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Create a second region in response to a split instruction for a first
region in a database, the split instruction being configured for
instructing to split data in the first region into the second region

310
/’

v

Control an uncommitted transaction in the first region to suspend
entering a commit phase

320
/’

v

Control, in response to that a transaction, having entered the commit
phase, in the first region is committed completely, an unread/
unwritten transaction in the first region to suspend entering a read/
write phase

330
/’

v

Transfer first transaction data from the first region to the second
region, the first transaction data being data corresponding to the split
second region in data of a first transaction, the first transaction being

a transaction that belongs to an active transaction of the first region
and needs to transfer data to the second region, and the active
transaction being a transaction in the read/write phase

340
/’

v

Control, in response to the first transaction data being transferred
completely, the transaction in the first region to resume entering the
read/write phase and/or the commit phase

350
/’
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Create a second region in response to a split instruction for a first
region in a database, the split instruction being configured for
instructing to split data in the first region into the second region
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Control an uncommitted transaction in the first region to suspend
entering a commit phase
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Control, in response to that a transaction, having entered the commit
phase, in the first region is committed completely, an unread/
unwritten transaction in the first region to suspend entering a read/
write phase
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v

Suspend a write operation of an active transaction

- 340-10

v

Create a first batch of a first transaction and a second batch of the
first transaction in the first region

~ 340-20

v

Write second transaction data into the first batch, and write first
transaction data into the second batch, the second transaction data
being data corresponding to the split first region in data of the first

transaction

- 340-30

v

Replicate the second batch to the second region, and construct a
transaction context of the first transaction on the second region

- 340-40

!

Resume the write operation of the active transaction in response to

second data being successfully replicated to the second region and

the transaction context of the first transaction on the second region
being successfully constructed

- 340-50

!

Control, in response to the first transaction data being transferred
completely, the transaction in the first region to resume entering the
read/write phase and/or the commit phase

- 350
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Create a second region in response to a split instruction for a first
region in a database, the split instruction being configured for
instructing to split data in the first region into the second region
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Control an uncommitted transaction in the first region to suspend
entering a commit phase
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Control, in response to that a transaction, having entered the commit
phase, in the first region is committed completely, an unread/
unwritten transaction in the first region to suspend entering a read/
write phase
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Suspend a write operation of an active transaction

~ 340-10
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Create a first batch of a first transaction and a second batch of
the first transaction in the first region

340-20
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A

Write second transaction data into the first batch, and write first
transaction data into the second batch, the second transaction
data being data corresponding to the split first region in data of
the first transaction

340-30
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Copy the second batch to the second region, and construct a
transaction context of the first transaction on the second region
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A

Resume the write operation of the active transaction in response

to second data being successfully replicated to the second region |~

and the transaction context of the first transaction on the second
region being successfully constructed

340-50
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Update the first batch in the first region to a write batch of the
first transaction in the first region in response to the second data
being successfully copied to the second region and the
transaction context of the first transaction on the second region
is successfully constructed
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Release the second batch in the first region and an original write
batch of the first transaction in the first region
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Control, in response to the first transaction data being transferred
completely, the transaction in the first region to resume entering the
read/write phase and/or the commit phase
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Establish a split log of a first region in response to that a transaction,
having entered a commit phase, in the first region is committed
completely

v

Persistently store data cached in the first region into a disk

!

Save a snapshot for the first region

!

Control an unread/unwritten transaction in the first region to suspend
entering a read/write phase

FIG. 6

Control, in response to that a transaction that is executed based on a
first region and that has entered a commit phase is committed
completely and snapshots are respectively saved for followers of the
first region, an unread/unwritten transaction in the first region to
suspend entering a read/write phase

3301
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Create a second region in response to a split instruction for a first
region in a database, the split instruction being configured for
instructing to split data in the first region into the second region
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entering a commit phase
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Control, in response to that a transaction, having entered the commit
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unwritten transaction in the first region to suspend entering a read/
write phase
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and the transaction context of the first transaction on the second
region being successfully constructed

340-50
/

A

Control, in response to the first transaction data being transferred
completely, the transaction in the first region to resume entering the
read/write phase and/or the commit phase

350
-~

FIG. 8

6/13



| MysQLclient & Load balancer |

! Region 1 1: I Region 2 1:

. S
|
/ /
| : : Central management and control cluster
| Computing cluster 1 Computing cluster 2
! - Globally
| Execution SQL parser Execution SQL parser incremental cgllfobcﬂtcl)? %é%?g:ngglr‘
! plan plan timestamp
[ N\
i imizati Routi h - > o
i Routing cache | | optimization outing cache | | optimization g —
o
: S Region Storage cluster Table
! 8 information information information
! administrator administrator administrator
I O =
| | ghaldl|
! Storage cluster 1 Storage cluster 2 Storage cluster 3 [~ L a M = v=
|
|
|

Cluster
scheduling

Storage cluster
scheduling

—-
|
1 O
g
=t
o
! —_
—-
|
1 0
G
=
S
! —_
—-
|
1 0
'Q
=t
S
! —_
]
\ 4
— Control plane
j
|
$
i

7/13



Follower

Receive a split request
froman MC

Receive a split request
froman MC

Leader

§1001

Create and start

S101
Create and start
a new region anew region
S102
\ Synchronization S1002
Construct a split transaction waiting Construct a split transaction
context -t ! context
(INIT) (INIT)
S1003
Block a 2PC transaction from
entering a commit phase
S103
™ A . 51004
Wait for the
Set a region state to completion of the 2pc
F SPUIT transaction
S1005
Set a region state to
L_SPLIT
S104 _\ -
A ]
One-way
synchronization S1006
Write a split log

