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LOCAL DATABASE CACHE

BACKGROUND
180681} Database management systems (DBMSs) are specially designed
software applications that inferact with the user, other applications, and the
database itself {o capture and analyze data. A relational database management
system (RDBMS) is a DBMS that is based on the relational database model.
Some relational database systems allow the use of stored procedures. A stored
procedure is a subroutine available o applications that access a relational

database system.

BRIEF DESCRIPTION OF THE DRAWINGS
[80602] Ceriain examples are described in the following detailed
description and in reference to the drawings, in which:
[6003] Figure 1 illusirates an example method for providing a local
database cache;
16004] Figure 2 lllustrates an exampie method for providing a loca
database cache and performing a batch commit operation on a database;
[6005] Figure 3 illusirates an example system including a cache provider
to provide a cached table;
18006} Figure 4 iliustrales example systems including sets of cache
providers and sets of ransaction providers; and
(60071 Figure 5 illustrates a computer including a non-transitory computer

readable medium storing instructions to provide a local database cache.

DETAILED DESCRIPTION OF SPECIFIC EXAMPLES
16008] in a traditional database access environment, a query is sent to a
database and a resull io the guery is returned by the dalabase. Accordingly,
each query resulis in a network round trip.  Some applications may execute
many queries rapidly, resuliing in many network round trips. The latency
resulting from these trips may be detrimental, particularly in real-time
applications. A common solution for high velocity data processing is to augment

the RDBMS with a key/value cache. However, use of key value caches may



WO 2016/011677 PCT/CN2014/083898

require application to do their own data partitioning, which can be complex and
undesired.

[6009] Additionally, some database producis are not suitable for
application teams to work with directly. For example, some databases with
shared-nothing scale-out architeciure with transparent data partitioning provide
optimizations requiring all transactions 1o be conducted as stored procedures. .
In particular, some emerging in-memory databases, with partitioned shared-
nothing  scale-out  architecture, require stored procedures o provide
oplimizations data access with low latency and high throughput. In some cases,
this provides many benefiis, such as high transaction per second, low latency,
easy scaling, and avoidance of data loss. When many applications may access
a database or many types of queries with varving parameters may be performed
on a database, requiring application developers o write dafa access logic info
several stored procedures in advance can be undssirable.

16010] Aspects of the disclosed technology provide a data access tier
over a database. The data access tier may provide object relational mapping to
map ad hoc object queries {o stored procedure calls, avoiding the requirement
for application designers o implement procedure calls directly. Additionally, the
data access lier may provide a local cache thal stores database records
resuiting from the object queries, as well as a iree of objects associated by
foreign keys. This may reduce latency and decrease access time by pre-
loading records in memory that are likely to be requested in future gueries.
Additionally, aspecis of the disclosed technology combine the results of many
database operations into one fransaction, allowing a combination of data access
operations {o be performed in a single database transaction through a stored
procedure call.

[Go11] Figure 1 iHustraies an example method for providing a local
database cache. In some cases, the method may be performed by a database
client providing database access {o an application. For example, the method
may be performed to provide access o a subscriber database for an intermet

usage manager. The subscriber database may store information for a
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communication service provider's subscribers and the internet usage manager
may provide a platform for real time charging and mediation

[6012] The example method includes block 101, Block 101 may include
receiving an object query. In some cases, the object query may be received
from an application, such as an internet usage management application or other
telecornmunications application.  For example, the object query may be an
application call requesting information by an application associated with a
particular domain data model used by the application. For example, in an
internel usage management platform, the object may be a subscriber-related
object or a device-related object. in some cases, the objecis may be
documents, such as an Exiensible Markup Language (UML) document, and the
object query may be a request for a particular document matching object query
parameters.

[G013] The example method further includes block 102, Block 102 may
include fransmitling a stored procedure call {o a database i{o execule a
database query. The siored procedure call may correspond to the object query
based on an objsct-relational mapping (ORM) model. The ORM model may
determine which database flelds or columns from database records are
contained in the object along with their format. The stored procedure call may
cause the database to execuie a cascaded lpading siored procedure.

