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Motivation
At the moment Apache Ignite's SQL engine doesn't support transactions.  statements are executed on top of committed data without creating a SELECT
snapshot. DML statements are executed as a series of batched updates using   command. As a result it is neither possible to IgniteCache.invokeAll
get consistent view of data, nor to update it with ACID semantics.

We need to implement transactions support in SQL on top new MVCC protocol.

Description

Locks

TX SQL will be implemented on top of existing snapshot-based MVCC infrastructure. Writes obtain locks on keys. Reads do not obtain locks. Writes do not 
block reads. Reads can be converted to blocking mode using  statement.SELECT ... FOR UPDATE

Isolation modes

In the first iteration only  mode will be supported.READ_COMMITTED

Every operation first acquire global sequence number on coordinator. Both SELECT and update operations use sequence number to filter more 
recent updates. This way operation see only rows which existed by the time operation began.
Update operation then acquires locks on target rows one by one. Row might have been already locked by concurrent transaction at this point. If 
concurrent transaction is rolled back or and lock is acquired on expected version no additional actions are required. If concurrent transaction 
modifies the row and commits, current transaction acquires the lock and  original condition. If condition evaluates to true still, then re-evaluates
lock is retained. Otherwise lock is released and row is ignored.
Subsequent SELECTs see previous updates
On TX commit client requests another sequence number which is applied to all modified rows. 

All DML requests are split into two groups: with and without reduce step. If reduce step is not needed, locks are obtained on map nodes immediately. If 
reduce step is needed (e.g. non-collocated aggregation), then we cannot lock rows on mapper immediately, because we do not know target row set in 
advance. In this case filter condition should be re-evaluated as well by executing distributed query again ( ),TBD

Transactional protocol

https://cwiki.apache.org/confluence/display/~agoncharuk
https://cwiki.apache.org/confluence/display/~vozerov
https://cwiki.apache.org/confluence/display/~sergey.puchnin
https://cwiki.apache.org/confluence/display/~vozerov


Typical DML operation may modify any number of rows. it means we cannot store all modified rows on a near node. Current TX protocol must be 
extended, so that updates are stored on primary/backup nodes only and not transferred to near node.

Native API changes

No changes to existing API is needed. SQL statements will be enlisted into ongoing transaction if one is available. Only PESSIMISTIC
/READ_COMMITTED is valid TX mode in the first iteration. Attempt to enlist SQL statement into any other TX mode will produce an exception.

Drivers support (JDBC/ODBC)

Support for ,  and  commands will be implemented on the server side. They will be mapped to BEGIN TRANSACTION ROLLBACK COMMIT
appropriate methods on  facadeIgniteTransactions
Minor changes to JDBC/ODBC drivers will be required (metadata, auto-commit, etc).

Cross-cache statements

Only MVCC-enabled transactional caches could be enlisted into transaction. An exception is throw If SQL statement use either   cache or ATOMIC TRANSAC
 cache without MVCC support.TIONAL

Deadlocks

When executing DML statements locks are typically acquired in unpredictable order, what may cause deadlocks. Typically RDBMS vendors implement 
deadlock detectors which rollback last statement in case deadlock is found. Deadlock detection is expensive in distributed environment as it requires 
coordination between nodes over networks. In the first iteration we can define per-statement lock timeout. If locks cannot be obtained in the given timeout, 
statement is rolled-back and appropriate exception is thrown.

