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ENTITY TRIGGERS FORMATERALIZED 
VIEW MAINTENANCE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application is related to co-pending 
U.S. Provisional Patent Application No. 61,425.554, filed on 
Dec. 21, 2010 and entitled “Bulk Initial Download of Mobile 
Databases, which is incorporated herein by reference in its 
entirety. 

BACKGROUND OF INVENTION 

0002 1. Field of the Invention 
0003. The present invention relates generally to databases 
and, in particular, to mobile database efficiency. 
0004 2. Description of the Background Art 
0005 Relative to a server-class computer system, a mobile 
device has a relatively slow CPU and relatively slow input/ 
output performance (e.g., for reading/writing database files 
on media cards). A mobile device also has a relatively small 
amount of memory (e.g., RAM), which limits the effective 
ness of any kind of in-memory database cache, Such as a row 
cache or page cache. 
0006. As a result, the time taken for a mobile device to 
query and display a large amount of records (e.g., working 
with a contact list of 10,000+ records) can be excessive. 
Desired functionality Such as incremental search may be too 
computationally expensive to perform at all on the mobile 
device. 
0007 Accordingly, what is desired is a mechanism to 
improve the ability of a resource-limited mobile device to 
work with local database records. 

SUMMARY OF INVENTION 

0008 Embodiments of the invention include a method 
comprising defining a mobile business object for a material 
ized view, defining triggers, within the mobile business 
object, for changes to a local database affecting the material 
ized view, and executing a code generator on the mobile 
business object definition. 
0009 Embodiments of the invention additionally include 
a computer-readable storage device having computer pro 
gram logic recorded thereon, execution of which, by a com 
puting device, causes the computing device to perform opera 
tions comprising defining a mobile business object for a 
materialized view, defining triggers, within the mobile busi 
ness object, for changes to a local database affecting the 
materialized view, and executing a code generator on the 
mobile business object definition. 
00.10 Embodiments of the invention further include a sys 
tem comprising a memory configured to store modules com 
prising a first defining module configured to define a mobile 
business object for a materialized view, a second defining 
module configured to define triggers, within the mobile busi 
ness object, for changes to a local database affecting the 
materialized view, and an executing module configured to 
execute a code generator on the mobile business object defi 
nition, and one or more processors configured to process the 
modules. 
0011 Further features and advantages of the invention, as 
well as the structure and operation of various embodiments of 
the invention, are described in detail below with reference to 
the accompanying drawings. It is noted that the invention is 
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not limited to the specific embodiments described herein. 
Such embodiments are presented herein for illustrative pur 
poses only. Additional embodiments will be apparent to per 
Sons skilled in the relevant art(s) based on the teachings 
contained herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012. The accompanying drawings, which are incorpo 
rated herein and form a part of the specification, illustrate 
embodiments of the present invention and, together with the 
description, further serve to explain the principles of the 
invention and to enable a person skilled in the relevant art to 
make and use the invention. 
0013 FIG. 1 is an exemplary enterprise network, in accor 
dance with an embodiment of the present invention. 
0014 FIG. 2 is a flowchart illustrating steps by which such 
callback handlers can be utilized to implement a materialized 
view, in accordance with an embodiment of the present inven 
tion. 
0015 FIG. 3 is a flowchart illustrating steps by which 
triggers are defined using an MBO, in accordance with an 
embodiment of the present invention. 
0016 FIG. 4 depicts an example computer system in 
which embodiments of the present invention may be imple 
mented. 
(0017. The present invention will now be described with 
reference to the accompanying drawings. In the drawings, 
generally, like reference numbers indicate identical or func 
tionally similar elements. Additionally, generally, the left 
most digit(s) of a reference number identifies the drawing in 
which the reference number first appears. 