16014} The cascaded loading stored procedure may be executed by the
database io return a result record that satisfies the dalabase query and a set of
records related o the result record.  In some implementations, the stored
procedure may instruct the database {0 return the result record and a record
identified by a foreign key contained in the result record. In further
implementations, the stored procedure may instruct the database o return the
resuit record, the record identified by the foreign key, and any other record
confaining the foreign key. In still further implementations, the stored procedure
may instruct the database to return the resuit record, the record identified by the
foreign key, and any record referencing the record identified by the foreign key.
In some cases, the related records may be from the same daiabase table as the

resuit record. In further cases, the relaled records may be from the same
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database table and other database tables. In some implementations, the other
database tables may any other database stored in the database or a predefined
subset of the available iables.

[8015] In some cases, the field containing the foreign key may be
predefined when the siored procedure is generated. In other cases, the fieid for
the foreign key may be included as a parameter in the stored procedure call. In
some cases, the dafabase may perform a tree search using the foreign key
starting with resull record. Once the root of the tree is requested, the database
may recursively search down the tree o delermine all records related by the
foreign key. For example, the query may be for a record identified by a device
identification number (1D}, The stored procedure call may return the record and
any record related o the record by a subscriber 1D, A subscriber may own
multiple devices, and execuiing such a slored procedure call may return ali
records owned by the subscriber. Additionally, the stored procedure call may
return other records associated with the subscriber from other tables in the
database.

[60186] The example method further includes block 103. Block 103 may
include receiving a result of the stored procedure call. The result may include a
result record satisfying the database query and a sst of records related {o the
resuit record. As described above, the set of records may be related to the
result record by a foreign key contained in the result record. For example, the
set of records may include a record identified by a foreign key in the resull
record or another record including the foreign key. Furiher, the set of records
may include any record referencing the record identified by the foreign key. In
some cases, the related records may be from the same database table as the
result record. As described above, the related records may be from the same
database iable and other database iables.

(60177 The example method further includes block 104, Block 104 may
include storing the resuli record and the set of records in a local cache. The
local cache is stored directly in memory.

[6018] In some implementations, the local cache may comprise a guery

cache using the foreign key for each record. The local cache may be used 1o
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satisfy object gueries related io the object query received in block 101.
Accordingly, a series of related queries may be executed by the application with
reduced latency compared to access the database for each query. In further
implementation, block 104 may comprise using the ORM model o generate a
set of related objects. The related objects may then be siored in a cache where
gach object is associaled with the foreign key for each object.

[G019] The example method further includes block 105, Block 105 may
include retuming a result to the object query based on the result record. For
example, block 105 may include generating the result using the result record
and the ORM model used to generate the database query from the object
query.

1802G] Figure 2 illustrales an example method for providing a local cache
and performing a batch commit operation on a database. In some cases, the
method may be performed by a database client providing database access {o
an application. For example, the method may be performed {o provide access
to a subscriber database for an internel usage manager. The subscriber
database may store information for a communicalion service provider's
subscribers and the internet usage manager may provide a platform for real
time charging and mediation.

[G021] The example method may include block 200. Block 200
generating the stored procedure automatically based on an ORM model. For
example, the ORM model may be a model used to translate objects used by the
application {o records stored in the dalabase. In some implementations, block
200 may include generating the stored procedure automatically during the
database design lime. For exampile, a query used by the application may be
predefined prior to design time. Al design time, the query and the ORM model
may be used to automalically generate the stored procedure. The auiomatically
generated siored procedure may then be programmed into the database. In
some cases, block 200 may include generating a separate stored procedure for
each guery that the application may provide during operation.

