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COMPUTER-IMPLEMENTED SYSTEM AND METHOD FOR MONITORING AND
MANAGING BUSINESS PROCESSES AND ASSOCIATED RESOURCES

TECHNICAL FIELD OF THE INVENTION

This invention relates generally to the field of
computer systems and more specifically to a computer-
implemented system and method for monitoring and managing

business processes and associated resources.

BACKGROUND OF THE INVENTION

The increasing complexity of relationships among
business processes and the resources needed to execute
these processes has led to rising demand for improved
systems and methods for wmwonitoring and managing such
processes and resources. In general, a business process
includes a series of one or more activities or other sub-
processes that may be executed in association with, for
example, a business or other organization. Business
processes typically require specified resources for
execution, for example, supply chain planning engines or
other applications, and often require such resources at
specified times. Previous monitoring and management
techniques, however, have not been satisfactory 1in
efficiency and effectiveness.

Some previous systems may provide a way to monitor
and manage resources but not the business processes that
may use these resources. Other previous systems may
provide the ability to monitor and manage individual
business processes, but are unable to correlate resources
to the processes. These systems are not able to

identify resources that cannot satisfy business process
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demands in the context of the business process and, in
response; take one or more suitable corrective measures.
Moreover, these systems are not able to automatically
gather and analyze information about execution of a
business process, and about associated resources, and
correlate them such that improvements may be suggested to
the business process. These and other deficiencies have
made prior monitoring and management systems inadequate

for the needs of many businesses and other organizations.

SUMMARY OF THE INVENTION

According to the present invention, a computer-
implemented system and method for monitoring and managing
business processes and associated resources are provided
that reduce or eliminate disadvantages and problems
associated with prior systems and methods.

In accordance with one embodiment of the present
invention, a computer-implemented system for monitoring
and managing one or more business processes and
associated resources includes a memory that stores state
information indicating the state of at least one business
process, state information indicating the state of at
least one resource to be used during execution of the
business process, and at least one rule relating the
resource to the business process. A monitor engine
accesses at least some of the state information, applies
the rule according to the state information, and
generates a notification if the state information is

unsatisfactory according to the rule. In a more

~particular embodiment, the monitor engine may determine

the state of the business process or resource using the

corresponding state information and, if the state is
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unsatisfactory, generate the notification to affect the
state.

The present invention provides a number of important
technical advantages over previous systems. The present
invention allows for effective monitoring and management
of business processes and their associated resources,
resulting in more efficient execution of the business
processes. The system and method of the present
invention apply suitable rules relating business
processes to resources that are to be used for execution
of the business processes. Such resources may include
supply <chain planning engines or other software
applications, machines on which these applications run,
or any other suitable resources. Rules may be used, for
example, to identify in advance a resource that is not
able to satisfy a Dbusiness process demand and, in
response, to notify a user using a display that visually
conveys information concerning the business process and
associated resources. In addition, one or more
corrective actions may be taken to affect operation of
the business process or the problem resource, potentially
resolving the problem before it negatively impacts the
business or at least reducing its negative effects. The
present invention allows for automatic collection and
analysis of statistical information about the execution
of business processes and resources, which may be used to
identify potential business process problems and suggest
improvements. The present invention further allows
different types of business processes and resources to be
effectively monitored and managed, thereby allowing new
business processes and resources to be more readily

integrated into business operations. As a result of
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these and other important benefits, the system and method
of the pfesent invention are adapted for use in a variety
of complex business operations and planning environments.
Other important technical advantages will be readily
apparent to one skilled in the art from the following

figures, descriptions, and claims.

BRIEF DESCRIPTION OF THE DRAWINGS

For a more complete understanding of the present
invention and for further features and advantages,
reference is now made to the following description, taken
in conjunction with the accompanying drawings, in which:

FIGURE 1 illustrates an exemplary system for
monitoring and managing business processes and associated
resources;

FIGURE 2A illustrates an exemplary display including
multiple perspective views;

FIGURE 2B illustrates an exemplary resource topology
view;

FIGURE 2C illustrates an exemplary business process

overview;

FIGURE 2D illustrates an exemplary business process
aggregate view;

FIGURE 2E illustrates an exemplary business process
detailed view;

FIGURE 3 illustrates an exemplary method of
monitoring and managing business processes and associated
resources; and

FIGURE 4 illustrates an exemplary method of applying
a rule relating one or more resources to an associated

business process.
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DETAILED DESCRIPTION OF THE DRAWINGS

FIGURE 1 illustrates an exemplary system 100 for
monitoring and managing business processes and associated
resources. System 100 includes a monitor 102 1in
communication with one or more business process execution
environments 104 and one or more systems managers 106.
In general, monitor 102 links business processes 108
executing in execution environment 104 to resources 110
managed by systems manager 106. A business process may
include any appropriate activity, procedure, method,
operation, or workflow associated with at least a portion
of a business or other organization. As an example, a
manufacturing business might execute raw materials
ordering, manufacturing, packaging, and shipping
processes 108, among others. In one embodiment, each
business process 108 may include a set of one or more
sub-processes (SP) 112. For example, exemplary business
process 108a may include no sub-processes 112, while
exemplary business process 108b may include sub-processes
112a and 112b.

As an example illustrating advantages of the present
invention, consider a company having several business
processes 108, one of them being an e-fulfillment
business process 108 that involves accepting web-based
orders over the Internet and shipping goods to the
customer to fulfill the orders. The customer may be
given the opportunity to check the price and availability
of the goods before placing the order. If the company
does not have sufficient goods in stock to satisfy the
order demand, the company may contact one of its
suppliers and, based on the price and availability of

goods at the supplier, quote a price and delivery date to
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6
the customer. Several applications would typically be
required to execute this business process 108. For

example, this business process 108 might require an order
entry system, a demand fulfillment engine, a
transportation planner, and a billing system, among
others. In some cases, one or more persons may need to
handle any exceptions associated with the business
process. For every order placed, each of the required
applications must be operable and operating - any down
time may result in lost revenues.

