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(57) ABSTRACT 

A method for accessing a database is provided. The method 
includes creating in a design environment a ?le that de?nes 

a metadata. The metadata relates at least one business object 

and at least one query. The method also includes commu 

nicating the ?le to a mobile device, storing the ?le on the 

mobile device, and transforming the ?le into a binary 
structure at an initial run of a computer application running 

on the mobile device. The binary structure is adapted to be 
read by the computer application. The method also includes 
recording the binary structure in a memory of the mobile 
device. A method for providing database access for a plu 
rality of ?les With a limited number of database access 

channels is provided. Amethod for is provided for accessing 
a database in a computing environment for a plurality of 
recordsets. Each of the plurality of recordsets is associated 
With a database access channel for fetching records of the 

plurality of recordsets from the database upon occurrence of 
a preselected event. Amethod of fetching data for a plurality 
of active ?le from a database having a limited number of 

database connections is provided. A computer readable 
medium is provided Which stores instructions executable by 
a computer. The instructions include a method for providing 
database access for a plurality of ?les With a limited number 

of database access channels. A device for accessing a 

database is provided. A system for updating a database 
access program is provided. 
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METHOD OF DESIGNING A DATABASE ACCESS 
SYSTEM AND SYSTEM FOR UPDATING A 

DATABASE ACCESS SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional of US. patent 
application Ser. No. 10/455,294, ?led Jun. 4, 2003. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the areas of infor 
mation systems and computer softWare. In particular, the 
present invention provides a database access system and a 
development environment for developing a database access 
system for business applications. 

BACKGROUND INFORMATION 

[0003] Information and computer technology are an essen 
tial component of modern business operations. The utility of 
computer technology has been enhanced by the coupling of 
computers With information netWorks such as the Internet 
and the World Wide Web (“WWW”). Successful business 
operations in the global marketplace may require a syner 
getic relationship betWeen local and distributed operations. 
For example, localiZed operations may include research and 
development, inventory management, customer service, 
strategic planning, etc. Distributed operations are conducted, 
for example, by sales personnel in the ?eld Who interact With 
customers and perform such tasks as order generation, 
customer relations, customer support, etc. Field personnel 
may utiliZe mobile devices such as laptop computers or 
personal digital assistants (“PDAs”) for accessing customer 
information, receiving customer orders, communicating 
With one or more centraliZed databases at the home of?ce, 
etc. 

[0004] Field personnel may require accurate and timely 
information regarding the state of business operations in 
order to effectively perform their jobs. For example, sales 
personnel may require up-to-the-minute information regard 
ing current inventory levels, product availability and cus 
tomer data. Conversely, the enterprise may operate more 
effectively through centraliZed management of information 
regarding the operations of ?eld personnel and information 
collected in the ?eld. 

[0005] One model for providing the requisite computing 
environment may involve a plurality of mobile devices 
operating in an offline mode, in Which the offline mode 
status is transparent to the users. That is, the mobile devices 
may run applications in of?ine mode, yet the user may 
interact With the mobile applications as if they Were running 
in an online mode. 

[0006] A relational database alloWs the de?nition of data 
structures, storage and retrieval operations and integrity 
constraints. In such a database, the data and relations 
betWeen them are organiZed in tables. A table is a collection 
of roWs or records and each roW in a table contains the same 
?elds. Certain ?elds may be designated as keys, Which 
means that searchesfor speci?c values of that ?eld Will use 
indexing. Where ?elds in tWo different tables take values 
from the same set, a “join” operation can be performed to 
select related records in the tWo tables by matching values 
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in those ?elds. The ?elds may have the same name in both 
tables. For example, an “orders” table might contain (cus 
tomer_id, product_code) pairs and a “products” table might 
contain (product_code, price) pairs. 

[0007] Therefore, in order to calculate a given customer’s 
bill, the prices of all products ordered by that customer 
Would be summed by joining on the product-code ?elds of 
the tWo tables. This can be extended to joining multiple 
tables on multiple ?elds. Because these relationships are 
only speci?ed at retrieval time, relational databases may be 
classed as a dynamic database management system. (See 
The Free On-line Dictionary of Computing, 1993-2003, by 
Denis HoWe). 

[0008] There is a need for a method of developing and 
doWnloading ef?ciently a database access system to a 
mobile application. There is also a need for managing 
databuffers and redundant copies of records in a mobile 
application. Additionally, there is a need for managing a 
limited number of database connections in a run-time envi 
ronment. 

SUMMARY OF THE INVENTION 

[0009] According to an exemplary embodiment of the 
present invention, a method for accessing a database is 
provided. The method includes creating in a design envi 
ronment an ?le that de?nes a metadata. The metadata relates 
at least one business object and at least one query. The 
method also includes communicating the ?le to a mobile 
device, storing the ?le on the mobile device, and transform 
ing the ?le into a binary structure at an initial run of a 
computer application running on the mobile device. The 
binary structure is adapted to be read by the computer 
application. The method also includes recording the binary 
structure in a memory of the mobile device. 

[0010] A method is provided Which includes retrieving a 
?rst record from a database in response to a request from a 
?rst recordset and saving the ?rst record on a ?rst bufferpage 
of a memory. The ?rst bufferpage is associated With the ?rst 
recordset. The method also includes repeating the previously 
mentioned steps for a further record. When a next record 
requested by the ?rst recordset is larger than a freespace on 
the ?rst bufferpage, the method indicates to save the next 
record on a second bufferpage of the memory. The second 
bufferpage is associated With the ?rst recordset. 

[0011] A method of managing a memory is provided 
Which includes dividing the memory into a plurality of 
blocks and recording in a ?rst block of the memory in a ?rst 
databuffer at least a ?rst property of a ?rst record in response 
to a ?rst request of a ?rst recordset. The method also 
includes recording in one of the ?rst block and a second 
block of the memory in a second databuffer at least one of 
the ?rst property and a second property of the ?rst record in 
response to a second request of one of the ?rst recordset and 
a second recordset. The method further includes storing With 
the ?rst databuffer a pointer to the second databuffer. 

