
Copyright	©	2015,	Oracle	and/or	its	affiliates.	All	rights	reserved.		|	

1

Introducing	MySQL	Cluster	
	

KVS

MySQL	Global	Business	Unit	
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SAFE	HARBOR	STATEMENT	

2	



Copyright	©	2019	Oracle	and/or	its	affiliates.	All	rights	reserved.		|	 3	

Cluster	Server	
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Agenda

1.	MySQL	Cluster 	
2.	 ( )	
3.	 (--reload,	--init)	
4.	 (backup,	mysqldump)	
5.	 ( )
6.	 (NDB	->	NDB,		NDB	->	InnoDB	)	
7.	 	

4	
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History	of	MySQL	Cluster	”NDB” 

				 	
Ericsson	(Alzato)		 	

DB

				2003 	
MySQL	AB NDB	Cluster	Project
Ericsson (MySQL	4.1)

			2008 	
Sun NDB	Cluster	Project
(MySQL	5.1/Cluster	6.x 	)	

									2010 	
Oracle NDB	Cluster	Project
(MySQL	5.1	/	Cluster	7.x )	

Original	design	paper:		
Design	and	Modelling	of	a	Parallel	Data	Server	for	Telecom	Applicadon	

MySQL Cluster  
Ericsson Network Data Base(NDB)
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MySQL	Cluster 	
• MySQL
•  -
•  SQL (NOSQL) MySQL
SQL (NoSQL SQL ) 

•  (InnoDB or NDB) 
• SQL, NoSQL ACID  
 

• 
• 
• 

参照：MySQL	Cluster	Evaluadon	Guide	
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MySQL	Cluster	Overview	

•  	
•  		

•  	
•  ACID OLTP 	

	
	

•  	
•  	99.999%	 	

•  	
•  SQL	+	Memcached	+	JavaScript	+	Java	+	HTTP/REST	&	C++	SQL	+	NoSQL	

•  	
• 	

8	
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When	to	Consider	MySQL	Cluster	
l  ?	
l  ?		

l  ?		
?		

l  ?	

l  ?		
l  SQL NoSQL 	?	
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:	

HLR	/	HSS	

,	 ,	VLR	

,	
,	 	

	
	

&	
	

•  	

•  3ms 	

•  	&	 	=	 	

MySQL	Cluster	in	Acdon:	hop://bit.ly/oRI5tF	
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:	

•  	
•  	

•  	
•  	
•  	
•  	

•  	

•  	
•  	
•  	&	 	

•  4 MySQL	Cluster 	Linux Windows	

MySQL	User	Conference	Session:	hop://bit.ly/ogeid3	
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PAYPAL	OVERVIEW	
•  Processed	$145bn	in	transacdons	(CY2012)	
•  22% 1 23 	 190 	

/ 	
•  	
•  	

DATABASE 	
•  100TB 	&	1 	
•  ACID	 	
•  1 	
•  	
•  99.999% 	

CUSTOMER	PERSPECTIVE	
“You	can	achieve	high	performance	and	availability	without	
giving	up	rela8onal	models	and	read	consistency."		
Daniel	Ausdn,	Chief	Architect,	PayPal	

	
•  3 	

•  40TB Cluster 	

•  5 AWS MySQL	Cluster 	

•  Self-healing	

 
•  MySQL Cluster 7.2 with Geo-Replication 
•  AWS 

	hop://www.mysql.com/customers/view/?id=1223	

:	PayPal
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• Memory	opdmized	tables	
– Durable	
– Mix	with	disk-based	tables	

• Massively	concurrent	OLTP	

• Distributed	Joins	for	analydcs	
• Parallel	table	scans	for	non-indexed	
searches	

• MySQL	NDB	Cluster	7.4	FlexAsych	
– 200M	NoSQL	Reads/Second	

13	

MySQL	NDB	Cluster	7.4	NoSQL	Performance	
200	Million	NoSQL	Reads/Second	
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• Memory	opdmized	tables	
– Durable	
– Mix	with	disk-based	tables	

• Massively	concurrent	OLTP	

• Distributed	Joins	for	analydcs	
• Parallel	table	scans	for	non-indexed	
searches	

• MySQL	NDB	Cluster	7.4	DBT2	BM	
– 2.5M	SQL	Statements/Second	

14	

MySQL	NDB	Cluster	7.4	SQL	Performance	
2.5M	SQL	Statements/Second	
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Where	would	I	not	Use	MySQL	Cluster?	

l  	>	3TB	
―  64G RAM 48 	

l  	

l  BLOB 	

l  	

l Geo-Spadal 	

	

“InnoDB	storage	engine	would	be	the	right	choice”	

hops://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-limitadons.html
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MySQL	Cluster

MySQL	Cluster	Data	Nodes	

	

API,	SQL 	
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MySQL	Cluster

MySQL	Cluster	Data	Nodes	

	

API,	SQL 	
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(management	node)	

•  	

•  	

FILE:filename=ndb_node_id_cluster.log,maxsize=1000000,maxfiles=6	

)	LogDesdnadon=CONSOLE;SYSLOG:facility=local0;FILE:filename=/var/log/mgmd	

•  Arbitrator (ArbitradonRank	-	0:not	used,1-high	priority,	2-low	priority)	

split-brain 	

•  	 		

•  	

•  	

ndb_mgm> HELP REPORT 
--------------------------------------------------------------------------- 
 NDB Cluster -- Management Client -- Help for REPORT command 
--------------------------------------------------------------------------- 
REPORT  Displays a report of type <report-type> for the specified data  
        node, or for all data nodes using ALL 
  <report-type> = 
    BackupStatus        - Report backup status of respective node 
    MemoryUsage - Report memory usage of respective node 
    EventLog    - Report events in datanodes circular event log buffer 

ndb_mgmd	-f	config.ini	[--reload/--inidal]	--configdir	
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(Data	nodes)	

•  	

-	In	memory,		Non-indexed	data	possible	on	disk	

•  (Checkpoint)	

•  	

•  Fail	Over 	

			-	heartbeats Health	Check	

•  	

•  48 	

ndbmtd	-c	<mgt-node-host1>:<port1>[,<mgt-node-host2><port2>]	

NOTE:	
1. 	
2.ndbmtd Default

MaxNoOfExecudonThreads ThreadConfig 	
	

MaxNoOfExecuTonThreads	
•	Single	value	for	number	of	threads	
•	System	will	allocate	these	threads	to	blocks		
in	a	reasonable	way	

ThreadConfig	
•	Specify	explicitly	how	many	threads	for	each	block	type	
•	Lock	threads	to	CPUs	for	further	performance	gains	
•	Threadconfig=main={cpubind=0},ldm=	
{count=4,cpubind=1,2,5,6},io=	
{count=2,cpubind=3,4}
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MaxNoOfConcurrentScan	

	

MaxNoOfLocalScans	

	
MaxNoOfLocalScans=	4	*	MaxNoOfConcurrentScans	*	[#	data	nodes]	+	2	

DiskSyncSize	(ODirect	 DiskSyncSize	 )	

TimeBetweenLocalCheckpoints 	

DiskCheckpointSpeed	
( / ) 	

MinDiskWriteSpeed,	MaxDiskWriteSpeed MaxDiskWriteSpeedOtherNodeRestart MaxDiskWriteSpeedOwnRestart LCP BACKUP 	

NoOfFragmentLogParts	
ndbmtd Redo	 MySQL	Cluster	NDB	7.3.3	 4	 16	 ( )	
4	 MySQL	Cluster	NDB	7.3.3	 32	 	
TimeBetweenGlobalCheckPoints	

2000	 	

BuildIndexTherads	
ndb_restore	--rebuild-indexes	 	

hop://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-ndbd-definidon.html

) 	
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NoSQL	Access	to	MySQL	Cluster	data

MySQL	Cluster	Data	Nodes	

Apps Apps Apps Apps Apps Apps Apps Apps Apps

PHP Perl Python Ruby Java Cluster	J JS Memcached

MySQL JNI Node.JS ndb_eng

NDB	API	(C++)



Copyright	©	2019	Oracle	and/or	its	affiliates.	All	rights	reserved.		|	

API	Nodes	

•  NDB	API 	

–  C/C++/Java/Memcached/Node.js/JavaScript	

•  SQL 	

	

Communicate	with	external	processes,	supports	many	interfaces/protocols	

// Load the properties from the clusterj.properties file 
File propsFile = new File("clusterj.properties"); 
InputStream inStream = new FileInputStream(propsFile); 
Properties props = new Properties(); 
<SNIP> 
session.currentTransaction().begin(); 
for (int i=700;i<800;i++) { 
 newEmployee.setLast(“NDB NoSQL Transaction"+i); 
 newEmployee.setId(i+1000); 
 newEmployee.setDepartment(i); 
 session.persist(newEmployee); 
 } 
session.currentTransaction().commit();
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SQL	Nodes	

• MySQL	 NDBCluster 	

–  API	 	

•  	

•  	

•  Replicadon 	

			-	 binary 	

•  Arbitrator 	

•  	

NOTE:SQL NDB	API 	
											ndb-cluster-connecdon-pool 	

mysqld	–ndb-connectstring=<mgt-node-host1>:<port1>[,<mgt-node-host2><port2>	--ndbcluster]	
--defaults-file my.cnf

[mysqld] 
ndbcluster 
ndb-connectstring="192.168.56.1:1186"

:	hop://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-program-opdons-mysqld.html	
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MySQL NDB(Storage	Engine)

NDB	(ndbcluster)	
in-memory	clustered	storage	engine	called	NDB	(which	stands	for	“Network	DataBase”).

