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(57) ABSTRACT 

An architecture, system, and method are provided for a 
commitment loop solution for on demand business activity 
management. A Business Performance Management (BPM) 
loop is de?ned as a set of nodes each relating to different 
tasks for processing performance management trigger data 
generated by a business entity in real time, Where the 
beginning or sensing element of the loop is triggered by a 
token (representing a business event from a business pro 
cess) and the ending or executing element provides a busi 
ness action to be implemented by the business entity. The 
token is passed from node to node sequentially in a particu 
lar order around the loop. Processing of the data represented 
by the token is governed by policies, Which can be changed 
dynamically and folloW a life cycle. On demand business 
activity management of larger aggregates of business enti 
ties (i.e. enterprises and value chains) is achieved by extend 
ing this architecture by building upon the BPM loops of the 
component entities to form a BPM net, adding nodes as 
necessary. This architecture, system and method can be 
implemented at multiple levels of granularity from opera 
tional or tactical business activities to enterprise Wide stra 
tegic activities. 
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METHOD AND APPARATUS OF ON DEMAND 
BUSINESS ACTIVITY MANAGEMENT USING 
BUSINESS PERFORMANCE MANAGEMENT 

LOOPS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to business 
process management and, more particularly, to frameworks 
for business process management that facilitate adaptive 
monitoring and control. 

[0003] 2. Background Description 

[0004] To succeed in today’s business environment, an 
enterprise needs agility. Businesses must respond to chang 
ing customer needs With ?exible systems and processes. 
Unfortunately, most enterprises are sloW to respond to both 
the problems occurring in its organizations and the changes 
of requirements from customers. Static processes that cannot 
adapt to changing needs are a liability. Enterprises are 
scrutiniZing the effectiveness of their business and informa 
tion technology (IT) operations to identify opportunities for 
greater ef?ciencies. 

[0005] Business performance management (BPM) has 
emerged as a critical discipline to enable enterprises to 
manage their business solutions in an “on-demand” fashion, 
that is, so that the business solution changes rapidly to 
accommodate changing demands in the marketplace. BPM 
applications are intended to promote an adaptive strategy by 
emphasiZing the ability to monitor and control both business 
processes and the IT events that support these processes. In 
theory, by coordinating the business and IT events Within an 
integrated frameWork, decision makers can quickly and 
ef?ciently align IT and human resources based on the current 
business climate and overall market conditions. Business 
executives can leverage the results of core business process 
execution to speed business transformation, and IT execu 
tives can leverage business vieWs of the IT infrastructure to 
recommend IT-speci?c actions that can drive competitive 
advantage. 
[0006] HoWever, in practice most BPM processes and 
architectures are linear and rigid and are very hard to change 
once they have been developed and implemented. To change 
the requirements of these BPM systems is sometimes like 
building a completely neW application, Which costs time and 
money. Some enterprises attempt to increase the ?exibility 
and agility of business processes by introducing dynamic 
Work?oWs and intelligent rules. HoWever, this kind of 
approach is hard to model, deploy and maintain. In the BPM 
domain, business analytics are commonly incorporated into 
business monitoring and management systems in order to 
understand business operations in a deeper sense. Neverthe 
less, most functions provided by business analytics are 
performed in batch mode, Which compromises the ability of 
the management system to determine business situations and 
resolve exceptions in a timely fashion. It is challenging to 
run business analytics in a continuous manner. In general, it 
is extremely dif?cult to model, integrate and deploy moni 
toring and control capabilities into larger scale business 
solutions (e.g. supply chain management) so that the busi 
ness process can be managed dynamically. 

