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(57) Abréegée/Abstract:

A computer-implemented method and system to integrate workflow and database transactions is provided. Also provided Is a
computer readable storage medium that includes a program. The computer-implemented method includes assigning a data
structure stored in a database to one or more workflow processes. The computer-implemented method also includes automatically
creating an Instance of the workflow In response to the data structure being populated with a new record.
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rate workflow and database transactions is provided. Also
provided 1s a computer readable storage medium that includes a program. The computer-implemented method includes assigning a
data structure stored i a database to one or more worktlow processes. The computer-implemented method also includes automati-
cally creating an instance of the workilow m response to the data structure being populated with a new record.
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INTEGRATED WORKFLOW AND DATABASE
TRANSACTIONS

FIELD OF THE INVENTION
The present invention relates generally to the field of Business Process Management
(“BPM”) and Worktflow Management, the computer software industry, and relational database

technology.

BACKGROUND

Most business applications run on relational databases such as Oracle DB2, or Microsoft SQL
Server. Business Process Management (BPM), also known as worktlow management, 1s a fast-
evolving concept, which 1s adopted by organizations to formulate a process-oriented approach to
completing a task. The several software solutions that implement BPM solutions work either as
standalone software or in combination with other software platforms such as databases, operating
systems, and third party software through use of Application Programmatic Interfaces (APIs),
Common Line¢ Interfaces (CLI), and other intertaces in an n-tier architecture. Many BPM software
solutions are evolved from document, 1image, and email management systems — all of which revolve
around the concept that when a subject matter (“document” or “file” or “email” or “record™) 1s
created, a process controls the subject matter from start to end. Attempts to integrate database and
worktlow solutions have mvolved the loose coupling of different software platforms as custom

solutions for specific business needs.

SUMMARY

It 15 to be understood that both the following summary and the detailed description are
exemplary and explanatory and are imtended to provide further explanation of the mvention as
claimed. Neither the summary nor the description that follows 1s intended to define or limit the scope
of the invention to the particular features mentioned m the summary or in the description.

In certain embodiments, the disclosed embodiments may include one or more of the features
described herein.

In on¢ embodiment of the invention, a computer-implemented method 1s provided. The
computer-implemented method includes assigning a data structure stored in a database to one or more
workflow processes. The computer-implemented method also includes automatically creating an
instance of the workflow in response to the data structure being populated with a new record.

In another embodiment of the invention, a computer-readable storage mednim ncloding a
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program, which when executed on a processor performs an operation 18 provided. The operation
includes assigning a data structure stored in a database to one or more worktlow processes. The
operation also includes automatically creating an instance of the workflow 1n response to the data
structure being populated with a new record.

In yet another embodiment of the invention, a system 1s provided. The system may
include a processor and a memory cComprising a program, which, when executed by the
processor, 1s configured to perform an operation. The operation includes assigning a data
structure stored 1n a database to one or more workflow processes. The operation also includes
automatically creating an instance of the workflow 1in response to the data structure being

populated with a new record.

These and other objectives and features of the mnvention are apparent in the disclosure, which

includes the above and ongoing written specification.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention may be understood by reference to the following description taken in

conjunction with the accompanying drawings, in which the leftmost significant digit(s) in the

reference numerals denote(s) the first figure 1n which the respective reference numerals appear, and n

which:

Figure 1 shows a block diagram illustrating an exemplary computing environment
according to one embodiment of the present invention;

Figure 2 shows a block diagram of an exemplary implementation of a worktlow engine
according to one embodiment of the present invention;

Figure 3 1llustrates a block diagram of an exemplary base table and sub-tables according to
onc embodiment of the present invention;

Figure 4 1lustrates a graphical user interface screen for designing and managing a
worktlow process according to one embodiment of the present invention; and

Figure 5 1llustrates a block diagram of two tables that show the relationship between
database transactions and workflow transactions according to one embodiment of the present
invention;

Figure 6 1llustrates a flow chart for workflow engine enablement 1n a database and
creating a process design according to one embodiment of the present mnvention;

Figure 7 1llustrates a tlow chart for performing a database-worktlow mtegrated
transaction according to one embodiment of the present invention;

Figure 8 1llustrates a flow chart for performing a worktlow only transaction according

onc embodiment of the present invention;
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Figure 9 1llustrates a flow chart for performing a worktlow event associated with
worktlow transactions according to one embodiment of the present invention;

Figure 10 1llustrates a flow chart for pertorming the worktlow event using Service Broker 1n a
workflow transaction according to one embodiment of the present invention.

While the imnvention 1s susceptible to various modifications and alternative forms, specific
embodiments thereof have been shown by way of example in the drawings and are herein described 1n
detail. It should be understood, however, that the description herein of specitic embodiments 1s not
intended to limit the invention to the particular forms disclosed, but, on the contrary, the intention 1s
to cover all modifications, equivalents, and alternatives talling within the spirit and scope of the

invention as defined by the appended claims.

DETAILED DESCRIPTION

[llustrative embodiments of the invention are described below. In the mterest of clarity, not
all features of an actual implementation are described in this specification. It will of course be
appreciated that in the development of any such actual embodiment, numerous 1mplementation-
specific decisions may be made to achieve the developers’ specific goals, such as compliance with
system-related and business-related constraints, which may vary from one implementation to another.
Moreover, 1t will be appreciated that such a development effort might be complex and time-
consuming, but may nevertheless be a routine undertaking for those of ordinary skill in the art having
the benefit of this disclosure.