NDB	API	(C++) ,MySQL 		
, 	

	

_kec 7 e ai W Y We5
'''''''''''''''''''' ''''''''' '''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''' '''''''''''''' '''''' ''''''''''''
l = Y W             l Kgbbadf l ;a__W f                                                        l LdS eSUf a e l P9   l KShWba fe l
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l VTU gefWd         l Q=K     l ; gefWdWV  XSg f'fa WdS f fST We                               l Q=K          l FG   l FG         l
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•  HOP Latency 	
•  	

•  MySQL	Server 	

•  MySQL 	

• MySQL 	
•  My.cnf ndb-cluster-connecdon-pool 1 	

•  config.ini [SQL], [api] 	

Data	Nodes	

NDB	API	

A
pp	thread	

mysqld	

A
pp	thread	

A
pp	thread	

NDB	API	

A
pp	thread	

mysqld	

A
pp	thread	

A
pp	thread	

NOTE:	
ndb-cluster-connecdon-pool 1	 mysqld	

SQL	
	

CPU
mysqld	 	

hops://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-program-opdons-mysqld.html	

25	
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InnoDB
•  	

/ 	

•  	

•  SQL (MySQL	Server) 	
	

	

•  	

•  READ-COMMITTED
(InnoDB REPEATABLE-READ )	

•  InnoDB MVCC NDB 	

hop://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-ndb-innodb-engines.html		
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1	

F1	

F3	

F3	

F1	

	1
	

	2
	

	2	

F2	

F4	

F4	

F2	

	3
	

	4
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2 	

Node group 0 

Node 2 Node 1 

F1 F1 

F2 F2 

Logical configuration 

2 copies of data 
 

Fx – primary replica  
Fx – secondary replica 

Table  account 

F1 

F2 

  Horizontal fragmentation  
   of table t1 (2 fragments) 
 

  Fragments distributed  
   on nodes 

Physical configuration 

Node 1 Node 2 

TCP/IP or SCI 
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4 	

Node group 0 Node group 1 

Node 4 Node 3 Node 2 Node 1 

F1 F1 

F3 F3 

F2 

F4 

F2 

F4 

Logical configuration 

2 copies of data 
 

Fx – primary replica  
Fx – secondary replica 

Table account 

F1 

F2 

F4 

  Horizontal fragmentation  
   of Table 1 (4 fragments) 
 

  Fragments distributed  
   on nodes 

Physical configuration 

Node 1 

F3 

Node 3 

Node 2 

Node 4 
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• 

	

•  7.4
	

30	

Reading	from	backup (ndb_read_backup,	READ_BACKUP)	

Node	Group	

Data	Node	1	 Data	Node	2	
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Fully	replicated (FULLY_REPLICATED)	

•  Fully	replicated
	

•  JOIN 	

31	

Node	Group	

Data	Node	1	 Data	Node	2	

Node	Group	

Data	Node	3	 Data	Node	4	
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MySQL	Cluster 	

• Primary	Key:	
–  PK 	
– Ordered	Index 	

• Unique	Index:	
–  Hidden	transladon	table	
–  Ordered	Index	

• Ordered	Index:	
– Ordered	index 	
–  	
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mysql>	show	create	table	City\G	
***************************	1.	row	***************************	
							Table:	City	
Create	Table:	CREATE	TABLE	`City`	(	
		`ID`	int(11)	NOT	NULL	AUTO_INCREMENT,	
		`Name`	char(35)	NOT	NULL	DEFAULT	'',	
		`CountryCode`	char(3)	NOT	NULL	DEFAULT	'',	
		`District`	char(20)	NOT	NULL	DEFAULT	'',	
		`Populadon`	int(11)	NOT	NULL	DEFAULT	'0',	
		PRIMARY	KEY	(`ID`),	
		KEY	`CountryCode`	(`CountryCode`)	
)	ENGINE=ndbcluster	AUTO_INCREMENT=4080	DEFAULT	CHARSET=ladn1	
1	row	in	set	(0.01	sec)	
	
mysql>

Primary	Key Hash	Index Ordered	
Index

CountryCode Ordered	Index	
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D1 D2 D3 D4 

API 
---------- 
---------- 
---------- 

TC TC TC TC 

1 

2 

:	Primary	Key	lookup	

1.API (ex:	MySQL
PK 	

2. Ordered	
Index 	

3.	 API 	

34	

PK	 col	o
r
d
e
r
e
d

3 

	
	 	
	PK

USING	HASH 	
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D1 D2 D3 D4 

API 
---------- 
---------- 
---------- 

TC TC TC TC 

1 

2 

4 

:	Unique	key	lookup	

35	

PK	 col	 PK	 col	o
r
d
e
r
e
d

UK	 PK	

3 

1.	Unique
PK 	

2.	PK
	

3.
Ordered	Index 	

4. API 	

	
Secondary	keys ,hidden/system 	
	Hidden PK 	

PK 	
	

Latency 	
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D1 D2 D3 D4 

API 
---------- 
---------- 
---------- 

TC TC TC TC 

1 3 

2 

:	Ordered	Index	

36	

1.	
	

2.	
Ordered	Index

	

3. API 	

	
	

API 	
	

PK	 col	o
r
d
e
r
e
d

PK	 col	o
r
d
e
r
e
d

PK	 col	o
r
d
e
r
e
d

PK	 col	o
r
d
e
r
e
d

-		 	
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D1 D2 D3 D4 

API 
---------- 
---------- 
---------- 

TC TC TC TC 

1 3 

2 

:	Condidon	Pushdown	(No	Indexes	Used)	

37	

1.	WHERE
	

2.	WHERE
	

3. API 	

	
engine_condidon_pushdown	

PK	 col	PK	 col	 PK	 col	 PK	 col	

-		 	
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Engine	Condidon	Pushdown

38

mysql>	EXPLAIN	SELECT	id,comment	FROM		
				->	T_NDB01	WHERE	id	<	3\G	
**************	1.	row	*************	
											id:	1	
		select_type:	SIMPLE	
								table:	T_NDB01	
									type:	range	
possible_keys:	PRIMARY	
										key:	PRIMARY	
						key_len:	4	
										ref:	NULL	
									rows:	3	
								Extra:	Using	where;	Using	MRR	
1	row	in	set	(0.00	sec)	

mysql>	EXPLAIN	SELECT	id,comment	FROM		
				->	T_NDB01	WHERE	id	<	3\G	
**************	1.	row	*************	
											id:	1	
		select_type:	SIMPLE	
								table:	T_NDB01	
									type:	range	
possible_keys:	PRIMARY	
										key:	PRIMARY	
						key_len:	4	
										ref:	NULL	
									rows:	3	
								Extra:	Using	where	with	pushed	condidon;	Using	MRR	
1	row	in	set	(0.00	sec)	

mysql>	SET	opdmizer_switch='engine_condidon_pushdown=ON';	mysql>	SET	opdmizer_switch='engine_condidon_pushdown=OFF';	

MySQL	Server	 5	-	10	

hops://dev.mysql.com/doc/refman/5.6/ja/condidon-pushdown-opdmizadon.html
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D1 D2 D3 D4 

API 
---------- 
---------- 
---------- 

TC TC TC TC 

1 3 

2 

:	Table	scan	

39	

1.	
	