[8022] In some implementations, block 200 may further include

automatically generating Data Definition Language (DDL} schema files
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associated with the stored procedure. For example, block 200 may include
generating the stored procedures and DDLU schema files automatically based on
the applications domain data models and corresponding ORM configurations.
The generated stored procedures may include basic create, read, update,
delete (CRUD) procedures, cascaded loading procedures, batch commit
procedures, procedurss with customized SQL statements, and other database
procedures.

[6023] The example method further includes blocks 201-205. Blocks
201-205 may be performed as described with respect o blocks 101-105 of
Figure 1, respectively,

[8024] The example method further includes block 206. Block 208 may
include receiving a set of write operations. For example, the write operations
may be object operations performed by the application. These write operations
may be tfranslaied into database operations using the ORM model for the
application. For example, the write operations may be operations executed by
the application 1o update the database. In some implementations block 206
may include receiving the set of wrile operations by monitoring transactions
occurring in the local cache.

[6025] The example method further includes block 207, Block 207 may
include caching the set of write operations. For example, block 207 may
comprise caching database operations during a session.

16026] The example method further includes block 208. Block 208 may
include assembling the set of write operations to info a second slored procedure
call. The second stored procedure call may be a call to a stored procedure
having a generic definition. For example, the generic definition may allow any
data o update in a dala table o input as paramelers. This may allow g generic
stored procedure {0 be able fo be used for multiple application object
operations. In further cases, the cached sel of write operations may be
assembiled into multiple stored procedure calls, for example, by partition criteria.
For example, different procedure calls may operate on different database
tables. Aspects of the wrile operations that result in a change to one of the

partitions may be assembied into one of the procedure calls, while aspects
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resulting in a change to another of the partitions may be assembled into ancther
of the procedure calls. The example method further includes block 209, Block
209 may include transmitling the second stored procedure call to the database.
[80627] Figure 3 illustrates an example system including a cache provider
to provide a cached iable. For example, the illustrated system may execuie an
application that communicates with a database and may provide the illustrated
modules {0 allow the application to interface with the daiabase. In some
implementations, the illustrated modules may be software stored on a non-
transitory computer readable medium and execuled by g processor, hardware
modules, or a combination thereof,

[860628] The example system 301 includes an interface 302 1o receive an
object query and provide a resulf {o the object query. The interface 302 may
further execute an objectrelational mapping to map the object query to a
database query. For example, the interface 302 may perform block 101 and
104 of Figure 1. in further implementations, the interface 302 may provide a
bridge belween an application and a database and local cache. For example,
the inierface may define a common cache application programing interface
(APY), for example as a Java inferface. The interface 302 may provide various
operations o applications, such as get, insert, update, delete, query, and
cascaded loading.

[6029] The example system 301 further includes a connection manager
304. The connection manager 304 may execute g dalgbase fransaction fo
receive a set of records including a resull record salistying the database query
and a record related to the resull record. For example, the connection manager
304 may perform blocks 102 and 103 of Figure 1. As described above, in some
cases, the set of records includes a record identified by a foreign key in the
resuit record or another record inciuding the foreign key.  in further cases, the
set of records includes the record identified by the foreign key and any record
referencing the record identified by the foreign key.

[6030] in further implementations, the connection manager 304 may
provide a tier between the system 301 and a database, such as a database

cluster. it may create and maintain one or more connection 1o a database
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server, route transactions to the correct server by partition. The connection
manager 304 may also conduct various housekeeping operations such as
handling failover of conneclions. In addiiional implementations, the connection
manager 304 may provide extensions fo allow application developers or
operators to monitor statistics about systemn components. For example, the
connection manager 304 may provide a Java managed bean (MBean) o allow
monitoring of cache provider 303 and database server statistics.

[6031] The example system 301 further includes a cache provider 303.
The cache provider 303 may provide a local database cache table storing a
subset of the set of records thai were siored in a single table in the database.
For sxample, the cache provider 303 may perform aspects of block 104 of
Figure 1.