Embodiments of the present invention will now be described with reference to the attached
figures. Various structures, connections, systems and devices are schematically depicted in the
drawings for purposes of explanation only and so as to not obscure the disclosed subject matter with
details that are well known to those skilled i the art. Nevertheless, the attached drawings are
included to describe and explain illustrative examples of the present invention. The words and
phrases used herein should be understood and interpreted to have a meaning consistent with the
understanding of those words and phrases by those skilled 1n the relevant art. No special definition of
a term or phrase, i.e., a definition that 1s different from the ordinary and customary meaning as
understood by those skilled 1n the art, 1s intended to be implied by consistent usage of the term or
phrase herein. To the extent that a term or phrase 1s intended to have a special meaning, i.e., a
meaning other than that understood by skilled artisans, such a special definition will be expressly set
forth 1n the specification 1n a definitional manner that directly and unequivocally provides the special
definition for the term or phrase.

One embodiment of the invention 1s implemented as a program product for use with a

computer system such as, for example, the computing environment 100 shown 1n FIG. 1 and
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described below. The program(s) of the program product defines functions of the embodiments
(including the methods described herein) and can be contained on a variety of signal-bearing media.
[llustrative signal-bearing media mclude, but are not limited to: (1) information permanently stored on
non-writable storage media (¢.g., read-only memory devices within a computer such as CD-ROM
disks readable by a CD-ROM drive); (11) alterable information stored on writable storage media (¢.g.,
floppy disks within a diskette drive or hard-disk drive); and (111) information conveyed to a computer
by a communications medium, such as through a computer or telephone network, including wireless
communications. The latter embodiment specifically includes information downloaded from the
Internet and other networks. Such signal-bearing media, when carrying computer-readable
instructions that direct the functions of the present invention, represent embodiments of the present
mvention.

In general, the routines executed to implement the embodiments of the invention, may be part
of an operating system or a specific application, database, component, program, module, object, or
sequence of istructions. The computer program of the present invention typically 1s comprised of a
multitude of instructions that will be translated by the native computer into a machine-readable format
and hence executable instructions. Also, programs are comprised of variables and data structures that
either reside locally to the program or are found in memory or on storage devices. In addition,
various programs described hereinafter may be 1dentified based upon the application for which they
are implemented 1n a specific embodiment of the invention. However, 1t should be appreciated that
any particular program nomenclature that follows 1s used merely for convenience, and thus the
imvention should not be limited to use solely 1n any specific application identified and/or implied by
such nomenclature. In this regard, references to particular definitional and programming languages,
such as HTML, XML, SQL, .NET, C#, etc. are merely 1llustrative. It 1s broadly contemplated that the
ivention 1s applicable regardless of the particular schema or language used to defined network
resource content.

Turning now to Figure 1, a block diagram 1llustrating an exemplary computing environment
100, 1 accordance with an embodiment of the present invention, 1s shown. In general, the computing
environment 100 includes a client (e.g., a user's) computer 102, and a server computer 104. The client
computer 102 and the server computer 104 may be components of the same computer system or may
be connected via a network 106, such as the Internet.

As shown, the client computer 102 includes a central processing unit (CPU) 108 connected to a
memory 110, a storage device 112, and a network intertace 114 via abus 116. The CPU 108 1s
included to be representative of a single CPU, multiple CPUs, a single CPU having multiple
processing cores, and the like. The storage device 112 stores application programs and data for use by

the client computer 102. Examples of the storage device 112 include one or more hard-disk drives,
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flash memory devices, optical media and the like. The client computer 102 may be connected to the
data communications network 106 (e.g., a local area network, which itself may be connected to other
networks such as the mternet) using the network interface 114. The memory 110 can be one or a
combination of memory devices, mcluding random access memory, nonvolatile or backup memory
(e.g., programmable or flash memories, read-only memories, etc.). Illustratively, the memory 110 of
client computer 102 stores an operating system 118 used to manage hardware and software executing
on the client computer 102. As shown, memory 110 also includes a browser program 120 which,
when executed by CPU 108, provides support for navigating between various servers and locating
network addresses at one or more of servers (e.g., server computer 104).

The client computer 102 may be connected to one or more display units 122, input devices
124, output devices 126 and peripheral devices 128. The display units 122 may be internal or external
monitors, television screens, handheld device displays, and the like. The mput devices 124 may be
any one of a keyboard, mouse, track-ball, stylus, mouse pad, mouse button, joystick, scanner or the
like. The output devices 126 may be any one of a monitor, printer, plotter, copier or other output
device. The peripheral devices 128 may be any other device which can be coupled to a computer: a
CD/DVD drive capable of reading and/or writing to physical digital media, a USB device, Zip Drive,
external floppy drive, external hard drive, phone and/or broadband modem, router/gateway, access
point and/or the like.

Stmilar to the client computer 102, the server computer 104 may include a CPU 130, a
memory 132, a network intertace device 134, and a storage device 136, coupled via a bus 138. The
memory 132 may be a random access memory sufficiently large to hold the necessary programming
and data structures that are located on the server computer 104. As shown, the memory 132 stores an
operating system 142 used to manage server hardware and software executing on the server computer
104. Illustratively, the memory 132 also includes a hypertext transter protocol (http) server 144
configured to service requests from the client computer 102. For example, the http server 144 may
respond to requests for access to electronic resources (e.g., HTML documents, network information,
and the like) residing on the server computer 104. The memory 132 may also include a database
server 143, which may respond to request for access to database applications queries and the like.
However, one of ordinary skill in the art will recognize that the database server 143 or http server 144
1s merely 1llustrative and embodiments of the invention may be adapted to support both known and
unknown protocols. The programming and data structures of the http server 144 may be accessed and
executed by the CPU 130 as needed during operation. The server computer 104 may connect to the
network 106 using the network interface device 134 (e.g., an analog modem, a wired network card, or
a wireless network device).