In one embodiment, according to the present
invention, if an order is received to initiate business
process 108, monitor 102 may determine in advance whether
the required applications are operable and operating such
that the business process 108 may properly execute. For
example, if a required application is not operable, then
monitor 102 may take action to start another instance of
that application, start an alternative application, or
affect the operation of the business process 108 in some
manner such that the effect of the application being
unavailable is minimized. As another example, 1f a
required application is operable but not currently
operating, monitor 102 may take action to start the
application such that the execution of the business
process 108 1is not hindered. Monitor 102 may perform
these operations before business process 108 begins
executing or at any other appropriate time, for example,
immediately before affected applications are needed. In
one embodiment, monitor 102 communicates with systems
manager 106 to verify resource availability prior to or
during business process execution and, in response, to

start any necessary resources 110. These and other
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capabilities are not found in previous systems and
provide a number of important technical advantages.

Monitor 102 may include one or more business process
instrumentation (PI) interfaces 114 that facilitate
communication between the monitor 102 and execution
environment 104. In one embodiment, instrumentation may
be defined as suitable functionality allowing business
processes 108 to provide dynamic and, preferably,
substantially real-time information to monitor 102
regarding the states of business processes 108. As an
example, a business process 108 may be in a normal,
problem, or failure state and may provide such
information to monitor 102 during execution of business
process 108, in substantially real-time, using the PI
interface 114. In one embodiment, the PI interface 114
includes one or more application programming interfaces
(APIs) 116 and one or more associated adapters 118 for
communicating with execution environment 104. Adapter
118 includes components appropriate to interact with
executing business processes 108 to collect
instrumentation data from business processes 108, for
example, supporting appropriate connection mechanisms and
communication protocols for communication with business
process 108.

Systems manager 106 manages or otherwise supports
one or more resources 110 that may each include, for
example, one or more physical machines, software
components, or any other appropriate resources that
perform tasks necessary for or otherwise associated with
the execution of one or more business processes 108 and
their sub-processes 112. In one embodiment, resources

110 may include suitable supply chain planning engines or
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other applications. For example only and not by way of
limitation, exemplary resources 110 for business process
108 may include a demand planner, factory planner
application, supply chain planner, and transportation
planner applications. Resources 110 may additionally
include computer systems and their components, such as
central processing units (CPUs), operating systems, and
hard disks, that support the operation of such
applications. Systems manager 106 may includes any
suitable systems management tool or other component
appropriate for the management of resources 110 and
operable to communicate with monitor 102 for monitoring
and management of resources 110.

Monitor 102 may also include one or more systems
manager (SM) interfaces 120 that facilitate communication
between monitor 102 and systems manager 106. Similar to
PI interface 114, SM interface 120 may include one or
more suitable APIs 122 and an adapter 124 for
communicating with systems manager 106 and providing
instrumentation for resources 110. API 122 may interface
to one or more custom, proprietary, or other monitoring
or management environments internal or external to
systems manager 106. Adapter 124 includes components
appropriate to interact with systems manager 106 to
collect instrumentation data for resources 110, for
example, supporting appropriate connection mechanisms and
communications protocols. For example, API 122 and
adapter 124 may cooperate to provide the monitor 102 with
CPU, hard disk, and memory utilization information for a
physical resource 160 that is being monitored. Systems
manager 106 may provide polling of resources 160 to

determine when specified thresholds are crossed and
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responsive warnings, alerts, or other notification events
(depending on the threshold) should be communicated to
monitor 102.

Monitor 102 includes a monitor engine 126 that
monitors the states, health, condition, or other suitable
property of business processes 108 and their associated
resources 110, applying rules that define appropriate
relationships among business processes 108 and resources
110. Monitor engine 126 receives information about
business processes 108 (including sub-processes 112),
information about resources 110, and one or more rules
relating the business processes 108 to the resources 110.
In one embodiment, monitor engine 126 includes a state
monitoring engine 128, a business layer 130, and a memory
132. The state monitoring engine 128 uses the
information received wusing PI interface 114 and SM
interface 120 to monitor the states of business processes
108 (including any sub-process 112) and resources 110,
respectively. Business layer 130 receives notifications
of state changes for business processes 108 (using PI
interface 114) and for resources 110 (from systems
manager 106 using SM interface 120) and communicates the
notifications to state monitoring engine 128. Business
layer 130 also communicates one or more previously
defined rules to the state monitoring engine 128 that
define actions monitor engine 126 is to take upon the
occurrence of specified events or the existence of
specified conditions that occur during execution of
business processes 108. Rules affecting a business
process 108 may be communicated as part of or otherwise
in association with an execution plan for the business

process 108.
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In one embodiment, an execution plan for business

process 108 may include, in any combination and without

limitation: (1) expected elapsed time for business
process 108; (2) attribute and state definitions for
business process 108; (3) expected elapsed time for one

or more activities or other appropriate sub-processes 112
of Dbusiness process 108; (4) attribute and state
definitions for activities or other sub-processes 112;
(5) attribute and state definitions for transfer objects
that are passed between activities or sub-processes 112;
(6) an expected order of the traversal between states for
business process 108; (7) definitions of one or more
exception conditions; (8) definitions of one or more

actions monitor 102 1is to take in response to each

exception condition; and (9) any other suitable
information. In one embodiment, a rule may incorporate
any suitable information in an execution plan; for

example, a definition of an exception condition (such as
a required resource 110 not currently operating) along
with a definition of a responsive action (start the
required resource 110) may constitute a rule. Sub-
processes 112 may be linked to one another in any
suitable manner, according to information contained in
associated transfer objects or otherwise. For example, a
web order transfer object may contain a customer name,
part number, and requested gquantity. A sub-process 112
might receive the transfer object and access this
information for its execution (possibly changing, adding
to, deleting from, or otherwise modifying the information
as appropriate).