[0012] A method for providing database access for a 
plurality of ?les With a limited number of database access 
channels is provided Which includes receiving a ?rst signal 
indicating an initiation of a neW ?le. If a desired number of 
database access channels is greater than or equal to the 
limited number of database access channels, the method 
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indicates to determine a respective active ?le corresponding 
to each of the database access channels. The method also 
includes sequentially causing each of the active ?les to 
access one of a database record and a plurality of database 
records. The method further includes repeating the step of 
sequentially causing each of the active ?les to access one of 
a database record and a plurality of database records until a 
second signal is received indicating a ?rst active ?le has 
accessed all database records. The method also includes the 
step of reassigning a ?rst database access channel Which Was 
assigned to the ?rst active ?le to the neW ?le. 

[0013] A method for providing access to a database in a 
computing environment for a plurality of recordsets is 
provided. Each of the plurality of recordsets is associated 
With a database access channel for fetching records of the 
plurality of recordsets from the database upon occurrence of 
a preselected event. The method includes initiating a neW 
recordset and, if a number of the plurality of recordsets is 
equal to a maximum number of database access channels, 
sequentially fetching at least one record for each recordset 
until a ?rst recordset has fetched all records associated With 
the ?rst recordset. The method further includes assigning the 
database access channel of the ?rst recordset to the neW 
recordset. 

[0014] A method of fetching data for a plurality of active 
?les from a database having a limited number of database 
connections is provided. The method includes assigning 
each database connection of the limited number of database 
connections to an active ?le until one of all of the limited 
number of database connections have been assigned, and (ii) 
each active ?le desiring a database connection has a corre 
sponding assigned database connection. The method also 
includes determining if any active ?le desiring the database 
connection does not have the corresponding assigned data 
base connection. If any active ?le desiring one of the limited 
number of database connections does not have a correspond 
ing assigned database connection, the method indicates to 
fetch a record for each ?le from the database on the assigned 
database connection sequentially until all records for at least 
one ?le are fetched. The method further includes reassigning 
the assigned database connection for the at least one ?le for 
Which all records have been fetched to another active ?le 
that does not have a corresponding assigned database con 
nection. 

[0015] XML (extensible markup language) is a standard 
for exchanging structured information, and may provide 
?exibility to the designer by combining human readability 
With machine readability. 

[0016] The Data Access Layer, or DAL, collapses the 
Business Object Layer (“BOL”) and the Transaction Layer 
(“TL”) into one layer, and replaces TL database access 
functionality With embedded, direct database access. Meth 
ods Within the BOL access the local database tables directly, 
and the inef?ciencies associated With recordset abstraction 
may thereby be avoided. Memory buffers may also be 
managed more ef?ciently Within a single layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] FIG. 1 shoWs a schematic diagram of an applica 
tion that a user uses to interface With a database and the 
relationship betWeen the system in the run-time environment 
and the design environment. 
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[0018] FIG. 2 shoWs a schematic diagram of an exem 
plary embodiment of the present invention that a user uses 
to interact With a database and the relationship betWeen the 
system in the run-time environment and the design environ 
ment. 

[0019] FIG. 3 shoWs a schematic diagram of an exem 
plary embodiment of the present invention shoWing a busi 
ness object layer (BOL) having a data access layer (DAL) 
and interacting With a database. 

[0020] FIG. 4 shoWs a schematic diagram of an exem 
plary embodiment of the present invention shoWing a data 
base and multiple business object collections (b.o.collec 
tions or ?les) of an application accessing the database via 
channels. 

[0021] FIG. 5 shoWs a schematic diagram of an exem 
plary embodiment of the present invention shoWing a data 
base and multiple b.o.collections With buffer memories 
having records. 

[0022] FIG. 6 shoWs a ?oWchart of an exemplary method 
of the present invention for managing a limited number of 
channels to a database in a fetch-on-demand application 
environment. 

[0023] FIG. 7 shoWs a ?oWchart of an exemplary method 
of the present invention shoWing the relationship betWeen an 
XML ?le created in the development environment and a 
binary structure of the XML ?le for use in a run-time 
environment. 

[0024] FIG. 8 shoWs a schematic diagram illustrating the 
relationship betWeen a BOManager, BOKernel and several 
databuffers. 

[0025] FIG. 9 shoWs a schematic diagram illustrating the 
relationship betWeen a BOCollection, BOKernels having 
keys, and a buffer page having several databuffers. 

[0026] FIG. 10 shoWs a schematic diagram of an exem 
plary embodiment of a system of the present invention 
shoWing a mobile system and a netWork. 

[0027] FIG. 11 shoWs a ?oWchart of an exemplary method 
of the present invention for storing records in a memory. 

DETAILED DESCRIPTION 

[0028] A mobile client application may be based on an 
object-oriented softWare approach and may be divided into 
three tiers, or layers: the User Interface Layer (UIL), the 
Business Object Layer (BOL) and the Transaction Layer 
(TL). The BOL provides the application’s business logic, 
While the TL offers access to the underlying data in a 
database. The TL provides access to the underlying data by 
mapping recordsets, referenced by the BOL, to local data 
base tables. The recordset abstraction of the TL may produce 
inef?ciencies in the run-time environment of the mobile 
client due to latencies associated With data access and 
translation. Separate memory buffer management may also 
be required for each layer. 

[0029] A business object type is the representation of a 
business entity in the system. It encompasses both the 
functionality (in the form of methods) and the data (in the 
form of attributes) of this entity. The implementation details 
of the business object type may be hidden from the user. The 
business object type may be accessed through de?ned func 
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tions (also referred to hereinafter as methods). This may be 
referred to as “encapsulation.” 

[0030] Business object types are used to break a system 
doWn into smaller, disjunctive units. As a result, the system’s 
structure is improved While its complexity is reduced. Busi 
ness object types may form the point of entry for the data and 
the functions of the system. At the business object type level, 
both internal systems and various business components can 
communicate With each other. 

[0031] An eXample of a business object type folloWs. The 
business object type “FlightBooking” may represent a bind 
ing seat reservation for a ?ight. A special ?ight booking is 
identi?able by a booking number and the airline. The 
business object type “FlightBooking” may be accessed by 
various methods. These access methods may include: Flight 
Booking.GetList( ), Which may return a list of all ?ight 
bookings stored in a system (Which may be optionally 
restricted according to particular search criteria); Flight 
Booking.CreateFromData( ), Which may create a neW ?ight 
booking in the system. FlightBooking.Cancel( ), Which may 
cancel a ?ight booking that has already been created; and 
FlightBooking.Con?rm( ), Which may convert a ?ight res 
ervation into a legally binding ?ight booking. 