In one embodiment, users may interact with the server computer 104 using a graphical user
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interface (GUI). In a particular embodiment, GUI content may comprise HTML documents (i.e., web
pages) rendered on the display unit 122 coupled with the client computer 102 using the browser 120.
In one embodiment, the web pages may include pages that allow a user to design, manipulate, execute
and monitor the performance of various business processes (i.e., workflows).

The database server 143 may include a plurality of databases 145, 145,. Database 145, may
host a worktlow engine 146. The workflow engine 146 may comprise a software application
configured to provide the ability (e.g., via the GUI) to model a worktlow (e.g., define processes,
states, tasks, actions, events, rules, etc.) in order to control the work activities associated with a
database or databases. The databases 145,, 145, may include a relational database 145, that 1s queried
using an SQL query, or an XML database 145, queried using an XML query. The invention,
however, 1s not limited to any particular physical database storage mechanism and may readily be
extended to operate on other such mechanisms, whether currently known or unknown. While the
databases 145,, 145, are illustrated as being internal to the server system, it 1s noted that the databases
145,, 145, may exist on an external storage device (e.g., storage device 136) of the server computer
104, or may be accessed over the network 106.

Turning now to Figure 2, a diagram of an exemplary implementation of the worktlow engine
146, 1n accordance with an embodiment of the present invention, 1s 1llustrated. The workflow engine
146 resides in the database 145;,. The database 145, resides in the database server 143. As shown, a
workflow process designer 204, a business software application 206, database query tools 207,
database reporting tools 208 and other database tools 209 are coupled to the database 145,. In one
embodiment, the database server 143 may be a database management system (DBMS), which controls
the creation, maintenance, and the use of the databases 145, 145,. The databases 145, 145;relate to a
logical unit where data, procedures, and security are separated for use by one or more related
applications. The database server 143 may also be coupled to external systems 148, 148,, which may
be third party systems that are directly controlled or orchestrated by workflow engine 146 through
use of programmable features within the database 145, and/or use of software features available in the
database server 143 or features available in the O/S 142 (as shown in Figure 1). In one embodiment, a
Service Broker feature (not shown) available in many leading database servers known 1n the art 1s
used for orchestration.

It 1s noted that orchestration refers to an automated arrangement, coordination, and
management of complex computer systems, middleware, and services. In an orchestration operation,
messages are exchanged between the loosely connected systems that work together to accomplish a
task. As an example, a third party shipping company may be sent a message to ship a product to an
address. The shipping company independently performs the shipping and confirms the shipment

details to the requestor. The company that requests shipping does not care about the shipping
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logistics, and the shipping company does not care about the shipping purpose. Messages are simply
exchanged between the two companies systems to accomplish the shipping task in an independent
manner.

The process designer 204 allows a user {e.g. via the GUI presented through the browser 120
(shown m Figure 1)} {0 create and modity a worktlow process. Using the GUIL, the user may dehine,
cdit, review, and manage the worktiow processes. When a workilow process 18 created with process
designer 204, a table {or a data structure) mn the database 145, 18 defined as the controlling table (“base
table™) for a process. The tlow of data into the base table triggers the workflow engine 146, An
wstance of data flowmg inio the base table (a record of a table) mtiates an mnstance of a worktiow, A
base tablc may be a controlling table for more than one process, and hence an mstance of data flowing
mto the base table could mitiate many mestances of workilow, one 1ot each process. Alfernatively
stated, workflow transaction(s) are mitiated as part of a database transaction t¢ the base table.

Gencrally, worktlows consist of three basic elements: processes, states, and transitions. A
worktiow process is a sequence of a tlow ot work to complete a task, The flow may take ditterent
routes at ditferent points, depending on conditions set by the process designer 204, A large task may
be logically divided mito many mterconnected sub-processes. A state 18 a resting step 1in a workfiow
process. A fransition 1s ap acfion that moves a workflow mstance from one state 1o the next state,
Transitions are ¢ither a specific user action or an automwated flow based on specific conditions set by
the aser. Using the GUI, the user may dehing the states and the associated transttions of the workilow
beimg modeled. In one embodiment, the worktlow may be modeled as a mgh-level tiowchart dragram
(shown m Figure 4), which enables the user 1o logically describe the activifies as a process, {n ong
embodiment, the user may create the tHliowchart by perfornung “drag and drop” mampulations of
icons.  The process designer 24 interacts with the worktlow engine 146, Al workflow process
definttions {“workfiow metadata™} are stored as data with the database 1435,

The application 206 1s a business application to transact the business for which the software 18
designed to support. As an example, software for customer order management appihication for a mail
order operation is a business application. It may have screens for creating orders, shipping orders, and
billing the costomer. Such an application may be built with worktlow capability or without i, A non-
worktiow application may not have the worktlow engine 146 within a database as 1 145, A
worktiow-enabied application works hike any software apphcation, however with additional controls
from the workflow engime 146, The apphcation may be enhanced to a worktlow-aware apphcation,
where the application 206 mieracts with the worktlow engine 146 and utilizes the workflow features.
As an example, the workflow-enbanced application may show the worktlow state{s) of ali open
orders. The workflow-enhanced apphication may delegate and priorifize work to the users. The

workHow-enhanced application may also control what user can do what work and provide
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coordimation between gscrs, ¢ic.