2. API 	

PK	 col	 PK	 col	 PK	 col	 PK	 col	

-		 	
			 	
-  Where
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Transacdon	Coordinator
SQL	 	

•  SQL	
•  SQL	 	

•  SQL	 	
SQL	

•  ( )	localhost	 TCP	 SCI	 	
localhost TCP 	

•  SQL	
•  	

	
	

40

D1 
TC 

hops://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-system-variables.html#sysvar_ndb_opdmized_node_selecdon	

API 
---------- 
---------- 
---------- 
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Transacdon	Coordinator
ndb_opTmized_node_selecTon	

0:			 SQL	 	
8

1:			SQL

2:		 	
	

	
SQL 0	 ( )

3:			 	
	 	

	
(Default)

41

D1 
TC 

hops://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-system-variables.html#sysvar_ndb_opdmized_node_selecdon	

API 
---------- 
---------- 
---------- 
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•  	
	

	

•  	
	

	
–  	

	
	

	

•  	
	

42

Distribudon	Aware	Apps
SELECT SUM(population) FROM towns WHERE country=“UK”; 

SELECT SUM(population) FROM towns WHERE town=“Boston”; 
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•  	

• 

	
	

•  	

•  	
	

43

Distribudon	Aware	Apps	–	

ALTER TABLE service_ids PARTITION BY 
KEY(sub_id); 
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Distribudon	Aware	–	 ( Parddon )

44
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l BHF         l BSbS WeW             l L          l       33(+ l
l BHF         l CadWS                l >          l        *(/ l
l BHF         l H bbW W DS YgSYWe l >          l        *(+ l
l BHF         l 9 g                 l >          l        *(* l
l BHF         l = Y e               l >          l        *(+ l
''''''''''''' '''''''''''''''''''''' '''''''''''' ''''''''''''

_kec 7 K@GO DG:9D KL9LMK DAC= VTRbdg WVReUS RUag f 5
''''''''''''''''''''''' '''''''
l NSd ST WR S_W         l NS gW l
''''''''''''''''''''''' '''''''
l FVTRbdg WVReUS RUag f l *     l
''''''''''''''''''''''' '''''''

_kec 7 Wjb S  bSdf f a e eW WUf  Xda_ ;ag fdkDS YgSYW i WdW ;ag fdk;aVW 6 BHF 5
'''' ''''''''''''' ''''''''''''''''' '''''''''''' '''''' ''''''''''''''''''''' ''''''''''''' ''''''''' ''''''' '''''' '''''''''''''''''''''''''''''''''''
l V l eW WUfRfkbW l fST W           l bSdf f a e l fkbW l baee T WR Wke       l Wk         l WkR W  l dWX   l daie l =jfdS                             l
'''' ''''''''''''' ''''''''''''''''' '''''''''''' '''''' ''''''''''''''''''''' ''''''''''''' ''''''''' ''''''' '''''' '''''''''''''''''''''''''''''''''''
l  + l KAEHD=      l ;ag fdkDS YgSYW l b* b+      l dWX  l HJAE9JQ ;ag fdk;aVW l ;ag fdk;aVW l -       l Ua ef l    - l Me Y i WdW i f  bge WV Ua V f a  l
'''' ''''''''''''' ''''''''''''''''' '''''''''''' '''''' ''''''''''''''''''''' ''''''''''''' ''''''''' ''''''' '''''' '''''''''''''''''''''''''''''''''''

Pruned 	
0

2
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Distribudon	Aware	–	 ( Parddon )

45

_kec 7 S fWd fST W ;ag fdkDS YgSYW bSdf f a  Tk Wk ;ag fdk;aVW 5
IgWdk GC  32. daie SXXWUfWV *(.+ eWU
JWUadVe4 32.  gb USfWe4 *  OSd Ye4 *

_kec 7 Wjb S  bSdf f a e eW WUf  Xda_ ;ag fdkDS YgSYW i WdW ;ag fdk;aVW 6 BHF 5
'''' ''''''''''''' ''''''''''''''''' '''''''''''' '''''' ''''''''''''''''''''' ''''''''''''' ''''''''' ''''''' '''''' '''''''''''''''''''''''''''''''''''
l V l eW WUfRfkbW l fST W           l bSdf f a e l fkbW l baee T WR Wke       l Wk         l WkR W  l dWX   l daie l =jfdS                             l
'''' ''''''''''''' ''''''''''''''''' '''''''''''' '''''' ''''''''''''''''''''' ''''''''''''' ''''''''' ''''''' '''''' '''''''''''''''''''''''''''''''''''
l  + l KAEHD=      l ;ag fdkDS YgSYW l b*         l dWX  l HJAE9JQ ;ag fdk;aVW l ;ag fdk;aVW l -       l Ua ef l    - l Me Y i WdW i f  bge WV Ua V f a  l
'''' ''''''''''''' ''''''''''''''''' '''''''''''' '''''' ''''''''''''''''''''' ''''''''''''' ''''''''' ''''''' '''''' '''''''''''''''''''''''''''''''''''

_kec 7 eW WUf  Xda_ ;ag fdkDS YgSYW i WdW ;ag fdk;aVW 6 BHF 5
''''''''''''' '''''''''''''''''''''' '''''''''''' ''''''''''''
l ;ag fdk;aVW l DS YgSYW             l AeGXX U S  l HWdUW fSYW l
''''''''''''' '''''''''''''''''''''' '''''''''''' ''''''''''''
l BHF         l BSbS WeW             l L          l       33(+ l
l BHF         l H bbW W DS YgSYWe l >          l        *(+ l
l BHF         l 9 g                 l >          l        *(* l
l BHF         l CadWS                l >          l        *(/ l
l BHF         l ; WeW              l >          l        *(, l
l BHF         l = Y e               l >          l        *(+ l
''''''''''''' '''''''''''''''''''''' '''''''''''' ''''''''''''

_kec 7 K@GO DG:9D KL9LMK DAC= VTRbdg WVReUS RUag f 5
''''''''''''''''''''''' '''''''
l NSd ST WR S_W         l NS gW l
''''''''''''''''''''''' '''''''
l FVTRbdg WVReUS RUag f l +     l
''''''''''''''''''''''' '''''''
+ dai  eWf *(** eWU

Pruned

1
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(AQL)		

• 
– JOIN
– 
–  MySQL

•  	

– 
– 
– 

mysqld 

 

mysqld 

A
Q
L 

 
 SQL  
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MySQL	Cluster	7.2 JOIN 	

•  Web 	
	-	11 33,500 (JOIN)	
	-	 2,060 1 19

0 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 

MySQL Cluster 7.1 MySQL Cluster 7.2 

Query Execution Time Seconds 
87.23	 	

1.26	 	

47	

)	70 	
	

_kec 7 Wjb S  eW WUf S( V T(_W_a Xda_ LRF :*+ S a  LRL9:D=*+ T a  S( V 6 T( V5
'''' ''''''''''''' ''''''' '''''''' ''''''''''''''' ''''''''' ''''''''' '''''''''''''' '''''' '''''''''''''''''''''''''''''''

l V l eW WUfRfkbW l fST W l fkbW   l baee T WR Wke l Wk     l WkR W  l dWX          l daie l =jfdS                         l
'''' ''''''''''''' ''''''' '''''''' ''''''''''''''' ''''''''' ''''''''' '''''''''''''' '''''' '''''''''''''''''''''''''''''''

l  + l KAEHD=      l T     l 9DD    l HJAE9JQ       l FMDD    l FMDD    l FMDD         l   +* l HSdW f aX , bge WV a 8+     l
l  + l KAEHD=      l S     l WcRdWX l HJAE9JQ       l HJAE9JQ l .       l L=KLR :(T( V l    + l ; V aX T   bge WV a 8+ l
'''' ''''''''''''' ''''''' '''''''' ''''''''''''''' ''''''''' ''''''''' '''''''''''''' '''''' '''''''''''''''''''''''''''''''
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AQL	–	
•  	ndb_join_pushdown	 ON

•  JOIN) :	
1.  	