[0032] A business object type may therefore include a 
business concept and hoW to realiZe it in a computer system. 
The term “business object type” may correspond to the term 
“class” in object-oriented programming languages. 

[0033] Aspeci?c occurrence of a business object type, for 
eXample, a ?ight booking that is actually stored in the 
system, may need to be distinguished from the business 
object type itself. An occurrence of a business object type 
may be termed an instance of a business object type or a 
business object (the usual term in object-oriented program 
ming languages). 
[0034] An eXample of an instance of a business object type 
may be the ?ight booking “LH 4711 FlightBooking.” This 
?ight booking is identi?ed by the airline code “LH” and the 
booking number “4711.” The object is described according 
to its attributes, for eXample the ?ight date or the customer 
number. 

[0035] A generic business object may represent a physical 
or logical entity in a business scenario and may be charac 
teriZed by any of: attributes; methods; events; business rules; 
and relations to other business objects. A business logic 
frameWork may support objects other than business objects 
including: business collections (short for business ‘objects’ 
collections); query objects (used for prede?ned searches); 
combinations (used for fetching alloWed sets of values); and 
salient features. A general foundation for modeling business 
objects may provide elements that are richer and closer to 
the business domain than the typical elements of relational 
databases. 

[0036] FIG. 1 shoWs a schematic diagram of a system 
level application that user 12 uses to interface With a 
database and the relationship betWeen the system in run-time 
environment 10 and design environment 11. User 12 inter 
faces With user interface layer 13 Which communicates With 
interaction layer 14. User interface layer 13 may be a display 
and interaction layer 14 may include a display driver. 
Interaction layer 14 communicates With business object 
layer 15, Which in turn communicates With transaction layer 
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16. Transaction layer 16 controls access to a database. Each 
of the different layers 13, 14, 15, 16 may require a separate 
memory buffer for functioning. Therefore, four separate 
buffer memory arrangements may be required to operate the 
system. The system is designed in design environment 11. 
Design environment 11 may include mobile application 
studio 17, Which may be adapted to design and create 
applications, Which in turn may be run on mobile devices. 
Mobile application studio 17 may include interaction com 
ponent modeler 18 for designing interaction layer 14 and 
business object modeler 19 for designing business object 
layer 15. Design environment 11 also may include bdoc 
modeler 20, Which may be adapted to design transaction 
layer 16. After the system is designed in design environment 
11, each respective layer may be converted into a respective 
layer by converters 21a, 21b, 21c. Converters 21a, 21b, 21c 
may be a converter, translator or generator, and may output 
object code, machine readable code, and/or any binary 
structure readable by a machine. Alternatively, converters 
21a, 21b, 21c may simply be a communication outlet for the 
design components (mobile application studio 17, interac 
tion component modeler 18, business object modeler 19, 
and/or bdoc modeler 20) to communicate an unformatted 
system to the mobile system running in run-time environ 
ment 10. 

[0037] Design environment 11 may eXist primarily on a 
netWork, though the design of the system and the creation of 
?les (in particular XML ?les) may occur in a mobile device. 
Run-time environment 10 may exist in both a netWork and 
a mobile device. 

[0038] FIG. 2 shoWs a schematic diagram of an eXem 
plary embodiment of the present invention that user 12 uses 
to interact With a database and the relationship betWeen the 
system in run-time environment 10 and design environment 
11. User 12 interfaces With user interface layer 13. User 
interface layer 13 communicates With interaction layer 14. 
Interaction layer 14 communicates With business object 
layer 15. Business object layer 15 includes data access layer 
22. Data access layer 22 controls access to a database. 
Integrating data access layer 22 into business object layer 15 
therefore may reduce the number of memory buffers Which 
may be required for functioning of the system. Three or 
feWer separate buffer memory arrangements may only be 
required to operate the system. 

[0039] The system shoWn in FIG. 2 is designed in design 
environment 11. A combination of business object modeler 
19 of mobile application studio 17 and bdoc modeler 20 
(both operating in design environment 11) may determine 
the structure of business object layer 15 including data 
access layer 22 (operating in run-time environment 10). 

[0040] Replacing transaction layer 16 With data access 
layer 22 integrated in business object layer 15 enables an 
embedded direct database access, Which may be responsible 
for read and Write access. Buffer management may be suited 
for business object layer 15 since it may avoid recordset 
abstraction. Business object layer 15’s metadata may be 
enhanced by information from the bdoc modeler 20. 

[0041] The buffer management as implemented by data 
access layer 22 may have the advantages that it acts: as a 
cache of database data; uses minimal memory; avoids frag 
mentation; avoids unnecessary copies; and supports data 
from multiple different siZed data selections. 
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[0042] Converter 21c, and optionally converters 21a, 21b, 
may communicate an XML ?le that is created in design 
environment 11 to run-time environment 10. In run-time 
environment 10, the XML ?le may be loaded onto a mobile 
device, for instance a laptop computer or PDA. When the 
application is run for the ?rst time, the XML ?le is converted 
into a binary structure that is readable by the machine. This 
binary structure is then saved on the machine. When the 
application Which accesses the database is subsequently run 
on the machine, the XML ?le does not need to be converted. 
Instead, the binary structure may be read from memory and 
mapped into the buffer for accessing the database. 

[0043] The XML ?le contains metadata. Metadata, in 
contrast to data, resembles a system in Which data can be 
entered. The metadata sets may be an order, and the order 
may have a number and may have items. Metadata describes 
hoW data itself looks. Bdoc modeler 20 may create this XML 
?le and design the metadata. The conversion of the XML ?le 
into a binary structure may occur in run-time environment 
10. 

[0044] Alternatively, the mobile system may load the 
unformatted ?les over converters 21a, 21b, 21c from the 
design components (mobile application studio 17, interac 
tion component modeler 18, business object modeler 19, 
and/or bdoc modeler 20). The mobile system may then 
compile, convert, translate, and/or generate object code from 
the unformatted ?les on the ?rst running of the application 
on the mobile system. On subsequent running of the appli 
cation on the mobile system, the mobile system may use the 
previously compiled object code or may compile, convert, 
translate, and/or generate object code from the unformatted 
?les again. 