As previously mentioned, the workflow engine 146 resides in the database 143; and 1s
integrated with database 145, and database server 143. The integration 1s achieved by implementing
worktlow engine 146 as programs residing in a database layer of the database i4S.. Such integration
provides the workflow engine 146 with the ability to control the workflow process as the new data
comes mnto the database 145;, or when the data 1s modified and/or deleted. The integration provides a
transparent use of the database functionality (i.e., with no knowledge of presence of the worktlow
engine 146.) However, the integration includes workflow control. Worktlow processes are
instantiated, guided, and controlled with the changes to the data 1n the base table residing in database
i45;. Any changes to the data in the database 145:by the application 206, database query tools 207,
database reporting tools 208 and many other database tools 209 1s automatically probed and
controlled by workflow engine 146. The integration provides a seamless implementation of the
worktlow engine 146 within the database 145,layer.

The worktlow engine 146 may provide the creation and management of workflow processes,
iterpret models of the worktlow, and manage workflow execution. The workflow engine 146 may
also route flows and synchronizes activities, assign resources to activities, notity individuals, mvoke
events and applications, transmit data and documents to applications and individuals, control user
security and privileges, maintain the information of various states of various workflow instances, and
maintain a log of worktlow transactions.

Turmng now to Figure 3, a block diagram of an exemplary base table and sub-tabies,
accordance to an embodiment of the mvention, 18 shown, (Generally, data for a business, organization,
entity, or the like may be stored mn several related tables 302, 304, 306 1n the appropriate database
145,, 145,. One such table 1s the base table 302, which typically contains a plurality of rows, each
containing a record. Putting the base table in the context of an order management application, each
record 1n the base table may represent an order placed using the application. As shown, each record
may contain the order 1identification number of each order placed. The base table 302 may have an N
number of associated sub-tables 302, 304. Each sub table 302, 304 may contain additional
information about each order placed. As shown, sub table 304 contains the name of the customer for
cach order placed, and sub table 306 contains the quantity of the item purchased for each order. In
onc embodiment, the workflow 1s initiated once the base table 302 1s populated with a new record.
Thus, each row of the base table 302 may also represent an occurrence ot a workflow process {¢.g. an
order management process as defined by the workilow). The application 206 may be contigured to
create or modify data stored within the base table 302 {or one 1ts sub-tables 304, 306). The application
206 may utthze a user miertace to mput or modity data, provide reporting capabihity, and the hke.

The workilow may also be associated with internal and external systemns 148, and 148,. For
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cxample, consider a business model where the customer 1s credited with frequent buyer points for a
purchase. In this case, the customer frequent buyer point system that 1s credited with poimnts may be
an internal system. However, 1t 1s a different application that uses the database 145,. In another
example, a third party shipping company may be used for drop shipments of customer orders. The
shipment company system (e.g., external systems 148, and/or 148,) may be notified with shipment
details. The shipping company may perform the shipping task and sends confirmation details. The
interaction with internal and external systems 1s accomplished through workflow events. Worktlow
events may be specified in scripts using any programmable language (e.g., C#, Java, and the like).
The event scripts may be executed by the worktlow engine 146 as part of the database-worktlow
integrated transaction or just as part of workflow transaction. The events may be set to execute at
appropriate places, such as when entering a state, exiting a state, or when a user performs an action.
The events include, but are not limited to, creating files, initiating actions in other systems and/or
applications, sending ¢-mail notifications, and the like.

Turning now to Figure 4, graphical user interface screen 402 for designing and managing a
worktlow process 404, in accordance to an embodiment of the invention, 1s illustrated. For
illustrative purposes, the worktlow process 404 shown 1s for an order management process. As
shown, the order management process may comprise a plurality of states: Start 406, Order 1n
Progress 408, Shipped Order 410, Invoiced Order 412, and End 414. The states 406, 408, 410, 412,
414 may be coupled to each other with a plurality of transitions: Place Order 416, Shipped 418,
Invoiced 420, Cancelled 422, and Completed 424. The workflow process 404 may be configured so
that 1t enters the Order in Progress state 408 when a purchaser places an order (e.g., via a web form)
for a product. Depending on the action taken during this state, the workflow 404 may transition from
the Order in Progress state 408 to the End state 414 or the Shipped Order state 410. For example, 1f
the order 1s cancelled (e.g., by a supplier) then the workflow process 404 may transition from the
Order 1n Progress state 408 to the End state 414 via the Cancelled transition 422. In this case, the
supplier may utilize a user form that initiates an event when the order 1s cancelled, which causes the
worktlow to follow the Cancelled transition 422. However, if the product 1s shipped, then the
workflow process 404 may transition from the Order mn Progress state 408 to the Shipped Order state
410. In this case, the user form may 1nitiate an interaction that when the order 1s shipped, worktlow to
perform the Shipped transition 418. Upon invoicing the order (e.g., using a user form), the workflow
process 404 may transition from the Shipped Order state 410 to the Invoiced Order state 412 via the
Invoiced transition 420. Upon completing the order, the Invoiced Order state may transition to the
End state via the Completed transition 424.