2.  BLOB TEXT

3. 
4.  ref eq_ref const

5.  [LINEAR] HASH LIST RANGE  

6.  Using join buffer’	

7.  eq_ref	 const eq_ref

•  ANALYZE TABLE <tab-name> 

•  EXPLAIN	 :	
–  Extra: Child of 'd' in pushed join@1 

hops://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-system-variables.html#sysvar_ndb_join_pushdown	
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•  	

•  	

•  (Distribudon	Aware) 	

•  JOIN AQL AQL 	

•  InnoDB 	

• NoSQL	API 	

•  	
–  MySQL	Cluster	 	
hop://h50146.www5.hp.com/services/ci/opensource/pdfs/HP_OpenServices.pdf		

NOTE: AQL SPJ
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Scale	

Upgrade	

Backup	

Evolve	

	&	 	

&	 	 MySQL	Cluster	&	OS	
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Agenda
1.	MySQL	Cluster 	
2.	 	
3.	 (--reload,	--init)	
4.	 	
5.	 ( )
6.	 (NDB	->	NDB,		NDB	->	InnoDB	)	
7.	 	

51	
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MySQL	Cluster	 	
	

1.	MySQL	Cluster	 	( FIX )
2.	 SQL	 	( POC )
3.	 	 	 	 	 	(CPU,	MEMORY,	DISK,	NETWORK)
4.	 	 	 	(OS )
5.	 	 	 	( )
6.	 	(PK,	UK )

hop://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-config-stardng.html	
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SQL 	 	 ( )	
	 	

	 	

MySQL	Node	(+Management	Node)		x		2	Servers	
Data	Node					(1	Group) 														x		2	Servers	(xxx	GB	Memory)	
	

256GB 600GB (3Group)6 	
	 7 10 512GB 5TB 	

256GB 2.5TB 	
	SQL CPU 	
	Network GB Latency 	

1186	 2202	 	

OS:	

CPU:	 Intel/AMD	x86,	UltraSPARC	

Memory:	 Minimum	1GB	RAM	

HDD:	 3GB	

Network:	 1+	nodes	(Gigabit	Ethernet	-	TCP/IP)	
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54

DataMemory	 IndexMemory	 	
[ndbd]	 	

	
DataMemory	
DataMemory	 	

14000	 DataMemory	 	
	

	

IndexMemory	
MySQL	Cluster	

2 1
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IndexMemory	 DataMemory	 	

2	 4	 2	 	
	
DataMemory X	 =	 DataMemory 	
IndexMemory X	 =	 IndexMemory 	

DataMemory	 (IndexMemory	 )	
	

	
DataMemory	 IndexMemory	 	

MySQL	Cluster	

	

NOTE:	MySQL	Cluster MySQL 	



Copyright	©	2019	Oracle	and/or	its	affiliates.	All	rights	reserved.		|	

	

• Index	Memory:	
– Primary	Key	hash	for	each	row.	
– Unique	Index	hash	for	each	row.	
– Unique	Constraints.	

• Data	Memory:	
– Every	table	columns.	
– Hidden	Unique	Index	table:	PK	value	and	UK	value.	
– Ordered	Indexes.	

Enterprise	Monitor 	
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)	ndb_size.pl

57

18.4.25	ndb_size.pl	—	NDBCLUSTER	Size	Requirement	Esdmator	
hop://dev.mysql.com/doc/refman/5.6/en/mysql-cluster-programs-ndb-size-pl.html		

[admin@GA01 ~]$ ./ndb_size.pl --user=root --password=password --database=world --socket=/tmp/
mysql.sock > ndb_size_world.txt 
<SNIP> 
Parameter Minimum Requirements 
------------------------------ 
* indicates greater than default 
 
                Parameter          Default             4.1              5.0              5.1   
          DataMemory (KB)            81920           19328            19328            20384   
       NoOfOrderedIndexes              128              12               12               12   
               NoOfTables              128              12               12               12   
         IndexMemory (KB)            18432            7136             3904             3904   
    NoOfUniqueHashIndexes               64               3                3                3   
           NoOfAttributes             1000              69               69               69   
             NoOfTriggers              768              69               69               69   

1 5.1 	
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LCP Local	CheckPoint
LCP 	

4M 	
	
GCP Global	CheckPoint LCP LCP 	
GCP LCP 	
GCP Epoch REDO 	

_kec 7 eW WUf  Xda_ VT Xa(V e Rid fWRebWWVRTSeW5
''''''''' '''''''' '''''''''''' ''''''''''''''' '''''''''''''''''''''''''' '''''''''''''''''''' '''''''''''''''''''''''''

l aVWR V l f dR a l _ eRSYa l _ eRbSeeWV l TSU gbR UbRTkfWeRid ffW  l dWVaRTkfWeRid ffW  l fSdYWfRV e Rid fWRebWWV l
''''''''' '''''''' '''''''''''' ''''''''''''''' '''''''''''''''''''''''''' '''''''''''''''''''' '''''''''''''''''''''''''

l       + l      * l          * l          +**- l                        * l                  * l                ,*31+/,* l
l       + l      * l       +**- l          +*+, l                        * l             +-+*1, l                ,*31+/,* l
l       + l      * l       ,*+/ l          +**. l                        * l                  * l                ,*31+/,* l
l       + l      * l       -*+3 l          +**, l                        * l             +-+*1, l                ,*31+/,* l
l       + l      * l       .*,+ l          +**, l                        * l                  * l                ,*31+/,* l

NOTE:	GCP LCP
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Simplisdc	view	of	two	Data	Nodes	

Internal	Replicadon	
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Prepare	Phase	

insert	into	T1	values	(...)	

1.	Calc	hash	on	PK	

1 

Internal	Replicadon	
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Prepare	Phase	

insert	into	T1	values	(...)	

1.	Calc	hash	on	PK	
2.	Forward	request	to	LQH	
where	primary	fragment	is	

2 

1 

Internal	Replicadon	
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Prepare	Phase	

insert	into	T1	values	(...)	

1.	Calc	hash	on	PK	
2.	Forward	request	to	LQH	
where	primary	fragment	is	

2 

1 

Internal	Replicadon	
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Prepare	Phase	

insert	into	T1	values	(...)	

1.	Calc	hash	on	PK	
2.	Forward	request	to	LQH	
where	primary	fragment	is	
3.	Prepare	secondary	fragment	

2 

1 

3 

Internal	Replicadon	
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Prepare	Phase	

insert	into	T1	values	(...)	

1.	Calc	hash	on	PK	
2.	Forward	request	to	LQH	
where	primary	fragment	is	
3.	Prepare	secondary	fragment	

2 

1 

3 

Internal	Replicadon	
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Prepare	Phase	

insert	into	T1	values	(...)	

1.	Calc	hash	on	PK	
2.	Forward	request	to	LQH	
where	primary	fragment	is	
3.	Prepare	secondary	fragment	
4.	Prepare	phase	done	

2 

1 

3 

4 

Internal	Replicadon	
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Commit	Phase	

insert	into	T1	values	(...)	

1 

Internal	Replicadon	
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Commit	Phase	

insert	into	T1	values	(...)	

2 

1 

Internal	Replicadon	
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Commit	Phase	

insert	into	T1	values	(...)	

3 

2 

1 

Internal	Replicadon	
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Commit	Phase	

insert	into	T1	values	(...)	

3 

4 

2 

1 

Internal	Replicadon	
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Local	Checkpoint	(LCP)	

Time T1 commits T2 commits T3 commits 

The REDO log is written to disk. 

LCP 

A local checkpoint LCP 
saves an image of the 
database on disk. 
This enables cutting the  
tail of the REDO log. 

Since MySQL Cluster replicate all data, the REDO log and LCPs are only 
used to recover from whole system failures.  
 
 
 
 
Transactions T1, T2 and T3 are main memory persistent. 

Flushes	the	Data	Nodes’	data	to	disk.	AÉer	2	LCP	the	REDO	log	is	cut	
Frequency	controlled	by	TimebetweenLocalCheckpoints	seÑng	
Specifies	the	amount	of	data	that	can	change	before	flushing	to	disk	
Not	a	dme!	Base-2	logarithm	of	the	number	of	4-byte	words	
Ex:	Default	value	of	20	means	4*2^20	=	4MB	of	data	changes,	value	of	21	=	8MB	

LCP	and	REDO	Log	are	used	to	bring	back	the	cluster	online	
-	System	failure	or	planned	shutdown	
		1st)			Data	Nodes	are	restored	using	the	latest	LCP	
		2nd)		The	REDO	logs	are	applied	undl	the	latest	GCP	



Copyright	©	2019	Oracle	and/or	its	affiliates.	All	rights	reserved.		|	

Global	Checkpoint	(GCP)	

Time T1 commits T2 commits T3 commits GCP 
A global checkpoint GCP flushes REDO log to disk. 
Transactions T1 and T2 become disk persistent. 
(Also called group commit.)  