[0045] FIG. 3 shoWs a schematic diagram of an eXem 
plary embodiment of the present invention shoWing business 
object layer (BOL) 15 having data access layer (DAL) 22 
and interacting With database 29. Data access layer 22 
includes data loaders 28a, 28b Which access database 29. 
Data loaders 28a, 28b read records out of database 29 in 
response to a query or an operation of the application. Data 
loaders 28a, 28b may only load as much data as may be 
displayed by a user interface, or tile, Within the application. 
Each of data loaders 28a, 28b may be associated With a 
different tile of an application. The number of records loaded 
by data loaders 28a, 28b may be controlled by b.o.collec 
tions (business object collections, Which may also be 
referred to hereinafter as a ?le or an active ?le) 24a, 24b, 
respectively. When a complete record set is completely 
loaded by data loaders 28a, 28b, data loaders 28a, 28b may 
be terminated because they are no longer needed. 

[0046] B.o.collections 24a, 24b determine the number of 
records being requested by the application and communi 
cates those records to com.b.o.collections (communication 
business object collections) 23a, 23b, respectively, Which 
may be part of the business object layer but Which may be 
outside of the data access layer. Com.b.o.collections 23a, 
23b may communicate the data that is to be displayed to a 
user interface. COM refers to communication technology 
and may be a Way to eXpose objects to the application code. 

[0047] B.o.collections 24a, 24b may also communicate 
the identity of Which records are loaded by data loaders 28a, 
28b to business object manager (BOManager) 25. Business 
object manager 25 may be a shared operation that commu 
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nicates With several b.o.collections 24a, 24b Which are 
active in supplying records to respective tiles or WindoWs of 
an application. 

[0048] Business object manager 25 may determine if a 
particular record loaded by either of data loader 28a or data 
loader 28b has previously been loaded. If the particular 
record has not previously been loaded, then business object 
manager 25 may create a b.o.kernel (business object kernel) 
26a for the particular record. Alternatively, business object 
manager 25 may direct b.o.collection 24a, 24b to create 
b.o.kernel 26a for the neW record. B.o.kernel 26a may store 
the record in a buffer memory using memory management 
27 in a location appropriate to the other records being loaded 
by the respective data loader 28a, 28b. This location may be 
determined by memory management 27. 

[0049] For instance, if records for data loader 28a (corre 
sponding to records for b.o. collection 24a) are being loaded 
into buffer memory in blocks to alloW easy reading and 
ef?cient erasing, then the neW record Will be loaded into the 
buffer memory in a similar fashion. B.o.kernel 26a may 
include a key indicating the record stored and the location of 
the record stored. 

[0050] If the same record is loaded again by either the 
same data loader 28a, the other data loader 28b, or another 
data loader entirely, then business object manager 25 Will 
recogniZe that the record has been stored because b.o.kernel 
26a indicates that this record has been stored. B.o.kernel 26a 
Will store the record again in the buffer memory in a location 
appropriate to the other data being loaded and as indicated 
by memory management 27. B0. kernel 26a Will cause the 
?rst recording of the record to include a pointer to the second 
recording of the record, so that the records are linked in a 
buffer chain. 

[0051] For eXample, data loader 28a may load a record 
from database 29 into b.o.collection 24a. This record may be 
communicated to com.b.o.collection 23a for display to a 
user and the identity of this record may also be communi 
cated to business object manager 25. Business object man 
ager 25 may determine if the record has been previously 
stored in the buffer memory by checking a look-up table. If 
the record has not been previously loaded into buffer 
memory, then business object manager 25 may create b.o.k 
ernel 26a or may direct b.o.collection 24a to create b.o.k 
ernel 26a. B.o.kernel 26a may include a pointer, Which Will 
point to the address at Which memory management 27 
records the record in the buffer memory. B.o.kernel 26a may 
also include a key Which identi?es the record assigned to 
b.o.kernel 26a and may also include a counter indicating the 
number of times Which the record is stored for different 
recordsets Which are currently open in the application. A 
recordset may correspond to a group of records that satisfy 
a query or are properly displayed in a WindoW or tile. The 
recordset may be referred to hereinafter interchangeably 
With the query, WindoW, and/or tile that creates and/or 
de?nes the recordset. Data loader 28b may later load the 
same record from database 29 and may communicate the 
record to b.o.collection 24b. B.o.collection 24b may com 
municate the record to com.b.o.collection 23b for display to 
the user, and may also communicate the identity of the 
record to business object manager 25. Business object 
manager 25 may determine that the record has already been 
stored in the buffer memory by evaluating b.o.kernel 26a 
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and other b.o.kernels Which are included in a look-up table 
in business object manager 25. Business object manager 25 
Will recognize that the record has been stored since b.o.k 
ernel 26a includes a key identifying the record stored in the 
buffer memory. The record Will be communicated to b.o.k 
ernel 26a by b.o.collection 24b, Which Will then communi 
cate the record to memory management 27. Memory man 
agement 27 Will store the record With other records accessed 
by data loader 28b in the appropriate memory buffer block. 
Memory management 27 Will communicate the location of 
the record to b.o.kernel 26a. B.o.kernel 26a Will then record 
this second buffer location in a pointer included in the ?rst 
buffer location of the record. In this Way a chain Will groW 
in the event that additional identical records are read from 
database 29 and stored in the buffer memory. B.o.kernel 26a 
Will point to the ?rst recording of the record in the buffer 
memory, and the ?rst record Will point to the neXt recording 
of the same record, and so on. 

[0052] Each recording of a record may be different even if 
they relate to the same piece of data since the data in 
database 29 relating to that record may have changed 
betWeen one loading of that record and the neXt loading of 
the record. Additionally, data loader 28a, 28b may only load 
some ?elds (also referred to hereinafter as properties) from 
database 29 for a particular record. For instance data loader 
28a, 28b may load from database 29 only the ?rst three 
?elds, all ?elds, only the third, seven and ninth ?elds, or any 
other possible combination of ?elds of a table. Therefore, 
each recording of a record set might include different 
combinations of ?elds. 