[0007] Current technologies for dynamically adapting IT 
systems to changes in the business environment, Where the 
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IT systems are serving an interrelated structure of business 
units, are inadequate in a number of particulars. There is no 
agreement on hoW monitoring and management capabilities 
should be de?ned and deployed to the customer’s environ 
ment. Further, existing Work?oW models are process-cen 
tric, for reasons of ef?ciency and cost, but many business 
problems arising from changes in the business environment 
can be more easily solved using a mission-centric analysis, 
ie What an organiZation is obligated to do. Also, tWo-par‘ty 
service management based on service-level agreements 
(SLAs) cannot handle commitments crossing lines betWeen 
business units in a complex organiZation. Finally, existing 
rule-based expert systems for decision support do not pro 
vide end-to-end reasoning for business commitments and 
capabilities. 
[0008] There are several existing efforts directed toWard 
the general problem area of adaptation to changing business 
conditions, but each of these efforts is de?cient. An approach 
using the name “Ponder” provides a policy language for a 
distributed management system, but fails to consider modu 
lariZed policies for different granularities and levels of 
abstraction in business process management. The Holosofx 
Monitor is based on time and cost only, and fails to provide 
a generic concept for business process management. There 
is no quality of service management of the Wider value net 
Within Which a particular business process operates. A 
frameWork for specifying and monitoring Service Level 
Agreements for Web Services (WSLA) provides a Web 
service based language to specify IT level service agree 
ments, but there is no supporting and scalable infrastructure 
for handling monitoring and management capabilities. 

SUMMARY OF THE INVENTION 

[0009] It is therefore an object of the present invention to 
provide a set of modulariZed policies for business process 
management that are adaptable for different granularities 
and levels of abstraction Within a complex business structure 
of interrelated business activtities. 

[0010] Another object of the invention is to provide a 
supporting and scalable infrastructure for building monitor 
ing and management capabilities at the business unit, enter 
prise, and value net levels. 

[0011] It is also an object of the invention to provide an 
architectural frameWork for building business performance 
management (BPM) systems that overcomes the constraints 
of a currently available linear based design. 

[0012] The present invention provides a policy based 
BPM frameWork to address the above issues. In general, a 
BPM system is a system for sensing stimuli in the business 
environment, interpreting perceived data to detect excep 
tions, determining alternatives for overcoming the excep 
tions, and deciding hoW to respond to the situation pre 
sented. A policy based BPM system using BPM loops 
establishes an on-demand platform for business perfor 
mance monitoring and control. The central notion of this 
kind of BPM system is the BPM service. A BPM system 
having BPM loops manages multiple instances of a BPM 
service Within a shared IT infrastructure. Each service is 
developed as either a Web service or a service on grid of 
servers. We de?ne the BPM loop frameWork as delivering 
BPM services to multiple service customers over the Inter 
net to form a shared service-oriented architecture. Each 
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instance of a BPM service in this BPM loop architecture can 
be vieWed as a utility computing service environment. A 
de?ning feature of a BPM loop framework in accordance 
With the invention is the sharing and management of highly 
heterogeneous resources With the constraint that user expec 
tations Will be satis?ed from both functional and non 
functional perspectives. Similarly, a policy based BPM loop 
system is able to integrate, monitor and control functions so 
that these functions are available to managers on a continu 
ous basis. 

[0013] The core of this modular and scalable invention is 
a system for business performance management of a busi 
ness unit. The business unit is de?ned by business processes. 
The business processes generate events, Which are detected 
by the BPM system (eg via probes) and represented by 
tokens. The central component of the system is a BPM loop 
comprising a plurality of nodes, including at least a sensing 
node for receipt via the tokens of event data corresponding 
to a business event, as Well as an execution node for sending 
action data to a business unit to be implemented in response 
to the business event. The transformation of event data into 
action data by the nodes of a BPM loop is governed by 
policies. Each token is passed sequentially from node to 
node in a particular order around the BPM loop, beginning 
With the sensing node and ending With the execution node. 
Application of a policy at a node is triggered by the token. 
Another aspect of modularity is that each node comprises a 
data acquisition element for acquiring data from another 
node, a data processing element for transforming data in 
accordance With one of the policies, and a data output 
element for transmitting data to another node. A further 
aspect of the invention is that the tokens are handled in real 
time, beginning With receipt of event data at the said sensing 
node and continuing With transformation of the event data in 
accordance With policies as the token is passed from node to 
node around the BPM loop, and ending With the transformed 
action data being sent to the business unit. Yet another aspect 
of the invention is that the policies may be adapted dynami 
cally, including removal or addition of nodes in response to 
changes in the business process or changes in monitoring 
and control objective pertaining to the business process. 