18032} Figure 4 illusirates example systems 401, 404 including seis of
cache providers and sets of ifransaction providers. For example, the sysiems
401, 404 may be implementations of an example system as described with
respect to Figure 3. The systern may include one or more applications 402,
403 communicating with one or more local cache systems 401, 404, For
example, a ssrver may execute an application 402 and a cache system 401 and
may be in communication with another server execuling an application 403 and
a cache sysiem 404,

16633} The cache systems 401, 404 may include data access layers 405,
406. For example, the dala access fayers 405, 406 may be implementations of
the interface 302 described with respect to Figure 3. As described above, the
data access layers 405, 406 may provide bridges between the applications 402,
403 and the cache systems 401, 404. For example, they may provide a
common cache AP for the applications 402, 403 and provide operations such
as get, inserl, update, delete, query, or cascaded loading. The dafa access
layers 405, 406 may represent the cache managed by the systems 401, 404.
For exampie, the applications 402, 403 may access the information through an
object perspeciive and the data access layers 405, 406 may use ORM models

to present the stored information as objects.
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[6034] Each cache system 401, 404 may further comprise a set of one or
more cache providers 407-408, 410-412. Each cache provider 407-412 may be
implemented as described with respect o cache provider 303 of Figure 3.
Groups of the cache providers 407-408 may comrespond o different cascaded
loading groups. A single cascaded loading slored procedure executed by
systemn 401 performing the method of Figure 1 may return results from multiple
database tables of the database 419, Resulis from each of the mulliple tables
may be stored in a separate cache provider 407, 408, 408. For example, a first
cascaded loading stored procedure may return results from two database
tables, which are siored in cache providers 407, 408. A second cascaded
loading procedure, corresponding to a different type of application query, may
return results from a single database table, stored in cache provider 4090,

[6035] in some implementations, each cache provider instance 407-412
may be generated in runtime according to a specified domain data model and
corresponding ORM configuration. In these Implementations, the cache
providers 407-412 may acl as data access objecis (DAOs) for the database
419,

[8036] The systems 401 or 404 may further include tfransaction providers
413, 414 or 415, 416. Each transaction provider is associated with one or more
cache providers 407-412. Each transaction provider may moniior to moniior
fransactions executed on a set of cached {ables, assemble writing operations
from the transactions info a baich, and transmit the batch io the database. In
some cases, the transaction providers may perform blocks 206-208 of Figure 2.
For example, transaction provider 413 may moniior operations performed on
cache providers 407, 408, assemble the operations into a batch and tfransmit
the batch 1o the database as a balch commit operation. Each iransaction
provider may provide Turther database management functionality related io its
asscciated cache providers. For example, the transaction provider may be in
charge of database transaction management, and provide operations such as
hegin, commit, and roliback.

(8037} The systems 401, 404 may further include connection managers

417, 418. In some cases, the connection managers may be implemented as
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described with respect fo connection manager 304, For example, the
connection manager may provide a connection to a database 419, such as a
database cluster.

(8038} Figure 5 illusirates a computer 501 including a non-fransitory
computer readable medium 504 storing instructions to provide a local database
cache. For example, the computer 501 may be an implementation of a system
iiustrated in Figure 3 or 4. In some implementations, the medium 504 may be
memaory, storage, or a combination thereof.

[6039] The medium 504 may store instruction set 505. The instruction
set 505 may be executable by a processor 503 to provide a qguery o a
database. For example, the guery may be provided fo the dalabass over an
interface 502. in some implementations, the query may relate fo an object
query provided by an application executed by the processor 503, For example,
the application may be also stored as insitructions on medium 504. For
example, the instruction set 505 may be executed to perform block 102 of
Figure 1 to transmit a cascaded loading slored procedure call to a database.
[6040] The medium 504 may further store instruction set 506, Instruction
set 506 may be executable by the processor 503 to obiain a tree of database
records from the dalabass, the tree including a result 1o the query and records
related fo the result by a foreign key. For example, the ifree of records may
include a record identified by the foreign key and any record referencing the
record identified by the foreign key.