[0053] Inconsistencies may arise betWeen the different 
data buffers containing the same record, either due to 
changes in database 29 betWeen different loadings of the 
record, or, in a read/Write scenario, due to changes in the 
record originating in the application. These inconsistencies 
may be dealt With in various manners. In one method, the 
?rst data buffer may have all the ?elds. Subsequent loadings 
may be done from this ?rst buffer, thereby avoiding incon 
sistencies due to database 29 changing betWeen different 
loadings by data loader 28a, 28b. In this situation, this ?rst 
databuffer may not be assigned to any b.o.collection, and 
may remain open until all b.o.collections referencing that 
record (by that b.o.kernel) have closed. Alternatively, dif 
ferent versions of the same record may eXist Within the chain 
of databuffers. Since the last appended record is the most 
recent (in the “read only” situation), then simply reading the 
property from the ?rst record starting from the end of the 
databuffer chain to include that property Would ensure that 
the property is the most recent version loaded from database 

[0054] FIG. 4 shoWs a schematic diagram of an eXem 
plary embodiment of the present invention shoWing database 
29 and multiple b.o.collections 24a-e accessing database 29 
via channels 43a-e, respectively. Database 29 may operate 
With a maXimum number of channels 43a-e, Which may be 
determined by softWare or hardWare, and Which may be 
absolute or ?exible. Channels 43a-e may each access data 
base 29 for a respective b.o.collection 24a-e. B.o.collections 
24a-e may respond to a query or may require other data from 
database 29. B.o.collections 24a-e may not load all records 
from the recordset Which satisfy the query in order to avoid 
?lling up a buffer memory, from Which associated buffer 
memory 42a-e are divided or partitioned. This fetch-on 
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demand system may also alloW the system to be more 
responsive to the user’s requests by avoiding the situation in 
Which a single query completely ?lls all of the buffer 
memory associated With buffer memories 42a-e. Therefore, 
the system may avoid the situation Where it Would need to 
communicate to the user that all records could not be loaded 
because the query Was too broad. HoWever, the fetch-on 
demand method may require that each of b.o.collections 
24a-e have a dedicated channel 43a-e. These channels 43a-e 
may each access database 29 sequentially and thereby 
provide a pointer to database 29 Where the neXt record is 
located Which satis?es the query or other operation access 
ing database 29. Therefore, When the user scrolls doWn in 
the WindoW or tile to reveal more records, each of channels 
43a-e Would access database 29 for the respective b.o.col 
lections 24a-e. Channels 43a-e may operate simultaneously 
to load records for the respective b.o.collections 24a-e. 

[0055] In the event that all of channels 43a-e are occupied 
accessing database 29 and another b.o.collection 24f may 
require access to database 29, the system Would begin a 
process to free a channel to database 29 for b.o.collection 
24f. The process may involve sequentially accessing data 
base 29 for each b.o.collection 24a-e, and storing the record 
for each b.o.collection 24a-e in associated buffer memory 
42a-e. Alternatively, blocks of records for each b.o.collec 
tions 24a-e may be accessed and stored in associated buffer 
memory 42a-e. The blocks of records may be of an equal 
siZe for each b.o.collection 24a-e, and may be blocks of 2 
records, 3 records, or more. The sequential accessing of 
database 29 for each b.o.collection 24a-e continues until all 
the records in a recordset for one of b.o.collections 24a-e has 
been loaded and stored in associated buffer memory 42a-e. 
After all the records for one application have been loaded 
and stored, that application may no longer require a channel 
to database 29, and therefore the open channel may be 
dedicated to b.o.collection 24f Which may require a channel. 

[0056] FIG. 5 shoWs a schematic diagram of an eXem 
plary embodiment of the present invention shoWing database 
29 and b.o.collections 24a, 24b With buffer memories 42a, 
42b having records 51a-i. B.o.collections 24a, 24b are both 
part of application 40, and may represent queries, tiles or 
WindoWs open in the user interface. Application 40 may 
alternatively have more or feWer b.o.collections. Each of 
b.o.collection 24a, 24b has an associated buffer memory 
42a, 42b. B.o.collection 24a includes buffer memory 42a, 
Which in turn stores records 51a-f. B.o.collection 24b 
includes buffer memory 42b, Which in turn stores records 
51d-i. B.o.collections 24a, 24b may include redundant 
records in respective buffer memories 42a, 42b (for instance, 
records 51d-f). Keeping redundant records 51d-f stored in 
tWo (or more) separate buffer memories 42a, 42b may cause 
some inef?ciency due to a short-term increase in memory 
requirements. HoWever, keeping related records necessary 
for b.o.collections 24a, 24b in adjacent memory in buffer 
memories 42a, 42b, for instance in buffer pages or buffer 
blocks, may increase long term memory ef?ciency by elimi 
nating holes and other unusable memory areas by alloWing 
complete pages or blocks of memory to be freed When 
b.o.collections 24a, 24b are shut doWn. Redundant records 
52d-f recorded in different buffer memories 42a, 42b are 
related by pointers and b.o.kernels as described above and 
hereinafter. 
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[0057] FIG. 6 shows a ?owchart of an exemplary method 
of the present invention for managing a limited number of 
channels to a database in a fetch-on-demand application 
environment. The How proceeds from start circle 60 to 
question 62, Which asks Whether any un?lled record sets do 
not have an assigned channel. An un?lled recordset in this 
context represents a query, WindoW, and/or tile Which has not 
loaded into the buffer memory all the records Which satisfy 
the query or belong in the WindoW or tile. In the fetch-on 
demand situation, a WindoW or tile may only load from a 
database a suf?cient number of records satisfying a query to 
?ll a WindoW or tile. Therefore, queries that determine a very 
large recordset Would not completely ?ll the databuffer in a 
fetch-on-demand system. As a user scrolls through the 
recordset via the WindoW or tile, neW records Would be 
accessed from the database into memory for display in the 
WindoW or tile. Each query, tile, and/or WindoW Which 
includes a recordset Which has not been completely loaded 
into buffer memory may require a channel to the database for 
accessing the remaining records to complete the recordset. 
The channel may include a pointer Which Would indicate at 
Which point in the database to begin revieWing for additional 
records that satisfy the query and/or should properly be 
displayed in the tile and/or WindoW. The number of channels 
to the database for an application may be limited by hard 
Ware, softWare, and/or design considerations. For instance, 
the number of database access channels for an application 
may be limited to ?ve. Therefore, if a sixth query, tile and/or 
WindoW attempts to access the database, then the un?lled 
recordset associated With that sixth query, tile and/or Win 
doW Would not have an assigned channel. 