** As an example, a relatively simple execution plan

may specify that business process 108 enters an execution
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state. A first activity then enters an execution state
and completes successfully. In response, a transfer
object 1is created and successfully communicated to a
second activity linked to the first activity. The second
activity enters an execution state, accesses the transfer
object, and completes successfully to successfully
complete business process 108. One or more rules may
define those actions to be taken in response to problems
or other exception conditions associated with execution
of this plan. Typically, execution plans are much more
complex than this, for example, including a large number
of activities and incorporating complex states based on
attribute wvalues, incorporating exception conditions, and
incorporating complex logic to evaluate correlations of
states to a variety of objects and generate exceptions as
suitable. The present invention contemplates an
execution plan for a business process 108 incorporating
any appropriate information to guide its execution and
facilitate its monitoring within system 100, according to
particular needs.

State monitoring engine 128 stores state information
for business processes 108 and resources 110 in memory
132 and, if appropriate, in database 134. Although state
monitoring engine 128 1is described above as receiving
certain information from business layer 130, state
monitoring engine 128 may instead access memory 132 to
access information that business layer 130 stores in
memory 132. Database 134 contains historical data,
statistical data, or other suitable information
concerning the monitoring and management of the business
processes 108 and resources 110. For example only and

not by way of limitation, database 134 may contain
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statistical data, compiled over a period of time,

concerniﬁg business process bottlenecks that may be

analyzed to suggest suitable business process
improvements. Database 134 may be integral to or
separate from memory 132. Monitor engine 126 may allow

memory 132, database 134, or both memory 132 and database
134 to be queried for any appropriate stored information
concerning the business processes 108 and associated
resources 110. In one embodiment, older or any other
selected information may be periodically or otherwise
deleted from database 134 as appropriate.

Monitor 102 also includes a communication API 136
supporting a web-based or other user interface 138 for
communicating with users of system 100. API 136 provides
the ability to send and receive 1logical events, map
logical events to and from physical events, and may
support any other suitable event-related functionality.
As described below with reference to FIGURES 2A-2E, user
interface 138 may provide a display that includes
multiple perspective views of one or more business
processes 108 in execution environment 104, along with
any suitable information concerning related resources
110.

Although a single monitor 102, a single execution
environment 104, and a single systems manager 106 are
shown, the present invention contemplates one or more
monitors 102 sequentially, simultaneously, or otherwise
interacting with one or more execution environments 104
and one or more systems managers 106 according to
particular needs. Monitor 102, execution environment
104, and systems manager 106 may be integral to or

separate from one another; may communicate using one or
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more local area networks (LANS) , metropolitan area
networks (MANs), wide area networks (WANs), a global data
communications network such as the Internet, or any other
suitable networks; and may each operate on one or more
computer systems at one or more locations, as
appropriate.

In operation, business process 108 is defined and a
suitable execution plan including one or more rules is
stored within business layer 130. At an appropriate
time, Dbusiness process 108 Dbegins executing within
execution environment 104 and a control event is
communicated from execution environment 104 to monitor
engine 126 of monitor 102. In one embodiment, the
control event may include, for example, a name of the
business process 108 being executed, the type of business
process 108 being executed, and an identifier of the
particular instance of Dbusiness process 108 being
executed. In response to the control event, state
monitoring engine 128 obtains the previously defined
execution plan for that business process 108, including
one or more appropriate rules, from the business layer
130 and begins monitoring business process 108 and
associated resources 110. Monitor 102 and execution
environment 104 may communicate any appropriate
information during execution of business process 108, for
example, state information, activity information, and
other suitable instrumented data.

Monitor engine 126 receives state information for
the business process 108 (including sub-processes 112)
from execution environment 104 using PI interface 114.
Monitor engine 126 also receives state information for

one or more resources 110 associated with the business



10

15

20

25

30

WO 01/27762 PCT/US00/24296

14

process 108 from systems manager 106 using SM interface
120. In one embodiment, systems manager 106 may
communicate initial state information for resources 110
and thereafter communicate state information in response
to each change in state for each resource 110. Business
layer 130 receives the state information and communicates
it to state monitoring engine 128, which as described
above is monitoring business process 108 and associated
resources 110. According to this monitoring and the
execution of business process 108, monitor engine 126 may
apply one or more rules relating resources 110 to
business process 108. Monitor 102 may send suitable
control events to execution environment 104, according to
its application of these 1rules, to cause execution
environment to stop business process 108, restart
business process 108, or otherwise affect operation of
business process 108. Also according to application of
these rules, instead of or in addition to communicating
with execution environment 104 about business process
108, monitor 102 may communicate with systems manager 106
to start a not vyet operating resource 110, restart a
previously failed resource 110, start an alternative
resource 110, or otherwise affect operation of one or
more suitable resources 110 according to the needs of
business process 108.

For example, business layer 130 might receive state
information indicating that business process 108 has
started, a first resource 110 1is not operable, and a
second resource 110 1is operable but is not currently
operating. A rule may specify that if business process
108a has started and first resource 110 is not operable,

send notifications to the user interface 138 for display,
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to execution environment 104 for initiation of an
appropriate responsive measure, or to the systems manager
106 for initiation of an appropriate responsive measure,
singly or in any combination. The state monitoring
engine 128 receives the state information from the
business layer 130, applies the rule, and in response
causes the specified notifications to be sent. Another
rule might state that 1if business process 108a has
started and a second resource is not currently operating,
automatically start a third resource if possible. The
state monitoring engine 128 applies the rule's condition
according to the state information and monitor 102 sends
a notification to business layer 130, which then invokes
the rule's specified action and sends an instruction to
systems manager 106 to start the third resource 110. The
correlation of business processes 108 and resources 110
according to the present invention, using one or more
appropriate rules forming part of a business process
execution plan, provides an important technical
advantage.

