nes t ed_catego ry AS node ,
3 nes t ed_catego ry AS pa r en t
4 WHERE node . l f t BETWEEN pa r en t . l f t AND pa r en t . r g t
5 AND node . name = 'FLASH '
6 ORDER BY pa r en t . l f t ;

Âûáîðêà ïîòîìêîâ:

1 SELECT node . name
2 FROM nes t ed_catego ry AS node ,
3 nes t ed_catego ry AS pa r en t
4 WHERE node . l f t BETWEEN pa r en t . l f t AND pa r en t . r g t
5 AND pa r en t . name = 'ELECTRONICS '
6 ORDER BY node . l f t ;
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Èäåÿ

Äàëüíåéøåå ðàçâèòèå Nested Sets:

Èñïîëüçóåì ðàöèîíàëüíûå ÷èñëà âìåñòî öåëûõ:

ìíîæåñòâî ðàöèîíàëüíûõ ÷èñåë áåñêîíå÷íî � âñåãäà ìîæíî

âñòàâèòü òðåòèé ýëåìåíò ìåæäó äâóìÿ äðóãèìè;

íå íàäî îáíîâëÿòü òàáëèöó ïðè âñòàâêå.

Çíà÷èòåëüíóþ ÷àñòü ðàáîòû ìîæíî âûïîëíèòü

àëãîðèòìè÷åñêè áåç èñïîëüçîâàíèÿ ÁÄ (ñïèñîê ðîäèòåëåé,

ðàñ÷åò ãëóáèíû è ò.ä.).

Êàê ðàññ÷èòàòü ïðîìåæóòî÷íûé ýëåìåíò?

Äâîè÷íîå êîäèðîâàíèå (binary encoding);

Ðÿäû Ôàðåÿ (farey fractions).

Èåðàðõè÷åñêèå äàííûå â MySQL 18/32
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Äâîè÷íîå êîäèðîâàíèå

Âëîæåííûå ýëåìåíòû ðàññ÷èòûâàþòñÿ ñ ïîìîùüþ äåëåíèÿ

îòðåçêà ïîïîëàì

Ïðèìåíèìî òîëüêî äëÿ íåáîëüøîãî îáúåìà äàííûõ, ò.ê.

çíàìåíàòåëü ðàñòåò ñî ñêîðîñòü 2n

0
1

1
1

1
16

3
16

5
16

7
16

9
16

11
16

13
16

15
16

1
8

3
8

5
8

7
8

1
4

1
2 3

4
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Ðÿäû Ôàðåÿ I

Äëÿ ðàñ÷åòà èñïîëüçóþòñÿ ðÿäû Ôàðåÿ:

F1 =

{
0

1
,
1

1

}
;

F2 =

{
0

1
,
1

2
,

1

1

}
;

F3 =

{
0

1
,
1

3
,
1

2
,
2

3
,
1

1

}
;

F4 =

{
0

1
,
1

4
,
1

3
,
1

2
,
2

3
,
3

4
,
1

1

}
;
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Ðÿäû Ôàðåÿ II

Ýëåìåíòû ðàññ÷èòûâàþòñÿ ñ ïîìîùüþ ìåäèàíòû:

a/b, c/d : a+c
b+d

Ïðèìåíèì äëÿ ãîðàçäî áîëüøèõ îáúåìîâ äàííûõ.

1
1

1
21

3 2
3

1
4

3
4

2
5

3
5

1
5

2
7

3
7

3
8

4
7

5
8

4
5

5
7

0
1
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Òîíêîñòè ðåàëèçàöèè I

Äîïîëíèòåëüíûå ïîëÿ õðàíÿòñÿ â îñíîâíîé òàáëèöå

Ñòðóêòóðà òàáëèöû:

1 CREATE TABLE c a t e g o r i e s (
2 i d BIGINT UNSIGNED NOT NULL AUTO_INCREMENT PRIMARY KEY ,
3 name VARCHAR(20) NOT NULL ,
4 pa rent_id BIGINT UNSIGNED NOT NULL ,
5
6 lft_num BIGINT UNSIGNED NOT NULL ,
7 l f t_den BIGINT UNSIGNED NOT NULL ,
8 rgt_num BIGINT UNSIGNED NOT NULL ,
9 rgt_den BIGINT UNSIGNED NOT NULL ,
10 depth BIGINT UNSIGNED NOT NULL ,
11 l f t DOUBLE UNSIGNED ZEROFILL NOT NULL ,
12 r g t DOUBLE UNSIGNED ZEROFILL NOT NULL ,
13
14 UNIQUE INDEX l f t_un i q ( lft_num , l f t_den ) ,
15 INDEX l f t ( l f t ) ,
16 INDEX r g t ( r g t ) ,
17 INDEX pa r en t ( pa rent_id )
18 ) ENGINE=InnoDB DEFAULT CHARSET=ut f 8 ;
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Òîíêîñòè ðåàëèçàöèè II

lft_num, lft_den, rgt_num, rgt_den ÷èñëèòåëè è

çíàìåíàòåëè êîíöîâ îòðåçêîâ;

lft, rgt, depth � âñïîìîãàòåëüíûå ïîëÿ äëÿ

äîïîëíèòåëüíîé ôèëüòðàöèè ïðè âûáîðêå;

Óíèêàëüíûì èíäåêñîì ÿâëÿåòñÿ òîëüêî ïàðà

(lft_num, lft_den);

Èíäåêñ depth ïîëüçû íå ïðèíîñèò, ò.ê. îáëàäàåò íèçêîé

ñåëåêòèâíîñòüþ;

Ïîëÿ rgt,lft è èíäåêñû ïî íèì íå ÿâëÿþòñÿ

äîñòàòî÷íûìè � DOUBLE ïîëÿ íå õâàòàåò, âîçíèêàþò

èíòåðâàëû ñ îäèíàêîâûìè çíà÷åíèÿìè lft èëè èíòåðâàëû

ñ lft = rgt;

Ñðàâíåíèå ïî lft,rgt ïîëÿì � ëèøü äîïîëíèòåëüíàÿ

ôèëüòðàöèÿ, òî÷íûé ðåçóëüòàò äàåò ñðàâíåíèå äðîáåé;
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Òîíêîñòè ðåàëèçàöèè III

Äëÿ ñðàâíåíèÿ äðîáåé âèäà
lft_num
lft_den :

rgt_num
rgt_den ïðèõîäèòüñÿ

èñïîëüçîâàòü âû÷èñëÿåìóþ ôóíêöèþ;

Ôóíêöèÿ ñðàâíåíèÿ äðîáåé:

1 DROP FUNCTION I F EXISTS compare ;
2 CREATE FUNCTION compare (
3 num2 BIGINT , den2 BIGINT ,
4 num1 BIGINT , den1 BIGINT ) RETURNS BIGINT
5 BEGIN
6 RETURN num1∗den2 − den1∗num2 ;
7 END
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Ïðîáëåìû èíòåãðàöèè ñ PHP

Ìàãèÿ ïðè ïåðåäà÷å float çíà÷åíèé: äðàéâåð MySQL

ïîñòóïàåò î÷åíü óìíî: ïåðåâîäèò çíà÷åíèå â ñòðîêó, à

ïîòîì êîíâåðòèðóåò îáðàòíî � òåðÿåòñÿ òî÷íî è âåñü

ñìûñë float

Ïðè ðåàëèçàöèè àëãîðèòìè÷åñêèõ ðàñ÷åòîâ òðåáóåòñÿ

âûáðàòü ñòðîêè ïî çíà÷åíèÿì (lft_num, lft_den)

1 SELECT ∗ FROM c a t e g o r i e s WHERE ( lft_num , l f t_den ) IN
2 ( (2035 , 114476) , (1684 , 94731) , (1333 , 74986))

Íî íå ïîäõâàòûâàåòñÿ èíäåêñ, âûõîä � ïîêðûâàþùèå

èíäåêñû

1 SELECT ∗ FROM c a t e g o r i e s j o i n
2 (SELECT c a t e g o r i e s . i d i d f rom c a t e g o r i e s
3 WHERE ( lft_num , l f t_den ) IN
4 ( (2035 , 114476) , (1684 , 94731) , (1333 , 74986))
5 ) as p ON p . i d = c a t e g o r i e s . i d ;
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Ïðèìåðû âûáîðîê I