REDO log 

REDO	log,	synchronized	between	the	Data	Nodes.	
Writes	transacdons	that	have	been	recorded	in	the	REDO	log	buffer	to	disk/REDO	log	
Frequency	controlled	by	TimebetweenGlobalCheckpoints	seÑng	(Default	is	2000ms)	
Size	of	the	REDO	log	set	by	NumOfFragmentLogFiles	and	FragmentLogFileSize.		

NOTE:	GCP 2000
RedoBuffer RedoBuffer (Default:8MB)
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MySQL	Server

Cluster	1	 Cluster	2	

InnoDB	 InnoDB	 InnoDB	

•  	

• 
	

•  (MySQL	Cluster ) MySQL

•  NoSQL 	
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What	is	a	conflict?

John.balance==$100	
	

John.balance-=$40	
John.balance==$60	

	
	

John.balance==$200	

John.balance==$100	
	

John.balance+=	$100	
John.balance==$200	

	
	

John.balance==$60	

Spend	$40	 Add	$100	

$60	

$200	
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Datamemory	x	(2+4+4+2)	 	Data	memory 	10 	
6 7 10 	

CompressedBackup 	

LCP DataMemory 2
LCP LCP DataMemory

1 LCP DataMemory 2 LCP
2 	

	
GCP DataMemory 4 	
GCP LCP
LCP GCP REDO

REDO 	
DataMemory 4 FragmentLogFileSize 	

NoOfFragmentLogFiles 16 REDO 	
FragmentLogFileSize

REDO ( :	Data	Memory	x	4) NoOfFragmentLogFiles	*	FragmentLogFileSize	*	4	
	
GCP REDO 1 LCP 	

1 DataMemory 2 	
=DataMemory 1 DataMemory 3 		

( )	
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Disk-Based	Data	
	

To	store	the	nonindexed	columns	of	NDB	tables	on	disk,	rather	than	in	RAM.	
To	handle	of	very	large	amounts	(terabytes)	of	data	during	node	recovery	and	restart.	
	
1)	 1 UNDO	LOG 	
				CREATE	LOGFILE	GROUP	logfile1	ADD	UNDOFILE	'undo_file'	engine=ndbcluster;	
2) 	
				CREATE	TABLESPACE	ts_1	ADD	DATAFILE	'data_1.dat'	USE	LOGFILE	GROUP	logfile1	engine=ndbcluster;	
3)	

hops://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-disk-data-objects.html	

mysql> show create table T_STORAGE_DISK\G 
*************************** 1. row *************************** 
       Table: T_STORAGE_DISK 
Create Table: CREATE TABLE `T_STORAGE_DISK` ( 
  `member_id` int(10) unsigned NOT NULL AUTO_INCREMENT, 
  `last_name` varchar(50) NOT NULL, 
  `first_name` varchar(50) NOT NULL, 
  `dob` date NOT NULL, 
  `joined` date NOT NULL, 
  PRIMARY KEY (`member_id`), 
  KEY `last_name` (`last_name`,`first_name`) 
) /*!50100 TABLESPACE ts_1 STORAGE DISK */ ENGINE=ndbcluster 
DEFAULT CHARSET=utf8 

Disk	data	related	parameters:		
DiskPageBufferMemory	
SharedGlobalMemory	
DiskIOThreadPool	

NOTE:	 ,	
I/O
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hop://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-interconnects.html

TCP/IP	over	Ethernet	(GB	Ethernet) TCP/
IP	 MySQL	Cluster	 	
	

2	 TCP/IP	
Dolphin	Interconnect	Soludons

SCI	( )	

TCP/IP	(local),	TCP/IP	(remote),		
SCI,	and	SHM.
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A.10.12.	 Can	I	run	MySQL	Cluster	nodes	inside	virtual	machines		
(such	as	those	created	by	VMWare,	Parallels,	or	Xen)?		

MySQL	Cluster	is	supported	for	use	in	virtual	machines	beginning	with	MySQL	Cluster	
NDB	7.2.	We	currently	support	and	test	using	Oracle	VM.		
Some	MySQL	Cluster	users	have	successfully	deployed	MySQL	Cluster	using	other	
virtualizadon	products;	in	such	cases,	Oracle	can	provide	MySQL	Cluster	support,	but	
issues	specific	to	the	virtual	environment	must	be	referred	to	that	product's	vendor.		

hops://dev.mysql.com/doc/refman/5.6/en/faqs-mysql-cluster.html#faq-cluster-can-cluster-vm	

SQL
GCP LCP
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Agenda

1.	MySQL	Cluster 	
2.	 	
3.	 (--reload,	--init)	
4.	 	
5.	 ( )
6.	 (NDB	->	NDB,		NDB	->	InnoDB	)	
7.	 	

78	
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MySQL	Cluster

79	

18.2	MySQL	Cluster	

hop://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-installadon.html	

MySQL	Cluster 	
	

	cd	/var/tmp		
	tar	-zxvf	mysql-5.6.22-ndb-7.4.4-linux-i686-glibc23.tar.gz		
	cd	mysql-5.6.22-ndb-7.4.4-linux-i686-glibc23		
	cp	bin/ndbd	/usr/local/bin/ndbd		
	cp	bin/ndbmtd	/usr/local/bin/ndbmtd
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•  MySQL	Cluster	 2	

•  my.cnf:	MySQL	Cluster	
( MySQL	 )	

•  config.ini:	 MySQL	Cluster

config.ini	

config.ini	

	

(--inidal,	--reload) 170
85% 15%

	

80	
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#	TCP	PARAMETERS	
[tcp	default]	
SendBufferMemory=2M	
ReceiveBufferMemory=2M	
#	MANAGEMENT	NODE	PARAMETERS	
[ndb_mgmd	default]	
DataDir=path/to/management/server/data/directory	
[ndb_mgmd]	
HostName=management-server-A-hostname	
NodeId=management-server-A-nodeid	
[ndb_mgmd]	
HostName=management-server-B-hostname	
NodeId=management-server-B-nodeid	
#	DATA	NODE	PARAMETERS	
[ndbd	default]	
NoOfReplicas=2	
LockPagesInMainMemory=1	
DataMemory=3072M	
IndexMemory=384M	
ODirect=1	
NoOfFragmentLogFiles=300	
DataDir=path/to/data/node/data/directory	
MaxNoOfConcurrentOperadons=100000	
SchedulerSpinTimer=400	
SchedulerExecudonTimer=100	
RealTimeScheduler=1	
TimeBetweenGlobalCheckpoints=1000	
TimeBetweenEpochs=200	

81	

hops://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-config-stardng.html	

DiskCheckpointSpeed=10M	
DiskCheckpointSpeedInRestart=100M	
RedoBuffer=32M	
CompressedLCP=1	
CompressedBackup=1	
MaxNoOfLocalScans=64	
MaxNoOfTables=1024	
MaxNoOfOrderedIndexes=256	
[ndbd]	
HostName=data-node-A-hostname	
NodeId=data-node-A-nodeid	
LockExecuteThreadToCPU=1	
LockMaintThreadsToCPU=0	
[ndbd]	
HostName=data-node-B-hostname	
NodeId=data-node-B-nodeid	
LockExecuteThreadToCPU=1	
LockMaintThreadsToCPU=0	
#	SQL	NODE	/	API	NODE	PARAMETERS	
[mysqld]	
[mysqld]	
[mysqld]	
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--inidalize

82	

MySQL	Cluster	 	
ndb_mgmd	 	

ndb_mgmd	 	

1.	MySQL	Cluster	 ndb_mgmd	
2.	 config.ini	
3.	 --reload --inidal ndb_mgmd	
4.	 ndb_mgmd	 --inidal	 ndb_mgmd	 --inidal	 	
				 ndb_mgmd	 ndb_mgmd 	
				--reload	
5.	 API	

ndbinfo.nodes	 config_generadon	 	
18.5.10.18 ndbinfo	nodes	

--iniTal	 :	
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--reload

83	

--reload	 :	

_kec 7 K=D=;L  >JGE VT Xa( aVWe5
''''''''' '''''''' ''''''''' ''''''''''''' '''''''''''''''''''

l aVWR V l gbf _W l efSfge  l efSdfRb SeW l Ua X YRYW WdSf a  l
''''''''' '''''''' ''''''''' ''''''''''''' '''''''''''''''''''

l       + l    .3* l KL9JL=  l           * l                 0 l
l       , l    .20 l KL9JL=  l           * l                 0 l
''''''''' '''''''' ''''''''' ''''''''''''' '''''''''''''''''''

config_generadon	 	
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--config-cache:	“--config-cache=OFF”

config.ini	 	

hop://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-config-file.html	
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)	 ID
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/ /

NDB	7.3.0 	 [none]	 1	-	48	 IS	

	
	

1 48 ,		
SQL ,	API 50 ID 	
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)

87	

	
ndb_mgm>	3	STOP	

	
ndb_mgm>	ALL	RESTART	

	(SQL/API )	
ndb_mgm>	SHUTDOWN	

( )	
ndb_mgm>	START	BACKUP	

	
ndb_mgm>	HELP	
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Agenda
1.	MySQL	Cluster 	
2.	 	
3.	 (--reload,	--init)	
4.	 	
5.	 ( )
6.	 (NDB	->	NDB,		NDB	->	InnoDB	)	
7.	 	