[0014] Building upon the foregoing core features, BPM 
loops can be combined by driving the sensing node of an 
additional BPM loop With an event not from a business 
process but rather from the data output component of a node 
(not necessarily the execution node) in another BPM loop. 
The token functionality is the same. In this fashion it may be 
understood hoW a netWork of BPM loops may be estab 
lished, BPM loop by BPM loop, so as to dynamically adapt 
and expand business performance management capabilities 
to multiple business units forming an enterprise and multiple 
enterprises forming a value chain, as demand may require, 
Without having to remove the modular and adaptable BPM 
loops and policies from their respective business units in 
order to undertake a BPM re-development effort. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] The foregoing and other objects, aspects and 
advantages Will be better understood from the folloWing 
detailed description of a preferred embodiment of the inven 
tion With reference to the draWings, in Which: 

[0016] FIG. 1 is a diagram shoWing a business activity 
management cycle. 
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[0017] FIG. 2 is a diagram shoWing the life stages of a 
business policy life cycle. 

[0018] FIG. 3 is a schematic of a business performance 
management node. 

[0019] FIG. 4 is a schematic shoWing a BPM loop com 
posed of BPM nodes. 

[0020] FIG. 5 is a schematic shoWing a BPM Net com 
posed of BPM loops. 

[0021] FIG. 6 is a schematic shoWing strategic, opera 
tional and execution levels Within an enterprise, together 
With BMP loops connected to form BMP capabilities hori 
Zontally Within a level and vertically across levels. 

[0022] FIG. 6A is the schematic of FIG. 6, modi?ed to 
shoW a vertical BMP capability modi?ed by changing the 
BMP loops comprising the capability. 

[0023] FIG. 7 is a diagram shoWing BPM loops connected 
by commitment links to form an enterprise. 

[0024] FIG. 8 is a diagram shoWing enterprises connected 
by commitment links to form a value chain. 

[0025] FIG. 9 is a schematic shoWing hoW the execution 
schedule and resource allocation of BPM loops are con 
trolled. 

[0026] FIG. 10 is a summary diagram shoWing an imple 
mentation of the invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT OF THE INVENTION 

[0027] Referring noW to the draWings, and more particu 
larly to FIG. 1, there is shoWn a business-activity manage 
ment cycle or “BPM loop”110. A policy based BPM loop 
structure for a BPM system 120 takes monitored data from 
target business solutions 130 (eg business events 137), 
invokes BPM services and renders business actions 138 
back to target business solutions 130 in a continuous cycle. 
The business solutions 130 are characteriZed by one or more 
business processes 131, business IT systems 132, business 
commitments 133, business data sets 134, and business 
organiZations 135. In general, there are ?ve representative 
categories of services in a BPM loop structure 110 for a 
BPM system 120 according to the invention: Sense 140, 
Detect 142, AnalyZe 144, Decide 146 and Execute 148. 

[0028] “Sense”140 is the stage When a BPM system 120 
interacts With business solutions 130 and provides data 
extraction, transformation, and loading capabilities for the 
sake of preparing quali?ed data that is to be further 
monitored and analyZed. This stage produces business 
metrics, e.g., the cycle time of a manufacturing process of 
supply chain management. 

[0029] “Detect”142 is the stage of detecting business 
situations and/or exception occurring in the business 
solutions 130. An example of situation detection could be 
loWer-than-expected revenue performance in certain 
manufacturing process. 

[0030] “AnalyZe”144 is the stage When a BPM system 120 
performs business analytics such as risk-based analysis 
for resolving business exceptions. The output of this stage 
often comes With recommendation of potential resolu 
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tions to decision makers 145. An example is a neW set of 
build plans or modi?ed inventory policies for the business 
process that is problematic. 

[0031] “Decide”146 is the stage When-a decision maker 
Will make a decision about hoW to respond to business 
situations. A decision maker 147 can be either a human 
being or a softWare agent. The mission of a BPM system 
120 is to help decision makers 147 to make the right 
decision at the right time directed to the right targets. 

[0032] “Execute”148 is the stage When a BPM system 120 
carries-out actions for the purpose of enforcing the deci 
sions made by decision makers 149. Actions can be of 
many forms. The simplest kind of action is alerting 
interested parties about the decisions. More complicated 
actions may involve sophisticated process invocation. 