[0058] If the ansWer to question 62 is yes, the How 
proceeds to question 63, Which asks Whether there are any 
channels available. If the ansWer is yes, the How proceeds to 
action 64, Which indicates to assign an unassigned channel 
to the un?lled record set. From action 64, the How proceeds 
again to question 62. If the ansWer to question 63 is negative, 
the How proceeds to action 65, Which indicates to fetch a 
record from a recordset. Alternatively, a block of records 
may be fetched from a recordset. The siZe of the blocks of 
records may correspond to the siZe of the buffer blocks or 
pages used by the system. From action 65, the How proceeds 
to action question 66, Which asks Whether the recordset is 
completely loaded. If the ansWer to question 66 is negative, 
the How proceeds to action 67, Which indicates to move to 
a next sequential record set. From action 67, the How 
proceeds to action 65. If the ansWer to question 66 is 
af?rmative, the How proceeds to action 64, Which is 
described above. If the response to question 62 is negative, 
the How proceeds to end 68. 

[0059] FIG. 7 shoWs a ?oWchart of an exemplary embodi 
ment of the present invention shoWing the relationship 
betWeen an XML ?le created in the development environ 
ment and a binary structure of the XML ?le for use in a 
run-time environment. The How proceeds from start 70 to 
action 71, in Which an application is started. The How then 
proceeds to question 72, Which asks Whether the XML ?le 
that contains the metadata has a corresponding binary struc 
ture stored. If the response to question 72 is negative, the 
How proceeds to action 73, Which indicates to convert the 
XML ?le into a binary structure. From action 73, the How 
proceeds to action 74, Which indicates to store the datestamp 
and the ?lesiZe of the XML ?le in the memory. From action 
74, the How proceeds to action 75, Which indicates to save 
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the binary structure in the memory together With the dates 
tamp and the ?lesiZe. From action 75, the How proceeds to 
action 76, Which indicates to map the stored ?le of the binary 
structure in the memory. From action 76, the How proceeds 
to end 80. If the response to question 72 is af?rmative, the 
How proceeds to action 77, in Which the ?lesiZe and dates 
tamp are read. From action 77, the How proceeds to question 
78, Which asks Whether the datestamp and ?lesiZe recorded 
With the binary structure match the datestamp and ?lesiZe of 
the currently loaded XML ?le. If the response to question 78 
is negative, the How proceeds to action 79, Which indicates 
to delete the outdated binary structure and the included 
datestamp and ?lesiZe records. From action 79, the How 
proceeds to action 73. If the response to question 78 is 
af?rmative, the How proceeds to action 76. 

[0060] FIG. 8 shoWs a schematic diagram illustrating the 
relationship betWeen a business object manager (BOMan 
ager) 25, b.o.kernels 26a, 26b, and databuffers 83a, 83b, 
83c. Business object manager 25 includes a look-up table for 
the records Which have been loaded into a memory buffer. 
Each record loaded into the memory buffer has b.o.kernel 
26a, 26b or another b.o.kernel. B.o.kernel 26a, 26b includes 
kernel pointer 84a, 84b, respectively. Kernel pointer 84a, 
84b, points to a position in the buffer that hold the ?rst 
recording of the unique record designated for b.o.kernel 84a, 
84b. For example, b.o.kernel 84a has kernel pointer 84a 
Which points to databuffer 83a. Databuffer 83a holds prop 
erties 86a, 86b, 86c Which represent ?elds in a roW or record 
from a datatable of the database. Properties 86a, 86b, 86c 
may include all the ?elds of one record, or only some of the 
?elds of one record Which may be required for a b.o.col 
lection. Databuffer 83a may also include a pointer 85a 
Which points to another databuffer 83b Which holds the next 
recording of the same record held in databuffer 83a. 
Databuffer 83b may also include all or only some of the 
properties associated With the record, and is shoWn as 
including property 86a in common With databuffer 83a, as 
Well as different properties 86d, 86e. Databuffer 83b also 
includes a pointer 85b Which points to the next recording of 
the record, Which in particular points to databuffer 83c. 
Databuffer 83c includes property 86a in common With 
databuffer 83a, property 86a' in common With databuffer 
83b, and unique property 86f. B.o.kernel 26b represents 
another record and includes kernel pointer 84b and key 82b. 
Key 82a of b.o.kernel 26a may include such information as 
an identi?er of the record assigned to bo. kernel 26a counter 
indicating the number of recordings of the record Which 
exist in the buffer chain. 

[0061] When a b.o.collection closes and therefore may no 
longer require a supporting databuffer, that databuffer can 
close. The pointer from that databuffer can be Written into 
the next earliest recorded record, thereby overWriting the 
pointer that pointed to the noW-erased databuffer and 
exchanging it With the databuffer recorded after the noW 
erased databuffer. In this manner, the chain of databuffers is 
maintained. Keys 82a, 82b include a counter and may 
therefore include information shoWing that no databuffers 
holding the record assigned to b.o.kernel 26a, 26b are active, 
and that therefore b.o.kernel 26a, 26b and any remaining 
databuffers may be erased. Databuffer 83a, and any other 
databuffer that represents the ?rst databuffer pointed to by 
kernel pointer 84a or any other kernel pointer, may include 
more than just the particular properties Which may be 
required by the b.o.collection that caused the creation of the 
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databuffer and the b.o.kernel. Databuffer 83a (or any other 
?rst recording of the record in the databuffer), may include 
all the properties of the record, and therefore may provide a 
source for loading subsequent databuffers rather than load 
ing from the database. This method may avoid problems 
With changing records due to read/Write applications and/or 
a dynamic database. 