88	
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BACKUP
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ndb_mgm>	START	BACKUP	
Waidng	for	completed,	this	may	take	several	minutes	
Node	4:	Backup	2	started	from	node	1	
Node	4:	Backup	2	started	from	node	1	completed	
	StartGCP:	43696	StopGCP:	43699	
	#Records:	2077	#LogRecords:	0	
	Data:	53752	bytes	Log:	0	bytes	
ndb_mgm>		

[root@CLSData01	admin]#	ls	-l	/usr/local/mysql/mysql-cluster/BACKUP/	
0	

drwxr-x---.	2	root	root	72	10 22	13:56	BACKUP-1	
drwxr-x---.	2	root	root	72		1 3	22:35	BACKUP-2	
[root@CLSData01	admin]#		
	
[root@CLSData02	admin]#	ls	-l	/usr/local/mysql/mysql-cluster/BACKUP/	

0	
drwxr-x---.	2	root	root	72	10 22	13:56	BACKUP-1	
drwxr-x---.	2	root	root	72		1 3	22:35	BACKUP-2	
[root@CLSData02	admin]#		

[root@CLSData01	admin]#	ls	-l	/usr/local/mysql/mysql-cluster/BACKUP/BACKUP-2/	
60	

-rw-r--r--.	1	root	root	28096		1 3	22:35	BACKUP-2-0.4.Data	
-rw-r--r--.	1	root	root	27492		1 3	22:35	BACKUP-2.4.ctl	
-rw-r--r--.	1	root	root				52		1 3	22:35	BACKUP-2.4.log	
[root@CLSData01	admin]#		

.Data:	 	

.ctl:	 	

.log:	

hop://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-backup.html	

#ndb_mgm	-e	”startup	backup”	
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RESTORE
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ndb_restore	[-c	<mgm_host>:<mgm_port>]	
-n	<node_id>	[-m]	-b	<backup_id>	-r	[-e]	
--backup_path=/path/to/backup/files

-e	:	 epoch ( )	
--no-binlog mysqld 	
--print 	
--include-databases	 --include-tables	

NOTE:	Restore	from	cluster	backup	by	ndb_restore	does	not	recover	hidden	PK

-c

-n

-b ID

-r

-m ( )

:	hop://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-programs-ndb-restore.html	
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)	RESTORE

91	

#	ndbmtd	--connect-string=192.168.56.114,192.168.56.115	--nostart	--inidal	
#	ndbmtd	--connect-string=192.168.56.114,192.168.56.115	--nostart	--inidal

	
datadir=/usr/local/mysql/mysql-cluster/data

#	ndb_restore	-c	192.168.56.114	-n	1	-b	5	-m	-r	--backup_path=./restore/BACKUP1/BACKUP-5	
<SNIP>	
NDBT_ProgramExit:	0	-	OK	

#	ndb_restore	-c	192.168.56.114	-n	2	-b	5	-r	--backup_path=./restore/BACKUP2/BACKUP-5	
<SNIP>	
NDBT_ProgramExit:	0	-	OK	

DATA	NODE1 -m

MySQL 	
MySQL 	
NOTE:	

DATA	NODE2
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mysqldump

	
1. Mysql	instance 	
2.	mysqldump	–uroot	–ppass	db	>	dump_all.sql	

	
NDB InnoDB 	
1. Mysql	instance 	
2.	mysqldump	-uroot	-ppass	--no-data	db	|	sed	's/ndbcluster/InnoDB/g'	>	ddl_dump.sql	
3.	mysqldump	-uroot	-ppass	--no-create-info	db	>	dml_dump.sql	

--master-data=2	--hex-blob	 	

92	
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)	Single	User	Mode
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ndb_mgm>	show	
Connected	to	Management	Server	at:	192.168.56.114:1186	
Cluster	Configuradon	
---------------------	
[ndbd(NDB)]					2	node(s)	
id=1				@192.168.56.114		(mysql-5.6.25	ndb-7.4.7,	Nodegroup:	0,	*)	
id=2				@192.168.56.115		(mysql-5.6.25	ndb-7.4.7,	Nodegroup:	0)	
[ndb_mgmd(MGM)]	2	node(s)	
id=100		@192.168.56.114		(mysql-5.6.25	ndb-7.4.7)	
id=101		@192.168.56.115		(mysql-5.6.25	ndb-7.4.7)	
[mysqld(API)]			3	node(s)	
id=50			@192.168.56.114		(mysql-5.6.25	ndb-7.4.7)	
id=51			@192.168.56.115		(mysql-5.6.25	ndb-7.4.7)	
id=60	(not	connected,	accepdng	connect	from	192.168.56.108)	
ndb_mgm>	enter	single	user	mode	50	
Single	user	mode	entered	
Access	is	granted	for	API	node	50	only.	
ndb_mgm>		

1 	Single

	ndb_mgm>show	
Cluster	Configuradon	
---------------------	
[ndbd(NDB)]					2	node(s)	
id=1				@192.168.56.114		(mysql-5.6.25	ndb-7.4.7,	single	user	mode,	Nodegroup:	0,	*)	
id=2				@192.168.56.115		(mysql-5.6.25	ndb-7.4.7,	single	user	mode,	Nodegroup:	0)	
[ndb_mgmd(MGM)]	2	node(s)	
id=100		@192.168.56.114		(mysql-5.6.25	ndb-7.4.7)	
id=101		@192.168.56.115		(mysql-5.6.25	ndb-7.4.7)	
[mysqld(API)]			3	node(s)	
id=50			@192.168.56.114		(mysql-5.6.25	ndb-7.4.7)	
id=51			@192.168.56.115		(mysql-5.6.25	ndb-7.4.7)	
id=60	(not	connected,	accepdng	connect	from	192.168.56.108)	
ndb_mgm>	exit	single	user	mode	
Exidng	single	user	mode	in	progress.	
Use	ALL	STATUS	or	SHOW	to	see	when	single	user	mode	has	been	exited.	
ndb_mgm>	
	

3 Single EXIT2 	Backup

hops://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-single-user-mode.html	
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Agenda
1.	MySQL	Cluster 	

2.	 	

3.	 (--reload,	--init)	

4.	 	

5.	 ( )
6.	 (NDB	->	NDB,		NDB	->	InnoDB	)	

7.	 	