DETAILED DESCRIPTION 

I. Introduction 
0018. The following detailed description of the present 
invention refers to the accompanying drawings that illustrate 
exemplary embodiments consistent with this invention. Other 
embodiments are possible, and modifications can be made to 
the embodiments within the spirit and scope of the invention. 
Therefore, the detailed description is not meant to limit the 
invention. Rather, the scope of the invention is defined by the 
appended claims. 
0019. It would be apparent to one of skill in the art that the 
present invention, as described below, can be implemented in 
many different embodiments of software, hardware, firm 
ware, and/or the entities illustrated in the figures. Any actual 
software code with the specialized control of hardware to 
implement the present invention is not limiting of the present 
invention. Thus, the operational behavior of the present 
invention will be described with the understanding that modi 
fications and variations of the embodiments are possible, and 
within the scope and spirit of the present invention. 
0020 Reference to modules in this specification and the 
claims means any combination of hardware or Software com 
ponents for performing the indicated function. A module need 
not be a rigidly defined entity, Such that several modules may 
overlap hardware and Software components in functionality. 
For example, a Software module may refer to a single line of 
code within a procedure, the procedure itself being a separate 
software module. One skilled in the relevant arts will under 
stand that the functionality of modules may be defined in 
accordance with a number of Stylistic or performance-opti 
mizing techniques, for example. 
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0021 FIG. 1 is an exemplary enterprise network 100, in 
accordance with an embodiment of the present invention. The 
enterprise network 100 includes a mobile device 102, in 
accordance with a further embodiment of the present inven 
tion. Mobile device 102 may include, by way of example and 
not limitation, mobile devices including Java-enabled phones 
with CLDC 1.1 Java mobile runtime environment such as the 
BLACKBERRY by RESEARCH IN MOTION of Waterloo, Ontario, 
Canada; the APPLE IPHONE and IPAD by APPLE COMPUTER, 
INC. of Cupertino, Calif.; Java-enabled phones with the 
GOOGLE ANDROID operating system by GOOGLE INC. of 
Mountain View, Calif.; and the WINDOWS PHONE by 
MICROSOFT CORPORATION of Redmond, Wash. One skilled in 
the relevant arts will recognize that techniques described 
herein as applicable to mobile device 102 may also generally 
be applied to non-mobile devices as well. Such as, for 
example, a personal computer. 
0022. In accordance with an embodiment of the present 
invention, mobile device 102 has a client application 104 
installed thereon. Client application 104 is able to interface 
with device inputs and outputs (“I/O”) 106, such as, for 
example, a monitor, keypad, or touchscreen display, in accor 
dance with an embodiment of the present invention. Client 
application 104 is also able to interface with a local database 
108, which stores a set of data intended for use by client 
application 104. In accordance with an embodiment of the 
present invention, local database 108 is encrypted by a 
device-specific encryption key. 
0023 Mobile device 102 is in communication with syn 
chronization server 110, in accordance with an embodiment 
of the present invention. Additional mobile devices 112a-c 
are similarly in communication with synchronization server 
110, in accordance with a further embodiment of the present 
invention. The various mobile devices can be connected to 
synchronization server 110 via any one or more communica 
tions channels, as would be understood by one skilled in the 
relevant art. For example, connectivity between mobile 
device 102 and synchronization server 110 may involve, in an 
exemplary embodiment, communication hops over both a 
cellular communication network and the Internet. The vari 
ous communication hops may themselves be either public or 
private networks, and may include components located on the 
Internet as well as various private intranets. 
0024 Synchronization server 110 sits between the one or 
more mobile devices 102 and 112a-c and an Enterprise Infor 
mation System (“EIS) 114, in accordance with an embodi 
ment of the present invention. Synchronization server 110 
assists in capturing changes to relevant data made by the EIS 
114 and providing the changes to mobile devices 102 and 
112a-C. Synchronization server 110 also assists in capturing 
changes made by the mobile devices 102 and 112a-c and 
providing the changes to EIS 114. In this manner, data avail 
able to a mobile device 102 in local database 108 can be 
synchronized with data from the corresponding data store of 
EIS 114, the enterprise data system 116 (or “central data 
base'). In accordance with an embodiment of the present 
invention, synchronization server 110 maintains a cache 
reflecting the data from enterprise data system 116. 
0025 EIS 114 is connected to synchronization server 110 
in order to allow synchronization server 110 to provide the 
aforementioned data synchronization services, in accordance 
with an embodiment of the present invention. Communica 
tions between EIS 114 and synchronization server 110 can 
likewise be through any communication channels, as would 
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be understood by one skilled in the relevant art. One skilled in 
the relevant arts will further understand that EIS 114 and 
synchronization server 110 may share a same physical server 
or distributed server as separate software components therein, 
or may even be compiled as a single combined application. 
Therefore, it is understood that synchronization server 110 
and EIS 114 may be disposed in a number of different loca 
tions within enterprise network 100, and are shown as sepa 
rate computing devices in FIG. 1 by way of example, and not 
limitation. 

0026. As previously noted, EIS 114 further includes, or is 
otherwise communicatively coupled to, an enterprise data 
system 116, in accordance with an embodiment of the present 
invention. In accordance with a further embodiment of the 
present invention, data within local database 108 comprises a 
subset of data from enterprise data system 116. This data may 
be in for the form of a mobile business object (“MBO'), in 
accordance with an embodiment of the present invention. An 
MBO is a business object that can be synchronized between 
enterprise information system 114 and mobile device 102. 
The MBO can be persisted, by storage in local database 108, 
in order to allow for access by the mobile device 102 during 
periods without connectivity to EIS 114. A non-limiting 
example of MBOs is provided in U.S. patent application Ser. 
No. 12/503,573, filed on Jul 15, 2009, Atty. Dkt. No. 1933. 
0720001, entitled “Metadata Driver Mobile Business 
Objects,” which is incorporated by reference herein in its 
entirety. 
0027 Client applications 104 running on mobile device 
102 access (read and write) to the local database 108. The 
local database 108 is accessed by client application 104 via 
generated classes, where each class (corresponding to the 
aforementioned MBOs) represents one table, in accordance 
with an embodiment of the present invention. 
0028 Communications between client application 104 
and synchronization server 110 may be handled in a number 
of different ways, as will be recognized by one skilled in the 
relevant art. In accordance with an embodiment of the present 
invention, a communications framework is embedded 
directly within client application 104 as provided by a code 
generator or by a developer. In accordance with an additional 
embodiment of the present invention, a helper application 
may be deployed on mobile device 102 to manage the com 
munications. 