The states 406, 408, 410, 412, 414 and transitions 416, 418, 420, 422, 424 may be
implemented as part of the workflow 402 by dragging and dropping the states and transitions using



10

15

20

25

30

35

CA 02800821 2012-11-26
WO 2011/153130 PCT/US2011/038531

10

the 1cons 1n the States 426 and the 1cons 1n the Transitions box 428.

As previously stated, the workflow process 404 1s associated with data stored 1n a base table
in a database 145,, 145,. In one embodiment, a user may select the appropriate database 145, 145,
using the Select Database button 430. Using the example above, the workflow process 404 for the
order management process may be created using the Select Base Table 432 button, which associates
the base table 302 (shown in Figure 3) containing order information (e.g., order identification
numbers). Orders (workflow instances) may be created by a variety of tools, including an order
processing application 206, query tool, or any other compatible application. Workflow instances are
created regardless of what tool 1s used.

In one embodiment, during the association of base table 302 to a workflow process 404, the
worktlow engine 146 creates table level triggers on the base table. Such triggers act as gateways to
the worktlow engine 146. When a record 1s added, updated and deleted 1n the base table, the
workflow engine 146 gets control through the table triggers. When the worktlow engine 146 obtains
control, 1t identifies the record using the primary key of the record and completes the workflow
transaction. Thus, a workflow transaction 1s completed as part of database transaction. Once the base
table 302 1s populated with a record for a new order, an instance of the worktlow process 404 may be
automatically created for this order. In this case, when the workflow process 404 1s initiated, 1t may
be configured to automatically and/or conditionally transition from the Start state 406 to the Order in
Progress state 408 once the base table 302 1s inserted with a newly-placed order.

Once the user designs the desired worktlow process 404, the worktlow capability may be
incorporated mnto an existing or new application (e.g., a web-based order placing application). For
example, a user may create web forms (e.g., using Microsoft Visual Basic.NET) and associate the
web forms with the database 145,, 145,. Using the browser 122, a plurality of web forms may be
created, each having a different purpose. For instance, one particular web form may be used to
submit an order for a product. As such, the web form may contain various fields that accept
information regarding the order (e.g., shipping address, billing address, product name, quantity, etc.).
When a user submits the form, an entry representing the newly-placed order 1s created 1n the same
base table 302 chosen for the worktlow process 404 created. Accordingly, once the entry 1s created
the base table 302, a worktlow process instance may be automatically created for this order. The
workflow mstance may or may not be created based on the conditions set for the process. As an
example, the condition may be set to create a workflow only for the mail orders and not for orders
from 1n-store purchases. When a row 1s created, a Place Order transition may also be mitiated.
Accordingly, the Start state 406 may transition to the Order in Progress state 408. The instance of the
workflow 1s 1dentified by the primary key or unique key of the base table. The primary key of a table

1s a unique 1dentifier for a row of a table. The workflow engine 146 independently maintains the state
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information of each record 1n the base table(s) 1n 1ts own data store consisting of a plurality of tables.
For example the worktlow engine 146 has the information that ORDER ID=0001 (primary key) 1s
currently 1n state 408.

Another type of form that may be created 1s an order fulfillment and shipment form, which
may be utilized by the supplier of the product. The supplier may use this form to either cancel the
order, or fulfill the product or products ordered (i.e., ship the order). The form, when submitted, may
initiate an event that notifies the worktlow engine 146 to move the worktlow process 404 from the
Order 1n Progress state 408 to the appropriate state. For example, 1f the supplier cancels the order,
then a Cancelled transition event may be nitiated, which causes the worktlow process 404 to move
from the Order 1n Progress state 408 to the End state 414. In one embodiment, upon submitting the
order fulfillment and shipment form, a function may be called that signals the performing of
Cancelled transition 422 that directs the workflow engine 146 to move the worktlow 404 from the
Order 1n Progress state 408 to the End state 414. On the other hand, 1f the supplier fulfills the order,
then a Shipped transition 418 may be 1nitiated, which causes the worktlow process 404 to move from
the Order m Progress state 408 to the Shipped Order state 410. In one embodiment, upon submitting
the order fulfillment and shipment form, a function may be called that directs the workflow engine
146 to move the worktlow process 404 from the Order in Progress state 408 to the Shipped Order
state 410.

The records in the base table and the data in the base table are independent of workflow
engine 146. In one embodiment, the worktlow engine 146 has no say on what data can be entered in
the base table. In this case, the workflow engine 146 independently guides and monitors the state
information of the records of the base table using the primary key. The state information 1s stored
separately within the worktlow engine 146 data store. By separating the workflow data from the base
table data, the application 206 and the database 145, behave independently and transparently of the
workflow. Yet, the full functionality of the worktlow 1s provided by the workflow engine 146.

The worktlow engine 146 1s active on the records of the base table that 1s currently 1n any of
the states 1n the process (408, 410, and 412). The Start state 406 and End State 414 are transient states
and a base table record may not “rest” on this state. When a base table record reaches the End state
414, the record 1s removed from the worktlow queue, and the worktlow engine 146 stops tracking the
record. On reaching the End State, the Order 1s completed (or cancelled) and no further work 1s
required on this order. The base table continues to have the data about the completed order. The base
table data remains under the control of the application 206. In another embodiment, it 1s also possible
to bring a completed order back into the workflow by making a “reinstate” request to the worktlow
engine 146 with the use of primary key of the base table and the current state where the record should

be placed.
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When a base table record’s data is updated through application 206, or query tool 207, or
other database tools 209, the change to the record’s data other than primary key may have no etfect on
the workflow instance. In one embodiment, the workflow engine 206 may enforce the inability to
update the primary key if the record 1s actively in the worktlow (e.g., if the current state of the record
1s 408 or 410 or 412), as primary key 1s used i the workflow engine for tracking the current state. in
another embodimend, the workflow engme 146 automatically adjusts the worktlow mstance key 1o
match with the changed database primary Key, thereby allowing updates 10 the primary kevs.
Regardiess of the approach used, a record can be updated without restriction, providing full
independence to the application 206 with limited interference from worktlow engine 146.