94	
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1.	config.ini
2.	 (--reload)	
3.	
4.	SQL
5.	 	
6.	CREATE	NODEGROUP
7.	 ALTER	TABLE	...	REORGANIZE	
PARTITION
8.	 OPTIMIZE	TABLE 	
	

hop://dev.mysql.com/doc/refman/5.6/ja/mysql-cluster-online-add-node-basics.html
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1,2	 (reload)

96	

# 	
[ndbd]	
NodeId=3	
HostName=192.168.56.110	
datadir=/usr/local/mysql-cluster/mysql-cluster/data	
	
[ndbd]	
NodeId=4	
HostName=192.168.56.111	
datadir=/usr/local/mysql-cluster/mysql-cluster/data

	
[ndb_mgmd(MGM)]	2	node(s)	
id=100		@192.168.56.114		(mysql-5.6.25	ndb-7.4.7)	
id=101		@192.168.56.115		(mysql-5.6.25	ndb-7.4.7)

[cluster74_01	cluster]#	/usr/local/mysql/bin/ndb_mgm	-e	"100	STOP"	
Connected	to	Management	Server	at:	192.168.56.114:1186	
Node	100	has	shutdown.	
Disconnecdng	to	allow	Management	Server	to	shutdown	
	
[cluster74_01	cluster]#	/usr/local/mysql/bin/ndb_mgmd	--reload	-f	/usr/local/mysql/mysql-cluster/ndb-config.ini	
MySQL	Cluster	Management	Server	mysql-5.6.25	ndb-7.4.7	

1.	config.ini
2.	 (--reload)
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2016-03-23	21:55:50	[MgmtSrvr]	INFO					--	Stardng	configuradon	change,	generadon:	7	
2016-03-23	21:55:50	[MgmtSrvr]	INFO					--	Node	100:	Node	2	Connected	
2016-03-23	21:55:50	[MgmtSrvr]	INFO					--	Configuradon	8	commited	
2016-03-23	21:55:50	[MgmtSrvr]	INFO					--	Config	change	completed!	New	generadon:	8	

ndb_mgm>	show	
<SNIP>	
[ndbd(NDB)]					4	node(s)	
id=1				@192.168.56.114		(mysql-5.6.25	ndb-7.4.7,	Nodegroup:	0,	*)	
id=2				@192.168.56.115		(mysql-5.6.25	ndb-7.4.7,	Nodegroup:	0)	
id=3	(not	connected,	accepdng	connect	from	192.168.56.110)	
id=4	(not	connected,	accepdng	connect	from	192.168.56.111)

ndb_mgm>	1	restart	
Node	1:	Node	shutdown	inidated	
Node	1:	Node	shutdown	completed,	restardng,	no	start.	
Node	1	is	being	restarted	
Node	1:	Started	(version	7.4.7)

3.	
4.	SQL3,4	



Copyright	©	2019	Oracle	and/or	its	affiliates.	All	rights	reserved.		|	 98	

ndb_mgm>	show	
Cluster	Configuradon	
---------------------	
[ndbd(NDB)]					4	node(s)	
id=1				@192.168.56.114		(mysql-5.6.25	ndb-7.4.7,	Nodegroup:	0)	
id=2				@192.168.56.115		(mysql-5.6.25	ndb-7.4.7,	Nodegroup:	0,	*)	
id=3				@192.168.56.110		(mysql-5.6.25	ndb-7.4.7,	not	started)	
id=4				@192.168.56.111		(mysql-5.6.25	ndb-7.4.7,	not	started)	
	
[ndb_mgmd(MGM)]	2	node(s)	
id=100		@192.168.56.114		(mysql-5.6.25	ndb-7.4.7)	
id=101		@192.168.56.115		(mysql-5.6.25	ndb-7.4.7)	
	
[mysqld(API)]			3	node(s)	
id=50			@192.168.56.114		(mysql-5.6.25	ndb-7.4.7)	
id=51			@192.168.56.115		(mysql-5.6.25	ndb-7.4.7)	
id=60	(not	connected,	accepdng	connect	from	192.168.56.108)	

5.	 	
[mysql-cluster]#	/usr/local/mysql-cluster/bin/ndbmtd	--connect-string=192.168.56.114	--nostart	



Copyright	©	2019	Oracle	and/or	its	affiliates.	All	rights	reserved.		|	 99	

ndb_mgm>	3	start	
Database	node	3	is	being	started.	
ndb_mgm>	4	start	
Database	node	4	is	being	started.	
ndb_mgm>	show	
Cluster	Configuradon	
---------------------	
[ndbd(NDB)]					4	node(s)	
id=1				@192.168.56.114		(mysql-5.6.25	ndb-7.4.7,	Nodegroup:	0)	
id=2				@192.168.56.115		(mysql-5.6.25	ndb-7.4.7,	Nodegroup:	0,	*)	
id=3				@192.168.56.110		(mysql-5.6.25	ndb-7.4.7,	no	nodegroup)	
id=4				@192.168.56.111		(mysql-5.6.25	ndb-7.4.7,	no	nodegroup)	
[ndb_mgmd(MGM)]	2	node(s)	
id=100		@192.168.56.114		(mysql-5.6.25	ndb-7.4.7)	
id=101		@192.168.56.115		(mysql-5.6.25	ndb-7.4.7)	
[mysqld(API)]			3	node(s)	
id=50			@192.168.56.114		(mysql-5.6.25	ndb-7.4.7)	
id=51			@192.168.56.115		(mysql-5.6.25	ndb-7.4.7)	
id=60	(not	connected,	accepdng	connect	from	192.168.56.108)

5.	 -	start	
--nostart 	
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ndb_mgm>	CREATE	NODEGROUP	3,4	
Nodegroup	1	created	
ndb_mgm>	show	
Cluster	Configuradon	
---------------------	
[ndbd(NDB)]					4	node(s)	
id=1				@192.168.56.114		(mysql-5.6.25	ndb-7.4.7,	Nodegroup:	0)	
id=2				@192.168.56.115		(mysql-5.6.25	ndb-7.4.7,	Nodegroup:	0,	*)	
id=3				@192.168.56.110		(mysql-5.6.25	ndb-7.4.7,	Nodegroup:	1)	
id=4				@192.168.56.111		(mysql-5.6.25	ndb-7.4.7,	Nodegroup:	1)	
	
[ndb_mgmd(MGM)]	2	node(s)	
id=100		@192.168.56.114		(mysql-5.6.25	ndb-7.4.7)	
id=101		@192.168.56.115		(mysql-5.6.25	ndb-7.4.7)	
	
[mysqld(API)]			3	node(s)	
id=50			@192.168.56.114		(mysql-5.6.25	ndb-7.4.7)	
id=51			@192.168.56.115		(mysql-5.6.25	ndb-7.4.7)	
id=60	(not	connected,	accepdng	connect	from	192.168.56.108)

6.	CREATE	NODEGROUP
1	

NoOfReplicas=	2
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mysql>	ALTER	ONLINE	TABLE	T20150319	REORGANIZE	PARTITION;	
Query	OK,	0	rows	affected,	1	warning	(8.27	sec)	
Records:	0		Duplicates:	0		Warnings:	1

7.	 ALTER	TABLE	...	REORGANIZE	PARTITION

ndb_mgm>	ALL	REPORT	MEMORY	
Node	1:	Data	usage	is	1%(55	32K	pages	of	total	4096)	
Node	1:	Index	usage	is	0%(58	8K	pages	of	total	8352)	
Node	2:	Data	usage	is	1%(55	32K	pages	of	total	4096)	
Node	2:	Index	usage	is	0%(58	8K	pages	of	total	8352)	
Node	3:	Data	usage	is	1%(81	32K	pages	of	total	4096)	
Node	3:	Index	usage	is	0%(0	8K	pages	of	total	8352)	
Node	4:	Data	usage	is	1%(81	32K	pages	of	total	4096)	
Node	4:	Index	usage	is	0%(0	8K	pages	of	total	8352)

ndb_mgm>	ALL	REPORT	MEMORY	
Node	1:	Data	usage	is	1%(52	32K	pages	of	total	4096)	
Node	1:	Index	usage	is	0%(58	8K	pages	of	total	8352)	
Node	2:	Data	usage	is	1%(52	32K	pages	of	total	4096)	
Node	2:	Index	usage	is	0%(58	8K	pages	of	total	8352)	
Node	3:	Data	usage	is	2%(90	32K	pages	of	total	4096)	
Node	3:	Index	usage	is	0%(4	8K	pages	of	total	8352)	
Node	4:	Data	usage	is	2%(90	32K	pages	of	total	4096)	
Node	4:	Index	usage	is	0%(4	8K	pages	of	total	8352)

7.	 	
ALTER	TABLE	...	REORGANIZE	
PARTITION
8.	 OPTIMIZE	TABLE 	
9.	 	

NOTE:	
ndbinfo.memory_per_fragment 	

	