FIGURE 2A illustrates an exemplary display 200
generated using web-based or other user interface 138 and
including multiple views 202. Each view provides
information concerning execution environment 104, one or
more business processes 108 within execution environment
104, one or more resources 110 associated with systems
manager 106, or any suitable combination of the above.
Although a three-dimensional display 200 is illustrated
including three simultaneous views 202, the display 200
may have any suitable number of dimensions and include
any suitable number of views 202, according to particular

needs. For example, display 200 might be a one-
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dimensional "flat" display 200 that includes multiple
views 202 that each have a corresponding panel within
display 200. Display 200 may include any suitable views
202, arranged in any appropriate manner, without
departing from the intended scope of the present
invention.

In one embodiment, each of the views 202 is a
perspective view providing information concerning an
associated aspect of execution environment 104, one oOr
more business processes 108, or one Or mOre Iresources
110. For example only and not by way of limitation,
views 202 may include: (1) one or more views 202 each
reflecting the topology, health, and other appropriate
characteristics of one or more business processes 108;
(2) one or more views 202 that each reflect the topology,
health, and other characteristics of one or more
physical, logical, or other resources 110; (3) one or
more views 202 reflecting historical, current, or
projected statistical information concerning one Or more
business processes 108, one Or more resources 110, or any
combination of business processes 108 and resources 110;
and (4) any other appropriate views 202. Perspective
views 202 may be correlated such that a selection or
other input received with respect to a first view 202 may
cause one or more other views 202 to be concurrently
updated or otherwise modified to reflect the selection or
other input.

In the illustrated embodiment, user interface 138
provides resource topology view 202a, business process
overview 202b, and business process aggregate view 202c
simultaneously within a three-dimensional display 200.

FIGURE 2B illustrates an exemplary resource topology view
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202a providing performance data for one or more resources
110 currently being monitored. For example only and not
by way of limitation, resource topology view 202 may use
indicators 204 within or otherwise associated with icons
206 to display performance data for corresponding
planning engines or other applications currently being
monitored. The indicators 204 may include any suitable
bar graphs, pie charts, or other suitable indicators 204
within or otherwise associated with icons 206 and may
convey data according to their color, shading, shape, or
any other suitable indicia.

User interface 138 may provide further, perhaps more
detailed, performance data for a particular resource 110
in response to the wuser selecting the icon 206
representing the resource 110 using a mouse pointer,
touch screen, or 1in any other suitable manner. A
resulting pop-up display 208 for the selected resource
110 may provide performance statistics, graphs, or other
data for resource 110. For example only and not by way
of 1limitation, display 208 might provide the CPU
utilization, available memory, response time, and
expected response time for the resource 110. These
performance parameters might indicate that the CPU
utilization is high, free memory is low, and the expected
duration of a transaction or operation involving resource
110 been exceeded. Topology view 202 may provide any
suitable wvisual, audible, or other cues to inform the
user of critical events or conditions concerning resource
110. As an example, if a factory planner application
becomes wholly or partially inoperative, the color of at
least a portion of a corresponding icon 206 or indicator

204 might change from green to red. An e-mail, page, or
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other alert might be communicated to a system
administrator or another appropriate control device.
Moreover, topology view 202 may allow the user to perform
suitable management operations with respect to monitored
resources 110. For example, the user may be permitted to
start or stop resources 110 (using pop-up display 208 or
otherwise), to access error logs concerning resources 110
for trouble shooting, or perform any other suitable
management activities relating to resources 110.

FIGURE 2C illustrates an exemplary business process
overview 202b that provides information concerning one or
more business processes 108 executing in execution
environment 104. Business process overview 202b
indicates the status of one or more business processes
108 being monitored, allowing the user to readily assess
the overall performance of Dbusiness processes 108,
perhaps across multiple instances of each Dbusiness
process 108. For example only and without limitation,
business process overview 202b may provide information
for an order fulfillment process 108e, an inventory
inguiry process 108h, an order request process 108j, a
procurement process 1081, and a promise item process
108m, among others. The business process overview 202b
may identify or use a suitable scale to indicate the
number of instances of each business process 108 that are
currently executing, for example, the number of promise
item processes 108m currently executing. The user may be
able to select a particular instance to obtain more
detailed information for that instance, as described more
fully below with reference to FIGURE 2E.

Business process overview 204 may provide suitable

state information for each business processes 108, for
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example, providing the percentage of instances of
business process 108 that are in normal, warning, alert,
or failure states. This state information may be
provided using color, shading, shape or other suitable
indicia. For example, a portion of a bar, banner, box,
or other region 210 within overview 202b associated with
business process 108 may indicate the percentage of
business process instances in the corresponding state.
In a particular embodiment, a gray portion 212a might
indicate the percentage of instances in a normal state, a
yellow portion 212b might indicate the percentage of
instances in a delayed or other warning state, and a red
portion 212c might indicate the percentage of instances
in an alert state. If the user sees that 1000 instances
of a particular business process 108 are executing and
region 210 is entirely gray, the user readily determines
that no action may be necessary. On the other hand, if
fifty percent of region 210 is yellow (fifty percent of
the 1000 instances are in a delayed or other warning
state) and twenty percent of region 210 is red (twenty
percent of the 1000 instances are in an alert state), the
user may readily determines that immediate corrective
measures may be necessary. |

The rules specifying what constitutes a particular
state of a business process instance may be defined in
any suitable manner, according to particular needs. For
example, an exemplary rule might specify that if the
actual duration of an activity exceeds the expected
duration of the activity, communicate a notification that
results in a visual indicator within business process
overview 202b. As a more particular example, fulfillment

process 108e might have associated rules specifying that



10

15

20

25

30

WO 01/27762 PCT/US00/24296

20

if an order is shipped within forty-eight hours, then
process 108e is in a normal state; if the order is
shipped between forty-eight and seventy-two hours, then
process 108e 1is in a warning state; if the order is
shipped between seventy-two and ninety-six hours, then
process 108e is in a critical state; and if the order is
shipped in over ninety-six hours, then process 108e is in
a failure state. Suitable notifications may Dbe
communicated accordingly. State monitoring engine 128
processes the state information according to these rules,
which it receives from business layer 130, as fulfillment
process 108e executes in execution environment 104 during
operation of system 100.