When a base table record 1s deleted through application 206, or query tool 207, or other
database tools 209, the workflow engine 146 examines the record’s primary key and also deletes 1t
from the worktlow queue 1f i1t remains actively m the worktlow (e.g., if the current state of the record
1s 408 or 410 or 412).

A base table insert initiates a workflow instance and transaction. However, there could be
many subsequent workflow transactions with no change to the base table record. Workflow
transactions happen when there 1s a change from one state to another state.

The above description 1s summarized i Figure 5. Turning now to Figure 5, a block diagram
of two tables 502, 504 that show the relationship between database and worktlow transactions, 1s
shown. Table 502 shows the effects of a database transaction on a workflow transaction. Table 504
shows the eftects of worktlow transaction on a database transaction. As shown 1n Table 502, database
transaction on the base table initiates a workflow transaction. For example, 1f the database transaction
1S an 1nsert transaction, and insert transaction 1s performed on the workflow transaction 1t the base
table condition 1s satisfied. If the database transaction 1s an update transaction to a primary key of a
base¢ table, the database transaction will be forced to fail. However, 1f the update transaction 1s to a
non-primary key, there will be no eftect on the workflow transaction. If the database transaction 1s a
delete transaction, the corresponding record’s primary key 1s also deleted from the workflow.

However, as shown i Table 504, a worktlow transaction (e.g., for example, an insert, update
or delete transaction) does not create any database transactions on the base table. This facilitates a
minimally invasive worktlow engine 146 to be introduced within an existing or new business
application with no change 1n the architecture of database-based application development.

In another embodiment, integrated database-workflow transaction may be implemented as a
database-deferred workflow transaction. From a database transaction perspective, when a row 1s
mserted mto a table, a database engine usually sets row level locks or sets table level locks. The lock
implementations vary from one database vendor to another. The triggers (created by the worktlow

engine 146) may be executed very quickly to maintain reasonable performance. The triggers may be
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fast enough to allow entering hundreds or even thousands of orders m parallel. Many embodiments of
this invention allow integration with internal and external systems 148. Such integration has potential
for the database transactions to be slowed down or wait indefinitely for a response from other
systems. In addition, the flow from one state to another state may be set to automatically tlow several
states 1n a loop, and many worktlow sub-processes may be created automatically. Such long tlows
may lock down the system, which may slow down the entire system. Many database implementations
have restrictions on nested level triggers and may prevent long nested automated flow of several
steps. These 1ssues may generally be overcome with good worktlow process design. Referring to
Tables 502 and 504, the database-workflow integrated transaction may be relevant in insert and delete
database transactions. Most database systems provide row level locks for these transactions and 1t 18
unlikely that other users (e.g., other order transactions) may be locked or slowed down. However,
there 1s potential for running out of limits on nested database transaction level and potential for
indefinite wait for transaction mvolving external systems, etc. Such 1ssues may be overcome with
database-detferred workflow transaction.

To implement the database-deferred workflow mechanism, the workflow engine 146 may use
a Service Broker or any Service Oriented Architecture (SOA) (not shown). The Service Broker or
SOA 1mplementations are available with many modern databases known 1n the art. This provides the
capability to delink a task and complete the task independently in a non-locking manner. When the
workflow engine 146 receives control from a database transaction, the workflow engine 146 may
optionally choose to delegate some or all of a workflow transaction to a Service Broker. After
delegating to the Service Broker, the worktlow engine 146 may signal to the database engine that a
worktlow transaction 1s pending or completed, which then allows the database transaction to be
completed, thereby releasing all database locks. However, the worktflow engine 146 marks the
worktlow transaction as pending and prevents the base table record from being moved to other states.
When the service broker completes work successfully and notifies the worktlow engine 146, the
worktlow engine 146 releases the lock on this record for further workflow transactions. If the service
broker fails to complete the work (e.g., the external systems 148 are unreachable), the service broker
may wait and retry. Under some conditions, the previously completed database transaction (related to
this erred database-workflow transaction) may be programmatically rolled back to a level as 1f the
initial database transaction did not take place.