_kec 7 eW WUf XcR S_W fST WR V aVWR V XdSY_W fR g_ X jWVRW W_RS aURTkfWe Se R VWjRS aURTkfWe 
    '7 Xda_ VT Xa(_W_adkRbWdRXdSY_W f i WdW XcR S_W6 iad V)VWX); fk 5
'''''''''''''''' '''''''''' ''''''''' '''''''''''''' '''''''''''''''''''''''' ''''''''''''''''''''''''

l XcR S_W        l fST WR V l aVWR V l XdSY_W fR g_ l X jWVRW W_RS aURTkfWe l Se R VWjRS aURTkfWe l
'''''''''''''''' '''''''''' ''''''''' '''''''''''''' '''''''''''''''''''''''' ''''''''''''''''''''''''

l iad V)VWX); fk l       -/ l       + l            * l                 +300*2 l                  -,102 l
l iad V)VWX); fk l       -/ l       + l            + l                 +300*2 l                  -,102 l
l iad V)VWX); fk l       -/ l       , l            * l                 +300*2 l                  -,102 l
l iad V)VWX); fk l       -/ l       , l            + l                 +300*2 l                  -,102 l
'''''''''''''''' '''''''''' ''''''''' '''''''''''''' '''''''''''''''''''''''' ''''''''''''''''''''''''
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CREATE	TABLE	`City`	(	
	`ID`	int(11)	NOT	NULL	AUTO_INCREMENT,	 `Name`	char(35)	NOT	NULL	DEFAULT	'',	
	`CountryCode`	char(3)	NOT	NULL	DEFAULT	'',		`District`	char(20)	NOT	NULL	DEFAULT	'',	
	`Populadon`	int(11)	NOT	NULL	DEFAULT	‘0’,		PRIMARY	KEY	(`ID`),	KEY	`CountryCode`	(`CountryCode`),	
	CONSTRAINT	`city_ibç_1`	FOREIGN	KEY	(`CountryCode`)	REFERENCES	`Country`	(`Code`)	ON	DELETE	NO	ACTION	ON	UPDATE	NO	ACTION	
)	ENGINE=ndbcluster	AUTO_INCREMENT=4080	DEFAULT	CHARSET=ladn1	

mysql>	ALTER	ONLINE	TABLE	City	REORGANIZE	PARTITION;	
Query	OK,	0	rows	affected,	1	warning	(9.35	sec)	

Default:	/DataDir/ndb_Node	ID_cluster.log	
2016-03-23	22:29:08	[MgmtSrvr]	INFO					--	Node	3:	reorg-copy	table	35	processed	0	rows	
2016-03-23	22:29:08	[MgmtSrvr]	INFO					--	Node	4:	reorg-copy	table	35	processed	0	rows	
2016-03-23	22:29:08	[MgmtSrvr]	INFO					--	Node	2:	reorg-copy	table	35	processed	1995	rows	
2016-03-23	22:29:08	[MgmtSrvr]	INFO					--	Node	1:	reorg-copy	table	35	processed	2084	rows	
2016-03-23	22:29:16	[MgmtSrvr]	INFO					--	Node	3:	reorg-delete	table	35	processed	0	rows	
2016-03-23	22:29:16	[MgmtSrvr]	INFO					--	Node	4:	reorg-delete	table	35	processed	0	rows	
2016-03-23	22:29:17	[MgmtSrvr]	INFO					--	Node	1:	reorg-delete	table	35	processed	1026	rows	
2016-03-23	22:29:17	[MgmtSrvr]	INFO					--	Node	2:	reorg-delete	table	35	processed	977	rows

:	ALTER	ONLINE	TABLE Cluster

ALTER	ONLINE	TABLE	
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Agenda
1.	MySQL	Cluster 	

2.	 	

3.	 (--reload,	--init)	

4.	 	

5.	 ( )

6.	 (NDB	->	NDB,		NDB	->	InnoDB	)	
7.	 	
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MySQL	Cluster(NDB) MySQL(InnoDB) 	

InnoDB	

NDB	

InnoDB	
Synchronous	replicadon	

Asynchronous	replicadon	

Analydcs	 Backup	

NOTE:	NDB InnoDB 	
DDL
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1)	SQL my.cnf 	

105	

CHANGE	MASTER	TO	
MASTER_HOST	=	'192.168.56.114',	
MASTER_USER	=	'	replicadon_user	',	
MASTER_PASSWORD='password',	
MASTER_PORT=3306,	
MASTER_LOG_FILE='mysql-bin.000020',	
MASTER_LOG_POS=120;

server_id	=		xx	
log-bin=binlog	
binlog_format=ROW

GRANT	REPLICATION	SLAVE	ON	*.*	TO	‘replicadon_user’@‘%’	IDENTIFIED	BY	‘password';

2)	SQL 	

3)	 	

4)	 	

NOTE:	Cluster GTID 	
												 MaxBufferedEpochs	,	TimeBetweenEpochs
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Binlog	Injecdon
NDB	

ndb_binlog_index	 I/O	

Note:	ndb_binlog_index
binary	log 	
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ndb_binlog_index

107	

_kec 7 K@GO E9KL=J KL9LMK5
'''''''''''''''''' '''''''''' '''''''''''''' '''''''''''''''''' '''''''''''''''''''

l > W             l Hae f a  l : aYR aR : l : aYRAY adWR : l =jWUgfWVR f VRKWf l
'''''''''''''''''' '''''''''' '''''''''''''' '''''''''''''''''' '''''''''''''''''''

l _kec 'T (****12 l     -.0/ l              l                  l                   l
'''''''''''''''''' '''''''''' '''''''''''''' '''''''''''''''''' '''''''''''''''''''

+ dai  eWf *(** eWU

_kec 7 eW WUf Hae f a > W WbaU YU WjfRbae f a WjfRX W Xda_ VTRT aYR VWj adVWd Tk WbaU  VWeU _ f +5
'''''''''' '''''''''''''''''''' ''''''''''''''''' ''''''' ''''''''''''''' ''''''''''''''''''''

l Hae f a  l > W               l WbaU            l YU    l WjfRbae f a  l WjfRX W          l
'''''''''' '''''''''''''''''''' ''''''''''''''''' ''''''' ''''''''''''''' ''''''''''''''''''''

l     -*2/ l ()_kec 'T (****12 l ,12,3,.*/3..--2 l 0.13/ l          -.0/ l ()_kec 'T (****12 l
'''''''''' '''''''''''''''''''' ''''''''''''''''' ''''''' ''''''''''''''' ''''''''''''''''''''

+ dai  eWf *(** eWU

ndb_binlog_index	 ndb_apply_status	 NDB	

NOTE:	 	
												ndb_apply_status	
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Agenda
1.	MySQL	Cluster 	
2.	 	
3.	 (--reload,	--init)	
4.	 	
5.	 ( )
6.	 (NDB	->	NDB,		NDB	->	InnoDB	)	
7. 	

108	



Copyright	©	2019	Oracle	and/or	its	affiliates.	All	rights	reserved.		|	 109	

1. 	
			-	Cluster 	PK Hidden	PK 	
			-	Hidden	PK	 	
			-	API 	

									 	
							-	INSERT FETCH	 INSERT 	
							-	ndb_restore 	Hidden	PK 	
		2.	 SPJ(Push	Down	Join)	 ANALYZE	TABLE 	
		3.	OPTIMIZE	tables 	
		4.	No	Query	Cache	–	expensive	to	invalidate	it	across	SQL	Nodes	
		5.	 	
						-		 ,	 10000 	
						-	 	
							-	 	
							-	 	
							-	 JOIN (even	with	SPJ	from	7.2)	
							-	 	
							-	Request	H/W	and	/W	resources	to	support	MySQL	Cluster
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Commercial	Edidon	
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MySQL	Cluster	Manager	
DevOps 	

	

• 
/ 	

•  	
•  	
• 

	
•  	&	

	
• 

	

Self-Healing	

•  	
•  SQL

	

	

• 
	

•  	
•  HA	 	
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MySQL	Cluster	Manager

•  	
–  	

–  	

–  	

MySQL	Cluster	7.1 7.4

•  1	x	 	
•  8	x	ssh	 / 	
•  8	x	 / 	
•  4	x	 -	scp		
					(2	x	mgmd	&	2	x	mysqld)	

•  8	x	 	
•  8	x	 	
•  8	x	 	
•  1	x	 			
•  	

:	46	 -		
2.5	 	

MySQL	Cluster	Manager	 	 MySQL	Cluster	Manager	 		
		upgrade	cluster	--package=7.4	mycluster;	

	
:	1	 	-		
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MySQL	Enterprise	Support

•  MySQL

• MySQL

•  29
• 
•  24 x365

• 
• MySQL	

115	

Get	immediate	help	for	any	MySQL	issue,	
plus	expert	advice 
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MySQL	Support

•  SQL 	

– 

–  	
hop://www-jp.mysql.com/support/consultadve.html	

• 
–  	
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Copyright © 2016, Oracle and/or its affiliates. All rights reserved.  | 117	



Copyright	©	2016	Oracle	and/or	its	affiliates.	All	rights	reserved.		|	