[6041] The medium 504 may further store instruction set 507, Instruction
set 507 may be exscutable by the processor 503 to store the tree in a local
cache 508. For example, the local cache 508 may be an in-memory distributed
cache. In some cases, instruction set 507 may be exscuied o implement one
or more cache providers to mainiain the local cache 508. For example, the
cache providers may be implemented as described with respect to Figure 4.
16042] in some implemeniations, the medium 504 may further siore
instruction set 509. Instruction set 509 may be executable by the processor 503
to monitor transactions executsd on the set of cached tables, assemble writing

operations from the transactions intc a batch, and transmit the baich to the

10



WO 2016/011677 PCT/CN2014/083898

database. For sxample, the instructions 508 may be executable o perform
blocks 206-208 of Figure 2 or o implement one or more transaciion providers
as described with respect to Figurs 4.

[8043] In the foregoing description, numerous details are sel forth to
provide an understanding of the subject disciosed hersin. However,
implementations may be practiced without some or all of these details. Gther
implementations may include modifications and variations from the details
discussed above. It is intended that the appended claims cover such

modifications and variations.

11
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CLAIMS

1. A method, comprising:

receiving an object query;

franamitting a stored procedurs call to a database o execute a database
query corresponding to the object query based on an object-relational mapping
{ORM) model;

receiving, as a result of the stored procedure call, a result record
satisfying the database query and a set of records related o the result record;

sioring the resulf record and the set of records in a local cache; and

returning a result to the object query based on the resuli record.

2. The method of claim 1, further comprising:
generating the stored procedure automatically based on the ORM model

at design lime.

3. The method of claim 1, wherein the set of records related {o the result
record includes a record identified by a foreign key in the result record or

another record including the foreign key.

4, The method of claim 3, wherein the set of records related o the result
record includes the record identified by the foreign key and any record

referencing the record identified by the foreign key.

5. The method of claim 1, further comprising:

receiving a set of wrile operations;

caching the sei of wrile operations;

assembling the set of write operations 1o into a second stored procedure
call; and

transritiing the second stored procedure call 1o the database.

6. The method of claim 1, further comprising: storing the local cache as a

relational database.

7. A system comprising:

12
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an interface to receive an object query and provide a resuli {o the object
query and exscule an object-relational mapping to map the object query to a
database query;

a connection manager execute a database fransaction to receive a set of
records including a result record satisfying the database query and a record
related 1o the result record; and

a cache provider o provide a local database cache table sioring a

subset of the set of records that were stored in & single table in the database.

8. The system of claim 7, wherein the set of records includes a record
identified by a foreign key in the result record or another record including the

foreign key.

a. The systermn of claim 8, wherein the set of records includes the record
identified by the foreign key and any record referencing the record identified by

the foreign key.

10.  The system of claim 7, further comprising:
a set of cache providers, each cache provider o provide a separate
cached table storing & separate subsel of the sel of records that were stored in

a separate iable in the dalabasse.

11. The system of claim 10, further comprising:
a transaction provider to monitor transactions executed on the set of
cached tables, assemble writing operations from the transaciions into a batch,

and transmit the batch to the database.

12.  The system of claim 11, wherein the transaciion provider is to fransmit

the baich to the database as a stored procedure call.

13. A non-transitory compuler readable medium storing instructions
executabls to:

provide a query to a database;

obtain a free of database records from the database, the tres including a

resuit to the query and records related {o the result by a foreign key; and

13
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store the tree in a local cache.

14.  The non-transiiory computer readable medium of claim 13, whersin the
tree of records includes a record identified by the foreign key and any record

refersncing the record identified by the foreign key.

15.  The non-transitory computer readable medium of claim 13, storing further
instructions executabie to:

monitor transactions executed on the set of cached tables, assembile
writing operations from the transactions into a batch, and transmit the baich o

the database.

14
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