FIGURE 2D illustrates exemplary business process
aggregate view 202c that includes one or more activities
or other sub-processes 112 of business process 108, such
as fulfillment process 108e described above, arranged in
the 1logical sequence corresponding to execution of
fulfillment process 108e. Each sub-process 112 may
involve one or more tasks, for example, getting a quote
from a fulfillment engine application, sending an order
to a transportation manager application, or sending data
to a factory planner application. In one embodiment, the
sub-processes 112 for the fulfillment process 108e may
include web order sub-process 112a, price check sub-
process 112b, product availability sub-process 11l2c,
order product sub-process 112d, warehouse management
system sub-process 112e, transport parts sub-process
112f, receive parts sub-process 112g, shipping receive
parts sub-process 112h, ship product sub-process 112i,

invoice sub-process 112j, and e-mail invoice sub-process
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112k, in any appropriate combination and without
limitation.

Aggregate view 202c displays the aggregate status of
a particular business process 108, considering all of its
activities or other sub-processes 112. For each of these
sub-processes 112, aggregate view 202c may indicate the
number of instances of the sub-process 112 that are at
that particular sub-process 112. Aggregate view 202c may
do so using text, color, shading, shape, or any suitable
indicia associated with icon 214 for that sub-process
112. A relatively large number of instances of business
process 108 at a sub-process 112 may indicate a
bottleneck at that sub-process 112 for business process
108 and thus an actual or potential problem. For example
only and not by way of limitation, if a bottleneck is at
an activity requiring manager approval to complete, then
the manager may be failing to adequately perform his or
her duties. If the Dbottleneck 1is at an activity
requiring a quote to be obtained from a third-party
fulfillment engine application, then it may be desirable
to replace that third-party application. If the
bottleneck is at an activity requiring a response from a
particular resource 110, then that resource 108 may not
be operating. The present invention contemplates any
appropriate condition or event being indicated according
to the number of instances of business process 108 that
are currently at a particular sub-process 112.

As an example illustrating advantages of the present
invention in connection with display 200, assume the
goods for an order are expected to be shipped on or
before the promised ship date. Business process overview

202b might indicate that two percent of e-fulfillment
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business processes 108 have exceeded their expected
duration for execution (meaning the promised ship dates
have passed but the goods for the orders have not yet
been shipped). Business process aggregate view 202c
might indicate that all such business processes instances
are waiting on parts from external suppliers. As a
result, a user within the company is able to readily
identify where the bottleneck has occurred and take
action to address the problem. In one embodiment,
business process overview 202b and Dbusiness process
aggregate view 202c are displayed simultaneously within
display 200, such that the wuser may more readily
appreciate these relationships.

In response to the user selecting a particular
business process 108 using the business process overview
202b, user interface 138 may display a business process
detailed wview 202d, as illustrated in FIGURE 2E.
Detailed view 202d displays the current state of at least
a portion of the selected business process 108, for
example, which activities have already executed; which
activity is currently executing; which activities remain
to be executed; the expected duration for each activity;
the actual duration for executed or executing activity;
any warning, alert, or other appropriate notifications
for one or more ©particular activities for which
corresponding rules have been defined; and any other
suitable information for sub-processes 112 of selected
business process 108.

The user may brush over, point to, c¢lick on, or
otherwise select a particular sub-process 112 to obtain
more detailed information for that sub-process 112. A

resulting pop-up display 216 may provide, for example,
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the expected and the actual durations of sub-process 112
and any warning, alert, or other notifications for sub-
process 112. The user may similarly select a link 218
between sub-processes 112 to view the content of
information passing through that portion of the business
process 108, for example, order information including an
order number, order gquantity, and order amount. In one
embodiment, the wuser may query for a specific data
element. For example, 1if the user searches for a
particular order number, one or more business process
instances pertaining to that order may be displayed using
detailed wview 202d to illustrate where in Dbusiness
process 108 the corresponding order is.

As another example illustrating technical advantages
of the present invention in connection with display 200,
assume the company has had several of its machines
applications, or other resources 110 fail and would like
to determine which of these failed systems to bring up
first to minimize its lost revenues. Using business
process overview 202b, the user may brush over, point to,
click on, or otherwise select the e-fulfillment business
process 108 to view a 1list of applications on which
business process 108 depends (and the machines on which
these applications run). This information may be
provided using business process detailed view 202d or in
any  other suitable manner. According to this
information, the wuser may bring up more critical
applications before less critical applications, possibly
avoiding further 1lost revenue. These and other
capabilities are not found in prior systems and provide a
number of important technical advantages over such

systems.
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FIGURE 3 illustrates an exemplary method of managing
business'processes 108 and associated resources 110. In
this particular example, monitor 102 monitors and manages
exemplary e-fulfillment process 108e that executes within
execution environment 104 and one or more associated
resources 110 associated with systems manager 106.
Although monitoring and management of fulfillment process
108e is described, any appropriate business process 108
may of course be monitored and managed without departing
from the intended scope of the present invention. The
method begins at step 302, where the fulfillment process
108 (including one or more of its sub-processes 112
described above with reference to FIGURE 2D) is defined
according to input from the user. Fulfillment process
108e may be defined using hypertext markup language
(HTML) , extensible markup language (XML), or in any other
suitable format. An appropriate execution plan for
business process 108 is defined at step 304 and, at step
306, stored in business layer 130 of monitor engine 126.
The execution plan may be stored in business layer 130
immediately prior to execution of business process 108 or
at any other time. As described above, the execution
plan may include, among other information, one or more
transfer objects including data to be passed between sub-
processes 112 and one or more rules to be applied
according to the operation of business process 108.