Wait for a split log
synchronized to the
leader

S105

Save a snapshot
for a current region

Set a split job state to
CREATE_NEW REGION

S107
Report

to the MC,
and synchronize
a result

Rollback

Successful

$108
_\

Seta current
region state to
F_WORKING

v

plitting is successfull
completed

$109
__\

Set a current
region state to
F_WORKING

v

Splitting rollback is
completed

( ) € )

S106 '—\ One-way
synchronization
Waiting Wait for other copies
to enter this state

The MC
synchronizes the Report
result to the MC,
and synchronize
aresult
Successful S1012-1 -
e e y o sio13l
Clear a split transaction, traverse all
transactions to make the splitting ineffective,

and continue to provide external services

Save a snapshot
for a current region

$1008

Set a split job state to
CREATE_NEW REGION

S$1009

§1010

Block the initiation of new transactions
and traverse all active transactions to
execute splitting

S1011
Rollback

Make the splitting of regions effective,

traverse all transactions to make the splitting

effective, and continue to provide services
¥ S1012-2

Allow the initiation of the new
transactions, and modify a current region
state to L_WORKING

¥ S1013-2

Allow the initiation of the new transactions,

and modify a current region state to
L_WORKING

)

Splitting rollback is completed

< Splitting is successfully completed > <

FIG. 10

8/13



Region 1

* S1101: Create a new region

Region 1 Region 2

transaction data to the new region

* S1102: Transmit part of
according to a split key

/

Region 1 Region 2
Trans A Trans A
\ \/ 4
S1103: If the splitting is : s
successful, delete data after fS-llloé': It Ere gplllg[tl n%
the split key on the new : : ails, airectly delete a
reqion Transmit data via RPC data of the new region
| 1
: Region 1 Region 2 | Region 1
|
| Trans A TransA || Trans A
| |
- - ___ d
Trans A writes data Trans A writes data
on region 1 on region 2
FIG. 11

9/13



Coordinator

o
< 2%
Collect all Collectall Collectall =83
@ responses @ responses responses S GE
(@] & O
Ay i 'Y -
/ ™ o \ :
/I 4 AN \ ! \\ \\ |
I // \ L \ |
i ! \\ " \ \ |
/ / \ \ \ \ |
| / N b \ Abort Iy \ |
I / AN feﬁdt())z;:k / \ feedback,’ \ \ Confirm | Confirm
I ! \ / \ \ \ request | feedback
Prepart: / | Prepare N \ \ \
request | | failure Prepare \ \ |
| / success N \ \ \
,I II \\ \ Commit “
| / N \ feedback \ \
I No/ AN \ \‘ \
I o
! Yes : } . <O
. Write Write Write 503
@ Rewrite prepare Prepare commit confirm & 2 S
Ogo
Participant

Region distribution
Sub-transaction of transaction T on region 1

[
. | [
Transaction T | _ |
Place AB —»| ReGiON L[A-D]  fjrrree (" Damcache A[B )
[ Region cache: } :
[
|
[

1,2 Sub-transaction of transaction T on region 2
------------------ < Data cache: D | G )

Region 2 [D-H] -

I

I

Place D|G :
I

Region distribution ] . )
Sub-transaction of transaction T on region 1

Region 1 [A-D]  fjrremsmsnes < Data cache: A | B )

Sub-transaction of transaction T on region 2
------ ( Data cache: D, is split = true, new region = 3)

Region 2 [D-F] |-

Sub-transaction of transaction T on region 3
------------------ < Data cache: G >

®

Commit a
region list: 1,2 ————————————~— [

Region 3[F-H] |-

Transaction T

Region cache:
1,2

FIG. 13

10/13



is_split = true,
new_region =3

C"crﬂjglt‘gr“g Coordinator Region 1 Region 2 Region 3
TX commit
Region list: 1/2 "
—Prepare a region list: 1, 2-»
~—Prepare ok
—————7>">7>7"777 |
| Confirm:a |
N 4 new region in !
Prepare a region list; 1/2—— i _ -7 ; !
p 29 . L adata list 1
Preparenotok,add _ & T
transaction participant 3
Prepare a region
list:1,2,3 Add region 3
-+—Prepare ok logs
| ~enfire ‘
i i Confirm:a |
Prepare a region » - Newregionin!
list: 1 2,3 -~ 1 adatalist !
- Prepareck i T
Prepare a region >
list: 1, 2,3
- Prepare ok
Commit———»;
Commit »
Commit »
«——TX commit ok -«———Commit ok
- Commit ok
- Commit ok:

FIG. 14

11/13



Coordinator

2PC prepare reque

St
(Transaction participant list:
region 1)

Region 1

Region 2
Tran A

New region: region 2

Return an error to notify the coordinator of
a missing participant, not indicating that
transaction commit has failed

Coordinator

2PC prepare request
(Region 2 not found)

Region 1
| Tran A

Region 2
Tran A

New region: region 2

The coordinator updates a
participant list and retransmits a
prepare request

Coordinator

2PC prepare request
(Transaction participant list:
region 1 + region 2)

2PC prepare request
(Transaction participant list:
region 1 + region 2)

Region 1
Tran A

= \

Region 2
Tran A

\

New region: region 2

7 Trans A writes data
on region 1

Trans A writes data
on region 2

FIG. 15

12/13



Creation module

— 1601

First suspension
module

— 1602

Second suspension
module

1603

Transfer module

- 1604

Resuming module

1605

FIG. 16

1700
1708
1701 1707
Central Network interface
processing unit unit
1705
System bus
1706
// 1704 1702
£/
Random access 1709
memory Operating system
1710
Read-only - Mass storage
memory Application device
1711

System memory 1703

Another program
module

FIG. 17

13/13