Example of the Preferred Embodiment 

[0033] As an example for explaining hoW the invention 
Works, We Will noW describe a BPM system for managing a 
business solution built for the IBM Microelectronics Divi 
sion. It comprises a suite of event-driven, decision manage 
ment applications that enable proactive management of 
business disruptions in real time. The BPM approach 
enables companies to resolve critical events Within their 
business on an exception basis. It utiliZes an event-driven 
solution management software infrastructure combined With 
advanced real-time analytics to monitor information sources 
and pro?le operational metrics, detect exceptions, send 
alerts, optimiZe business policies, and assess ?nancial and 
operational risk. Information feedback from the operation of 
enterprise applications is critical to ensure visibility and 
control over the business processes enabled by such appli 
cations. For this system We provide application adapters that 
facilitate the collection of enterprise applicationsifrom 
customer relationship management, to procurement, to 
advanced planning and scheduling, to the manufacturing 
?oor. The volume of business events, such as a release of a 
purchase order, receipt of a sales order, shipment of a 
customer order, or the completion of a manufacturing lot, 
demand high levels of data integrity and transaction pro 
cessing. This is fully supported by a ?exible and extensible 
policy-driven softWare infrastructure. 

[0034] The system’s ability to identify potential out-of 
tolerance situationsiWhether due to unexpected ?uctua 
tions in supply and demand, or emerging customer, partner, 
and supplier needsiis enabled by analytical exception 
detection agents. These agents utiliZe standardized or con 
?gurable measurements to observe business events; for 
example to ensure that enterprise revenue goals are being 
accomplished. The BPM policies are managed pro-actively. 
Alert messages inform business process oWners in advance 
if a neW trend is emerging and actions must be taken. Finally, 
this system provides a suite of domain-dependent optimiZa 
tion, performance prediction, and risk assessment agents that 
make exception management even more effective. The 
agents adopt existing cost structures and business process 
?exibility, and recommend optimiZed business policies and 
actions that drive business performance to higher levels of 
productivity, ef?ciency, and ?nancial predictability. 

[0035] An example of a typical use case for continuous 
demand-driven build plan and inventory optimiZation in the 
domain of microelectronic manufacturing can be described 
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as folloWs. End-of-quarter revenue targets (per module 
family) are released/updated after the meetings among busi 
ness line managers and executives. A business line manager 
has a pre-determined set of module families for Which she 
has ?nancial responsibility and, therefore, Whose actual 
revenue (accumulated so far) and revenue outlook (for 
remaining Weeks in the current quarter) she is interested in 
tracking against the revenue target of the current quarter. The 
actual demand, revenue, revenue outlook and inventory 
levels are key metrics for the business line managers for 
making adjustments in the manufacturing process. The fol 
loWing scenario illustrates hoW the business line manager 
utiliZes the BPM system. 

[0036] The BPM system receives events from various 
source systems from the supply chain. Some of these 
events impact the inventory levels or revenue metrics for 
the manufactured modules (such as “order placed” or 
“order cancelled” events). The BPM system continuously 
updates the actual revenue, the revenue outlook and 
inventory levels. 

[0037] Whether the progression of the accrued revenue is 
normal or beloW target is determined by the BPM system 
using a Wineglass model (see L. S. Y. Wu, J. R. M. 
Hosking, and J. M. Doll, “Business Planning Under 
Uncertainty: Will We Attain Our Goal?,” IBM Research 
Report RC 16120, Sep. 24, 1990, Reissued With correc 
tions Feb. 20, 2002). In the case Where the revenue is 
beloW target, the system automatically detects such a 
situation and issues an alert shoWing the current sales 
quantities of some selected saleable part numbers in the 
nth Week are out of their bands. 

[0038] The BPM system recommends adjusting the 
planned demand quantities and safety stock requirements 
for the nth Week. As a next step, it invokes a demand 
planning module and inventory planning module to ana 
lyZe demand quantities and safety stock requirements for 
the nth Week. 

[0039] It further recommends altering the daily build plan 
in order to optimally match neW daily demand state 
mentsithus providing high serviceabilityiand mini 
miZe manufacturing and inventory costs. By doing so, it 
also shoWs the effects and risks of all suggested altema 
tives for changing the build plan. 

[0040] Finally, the business line manager looks at the 
suggestions of the BPM system and makes a ?nal decision 
for improving the build plan. 

[0041] The BPM system immediately revises the actual 
build plan in the Enterprise Resource Planning (ERP) 
system (action) and continues the monitoring of the 
performance indicators With the up-dated build plan. 