Turning now to Figure 6, a flowchart tor enabling a database for workflow and creating a
workHow process, in accordance to an embodiment of the mwvention, 1s hustrated. The operations
begin at step 602, where a database 1s selected 1o be used with a worktlow, At step 604, the database
1s checked to deteroune if i 1s already enabled for a workflow, If the database 1§ already enabled, a

pase table stored m the database 18 selected for a Process at step 603, This ¢creates a new process on
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the base table (e.g., the START 406 stale, as shown in Figure 4}, The process 1s then enhanced at step
610 with as many states, transifions, ¢nd staios, condifions, cvents, sceurtty ete, I, at step 604, 1t 18
determuncd that the database 1s not enabled for a workflow, then at step 606, workflow capability 1s
enabled by mstalled the workilow engine 146,

Turning now to Figure 7, a tlowchart for databasc-worktlow mntegrated transactions, in
accordance to an embodiment of the mvention, s thustrated. Figure 7 18 a flowchart detathing the
transactions shown m Table 502 of Figure 5. The flowchart 1ilustrates possible database-worktiow
mtegrated transactions with database transaction mitiated on the base table. The flowchart begins
with a database transaction, as in step 702, that 15 examined by the workiiow engine 146 for an msert,
update and/or a delete database fransaction. At step 704, after determining that the databasce
fransaciion 18 an msert record transaction, it 1s determmed it the database fransaction meets the
conditton {or creating a worktiow mstance. I it weets the condition, a workilow mstance 18 created at
step 708 and the msert record database transaction 18 signaled to proceed by the workfiow engine 146
at step 710G, I it does not mect the condition, no worktlow instance 1s ¢reated atf step 706, and the
database msert transaction is signaled to proceed by the worktlow engine 146 at step 710,

At step 712, after 1t 1s determined that the database transachion is an update record transaction,
the database transaction i1s examined to determune if the update mnvoelves a primary key of the record.
if the primary keys are updated, i 1s further examined at step 714 1o determune if the record has a
workHow mnstance. I the worktlow mstance exists on the primary key, the worktlow engimme 146
signals the database engine {o fail the transaction at step 716, The primary key cannot be updated as
the workflow engine 146 tracks the worktlow instance with the primary key. in another embodiment,
the workflow engme 146 automatically adjusts the workilow mstance key to mateh with the changed
database primary key (not shown m flow charty, If the primary key fields are not updated, or if the
record 18 not w workflow, the worktlow engine 146 signals the database to allow and complete the
database transaction, at step 718,

At step 720, atier it 18 determined that the database transaction 15 a delete record transaction,
the database transaction 1s examined to determune it the workflow mstance exasts for the primary key.
it exists, at step 722, the workfiow engine 146 deletes the worktlow mstance, followed by a signal
to the database cngine to complete the delete database transaction at step 724, 1 no workdlow
mstance exusts, the workflow engine 146 signals to the database engine to complete the delete
database transaction at step 724,

Turnimg now to Figure &, a flowchart for worktlow transaction, in accordance o an
cmbodument of the invention, 1s tlustrated. Figure 8 15 a flowchart detatling the transactions shown in
Table 504 of Fagure 5. This flowchart itlustrates possible worktlow transactions that are not tutiated

by a database transaction on the base table. At step 802, a workflow instance 34 may be created by
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using an existing record o base table that 18 not currently in workfiow. This may be possible when a
work record {e.g., an Urder) 1s brought back to redo a workilow. As an exampie, an mcorrectly
cxecuted Customer Order may be brought back to a worktlow for re-execution. At step 806, during an
msert fransaction, the workilow engine 146 flows to the remstated state as defined by the user.

At step 808, during an update transaction, the worktlow instance s updated. When updating
the workflow mstance, one state 1s moved to another when a user or a machine performs a Transition.
At step 810, the workflow engine 146 exanunes the Transition and determines if the next state 1s an
endd state. I 1118 determmned that the next state 1s an end state, the workflow instance 1s deleted at step
12. The deletion of workilow nstance has no mmpact on the database base table record. The data
romains mn the base table. With no workflow mstance for that record, 1t signals that there 15 work
pending. I the next state 15 not an end state, the current state of the workflow mstance 1§ updated
with next state, at step 814,

At step 816, during a delete transaction, the workflow mmstance 1s deleted. When deleting the
worktiow 1ostance, a record from the base table 18 removed.

Turnimg now 1o Figure 9, a Howchart for events m a workilow transaction, in accordance 1o
an erbodiment of the invention, 18 liostrated. In the workilow engine 146, when an Order flows from
state “Order m progress” 408 1o state “Shipped Order” 410 through the use of transition “Shipped”
418, a plurahty of worktlow cvents may be executed. The transition “Shipped” 418 may be mitiated
by auser or a by a system. In the sample events 922, 24, 926, the events represent progranming
code writlen 1n any programming language to execute code on any internal or external systems 148,
in this flow, an “On Exit” type event 922 may exist and get executed when exiting state 408, The
“Omn Perform” type event 974 may exast and get executed when the transition 418 1s performed. The
“Om Enter” type event Y26 may exist and get executed when entering state 410, As an exampie, event
926 communicates 928 to ematl server 9440 1 a synchronous fashion to send shipment notification to
the recipient of the order. When performing a successiul transition, a workflow mstance leaves ong
state and enters another state; hence all three events mn thas exarmple may get executed in the sequence
ot 922, 924 and 926, There may be several types of events that may be built argund worktiow
movements, More granulanty and context 18 provided with many cvent types.

Tumning now to Figure 14, a flowchart tor use of a Service Broker with events in a workfiow

transaction, i accordance to an embodiment of the mvention, 1s dlustrated. This flow 1 the same as

Figure Y, except that Service Broker 1030 1s used as a broker between the workfiow engine 146 and
cmail server 940, The event 1026 13 different from 926 1 that it commumucates 1028 to Service
Broker 1030 residing 1 a database 145 with a deicgate message 0 send email without waiting for i
the message 18 actually accepted by email server 940, The Service Broker 1030 conmnunicates 1o

email server 940, gets a response from the email server 948 and commuonicates 1834 back o the
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workilow engine 146, The advantage of this methed s that it the email server 15 temporardy out of
service, the database transaction component of database-worktiow transaction may not have 10 watt,
The workflow fransachion may have 1o wait untd the service broker completes the work., Thas
chiminates any overall slowdown or lock down of the system with the use of worktiow events.