II. Exemplary Business Object Models 

0029. In accordance with an embodiment of the present 
invention, MBOs can be modeled using a publicly available 
XML based domain-specific language called Applications 
From XML (AFX”). One skilled in the relevant arts will 
recognize that MBOs can be modeled in many different ways, 
including graphically through the use of visual modeling 
tools, or textually through the use of domain-specific lan 
guages such as AFX. Accordingly, examples presented and 
discussed herein through the use of AFX are provided by way 
of example, and not limitation. 
0030 A package definition provides a database definition, 
defining the name of a local database 108 within mobile 
device 102, a database-class definition, and Zero or more 
entity definitions, in accordance with an embodiment of the 
present invention. The database-class definition identifies a 
class that represents the local database 108. Entity definitions, 
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if present, each correspond to an MBO. The entity definition 
in turn defines the name of a class that represents the corre 
sponding MBO. 
0031 Entities are themselves stored within local database 
108, in accordance with an embodiment of the present inven 
tion. In accordance with a further embodiment of the present 
invention, entities are keyed using at least a Surrogate key and 
an alternate key. The Surrogate key is a key value used by the 
mobile device 102 to account for the mobile device's inability 
to access the EIS 114 key creation process. If the client 
becomes aware of the EIS 114 key for the entity, this key can 
be used as an alternate key. In accordance with a further 
embodiment of the present invention, Surrogate keys are pro 
vided by synchronization server 110 to mobile device 102 as 
a batch of keys to be assigned as needed. 
0032. In accordance with a further embodiment of the 
present invention, entity definitions include operation defini 
tions for corresponding changes within EIS 114. By way of 
example, and not limitation, operation definitions are pro 
vided for creating, updating, or deleting data within EIS 114. 
Entity definitions may also provide named queries, which are 
predefined queries that can be issued by mobile device 102 
against local database 108, in accordance with an embodi 
ment of the present invention. In accordance with further 
embodiments of the present invention, entity definitions may 
also include definitions indicating that changes made by 
mobile device 102 can be published to synchronization server 
110, and likewise that changes made by EIS 114 are sub 
scribed to for download to mobile device 102. 
0033. A non-limiting example object model incorporating 
the aforementioned elements may therefore read: 

spackage name="com.example.banki> 
<database name="my-bank” f> 
<database-class name="My Database f> 
<entity name="Account key="surrogateKey alternate 

key="accountId'> 
<attribute name="surrogateKey type="int generated="true' 

f> 
<attribute name="accountId' type='string f> 
<attribute name="customerId' type='string f> 
<attribute name="balance type="decimal f> 
<operation name="create's 

<!-- information describing the EIS operation --> 
<operation> 
<operation name="update'> 

<!-- information describing the EIS operation --> 
<operation> 
<operation name="delete'> 

<!-- information describing the EIS operation --> 
<operation> 
<query name="findByCustomer type="Account's 

<parameter name="id' type='string f> 
<sal 

selecta.* from Accounta where a...customerId= :id 
<sq> 

<query> 
<publish f> 
<subscribe fic 

</entity> 
<?package-> 

0034. In the above exemplary object model, a package 
“com.example.bank' associated with local database 108 
“my-bank” represented by class “MyDatabase' contains a 
single entity named “Account'. This entity is keyed by a 
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Surrogate key, with an alternate key defined by the account ID, 
which in this instance is the actual unique key used by the 
backend systems of EIS 114. 
0035. The Account entity also has several attributes, 
including the aforementioned Surrogate key and account ID, 
but also a customer ID corresponding to the account and the 
balance of the account, in accordance with an embodiment of 
the present invention. The Account entity also defines a query 
“findByCustomer that allows for a particular Account with 
the corresponding customer ID to be located and used in an 
instance of the MBO. 
0036 Additionally, the Account entity defines several 
operations describing EIS 114 operations for creating, updat 
ing, and deleting data corresponding to an entity from within 
enterprise data system 116, in accordance with an embodi 
ment of the present invention. 
0037. In accordance with an embodiment of the present 
invention, a code generator is run on the package definition in 
order to generate code for inclusion in client application 104. 
This allows a developer of client application 104 to rapidly 
enable the client application 104 to coordinate the download 
ing and uploading of changes between mobile device 102 and 
synchronization server 110. In accordance with a further 
embodiment of the present invention the code generator can 
also generate code for execution on the synchronization 
Server 110. 