At step 308, the business process 108 begins
executing within the execution environment 104 and, at
step 310, the execution environment 104 communicates an
appropriate control event to monitor engine 126 of
monitor 102 wusing PI interface 114. In one embodiment,

the control event may include, for example, a name of the
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business process 108 being executed, the type of the
business process 108 being executed, and an identifier of
the particular instance of business process 108 being
executed. At step 312, in response to the control event,
state monitoring engine 128 of monitor 102 obtains the
previously defined execution plan for business process
108, including one or more transfer objects and one or
more rules, from the business layer 130. At step 314,
state monitoring engine 128 begins monitoring the
business process 108 and its associated resources 110.
At any appropriate time during the execution of business
process 108, monitor 102 may communicate information with
execution environment 104 and systems manager 106,
including for example state information, activity
information, and any other suitable instrumented data.
At step 316, as described more fully above with reference
to FIGURES 2A through 2E, the user interface 138 begins
to generate displays 200 to provide the user with
suitable information concerning business process 108 and
associated resources 110.

At step 318, a first of possibly multiple sub-
processes 112 of the Dbusiness process 108 begins
executing in execution environment 104. This event may
be essentially the same as or may occur substantially
simultaneously with the business process 108 beginning to
execute. At step 320, the sub-process 112 accesses (and
possibly modifies) one or more transfer objects. For
example, and not by way of limitation, a web order sub-
process 112 that executes in response to a web order
received over the Internet may include a web order
transfer object that contains the customer name, part

number, and requested quantity for the order. A transfer
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object may be included in or otherwise associated with a
sub-process 112 as a result of the initial definition of
the sub-process 112. Alternatively, the transfer object
may be included in the stored execution plan and
communicated to sub-process 112 from business layer 130
of monitor engine 126.

Business layer 130 receives state information for
the business process 108 (including sub-processes 112)
from execution environment 104 at step 322 wusing PI
interface 114. Business layer 130 also receives state
information for one or more resources 110 that are
associated with business process 108 from systems manager
106 at step 324 wusing SM interface 120. In one
embodiment, systems manager 106 may communicate initial
state information for resources 110 being monitored and
subsequently communicate state information in response to
a change in state for a monitored resource 110. Business
layer 130 may store the information in memory 132 and
possibly database 134 at step 326. Business layer 130
communicates the state information to the state
monitoring engine 128 at step 328, which as described
above is monitoring business process 108 and associated
resources 110. Business layer 130 may begin to receive
and then communicate state information for business
process 108 and resources 110 at any suitable time
before, during, or after business process 108 or its
first sub-process 112 begin executing.

According to its monitoring and the execution of the
business process 108, monitor engine 126 may apply one or
more rules relating resources 110 to business process 108
at step 330. Application of a rule is described more

fully below with reference to FIGURE 4. At step 332,
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monitor 102 may send one or more control events to
execution environment 104, according to application of
the rules, to cause execution environment to stop
business process 108 or the sub-process 112, restart
business process 108 or the sub-process 112, or otherwise
affect the operation of business process 108 or the sub-
process 112. At step 334, also according to the
application of the rules, instead of or in addition to
communicating with execution environment 104, monitor 102
may communicate with systems manager 106 to start one or
more not yet operating resources 110, restart one or more
previously failed resources 110, start one or more
alternative resources 110, or otherwise affect the
operation of one or more resources 110 according to the
needs of business process 108 and sub-process 112.

If sub-process 112 and business process 108 are both
complete at step 336, monitor engine 126 modifies one or
more transfer objects as appropriate and then
communicates one or more of these transfer objects to the
next sub-process 112 at step 338. Using the above
example involving a web order transfer object, a price
check sub-process 112 that executes subsequent to the web
order sub-process 112 might need some or all of the
information contained in the web order transfer object to
execute. Accordingly, web order sub-process 112
communicates the web order transfer object to the price
check sub-process 112 to provide this information. The
method then returns to step 318, where the next sub-
process 112 (price check sub-process 112 in the example)
begins executing, and step 320, where the next sub-
process 112 accesses one or more suitable transfer

objects. Although transfer objects for first sub-process
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112 are described as being included in or otherwise
associated with first sub-process 112, and transfer
objects for next sub-process 112 are described as being
received from first sub-process 112, the present
invention contemplates a sub-process 112 accessing any
suitable transfer objects at step 320. For example, a
next sub-process 112 may include a transfer object as a
result of its initial definition, may receive a transfer
object from a proceeding sub-process 112, may receive a
transfer object from another previous sub-process 112, or
may access one or more transfer objects in any suitable
manner to access appropriate information.

Monitor 102 and it components continue to receive
state information, apply <rules as appropriate, and
generate suitable displays 200 while the business process
108 is executing. If sub-process 112 and business
process 108 are both complete at step 336, the execution
environment 104 communicates a control event to monitor
engine 126 at step 340. In response, at step 342, state
monitoring engine 128 ceases monitoring the business
process 108 and associated resources 110, and the method
ends. Although monitoring and management of a single
business process 108 (and associated resources 110) is
described, monitor 102 may wmonitor and manage any
suitable number of business processes 108 (and associated
resources 110) serially, simultaneously, or in any other
manner.

FIGURE 4 illustrates an exemplary method of applying
a rule correlating the states one or more resources 110
to the operation of a business process 108 with which the
resources 110 are associated. In general, as described

above, application of rules within monitor engine 126
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facilitates monitoring and management of business process
108 and associated resources 110. The method begins at
step 402, where state monitoring engine 128 receives,
retrieves, or otherwise accesses one or more rules each
relating business process 108 (or at least one of its
sub-processes 112) to at least one resource 110. In one
embodiment, state monitoring engine 128 may receive all
rules for business process 108 at essentially the same
time from business layer 130, shortly before business
process 108 begins executing. However, state monitoring
engine 128 may receive a subset of one or more rules
shortly before corresponding sub-process 112 begins to
execute or at any other suitable time.