Risks and Assumptions
TBD

Discussion Links
TBD

Reference Links
N/A

Tickets

Key Summary T Created Updated Due Assignee Reporter P Status Resolution

IGNITE
-4192

SQL TX: JDBC driver 
support

Nov 08, 
2016

Aug 01, 
2019

Alexander 
Paschenko

Denis A. 
Magda

 CLOSED Fixed

IGNITE
-6709

Support mvcc filter for 
H2TreeIndex.findFirstOrLast

Oct 23, 
2017

Aug 16, 
2018

Igor 
Seliverstov

Semen 
Boikov

 CLOSED Fixed

IGNITE
-6875

MVCC: advanced features Nov 13, 
2017

Aug 30, 
2018

Unassigned Vladimir 
Ozerov

 CLOSED Won't Fix

IGNITE
-6874

MVCC: base functionality Nov 13, 
2017

Aug 30, 
2018

Unassigned Vladimir 
Ozerov

 CLOSED Fixed

IGNITE
-7259

GridIndexRebuildSelfTest 
hangs

Dec 20, 
2017

Jul 24, 
2019

Andrey 
Mashenkov

Vladimir 
Ozerov

 CLOSED Fixed

IGNITE
-7267

Fix transactional inserts. Dec 20, 
2017

Aug 16, 
2018

Igor 
Seliverstov

Igor 
Seliverstov

 CLOSED Fixed

IGNITE
-7261

SQL TX: SELECT and DML 
operations must share the 
same MVCC version

Dec 20, 
2017

Aug 16, 
2018

Igor 
Seliverstov

Vladimir 
Ozerov

 CLOSED Implemented
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IGNITE
-7311

Expiration does not work 
with enabled MVCC

Dec 26, 
2017

Mar 11, 
2019

Unassigned Vladimir 
Ozerov

 CLOSED Won't Fix

IGNITE
-7302

SQL TX: Failed to query 
INFORMATIONAL_SCHEMA 

Dec 25, 
2017

Jul 24, 
2019

Alexander 
Paschenko

Vladimir 
Ozerov

 CLOSED Fixed

IGNITE
-7249

SQL TX: Commit/rollback 
active TX before DDL 
statement processing

Dec 19, 
2017

Aug 16, 
2018

Igor 
Seliverstov

Igor 
Seliverstov

 CLOSED Fixed

IGNITE
-5937

Mvcc data structure for SQL 
queries

Aug 04, 
2017

Aug 16, 
2018

Semen 
Boikov

Semen 
Boikov

 CLOSED Fixed

IGNITE
-5934

Integrate mvcc support in sql 
query protocol

Aug 04, 
2017

Aug 16, 
2018

Igor 
Seliverstov

Semen 
Boikov

 CLOSED Fixed

IGNITE
-5933

Integrate mvcc support in 
cache.getAll protocol

Aug 04, 
2017

Aug 16, 
2018

Semen 
Boikov

Semen 
Boikov

 CLOSED Fixed

IGNITE
-6459

Implement metrics to monitor 
mvcc coordinator 
performance

Sep 20, 
2017

Mar 11, 
2019

Unassigned Semen 
Boikov

 CLOSED Won't Fix

IGNITE
-6458

Implement possibility to 
manually change mvcc 
coordinator

Sep 20, 
2017

Mar 11, 
2019

Unassigned Semen 
Boikov

 CLOSED Won't Fix

IGNITE
-9427

SQL MVCC: old data read 
after parallel update with 
autoCommit=false

Aug 30, 
2018

Aug 30, 
2018

Unassigned Stepan 
Pilschikov

 CLOSED Not A 
Problem

IGNITE
-9439

Grid hangs after cache start 
failure.

Aug 30, 
2018

Sep 13, 
2018

Unassigned Andrey 
Mashenkov

 CLOSED Duplicate

IGNITE
-9394

MVCC: pds corrupted after 
grid restart.

Aug 28, 
2018

Oct 31, 
2018

Unassigned Andrey 
Mashenkov

 CLOSED Duplicate

IGNITE
-9324

MVCC: support explicit locks Aug 20, 
2018

Mar 11, 
2019

Unassigned Vladimir 
Ozerov

 CLOSED Won't Fix

IGNITE
-9605

Implicit mvcc transaction 
could use completed one 
instead of starting new

Sep 14, 
2018

Mar 11, 
2019

Ivan 
Pavlukhin

Ivan 
Pavlukhin

 CLOSED Duplicate
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