It should also be noted that it 1s contemplated that the embodiments described herein may
have a wide range of applicability, not just for the applications described in detail herein, as would be
apparent to one of skill in the art having the benefit of this disclosure.

The particular embodiments disclosed above are illustrative only, as the invention may be
modified and practiced in different but equivalent manners apparent to those skilled in the art having
the benefit of the teachings herein. Furthermore, no limitations are intended to the details of
construction or design as shown herein, other than as described in the claims below. It 1s therefore
evident that the particular embodiments disclosed above may be altered or modified and all such
variations are considered within the scope and spirit of the claimed invention.

Accordingly, the protection sought herein 1s as set forth in the claims below.
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I claim:

1. A computer-tmplemented method comprising:

assigning a data structure stored in a database comprising a workflow engine to one'o} more
worktlow proccsscs; and

automatically creating an instance of a workflow process through the workflow engine in

response to the data structure being populated with a new record or automatically removing an

- instancc of the onc or more workflow processes in response to a delete record transaction.

2, The computer-implemented method of claim 1, further comprising:

assigning an application to thc onc or morc workflow processcs, wherein the application
performsbperations on the data structure.

3. The computer-implemented method of one of the preceding claims, wherein the data
structurc is a basc table comprising a plurality of rows, and wherein cach row represents an instance
of one or more workflow processes.

4. The computer-implemented method of claim 3, whercin the data structure compriscs
One or nmore tnggers acting as gate»»'a}fs to the workflow engine.

5. The computef-implemented method of claim 4, wherein a workflow transaction is

complcted upon activation of the onc or maore triggers when adding, updating or delcting a record in
the data structure.

6. A computer-readable storage medium including a program, which when executed on
a processor performs an operation, the operation compnsing:

~assigning a data structure stored in a database comprising a workflow engine to one or more

worktlow process; and

automatically crcating an mstance of a worktlow proccess through the workflow engine in
response to the data structure being populated with a new record or automatically removing an
instance of the one or more worktlow processes 1n response to a delete record transaction.

7. Thc computcr-rcadable storage medium of claim 6, further comprising:

assigning an application to the one or more workflow processes, wherein the apphication

pertorms opcrations on the data structure,

8. The computer-readable method of one of claims 6 and 7, wherein the data structure 1s

a base table comprising a plurality of rows, and wherein each row represents an instance of one or
morc workflow proccsscs. .

0. The computer-readable method of claim 8, wherein the data structure comprises one
or morg¢ triggcrs acting as gateways to the workflow cngine. |

10. The computer-readable method of claim 9, wherein a workflow transaction 1s

completed upon activation of the one or more triggers when adding, updating or deleting a record in
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the data structure.

11 A systcm, comprising:

a processor; and

a memory cornprising a databasc layer, wherein the databasc layer compriscs a workflow
cngine layer that automatically pro bcé and controls any changes to data in the databasc laver.

12.  The system of claim 11, wherein the memory further comprises a program, which,

when exeeuted by the processor, (8 configured to perform an opcration, the opcration comprising:

assigning a data structure stored in a database to one or more workflow processes; and

automatically crcating an instance of the onc or morc workflow processcs in responsc to the
data structure being populated with a new record or automatically removing an instance of the one or
more workflow processes (h response to a delete record transaction.

13. Thc system of claim 12, furthcr comprising:

assigning an application to the onc or morc workflow processes, wherein the application
performs operations on the data structure.

14. The system of one of claims 11 and 12, wherein the data structure is a base table
compnising a plurality of rows, and wherein each row represents an instance of the one or more

workflow processes.

15, The system of claim 12, wherein the data structure compriscs onc or more triggors

acting as gatewavs to the workflow engine layer.

N
- — . o Bl e e '
BE Sy m— = memgy § - .. -, e -

17. The system of claym 11, wherem at least one database front-end application tool
opcrates without being aware of the presence of the worktlow ¢nging,

18. The system of claim 11, wherein at least one of an application and a database front-
end application tool operate with awareness of the workflow engine with the use of workflow engine
Application Programmatic Intcrfacc (API).

19.  The system of claim 11, wheremn the workflow engine creates one or more event
typcs, wherein cach of the onc or more ¢cvent types represent a workflow movement type, wherein
each workflow movement type 1s associated with one or more workflow elements, wherein each of
the one or more workflow elements executes prog ram code associated with at least one or more
databascs, thercby providing mtegrated worktlow and databasc transactions.

20). The system of claim 19, wherem the memory further compnses at least one ofa
Service Oriented Architecture (SOA) or Service Broker, which enables an integrated database-

dcfcrred workflow transaction.
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502

Table 502: Effect of database table transaction on workflow transaction

Database Base table Transaction Workiflow Transaction

Insert Insert, 1f the base table condition 1s satistied
None, if the base table condition 1s not satisfied
Update Update of primary key will result in forcing database

transaction to fail, i1f the record 1s 1n worktlow.

Update of non-primary key ficlds has no effect on
workflow transaction.

('\ 504

Table 504: Effect of workilow transaction on database table transaction

Workilow Transaction Database Base table Transaction

Insert, by reinstating an existing database record into workflow.

Update, when moving from one state to another state.

Delete, when the record has reached END state. None

FIGURE 5
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