For purposes of illustration, and not by way of
limitation, application of an exemplary rule is
described. An exemplary rule might specify that if a
sub-process 112 has started and a particular resource 110
is not currently operating, then send a notification to
user interface 138, execution environment 104, or systems
manager 106, individually or in any appropriate
combination. As described above, the state monitoring
engine 128 may preferably determine in advance whether
resources 110 are satisfactory for anticipated execution
of the sub-process 112. In that case, this exemplary
rule might be modified to trigger in response to an event
associated with execution of a proceeding sub-process 112
(such as the proceeding sub-process 112 starting), a
specified lead time threshold being crossed (such as
sixty seconds before the sub-process 112 is anticipated
to start), or any other suitable event, condition, or
other trigger. As another example (not explicitly

described in connection with the described method), a
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customer promise transfer object might include the
customer name, part number, requested quantity, and
promise date. An exemplary rule to be applied might
specify that if the customer name is "Acme" and the
customer promise is greater than a predetermined number
of units, then send a notification to indicate that
resources 110 for the order are insufficient. The
present invention contemplates application of any
appropriate rule relating at least a portion of business
process 108 to at least one resource 110 associated with
its operation.

At step 404, state monitoring engine 128 receives
suitable state information for the sub-process 112 and
for the partiéular associated resource 110 from business
layer 130. At step 406, according to the state
information for business process 108, state monitoring
engine 128 determines whether sub-process 112 has
started. At step 408, according to the state information
for resource 110, state monitoring engine 128 determines
whether resource 110 is currently operating. At step
410, if sub-process 112 has started and the resource 110
is currently operating, then no notification is mandated
according to the exemplary zrule and the method ends.
However, 1f sub-process 112 has started and the resource
110 is not currently operating at step 410, then a
notification is mandated according to the exemplary rule.
State monitoring engine 128 generates a notification
event at step 412 and may communicate suitable
notifications to wuser interface 138 at step 414, to
execution environment 104 at step 416, and to systems
manager 106 at step 418, individually or in any

appropriate combination.
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In response to the notification communicated at step
414, user interface 138 may modify one or more views 202
of display 200 at step 420. For example, user interface
138 might cause the color of an icon corresponding to
sub-process 112 to change to red to indicate the problem.
In response to the notification communicated at step 416,
execution environment 104 may temporarily stop sub-
process 112 from executing, may slow down sub-process
112, may start a corrective sub-process 112, may delay
one Or more subsequent sub-processes 112, or may
otherwise affect the operation of one or more sub-
processes 112 of business process 108 in any suitable
manner at step 422. A corrective sub-process 112 might
involve, as an example, starting an alternative resource
110 for execution of the monitored sub-process 112. In
response to the notification communicated at step 418,
systems manager 106 may start the non-operating resource
110, start an alternative resource 110, initiate an e-
mail, page, or other alert to a system administrator, or
otherwise affect the operation of one or more resources
110 in any suitable manner at step 424. Once responsive
measures have been initiated, the method ends. In one
embodiment, state monitoring engine 128 may apply a rule
more or less continuously until application is no longer
appropriate, for example, until after sub-process has
completed. Alternatively, state monitoring engine 128
may apply the rule initially and then not again until a
state change relating to the rule is detected.

Although several embodiments of the invention and
their advantages are described in detail, a person
skilled in the art could make various alterations,

additions, and omissions without departing from the
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spirit and scope of the present invention as defined by

the appended claims.
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WHAT IS CLAIMED IS:

1. A computer-implemented system for monitoring
and managing one or more Dbusiness processes and
associated resources, comprising:

a memory operable to store:

state information indicating the state of at
least one business process;

state information indicating the state of at
least one resource to be used during execution of the
business process; and

at least one rule relating the resource to the
business process; and

a monitor engine operable to access at least some of
the state information, to apply the rule according to the
state information, and to generate a notification if the
state information is unsatisfactory according to the

rule.

2. The system of Claim 1, wherein the monitor
engine is further operable to:

determine the state of the business process using
the state information; and

if the state of the business process is
unsatisfactory, generate the notification to affect the

state of the business process.

3. The system of Claim 2, wherein at least a
portion of the business process is started in response to

the notification.

4. The system of Claim 1, wherein the monitor

engine is further operable to:
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determine the state of the resource using the state
information; and

if the state of the resource 1is unsatisfactory,
generate the notification to affect the state of the

resource.

5. The system of Claim 4, wherein the resource is

started in response to the notification.

6. The system of Claim 1, wherein the monitor
engine is further operable to:

determine the state of the resource using the state
information; and

if the state of the resource 1is unsatisfactory,
generate the notification to affect the state of an

alternative resource.

7. The system of Claim 6, wherein the alternative

resource is started in response to the notification.

8. The system of Claim 1, wherein the business
process comprises one or more sub-processes, the state
information indicates the state of each sub-process, and
the rule relates at 1least one resource to each sub-

process.

9. The system of Claim 8, wherein the memory is
opeiable to store an execution plan comprising:

the rules for the business process; and

one or more transfer objects each operable to
communicate information from one sub-process to another

sub-process during execution of the business process.
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10. The system of Claim 1, further comprising:

a first instrumentation interface coupling the
monitor engine to an execution environment within which
the business process is executed; and

a second instrumentation interface coupling the
monitor engine to a systems manager for managing the

resource.

11. The system of Claim 1, wherein the monitor
engine is further operable to store information about the
execution of the business process in a database for

purposes of statistical analysis.

12. The system of Claim 1, further comprising a
user interface operable to generate a visual display
comprising at least one view of the business process, the
user interface operable to indicate within the view and
in response to the notification that the state

information is unsatisfactory according to the rule.

13. The system of Claim 1, further comprising the

computer system on which the monitor engine operates.
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14. A computer-implemented method of monitoring and
managing one or more business processes and associated
resources, comprising:

storing:

state information indicating the state of at
least one business process;

state information indicating the state of at
least one resource to be used during execution of the
business process; and

at least one rule relating the resource to the
business process;

accessing at least some of the state information;

applying the rule according to the state
information; and

generating a notification if the state information

is unsatisfactory according to the rule.