De?ning BPM Policies 

[0042] The policy driven management model is recog 
niZed as an appropriate model for managing distributed 
systems. This model has the advantages of enabling the 
automated management and facilitating the dynamic behav 
iors of a large scale distributed system. Policy Works in 
conventional standards bodies focus more on de?ning 
frameWorks for traditional IT systems. Minsky and Ungure 
anu (“Law-Governed Interaction: A Coordination and Con 
trol Mechanism for Heterogenous Distributed Systems, 
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”ACM Transaction on Software Engineering and 
Methodology, Vol. 9, No. 3, July, 2000, Pages 273-305) 
described a mechanism called law-governed interaction 
(LGI), which is designed to satisfy three principles: (1) 
coordination policy needs to be coordinated; (2) the enforce 
ment needs to be decentralized; and (3) coordination policies 
need to be formulated. LGI uses decentralized controllers 
co-located with agents. The framework provides a coordi 
nation and control mechanism for a heterogeneous distrib 
uted system. Verma et al. [10] proposes a policy service for 
resource allocation in the Grid environment. Due to the 
nature of Grid computing, virtualization has been greatly 
used for de?ning policy services in the paper. However, in 
contrast to their work, the BPM is aimed for providing 
policy framework for business activities instead of a service 
for a system domain. 

[0043] The implementation of network systems based on 
policies has been addressed through development of the 
Ponder language (which is a policy speci?cation language) 
and various articles concerned with a policy framework for 
management of distributed systems. Traditional grid based 
frameworks for enterprise computing focus on distributed 
supercomputing, in which schedulers make decisions about 
where to perform computational tasks. Typically, schedulers 
are based on simple policies such as round-robin due to the 
lack of a feedback infrastructure reporting load conditions 
back to schedulers. However, the BPM system is governed 
by the BPM policies (BPM nets) that are a more sophisti 
cated implementation of policy principles than is available 
under Open Grid Services Architecture (OGSA) policy. 

[0044] The present invention is a framework aimed at 
dynamic composition of monitoring and control systems for 
business solutions. A BPM system is meant to be a platform 
for adaptive enterprise information systems in that the 
behavior of the system can be altered without modifying the 
mechanisms of the system itself. A BPM policy aims to 
govern and constrain the behavior of the BPM net and its 
constituent services. It usually provides policy rules for how 
the BPM system should behave in response to emergent 
situations. As an example, a policy for a supply chain 
inventory system may impose limits on the range of inven 
tory levels for the manufacturing process based upon the 
revenue target of the enterprise. Relevant policies can be 
devised and applied to different aspects of business solu 
tions. Examples include role-based authorization to manage 
target business solutions and resources, the scope of man 
aged business solutions and resources, and service-level 
agreements. 

[0045] Every BPM policy has its own lifecycle. The 
lifecycle of a policy consists of six basic life-stages as shown 
in FIG. 2. They are: policy de?nition 210, policy activation 
220, policy passivation 230, policy deployment and con 
?guration 240, policy enforcement 250 and policy termina 
tion 260. 

[0046] Policy De?nition 210 is the phase that a policy 
is created 212, modi?ed 214 and validated 216: Cor 
responding de?nitional tools such as editors, browsers 
and policy veri?ers can be used by business analysts to 
input the different policies that are to be effective in the 
BPM system. 

[0047] The stage of Policy Deployment & Con?gura 
tion 240 con?gures and deploys a policy into target 
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system and con?gures the system correspondingly. A 
set of automated deployment & con?guration utilities 
will usually simplify the tasks performed in this phase. 

[0048] Policy Enforcement 250 is the stage when a 
policy is being enforced to govern and constrain the 
behavior of target systems. Monitoring and reporting 
tools enable policy makers to understand how the status 
of policy enforcement and whether the policy has been 
de?ned reasonably. 

[0049] Policy Activation 220 is the phase when a policy 
is loaded into target system and waiting for further 
execution. In this phase, policies are active in the 
memory but have not been committed to any business 
activities yet. 

[0050] Policy Passivation 230 is the phase when a 
policy is put to persistent storage without any active 
activity. For BPM, a policy repository is usually 
required as the placeholder for passivated policies. 