0038 Based on the above exemplary package definition, it 
is possible to code client application 104 to utilize generated 
code derived by the code generator from the package defini 
tion to perform certain functions. For example, code gener 
ated from the above package generation can be called to 
resolve the following code sample from client application 
104: 

var accounts = Account.findByCustomer(“123'); 
for (vara in accounts) 
{ 

print("Account: "+ a.accountd + , balance: "+ a.balance); 

0039. This code utilizes calls to classes automatically gen 
erated by the code generator, in accordance with an embodi 
ment of the present invention. For example, the segment 
Account.findByCustomer(“123) utilizes the named query 
“findByCustomer' in order to return matching accounts into 
the “accounts' variable. Then, for each result 'a' in 
“accounts, the corresponding account ID and balance can be 
displayed. 
0040. Rather than using the named query findByCus 
tomer, an end-user may specify selection criteria in a dynamic 
query, in accordance with an embodiment of the present 
invention. A code generator may specify several options for a 
developerto choose from in defining the necessary query. For 
example, the following example code can be customized by a 
developerto search for accounts matching specific attributes: 

war attribute = ... ask the user for an attribute name 
war testValue = ... if ask the user for a comparison value 
var query = new Query(); 
query.where(AttributeTest.equal (attribute, testValue)); 
war accounts = Account.findWithOuery(query); 



US 2012/0158795 A1 

-continued 

for (vara in accounts) 
{ 

print(Account: "+ a.accountd + , balance: "+ a.balance); 

0041. In accordance with an embodiment of the present 
invention, a drop-down menu or other input interface func 
tionality may be provided to the developer in order to cus 
tomize the attribute and test value used in the above example. 

III. Updating the Local Database 

0042. The data on central database 116 is synchronized 
with the data in local database 108 through the use of a 
database synchronization system, such as Synchronization 
server 110, in accordance with a non-limiting example 
embodiment of the present invention. For example, when 
client application 104 first creates a local database 108, it 
sends a Subscription request to the server system 114. The 
server 114 responds by sending, for each database table, a set 
of rows that need to be inserted into the client's local database. 
This set of rows may or may not be the same set of rows that 
would be sent to a different mobile device 112a-c for a dif 
ferent user. The client application inserts these rows one at a 
time into local database 108, and maintains table indexes, 
until all the rows have been inserted. 

0043. The potentially numerous insertions that must be 
made by client application 104 into local database 108 can 
overwhelm the resources of mobile device 102. A number of 
solutions have been considered to alleviate this problem. One 
Solution is prepared Statement caching. Rather than the client 
application 104 asking the mobile database software manag 
ing local database 108 to parse a SQL “insert statement 
every time a row is to be inserted, the parsed Statement can be 
reused. This may potentially reduce the initial download time 
by 5-10%, for example. 
0044 Another approach is to use long transactions. Since 
most database systems incura not insignificant cost for every 
committed transaction, multiple insert Statements can be 
executed in a single transaction to reduce transaction commit 
costs as a proportion of the overall download time. Either the 
complete download can operate as a single transaction, or as 
a set of transactions each of which is for a batch of inserted 
rows. As an example, the use of long transactions might 
improve download performance by a factor of between 3 and 
10, although during that shortened download period, the 
device can still become quite unresponsive. 
0045 An additional approach is to send preformatted 
rows. Typically, a mobile device database 108 stores each 
table row as a contiguous sequence of bytes, and multiple 
rows (as many as will fit) are grouped together into fixed 
length pages (e.g. 1024 bytes). If a SQL “insert” statement is 
executed with a set of prepared Statement parameters, the 
corresponding sequence of bytes must be constructed from 
the set of parameter values. If the server knows the expected 
row representation of the mobile device database, the server 
can send each row as a preformatted sequence of bytes, reduc 
ing the CPU utilization of the mobile device. As an example, 
the use of preformatted rows might improve download per 
formance by a factor of 5, although during the shortened 
download period, the device can still be quite unresponsive, 
because packing of rows into pages and index maintenance 
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still consumes a lot of CPU time and results in many input/ 
output operations to the storage media on which local data 
base 108 is held. 
0046 Yet another approach is to send pregenerated data 
bases to mobile device 102. The server 114 can be configured 
to occasionally generate a client database as a file, which is 
downloaded by each mobile device 102 and 112a-c when it 
first subscribes. Simple file download to a mobile device 102 
can be quite fast, e.g. a few seconds per megabyte, depending 
on the speed of the network (or cable) connection between the 
device and the server. If a database contains a lot of reference 
data, Such as a product catalog, this technique can be particu 
larly effective. However when the set of rows is not the same 
for each device, then a pregenerated database will not be 
appropriate. Also if the client database must be encrypted 
with a device-specific encryption key, then the server will not 
be able to send to the device an appropriately encrypted 
database, unless the client first sends its encryption key to the 
server, which may be considered an unacceptable security 
risk. 