[0062] Kernel pointer 84a points to databuffer 83a and 
pointer 85a of databuffer 83a Would noW point to databuffer 
83c instead of databuffer 83b after databuffer 83b is closed. 
Pointer 85a of databuffer 83a is reWritten in this situation. 
B.o.kernel 26a tracks the number of usages of the data from 
the application. When the last databuffer is erased, the 
corresponding b.o.kernel may be erased as Well. Alterna 
tively and equivalently, When no more b.o.collections refer 
to the key of that b.o.kernel, then no more databuffers for 
that record are in use, and therefore the b.o.kernel may be 
erased as Well. The b.o.kernel has a counter of the number 
of databuffers and the number of record sets that are con 
nected to the b.o.kernel (via b.o.collections). Business object 
manager 25 is a manner of searching for a given key and 
may include a look-up table (similar to a primary key in a 
database table). 
[0063] Databuffers 83a-c include tags 87a-c, respectively, 
Which identify the b.o.collection Which created them (by the 
data loader). Tags 87a-c enable b.o.kernel 26a to determine 
Which data buffer (in the chain) may be dropped When a 
b.o.collection is being deleted. 

[0064] The foregoing discussion is for a read-only situa 
tion. In a read-Write situation, the ?rst buffer to Which b.o. 
kernel 26a points may include all properties of the record. 
This ?rst buffer may be updated as records are modi?ed and 
may be used as a data source When neW copies of the record 
are requested by a b.o. collection. This ?rst buffer may be 
Written back into the database When b.o. kernel 26a has no 
more active b.o. collections associated With it. Saving the 
record of this databuffer into the database may then update 
the database according to the modi?cations to the record 
Which result from the user’s interaction With the application. 

[0065] FIG. 9 shoWs a schematic diagram illustrating the 
relationship betWeen b.o.collection 24a, b.o.kernel 26a, 26d, 
266 having keys 82a, 82d, 826, respectively, and bufferpage 
91 having databuffers 83a, 83d, 83c. Bufferpage 91 is a ?Xed 
unit of buffer memory, and may be 8 kilobytes, 4 kilobytes, 
or any other appropriate siZe. B.o.collection 24a represents 
a query, WindoW and/or tile of an application that may 
require a recordset. B.o.collection 24a operates in a fetch 
on-demand environment. For each record fetched, a b.o.k 
ernel is created if no other b.o.collection has accessed that 
record. OtherWise, the record is attached to a chain that 
begins With a b.o.kernel for the record that has been previ 
ously accessed by either another b.o.collection or b.o.col 
lection 24a. 

[0066] B.o.collection 24a may demand that a record be 
loaded from the database by dataloader 28a. Dataloader 28a 
may load the record and then determine Where to Write the 
data into buffer memory by revieWing current page 90. 
Current page 90 points to bufferpage 91, Which represents 
the current page. Bufferpage 91 includes refcount 92 and 
freespace 93. 

[0067] Refcount 92 indicates the number of references (or 
databuffers) in bufferpage 91, and freespace 93 indicates the 
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amount of freespace remaining in bufferpage 91. As shoWn 
in FIG. 9, refcount 92 Would indicate the number 3, for 
databuffers 83a, 83d, and 836. Additionally, freespace 93 
Would indicate the siZe of freedatabuffer 94. 

[0068] For instance, the last record loaded in bufferpage 
91 Was the record in databuffer 83c. Dataloader 28a loaded 
the record into databuffer 836 on bufferpage 91. Dataloader 
28a compared the siZe of the record of databuffer 836 With 
the remaining free space in bufferpage 91, as determined by 
freespace 93, and since the siZe of the record of databuffer 
836 was smaller than freespace 93, dataloader 28a loaded 
the data into bufferpage 91. Dataloader 28a did not change 
the designation in current page 90. Therefore, current page 
90 points to bufferpage 91, and freespace 93 includes a 
number Which corresponds to the siZe of the available 
memory in bufferpage 91, Which is freedatabuffer 94. 

[0069] Buffers may be siZed according to the selected data 
and grouped into pages per selection. Each roW of data may 
belong to one business object (BO, represented by a b.o.k 
ernel). Different data selections might retrieve different parts 
of these business objects. In a typical case, 3-4 attributes 
may be retrieved out of a business object With up to 100 
attributes. Saving into the memory buffer all 100 attributes 
in each roW Would make the roW large and Would ?ll the 
memory buffer quicker. 

[0070] The data for one roW is stored in a databuffer. 
Multiple databuffers may be chained to each b.o.kernel. The 
data selection for databuffer 83a includes properties 86a, 
86b, 86c. Databuffers 83a, 83d, 836 from multiple data 
selections (multiple records) may contain ?elds for the same 
business object. Each of databuffers 83a, 83d, 836 is chained 
on a corresponding b.o.kernel 26a, 26d, 26e. Databuffers 
83a, 83d, 836 Which are loaded for one data selection 
represented by b.o.collection 24a are kept in bufferpage 91. 
Databuffers 83a, 83d, 836 may also include a pointer indi 
cating on What buffer page 91 they are stored. Bufferpage 91 
may have a ?Xed siZe (for example, 8 kilobytes) and may be 
?lled as data (records) for b.o.collection 24a is being loaded. 

[0071] In order to determine the lifetime of bufferpage 91, 
each of databuffers 26a, 26d, 266 includes a respective tag 
87a, 87d, 876, respectively, Which includes a reference to 
bufferpage 91. B.o.collection 24a includes a reference to 
current page 90 via dataloader 28a that shoWs Which buff 
erpage 91 is currently being ?lled. As long as there is enough 
free space on bufferpage 91, as indicated by freespace 93, 
neWly loaded data buffers are put on the same bufferpage 91. 
Tags 87a, 87d, 87c, identify their respective databuffers 83a, 
83d, 836 With b.o.collection 24a. If b.o.collection 24a shuts 
doWn, corresponding databuffers 83a, 83d, 836 may then be 
removed from the chain of their associated b.o.kernels 26a, 
26d, 26c and refcount 92 of bufferpage 91 Will be set to Zero. 
Then bufferpage 91 may be freed to be overWritten. 