0051 Polic Termination 260 is the hase when a y P 
policy ceases to exist in the system. 

[0052] Potentially, a policy can be bound to BPM services 
at two points of its lifecycle: (1) policy deployment & 
con?guration 240: this type of binding is called early 
binding between policy and mechanism since it is realized at 
the build time; and (2) policy enforcement 250: this type of 
binding is, on the other hand, called late binding between 
policy and mechanism since this binding is realized at the 
run time when policy is being executed. A deployed (con 
?gured) policy can be un-deployed (un-con?gured) and 
rolled back to the policy activation phase. By the same 
token, an enforced policy can be de-enforced and transits 
back to the policy activation phase. As mentioned above, a 
business analyst can use monitoring tools to monitor the 
status of policy enforcement in the policy target. If she 
thinks the policy does not meet her business goals, she may 
stop the execution and transition the policy into the policy 
de?nition phase in order to modify that problematic policy. 

[0053] The BPM policies are speci?ed using Ponder-like 
expressions as follows. In this syntax, every word in bold is 
a token in the language and optional elements are speci?ed 
within square brackets The policy with name “policyN 
ame” will be triggered when the events speci?ed in “event 
speci?cation” are generated and captured by the BPM 
system. The event can be primitive event and compound 
event what composed from primitive event using event 
operator. The keyword subject refers to the service that will 
act as the policy enforcer, and the scope phrase indicates the 
scope of application for this policy. The “do-when” pattern 
signi?es the actions to be enforced based on the pre-de?ned 
constraints. 

policy policyNaIne[(<type> argNaIne [, <type> argNaIne]*)] 
on event-speci?cation; 

subject [<type>] domain-Scope-Expression; 
[scope [<type>] domain-Scope-Expression;] 
do action-list; 
[when constraint-Expression;] 

[0054] The following segment shows the policy of detect 
ing the out-of-bound revenue situation based on (a) given 
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upper- and loWer-bounds; and (b) predicted revenue perfor 
mance. A metric event carrying the context object of the 

MDSAR system (noted as MDSARContext) acts as an input 
to this policy. Some of the data referred by this policy are 
parameteriZed as input parameters: (1) upperBound is the 
upper bound of the revenue performance; (2) loWerBound is 
the loWer bound of the revenue performance; (3) Action 
PlanningService indicates the service to receive the detected 
situation; (4) LOBManager is the manager Who Will get 
noti?ed When the situation is eventually detected. Note that 
the upper and loWer bounds for the revenue metric are 

derived by the Wineglass algorithm. A policy can be devised 
to de?ne hoW and When to invoke this algorithm. The When 
clause speci?es the condition When the out-ofbound revenue 

situation (OutOfBoundRevenueSituation) Will be raised. 
The do clause indicates that, When the situation occurs, 
alerts need to be sent to both LOB Manager and the action 
planning service. 

policy senseOutOfBoundRevenueSituation( 
int upperBound, 

int loWerBound, 
ActionPlanningService aps, 
LOBManager lob) 

on MetricEvent(MDSARContext context); 
subject PolicyManager; // the policy controller 

target SituationDetectionService; // the policy enforcer 
do { 

// notify action planning service 
notify(aps, "OutOfBoundRevenueSituation”, context); 
// notify LOB manager 
notify/(lob, “OutOfBoundRevenueSituation”, context); 

// situation detection rule 

When contextrevenue > upperBound V contextrevenue < loWerBound; 

[0055] The folloWing policy shoWs What actually needs to 
be done When the aforementioned situation occurs. This 
policy is triggered by a situation event carrying the MD 
context object MDSARContext. The do clause de?nes an 
action by concatenating three other actions: (1) invoke the 
demand planning service to create a demand plan based on 
input situation object; (2) invoke the inventory planning 
service to create an inventory plan based on the demand 
plan; (3) notify the LOB manager about the recommended 
inventory plan. The execution strategy (as an input param 
eter) is DO_ALL_IN_SEQUENCE meaning every action 
indicated in do clause needs to be executed With indicated 
sequence. 

policy respondOutOfBoundRevenueSituation( 
DemandPlanningService dps, 
InventoryPlanningService ips, 
LOBManager lob, 
ExecutionStraegy DOiALLiINiSEQUENCE) 
on SituationEvent(MDSARContext context); 

subject PolicyManager; 
target ActionPlanningService; 
do { 

// invoke demand planning service 
demandPlan = invoke(dps, demandPlan, context); 
// invoke inventory planning service 
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-continued 

inventoryPlan = invoke(ips, demandPlan, context); 
notify/(lob, inventoryPlan, context); // notify LOB manager 