0047 U.S. Provisional Patent Application No. 
61,425,554, filed on Dec. 21, 2010 and entitled “Bulk Initial 
Download of Mobile Databases, which is incorporated 
herein by reference in its entirety, describes a further embodi 
ment for impersonating the client to generate a client database 
file. This file can then be transmitted to the client in a manner 
that avoids the need formultiple or complicated and resource 
intensive queries (e.g., insert statements) executed on the 
client, and that has been generated to conform to the client’s 
specific requirements. 

IV. Materialized Views Background 

0048. On a mobile device, such as mobile device 102. 
resources for querying and otherwise working with local 
database 108 are limited by comparison to the resources of 
EIS 114. However, mobile devices are an integral part of 
many people's work lives, and delivering enterprise-level 
functionality to them is necessary. This means, for example, 
finding ways for mobile devices to display a scrollable list of 
contacts for a large organization having over 10,000 contacts. 
For even better end-user access of the contact list, Supporting 
incremental search on a contact list of that size compounds 
the problem even further. Additionally, options can be pro 
vided for sorting the list “first, last’ or “last, first, removing 
several optimization options. 
0049. In the aforementioned non-limiting example, it 
turns out that it is not necessary to load all 10,000 contacts 
initially into the graphical user interface (“GUI) component 
(e.g., a list view) responsible for managing the contact list 
display. Instead, in accordance with an embodiment of the 
present invention, materialized views are used to manage the 
data set. 

0050. A materialized view is, in accordance with a non 
limiting embodiment of the present invention, a database 
object that contains the results of a query. Additional queries 
can be run on the materialized view, providing quick access to 
relevant information from a portion of the database. 
0051 One of the difficulties of proper implementation of 
materialized views is maintenance of their data. When data 
from an underlying source table, from which the materialized 
view is formed, is updated, the data in the materialized view 
does not immediately reflect the update. In some cases this is 
not critical, as the old data can continue to be used for certain 
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operations. In other cases, the materialized view may be 
updated whenever it is next needed in order to defer costs of 
the update. 
0052 Prior efforts in improving the performance and 
usability of materialized views are directed to single system 
approaches. However, a different approach is needed to 
implement and maintain materialized views in the Sybase 
Unwired Platform (“SUP), for example. Systems that rely 
on synchronization techniques such as Message-Based Syn 
chronization (MBS) or Replication-Based Synchroniza 
tion (“RBS) cannot implement materialized views without 
accounting for the various sources of updates to the data in a 
materialized view. U.S. patent application Ser. No. 12/813, 
104, filed on Jun. 10, 2010 and entitled “Message Based 
Synchronization for Mobile Business Objects', which is 
incorporated herein by reference in its entirety, provides fur 
ther details regarding synchronization techniques. 
V. Implementing Materialized Views with Callback Handlers 
0053) One approach to implementing materialized views 
on a mobile device, such as mobile device 102, is through the 
use of callback handlers. FIG. 2 is a flowchart 200 illustrating 
steps by which such callback handlers can be utilized to 
implement a materialized view, in accordance with an 
embodiment of the present invention. In accordance with a 
non-limiting embodiment of the present invention, the data 
base synchronization system (such as, e.g., SUP) provides an 
API defining a callback handler interface. A client application 
104 can then register an instance of the callback handler with 
the database, or with an individual MBO. 
0054 The method starts at step 202 and proceeds to step 
204 where a client application 104 registers for a download 
change callback. In this case, client application 104 registers 
for the aforementioned callback handler and provides an 
implementation of anonimport method, although one of ordi 
nary skill in the relevant art will appreciate that other callback 
mechanisms can be utilized and are contemplated within the 
Scope of this disclosure. The onlimport method, as imple 
mented by client application 104, is called to handle a down 
loaded change at step 206. As a result, client application 104 
is notified that a change to local database 108 (e.g., create, 
update, delete) has been received. 
0055. At step 208, client application 104 is able to take any 
necessary action to reflect the changes to local database 108 
on the materialized view. One of ordinary skill in the relevant 
art will appreciate that the materialized view maintenance can 
be implemented in a number of ways within the scope of this 
invention, including re-running the query used to generate the 
materialized view subsequent to update of local database 108, 
or performing incremental updates of the materialized view 
based on the effect of the downloaded changes. The method 
then ends at step 210. 
0056 While this approach is sufficient to implement and 
maintain a materialized view given downloaded changes, it 
does not maintain materialized views given changes to the 
local database 108 for other reasons. For example, client 
application 104 may itself make changes directly to local 
database 108, or another client application may do the same. 
Accounting for this becomes difficult, as each location in the 
code of client application 104 that makes changes to local 
database 108 must be extended with code to maintain mate 
rialized views. 
0057 Rather than rewriting significant portions of the 
code of client application 104, the callback handler interface 
can be extended to capture create/update/delete calls issued 
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by client application 104, in addition to those issued by down 
loaded changes. Such callbacks would operate in similar 
manner to FIG. 2, but the callback from step 206 would be 
received for create/update/delete calls issued by client appli 
cation 104 as well. 
0.058 Since callback handlers are registered with a data 
base class or MBO classes by the client application at runt 
ime, they are not known to the MBO code generator. In this 
case, it is not possible to guarantee that the materialized views 
will be maintained. Additionally, materialized views outside 
of the client application can become problematic, such as 
during server-side database preparation for the bulk initial 
download. In that case, the callback handlers are not defined 
within the deployment unit, and cannot be called. 
VI. Implementing Materialized Views with Entity Triggers 
0059. In accordance with a further embodiment of the 
present invention, materialized views are implemented 
through the use of entity triggers. Entity triggers are the entity 
(MBO) analogue to SQL database triggers. An entity trigger 
is defined within the deployment unit (AFX model), as a static 
operation in a materialized view entity (like a special client 
only MBO). Thus, code generation can ensure that triggers 
are always called at the appropriate times. 
0060. By way of non-limiting example, suppose an 
Account MBO has been defined, and an AccountView mate 
rialized view needs to be defined. In accordance with this 
example, AccountView is defined as a client-only MBO, but 
it can have extra trigger operations defined. 

