
1/13

Client

Database

Query
optimizer

Query
executor

Transaction
management

Log
management

Database management system

Server

Send a query
request Return a query

result

Obtain data

Return the data

FIG. 1a



2/13

Client

Database

Query
optimizer

Metadata
management

Distributed management system

Send a query
request

Return a
query result

Database
management

system

Server

Other
management
components

Database

Database
management

system

Server

Database

Database
management

system

Server

...

Send a
query plan Send a

query
plan Send a

query
plan

Return
a query
result

Return a
query
result

Return a
query
result

FIG. 1b



3/13

null: null

a b

1

1

2

5

R

c d

2 1

2 6

3 4

S

a b c d

1

1

2

2

2

2

1

6

a b c d

1

1

1

2

2

5

2

2

null null

6

1

a b c d

1

1

1

null null

5

2

2 2

2

null

3 4

null

6

1

a b

1 5
c d

3 4

a b c d

1 2 2 1

1 2 2 6

43nullnull

a b

1 2

c d

2

2

1

6

Join predicate P: R.b=S.c

Result of an inner join between R and S Result of a left outer join between R and S

Result of a right outer join between R and S
Result of a full outer join between R and S

Result of a left semi-
join between R and S Result of a right semi-

join between R and S

Result of a left anti-
join between R and S

Result of a right anti-
join between R and S

FIG. 1c



4/13

FIG. 2

FIG. 3

FIG. 4



5/13

FIG. 5

FIG. 6

FIG. 7



6/13

FIG. 8

e1

e2 e3

Predicate-level right-
permutation rule

oa
p∧p13

ob
p23 e2

e1 e3

ob
p∧p23

oa
p13

FIG. 9

FIG. 10



7/13

1100

Generate an original query plan according to the data query request S1120

Receive a data query request S1110

Obtain a candidate query plan set according to the original query plan S1130

Restructure a join predicate in the original query plan S1140

Determine basic information of a restructured join predicate in the
original query plan

S1150

Determine, based on a join operation rule, a constraint condition of the
restructured join predicate in the original query plan

S1160

Determine an equal-cost query plan for the original query plan
according to the basic information of the restructured join predicate in
the original query plan and the constraint condition of the restructured

join predicate in the original query plan

S1170

Perform a query according to the equal-cost query plan for the original
query plan

S1180

FIG. 11



8/13

FIG. 12

Traverse a next operation node oB in an
original query plan

Start

Traverse a next operation node oA of a subtree that
uses oB as a root node

Yes No

TO
FIG. 13B

TO
FIG. 13B

TO
FIG. 13B

Determine
whether oA is in a

left subtree
of oB?

FIG. 13A



9/13

Add a constraint condition
to a predicate on oB

End

Add a constraint condition to
a predicate on oB

Yes Yes

No No

No
Yes

Yes

Yes

No

No

Determine
whether oA and oB

do not satisfy an operational-
level left-permutation rule and a

predicate-level left-
permutation rule?

Determine
whether oA and oB

do not satisfy an operational-
level right-permutation rule
and a predicate-level right-

permutation rule?

Determine whether
oA and oB do not satisfy an operational-
level combination rule and a predicate-

level combination rule?

CONT.
FROM

FIG. 13A

CONT.
FROM

FIG. 13A

CONT.
FROM

FIG. 13A

Determine
whether subtree traversing

ends?

Determine
whether original query

traversing ends?

FIG. 13B



10/13

oA

e1 e2

oB

e3

pbi: T(e2)->T(e1)∩T(pa1∧pa2∧…∧pan)

pbi: T(e1)->T(e2)∩T(pa1∧pa2∧…∧pan)

oA and oB do not
satisfy an operational-
level combination rule
and a predicate-level

combination rule

oA and oB do not satisfy
an operational-level
left-permutation rule
and a predicate-level
left-permutation rule

FIG. 14

FIG. 15



11/13

▷p23

∞p12 R3

∞ p14∧p34

R4

∞p12

R1 R3

▷p14∧p23

∞p34

R1 R2

R2 R4

∞p14

R1 R2

∞p12∧p34

▷p23

R4 R3

P

P' P"

FIG. 16



12/13

Data query apparatus 1700

Receiving module 1710

Generation module 1720

Obtaining module 1730

Restructuring module 1740

Determining module 1750

Query module 1780

FIG. 17

FIG. 18



13/13

FIG. 19