[0056] A couple of roles can participate in the action 
course of a BPM system: A data provider supplies required 
data based on the monitoring requirements of a BPM 
system. Examples include raW data, system-level metrics or 
business-level key performance indicators (KPls). A service 
provider maintains an aggregation of BPM resources that 
can be allocated to different services. A service consumer 

monitors the metrics, gets alerts of business situations, and 
takes actions based on decisions made by decision makers 
that can be either humans or softWare agents. The scope of 
monitoring and control for a service consumer depends on 
the ?ne-grained de?nition of a service consumer. For 
example, a business executive Will be more interested in 
balance scorecard statistics rather than system performance 
metrics. A policy maker provides monitoring and control 
policies that are used to govern the behavior of a BPM 
system. An example of policy maker is a business analysts 
Working for an electronic manufacturing company With the 
goal of maximiZing the performance of its supply chains. A 
system administrator takes BPM policies and maps them 
into system properties through con?guration facilities of one 
or more console. Such mappings can be ful?lled either 
manually or automatically. 

[0057] We have adopted a layered approach to de?ning 
BPM policies. There are at least four layers of abstraction to 
classifying BPM policies, Which are described as folloWs. 

[0058] The strategic BPM policy model de?nes the busi 
ness goals and objectives in the form of balanced score 
cards representing a quanti?cation of goals, and measur 
able objectives. A balanced scorecard expressing each 
perspective as a combination of objectives initiatives, 
measure and target Will indicate hoW Well this model is 
performing. 

[0059] The operational BPM policy model, typically 
developed by operation executives in collaboration With 
strategy executives, describes the process in business 
terms, policies, and metrics Which get mapped to the 
scorecard for comparison With their strategic targets. Key 
Performance Indicators are directly linked to the measures 
that indicate progress on Balanced Scorecard goals in the 
Strategic model. 

[0060] An operational BPM policy model Would be trans 
formed into an execution BPM policy model Which 
de?nes hoW the business operation is executed in terms of 
speci?c applications, data sources, people and partners. It 
does not assume a particular implementation, alloWing 
iterative performance improvement While assuring con 
sistency With the business objectives. 

[0061] Finally, some development may be required to 
connect an execution BPM policy model to a platform 
speci?c BPM policy model Whereas an example can be 
the policy of de?ning the heap siZe of the target operating 
system. 
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Policy Architecture 

[0062] This section shows a realization of policy-driven 
BPM architecture. TWo fundamental notions are presented 
here: BPM loop and BPM net. 

BPM loops 

[0063] The BPM cycle is realized in a BPM loop. A BPM 
loop represents a scalable mechanism of realizing real-time 
BPM capabilities at various levels of granularity (e.g. busi 
ness organization, enterprise, value-net). A BPM loop con 
sists of nodes and links. As shoWn in FIG. 3, a BPM node 
310 is a basic service that enables transformation from input 
data acquired by a data acquisition 320 function and then 
transformed by a data processing 330 function based on its 
capabilities and the pre-de?ned policies and ?nally output 
by a data output 340 function. These BPM nodes 310 can be 
seen in FIG. 4 as nodes 420 coordinated by a node 410 
designated as a BPM loop leader. The data acquisition 320 
function is shoWn in FIG. 4 as data input 430, and data 
output function 340 is shoWn in FIG. 4 as data output 440. 

[0064] A BPM link transmits data With speci?c types from 
one node to another node. A BPM node can have multiple 
instances of input and output links. Therefore, it can process 
multiple input requests concurrently. The number of BPM 
nodes in a BPM loop is subject to the actual requirements. 
BPM loops are policy-driven and dynamic. The BPM policy 
as described above is used to govern the information 
exchange and control signaling among BPM nodes. BPM 
loops can be used as a simple modeling vehicle of integrat 
ing BPM capabilities at various organizational levels, e.g., 
strategic, operational and execution. 