<entity name="AccountView” key="id's 
<attribute name="id' type="long f> 
<attribute name="name type='string f> 
<operation name="onBulkDownload static="true' bulk 

create=true 
<code> 

war accounts = Account.findAll(); 
for (var account in accounts) 

<code> 
<operation> 
<operation name="onCreateAccount static="true' after 

create=true 
<parameter name="account type=''Account f> 

onCreate Account(account); 

<code> 
war av = new AccountView 
({ 

id: account. SurrogateKey, 
name: account.firstName + “ 
account.lastName, 

}); 
av.create(); 

<code> 
<operation> 
<operation name="onlJpdate.Account static="true' after 

update="true"> 
<parameter name="account type=''Account f> 
<code> 

war av = AccountView.load (account. SurrogateKey); 
av.id = account.id: 
av.name = account.firstName + 
av.update(); 

<code> 
<operation> 
<operation name="onDeleteAccount static="true' after 

delete="true'> 
<parameter name="account type=''Account f> 
<code> 

war av = AccountView.load (account. SurrogateKey); 

& 's + account.lastName, 
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-continued 

av.delete(); 
<code> 

<operation> 
</entity> 

0061 FIG. 3 is a flowchart 300 illustrating steps by which 
triggers are defined using an MBO, in accordance with an 
embodiment of the present invention. The method begins at 
step 302 and proceeds to step 304 where an MBO is defined 
for the materialized view. In the above example, this is the 
MBO AccountView for the AccountView materialized view. 
In accordance with an embodiment of the present invention, 
the MBO is defined as a client-only MBO so that it is not 
persisted to EIS 114. 
0062. At step 306, an entity trigger is defined for each of 
create/update/delete, in accordance with an embodiment of 
the present invention. Using these triggers, it is possible to 
code a behavior responsive to each type of call that will 
update the materialized view accordingly. In accordance with 
an embodiment of the present invention, the relevant behavior 
is coded using any one of XScript, C#, Java, or Objective-C, 
by way of non-limiting example. A code generator (e.g., AFX 
code generator) is then run on the MBO definition, and the 
method ends at step 310. 
0063. By providing materialized view maintenance in 
entity triggers, the functionality can be separated from that of 
callback handlers, such as user interface refreshing. Addition 
ally, if the trigger behavior is coded using XScript, the code 
generator can produce equivalent code for the triggers that 
will execute at both the mobile device 102 and EIS 114. This 
is useful, for example, when performing bulk initial down 
load using the aforementioned technique of impersonating 
the client at server. Additionally, XScript code is deployable 
on multiple platforms, but end-user developers are able to 
utilize any language they wish to work with in the code 
generator. 
0064. For MBS, the AFX code generator is readily capable 
of ensuring that entity triggers are called at the appropriate 
time. For RBS, there is some added complexity. In particular, 
it is not possible to directly capture when downloaded create/ 
update/delete Statements are executed because they are 
executed by the local database 108 engine, not the MBO 
layer. 
0065. In accordance with an embodiment of the present 
invention, SUP provides a “Changelog” feature, although 
one of ordinary skill in the art will appreciate that features in 
other technologies can be similarly utilized. In this case, the 
code generator is configured Such that if a deployment unit 
(AFX model) contains entity triggers, then the code generator 
generates a database class (e.g., "runEntityTriggers') opera 
tion which would retrieve change logs (e.g., "getChange 
ogs') to determine the changed entities. From there, the 
appropriate entity triggers are directly invoked as appropriate. 
0066. In the case of SUP, the “ChangelLog API cannot 
distinguish downloaded creates from updates (rather, all that 
can be seen are “upserts' and deletes). In Such a situation, an 
extra kind of trigger after-save is introduced in accordance 
with an additional embodiment of the present invention. Fur 
thermore, the technique of relying on change logs may not be 
atomic, and may be inadvertently repeated in a failure sce 
nario. Therefore, inaccordance with a further embodiment of 
the present invention, a delete trigger is programmed not to 
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fail if the source MBO instance no longer exists. Exemplary, 
non-limiting code implementing these features is provided by 
way of illustration: 