Ïðîöåäóðà äëÿ âûáîðêè ïîòîìêîâ:

1 DROP PROCEDURE I F EXISTS de s cendan t s ;
2 CREATE PROCEDURE descendan t s ( i d BIGINT UNSIGNED)
3 BEGIN
4 SELECT descen .∗ FROM
5 c a t e g o r i e s as node ,
6 c a t e g o r i e s as descen use i n d e x ( l f t )
7 WHERE
8 node . i d = i d and
9 descen . depth > node . depth and
10 descen . l f t between node . l f t and node . r g t and
11 compare (
12 node . lft_num , node . l f t_den ,
13 descen . lft_num , descen . l f t_den ) > 0 and
14 compare (
15 descen . lft_num , descen . l f t_den ,
16 node . rgt_num , node . rgt_den ) > 0 ;
17 END
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Ïðèìåðû âûáîðîê II

Ïðîöåäóðà äëÿ âûáîðêè ïóòè:

1 DROP PROCEDURE I F EXISTS path ;
2 CREATE PROCEDURE path ( i d BIGINT UNSIGNED)
3 BEGIN
4 SELECT pa r en t .∗
5 f rom
6 c a t e g o r i e s as node ,
7 c a t e g o r i e s as pa r en t
8 where
9 node . i d=i d and
10 node . l f t between pa r en t . l f t and pa r en t . r g t and
11 compare (
12 node . lft_num , node . l f t_den ,
13 pa r en t . lft_num , pa r en t . l f t_den ) <= 0
14 and compare (
15 pa r en t . rgt_num , pa r en t . rgt_den ,
16 node . lft_num , node . l f t_den ) < 0 ;
17 END
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2 Adjacency List

3 Materialized Path
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Ïðàêòèêà: Materialized Path

Ïðîñòîòà àëãîðèòìà

Áûñòðàÿ âñòàâêà

Íà òåñòîâûõ äàííûõ â 30000 ñòðîê � îòëè÷íûå ðåçóëüòàòû

ïî ñêîðîñòè âûáîðêè ïîòîìêîâ

Íà òåñòîâûõ äàííûõ â 1000000 ñòðîê � LIKE òîðìîçèò

Âîçìîæíîñòü àëãîðèòìè÷åñêè ïîëó÷àòü ïóòü

Èåðàðõè÷åñêèå äàííûå â MySQL 29/32



Университет Текарт

Ïðîáëåìà Adjacency List Materialized Path Nested Sets Nested Intervals Èòîãè

Ïðàêòèêà: Nested Intervals

Àëãîðèòì ñëîæíåå � òÿæåëåå â ïîääåðæêå;

Áîëåå ìåäëåííàÿ âñòàâêà, íî â ïðåäåëàõ 0.2 ñåê. äëÿ 1Ì

çàïèñåé;

Ïðèåìëåìàÿ ñêîðîñòü âûáîðêè êàê ïðè 30000, òàê è ïðè

1Ì çàïèñåé � 0.2 ñåê.;

Âîçìîæíîñòü àëãîðèòìè÷åñêèõ âû÷èñëåíèé.
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Îáùèå çàìå÷àíèÿ

Ïðè íàëè÷èè LIMIT â çàïðîñå âûáîðêà ïðîèñõîäèò áûñòðî

äëÿ îáîèõ àëãîðèòìîâ.

Ñêîðîñòü òîãî èëè èíîãî àëãîðèòìà ñèëüíî çàâèñèò îò

ñòðóêòóðû äàííûõ;

Â 80% ñëó÷àÿõ âïîëíå ïîäõîäèò Materialized Path.
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×òî ÷èòàòü

Joe Celko's Trees and Hierarchies in SQL for Smarties

Trees in SQL: Nested Sets and Materialized Path by Vadim

Tropashko

Nested Intervals with Farey Fractions by Vadim Tropashko

Managing Hierarchical Data in MySQL By Mike Hillyer

Nested Intervals Tree Encoding in SQL by Vadim Tropashko

Some answers to some common questions about SQL trees

and hierarchies by Joe Celko
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