15. The method of Claim 14, further comprising:

determining the state of the business process using
the state information; and

if the state of the business process is
unsatisfactory, generating the notification to affect the

state of the business process.

16. The method of Claim 15, further comprising
starting at least a portion of the business process in

response to the notification.

17. The method of Claim 14, further comprising:
determining the state of the resource wusing the

state information; and
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if the state of the resource is determined to be
unsatisfactory, generating the notification to affect the

state of the resource.

18. The method of Claim 17, further comprising

starting the resource in response to the notification.

19. The method of Claim 14, further comprising:

determining the state of the resource wusing the
state information; and

if the state of the resource is determined to be
unsatisfactory, generating the notification to affect the

state of an alternative resource.

20. The method of Claim 19, further comprising
starting the alternative resource in response to the

notification.

21. The method of Claim 14, wherein the business
process comprises one or more sub-processes, the state
information indicates the state of each sub-process, and
the rule relates at 1least one resource to each sub-

process.

22. The method of Claim 21, further comprising
storing an execution plan that includes:

the rules for the business process; and

one or more transfer objects each operable to
communicate information from one sub-process to another

sub-process during execution of the business process.
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23. The method of Claim 14, further comprising:

using a first instrumentation interface to
communicate between the monitor engine and an execution
environment within which the Dbusiness process 1is
executed; and

using a second instrumentation interface to
communicate between the monitor engine and a systems

manager for managing the resource.

24. The method of Claim 14, further comprising
storing information about execution of the Dbusiness
process 1in a database for purposes of statistical

analysis.

25. The method of Claim 14, further comprising:

generating a visual display including at least one
view of the business process; and

indicating within the view and in response to the
notification that the state information is unsatisfactory

according to the rule.
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26. Software embodied in a computer-readable medium
and operable to:
store:
state information indicating the state of at
least one business process;
state information indicating the state of at
least one resource to be used during execution of the
business process; and
at least one rule relating the resource to the
business process;
access at least some of the state information;
apply the rule according to the state information;
and
generate a notification if the state information is

unsatisfactory according to the rule.

27. The software of Claim 26, further operable to:

determine the state of the business process using
the state information; and

if the state of the business process is
unsatisfactory, generate the notification to affect the

state of the business process.

28. The software of Claim 27, further operable to
start at least a portion of the business process in

response to the notification.

29. The software of Claim 26, further operable to:
determine the state of the resource using the state

information; and



10

i5

20

25

30

WO 01/27762 PCT/US00/24296

40

if the state of the resource 1is unsatisfactory,
generate the notification to affect the state of the

resource.

30. The software of Claim 29, further operable to

start the resource in response to the notification.

31. The software of Claim 26, further operable to:

determine the state of the resource using the state
information; and

if the state of the resource is unsatisfactory,
generate the notification to affect the state of an

alternative resource.

32. The software of Claim 31, further operable to
start the alternative resource 1in response to the

notification.

33. The software of Claim 26, wherein the business
process comprises one or more sub-processes, the state
information indicates the state of each sub-process, and
the rule relates at least one resource to each sub-

process.

34. The software of Claim 33, further operable to
store an execution plan comprising:

the rules for the business process; and

one or more transfer objects each operable to
communicate information from one sub-process to another

sub-process during execution of the business process.
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35. The software of Claim 26, further operable to:

use a first instrumentation interface to communicate
between the monitor engine and an execution environment
within which the business process is executed; and

use a second instrumentation interface to
communicate between the monitor engine and a systems

manager for managing the resource.

36. The software of Claim 26, further operable to
store information about execution of the business process

in a database for purposes of statistical analysis.

37. The software of Claim 26, further operable to:

generate a visual display including at least one
view of the business process; and

indicate within the view and in response to the
notification that the state information is unsatisfactory

according to the rule.
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38. A computer-generated display associated with a
system for monitoring and managing business processes and
associated resources, comprising:

a view concerning at least a portion of at least one
business process, the view operable to reflect
application of a rule relating the business process to
one or more resources to be used in the execution of the
business process, the rule being applied according to a
state of at least the portion of the business process,
the view further operable to indicate whether the state

is satisfactory according to the rule.

39. The display of Claim 38, further comprising at
least a second view concerning at least the portion of
the business process and reflecting application of the
rule, wherein:

the first and second views are displayed
simultaneously; and

a change in state reflected in the first wview 1is
also substantially immediately reflected in the second

view.

40. The display of Claim 38, wherein the view
concerns multiple business processes executing in an
execution environment, the view operable to indicate the
number of instances of a particular business process that

are in a particular state.

41. The display of Claim 38, wherein the view
concerns multiple sub-processes of the business process,
the view comprising an icon for each sub-process, the

icons arranged in a logical sequence according to
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relationships between the sub-processes, the view
operable to indicate wusing the icons the number of
instances of the business process that are currently at a

particular sub-process.

42. The display of Claim 38, wherein the view
concerns multiple sub-processes of the business process,
the view comprising an icon for each sub-process, the
icons arranged in a logical sequence according to
relationships between the sub-processes, the view
operable to indicate using the icons which sub-processes
have executed, which sub-processes are executing, and

which sub-processes remain to be executed.

43. The display of Claim 42, wherein the view
further comprises a pop-up display generated in response
to a user selecting an icon for a sub-process, the pop-up
display indicating expected and actual durations for the

sub-process.

43. The display of Claim 42, wherein the view
further comprises a 1link between at least two sub-
processes, the view operable to indicate the content of
the information passing between the sub-processes in

response to a user selecting the link.

44. The display of Claim 38, further comprising a
resource topology view providing performance information
for one or more resources being monitored, the first view

comprising an icon for each resource.
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45, The display of Claim 44, wherein each icon
comprises one or more indicia that reflect performance

data for the associated resource.

46. The display of Claim 44, wherein the view
further comprises a pop-up display generated in response
to a user selecting an icon for a resource, the pop-up

display providing performance data for the resource.
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