<entity name="AccountView” key="id's 

<operation name="onSaveAccount static="true' after 
save=true 

<parameter name="account type="Account f> 
<code> 

war av = AccountView.find(account. SurrogateKey); 
if (av == null) 

av.id = account.id: 
av.name = account.firstName + 
account.lastName, 
aV.Save(); if create or update 

<code> 
<operation> 
<operation name="onDeleteAccount static="true' after 

delete="true'> 
<parameter name="account type="Account f> 
<code> 

war av = AccountView.find(account. SurrogateKey); 
if (av = null) 

<code> 
<operation> 

av = new AccountView(); 

& 's 

av.delete(); 

</entity> 

0067. In accordance with a further embodiment of the 
present invention, it is also possible to implement derived 
materialized views. Derived materialized views are views 
whose triggers are for create, update and delete operations on 
other materialized views. These are particularly useful with 
RBS. In the case of RBS, an after-save trigger for Account 
would not correctly maintain a letter-count Summary view (a 
view that has one row for each letter of the alphabet, with each 
row having a letter column and a count column, the count 
column tracking the number of accounts with a name starting 
with the corresponding letter of the alphabet), as it would not 
be able to distinguish create calls from delete calls. Instead, in 
accordance with an embodiment of the present invention, a 
trigger is defined against AccountView. Since all changes to 
AccountView are initiated by the MBO layer (not syncable), 
it is possible to correctly distinguish create calls from update 
calls. 

VII. Example Computer System Implementation 
0068. Various aspects of the present invention can be 
implemented by Software, firmware, hardware, or a combi 
nation thereof. FIG. 4 illustrates an example computer system 
400 in which the present invention, or portions thereof, can be 
implemented as computer-readable code. For example, the 
methods illustrated by flowcharts 200 of FIG. 2 and 300 of 
FIG. 3, can be implemented in system 400. Various embodi 
ments of the invention are described in terms of this example 
computer system 400. After reading this description, it will 
become apparent to a person skilled in the relevant art how to 
implement the invention using other computer systems and/or 
computer architectures. 
0069 Computer system 400 includes one or more proces 
sors, such as processor 404. Processor 404 can be a special 



US 2012/0158795 A1 

purpose or a general purpose processor. Processor 404 is 
connected to a communication infrastructure 406 (for 
example, a bus or network). 
0070 Computer system 400 also includes a main memory 
408, preferably random access memory (RAM), and may also 
include a secondary memory 410. Secondary memory 410 
may include, for example, a hard disk drive 412, a removable 
storage drive 414, and/or a memory stick. Removable storage 
drive 414 may comprise a floppy disk drive, a magnetic tape 
drive, an optical disk drive, a flash memory, or the like. The 
removable storage drive 414 reads from and/or writes to a 
removable storage unit 418 in a well known manner. Remov 
able storage unit 418 may comprise a floppy disk, magnetic 
tape, optical disk, etc. that is read by and written to by remov 
able storage drive 414. As will be appreciated by persons 
skilled in the relevant art(s), removable storage unit 418 
includes a computer usable storage medium having stored 
therein computer Software and/or data. 
0071. In alternative implementations, secondary memory 
410 may include other similar means for allowing computer 
programs or other instructions to be loaded into computer 
system 400. Such means may include, for example, a remov 
able storage unit 422 and an interface 420. Examples of such 
means may include a program cartridge and cartridge inter 
face (Such as that found in video game devices), a removable 
memory chip (such as an EPROM, or PROM) and associated 
Socket, and other removable storage units 422 and interfaces 
420 that allow software and data to be transferred from the 
removable storage unit 422 to computer system 400. 
0072 Computer system 400 may also include a commu 
nications interface 424. Communications interface 424 
allows software and data to be transferred between computer 
system 400 and external devices. Communications interface 
424 may include a modem, a network interface (such as an 
Ethernet card), a communications port, a PCMCIA slot and 
card, or the like. Software and data transferred via commu 
nications interface 424 are in the form of signals that may be 
electronic, electromagnetic, optical, or other signals capable 
of being received by communications interface 424. These 
signals are provided to communications interface 424 via a 
communications path 426. Communications path 426 carries 
signals and may be implemented using wire or cable, fiber 
optics, a phone line, a cellular phone link, an RF link or other 
communications channels. 