[0072] With respect to FIG. 9, a typical scenario might be: 

[0073] Current Page gets allocated, RefCount 0, 
FreeSpace SK 

[0074] First DataBuffer gets ?lled, RefCount 1, 
FreeSpace 7K 

[0075] 2nd DataBuffer gets ?lled, RefCount 2, 
FreeSpace 6K 
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[0076] . . . 8th DataBuffer gets ?lled, RefCount 8, 
FreeSpace OK 

[0077] At this point, dataloader 28a allocates a neW buff 
erpage if additional records need to be loaded. If b.o.col 
lection 24a is closed or deleted, databuffers 83a, 83d, 836 
may also be closed, unless any of databuffers 83a, 83d, 836 
is the ?rst record in any chain from b.o.kernel 26a, 26d, 266 
(in other Words, if kernel pointer 84a, 84d, 846, respectively, 
points directly to any of databuffers 83a, 83d, 836). Any 
databuffer for Which this is not true may be deleted. There 
fore, if one databuffer must remain, then: 

[0078] 7 data buffers deleted, RefCount 1, FreeSpace 
OK 

[0079] The space created by erasing the other databuffers 
is not added to freespace 93 in this situation because 
dataloader 28a Would not look at bufferpage 91 for loading 
data since current page 90 Would point to another buffer 
page. Additionally, since each databuffer may have a differ 
ent siZe, attempting to load into a bufferpage Which has only 
been partially freed Would increase fragmentation Within the 
bufferpage and therefore Would decrease memory buffer 
ef?ciency. Finally, continuing the eXample above: 

[0080] When the last data buffer is deleted, RefCount 
0, FreeSpace OK 

[0081] NoW the Whole of bufferpage 91 is freed, and 
therefore, When any dataloader needs a bufferpage for load 
ing, current page 90 may choose bufferpage 91. 

[0082] There are tWo different kinds of data buffers, Which 
may be distinguished by a discriminator. A compressed 
layout, in Which all ?elds use the actual needed space is 
possible. This buffer type may be used for “read only” 
access, Which is the case for all data read from the database. 
An expanded layout, in Which all ?elds have the maXimum 
space is also possible. This buffer type is able to store data 
of any alloWed length. It is allocated When the business 
object becomes dirty or is neWly created. Each roW of the 
record set may have a key. 

[0083] FIG. 10 shoWs a schematic diagram of an eXem 
plary embodiment of a system of the present invention 
shoWing mobile system 109 and netWork 103. Mobile sys 
tem 109 may include one or more mobile clients, and may 
include laptops and PDAs. Connected to mobile system 109 
is database 108, Which may be a user database that is 
synchroniZed With central database 110 When mobile system 
109 is connected to netWork 103. Mobile system 109 may 
connect to netWork 103 via connection 107, Which may be 
a Wireless connection, bus connection, or telephone connec 
tion. Connection 107 may connect mobile system 109 and 
communication station 106. Communication station 106 
may connect by a hardWire connection to netWork 103. 
NetWork 103 may include one or more netWork servers 104 
and may couple to central database 110. NetWork 103 may 
also connect to other systems 111, Which may include the 
internet or any other electrical device or electronic system. 
NetWork servers 104 may also connect to mobile repository 
server 101, Which may include a mobile repository database 
102. Mobile development Workstation 100 may connect to 
mobile repository server 101. Mobile repository server 101, 
mobile repository database 102, and mobile development 
Workstation 100 may all eXist in development environment 
11. A mobile system may be designed on mobile develop 
ment Workstation 100 and tested using a sample database on 
mobile repository database 102. 
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[0084] Mobile development Workstation 100 may be used 
to create an XML ?le that provides information on hoW a 
database access system should behave Which may be run 
ning on the mobile application. The XML ?le, or other 
human readable ?le, may describe hoW business objects are 
mapped into a database table. The XML ?le may also 
indicate hoW to execute queries and may contain SQL 
statement and/or portions of SQL statements. For eXample, 
a user may enter a customer name but not an address (or 
other ?eld). The system may then use a piece of the SQL 
statement that is dedicated to the ?eld that has been input by 
the user. There may be tWo things in the SQL statements: 
data to be retained (i.e. attributes of the business objects); 
and criteria for matching and/or selecting records from the 
database. The XML ?le (or other human readable computer 
?le) may describe both parts of the SQL statements. The 
XML ?le may have queries for SQL statements for tWo type 
queries. The ?rst type of query may be the objects Which 
have a ?eld value Which satis?es a query. This group of 
objects may constitute a list. A second type of query may 
load a Whole business object. The record corresponding to 
the business object may be loaded and may not be imme 
diately displayed for the user. For eXample, a user may click 
on a ?eld in a list of partial records and the remaining ?elds 
in that record may be loaded. If the user clicks again on the 
?eld, all the records for that business object may be dis 
played. A different SQL statement may be used for this 
purpose. The XML ?le may describe hoW to fetch data from 
the database, and in particular may describe hoW build SQL 
statements for executing against the database. The XML ?le 
may also describe Which ?eld of the record is the key (for 
eXample, a unique identi?er) of the record. This key may be 
saved in the b.o.kernel for identi?cation by the b.o.manager 
of the records Which have been loaded from the database 
into the memory of the mobile device. If an SQL statement 
is a query, then the data retrieved is for read-only purposes, 
and therefore only the ?elds requested may be retrieved 
from the database. If the data is for Writing purposes also, 
then all ?elds associated With the b.o.object should be 
retrieved from the database. The XML ?le is human readable 
and may be modi?ed on the mobile device, though typically 
this may only be done in a development situation for 
prototyping purposes. 

[0085] FIG. 11 shoWs a ?oWchart of an eXemplary method 
of the present invention for storing records in a memory. The 
How starts in start circle 114 and proceeds to action 115, 
Which indicates to retrieve a record from a database in 
response to a request from a recordset in an application. 
From action 115, the How proceeds to question 116, Which 
asks Whether the siZe of the record is smaller than the 
freespace on the active bufferpage. If the response question 
116 is negative, the How proceeds to action 117, Which 
indicates to change the active bufferpage. From action 117, 
the How proceeds to action 118, Which indicates to save the 
record in a databuffer on the active bufferpage of a memory 
associated With the recordset. If the response question 116 is 
af?rmative, the How proceeds to action 118. From action 
118, the How proceeds to question 119, Which asks Whether 
the record been retrieved and stored previously in the 
application. If the response question 119 is af?rmative, the 
How proceeds to action 120, Which indicates to store a 
pointer pointing to the databuffer of the neWly saved record 
in the databuffer of the neXt most recently recorded copy of 
the record. From action 120, the How proceeds to question 
122. If the response question 119 is negative, the How 
proceeds to action 121, Which indicates to make a b.o.kernel 
including a key to the record. From action 121, the How 