0073. In this document, the terms “computer program 
medium' and "computer usable medium' are used to gener 
ally refer to media such as removable storage unit 418, 
removable storage unit 422, and a hard disk installed in hard 
disk drive 412. Signals carried over communications path 426 
can also embody the logic described herein. Computer pro 
gram medium and computer usable medium can also refer to 
memories. Such as main memory 408 and secondary memory 
410, which can be memory semiconductors (e.g. DRAMs. 
etc.). These computer program products are means for pro 
viding software to computer system 400. 
0074 Computer programs (also called computer control 
logic) are stored in main memory 408 and/or secondary 
memory 410. Computer programs may also be received via 
communications interface 424. Such computer programs, 
when executed, enable computer system 400 to implement 
the present invention as discussed herein. In particular, the 
computer programs, when executed, enable processor 404 to 
implement the processes of the present invention, such as the 
steps in the methods illustrated by flowcharts 200 of FIG. 2 
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and 300 of FIG. 3, discussed above. Accordingly, such com 
puter programs represent controllers of the computer system 
400. Where the invention is implemented using software, the 
Software may be stored in a computer program product and 
loaded into computer system 400 using removable storage 
drive 414, interface 420, hard drive 412 or communications 
interface 424. 
0075. The invention is also directed to computer program 
products comprising Software stored on any computer use 
able medium. Such software, when executed in one or more 
data processing device, causes a data processing device(s) to 
operate as described herein. Embodiments of the invention 
employ any computer useable or readable medium, known 
now or in the future. Examples of computeruseable mediums 
include, but are not limited to, primary storage devices (e.g., 
any type of random access memory), secondary storage 
devices (e.g., hard drives, floppy disks, CDROMS, ZIP disks, 
tapes, magnetic storage devices, optical storage devices, 
MEMS. nanotechnological storage device, etc.), and commu 
nication mediums (e.g., wired and wireless communications 
networks, local area networks, wide area networks, intranets, 
etc.). 

VIII. Conclusion 

0076 While various embodiments of the present invention 
have been described above, it should be understood that they 
have been presented by way of example only, and not limita 
tion. It will be understood by those skilled in the relevant 
art(s) that various changes in form and details may be made 
therein without departing from the spirit and scope of the 
invention as defined in the appended claims. It should be 
understood that the invention is not limited to these examples. 
The invention is applicable to any elements operating as 
described herein. Accordingly, the breadth and scope of the 
present invention should not be limited by any of the above 
described exemplary embodiments, but should be defined 
only in accordance with the following claims and their 
equivalents. 

What is claimed is: 
1. A method comprising: 
defining a mobile business object for a materialized view: 
defining triggers, within the mobile business object, for 

changes to a local database affecting the materialized 
view; and 

executing a code generator on the mobile business object 
definition. 

2. The method of claim 1, wherein the changes to the local 
database comprise at least one of a create, update, or delete 
call. 

3. The method of claim 1, wherein the changes to the local 
database comprise a bulk initial download. 

4. The method of claim 1, further comprising: 
writing platform-specific code for the triggers to maintain 

the materialized view. 

5. The method of claim 1, wherein the changes to the local 
database comprise a download, and wherein defining triggers 
comprises defining a triggeractivated upon saving the down 
load to the local database. 

6. The method of claim 1, wherein defining triggers com 
prises defining a trigger for a delete call configured to not fail 
if a source MBO for the delete call is not present. 
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7. A computer-readable storage device having computer 
program logic recorded thereon, execution of which, by a 
computing device, causes the computing device to perform 
operations comprising: 

defining a mobile business object for a materialized view: 
defining triggers, within the mobile business object, for 

changes to a local database affecting the materialized 
view; and 

executing a code generator on the mobile business object 
definition. 

8. The computer-readable storage device of claim 7. 
wherein the changes to the local database comprise at least 
one of a create, update, or delete call. 

9. The computer-readable storage device of claim 7. 
wherein the changes to the local database comprise a bulk 
initial download. 

10. The computer-readable storage device of claim 7, the 
operations further comprising: 

writing platform-specific code for the triggers to maintain 
the materialized view. 

11. The computer-readable storage device of claim 7. 
wherein the changes to the local database comprise a down 
load, and wherein defining triggers comprises defining a trig 
geractivated upon saving the download to the local database. 

12. The computer-readable storage device of claim 7. 
wherein defining triggers comprises defining a trigger for a 
delete call configured to not failifa source MBO for the delete 
call is not present. 

Jun. 21, 2012 

13. A system comprising: 
a memory configured to store modules comprising: 

a first defining module configured to define a mobile 
business object for a materialized view, 

a second defining module configured to define triggers, 
within the mobile business object, for changes to a 
local database affecting the materialized view, and 

an executing module configured to execute a code gen 
erator on the mobile business object definition; and 

one or more processors configured to process the modules. 
14. The system of claim 13, wherein the changes to the 

local database comprise at least one of a create, update, or 
delete call. 

15. The system of claim 13, wherein the changes to the 
local database comprise a bulk initial download. 

16. The system of claim 13, further comprising: 
a writing module configured to write platform-specific 

code for the triggers to maintain the materialized view. 
17. The system of claim 13, wherein the changes to the 

local database comprise a download, and wherein defining 
triggers comprises defining a trigger activated upon saving 
the download to the local database. 

18. The system of claim 13, wherein defining triggers 
comprises defining a trigger for a delete call configured to not 
fail if a source MBO for the delete call is not present. 
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