[0065] BPM loops provide the means of building highly 
con?gurable and adaptive integration platform for BPM 
solutions. In our example, We have come up With ?ve typical 
BPM service nodes in a BPM loop: (1) event processing 
service that takes raW data and produce quali?ed data to be 
further processed; (2) metric generation service that receives 
the quali?ed data and produced metrics; (3) situation detec 
tion service that analyzes incoming metrics and raise situ 
ations if needed; (4) action planning service that is triggered 
by situations and creates an action plan in order to resolve 
the situation; and (5) action rendering service that takes a 
group of actions from action planning service and actually 
renders them to the target business solutions. A BPM service 
node can process multiple input data requests based on the 
functionality to Which it is aimed. Each service realizes a 
grid speci?cation and is developed upon OGSA code base. 

[0066] As implemented, the BPM loop architecture is a 
physical star and a data processing ring. The BPM loop 
nodes are connected to a dispatching module called a Multi 
Node Access Unit (MNAU). Normally several MNAUs are 
connected in one BPM node While BPM links connect those 
MNAUs to the BPM nodes. This makes up the physical star. 
The control How is rendered from one BPM node to the 
other through the MNAUs and each connected BPM links. 
The control ?oWs of the BPM loop are realized by control 
tokens. Each token represents a business event from a 
business process. Each BPM node on a BPM loop acts as 
both a data trans-former and a repeater, receiving a series of 
data from one node and passing them on to the next. During 
this transformation/repeating process, if a loop node notices 
that it is the destination of the control How (coded in the 
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token), each data is copied into the BPM data repository and 
the ?nal data stream is altered slightly to let other nodes in 
the BPM loop knoW that the control token Was received. The 
control token is sent to each loop node in a speci?c order, 
knoWn as the loop order. This loop order never changes 
unless another loop node joins or leaves the loop. Once the 
token reaches the last node in the loop, it is sent back to the 
?rst node. This method of token passing alloWs each node to 
vieW the token and regenerate it along the Way. 

[0067] A BPM node is triggered When it receives a control 
token. This token gives the loop node permission to trans 
form and transmit data. If there are more than one token 
residing Within a BPM node, they Will be queued up in local 
repository and Will be processed in a ?rst-come-?rst-serve 
fashion. HoWever, some preemptive policies can be de?ned. 
One node on the netWork is the leader, and makes sure that 
the loop operates properly. This leader is called the BPM 
loop Leader. It performs several important functions includ 
ing control token timing, making sure that control tokens 
and data don’t circle the loop endlessly, and other mainte 
nance duties. All nodes have the built-in capability to be the 
BPM loop Leader, and When there is no monitor on a loop, 
all the BPM nodes use special procedures to select one. 

BPM Nets 

[0068] As shoWn in FIG. 5, multiple BPM loops 520 and 
525 form a BPM net 510 for performance management of 
business solutions 560, Which is composed of business 
processes 561, database 564, external sources 565, and 
possibly including legacy systems 563. Each BPM loop 
520/525 becomes a node and interactions among BPM loops 
520 and 525 constitute the links 530. While BPM loops 
capture the monitoring and control patterns of speci?c 
business situations (or exceptions) in the execution of busi 
ness processes 561, BPM net represents the pattern of 
communicating autonomous BPM loops in order to capture 
a global behavior of monitoring and control across business 
solutions 560. 

[0069] It should be noted that not all BPM loops 520 
obtain business event input 580 from business solutions 560 
and provide business action output 570 to business solutions 
560. This is analogous to the situation described for a BPM 
loop in FIG. 1, Where the sense node 140 receives business 
events 137 from business solutions 130 and the execute node 
148 provides business actions 138 to business solutions 130. 
From the point of vieW of performance management of the 
broader aggregation of business entities and solutions rep 
resented by BPM net 510, the relevant “business events” and 
“business actions” Will be responsive to the management 
needs of the aggregate. Some of these needs may be satis?ed 
by existing BPM loops 520 for business processes associ 
ated With components of the aggregate, While others may 
require neW BPM loops 525. BPM net 510 Will have BPM 
loop control services 540, analogous to the loop control 
function of the BPM loop leader 410 shoWn in FIG. 4, as 
Well as a BPM loop repository 550 for data and policies 
peculiar to the BPM net 510. 

[0070] Hence, a BPM net realizes the development of 
BPM capabilities for a business organization (enterprise), 
thereby improving Enterprise Resource Planning (ERP) 562. 
BPM loops collaborate With one another (as shoWn by links 
530) and aggregate into higher granularities, as demon 
strated in BPMnet 510 and in the commitment links 720 
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between business unit BPM loops 710 shown in FIG. 7. The 
structure of BPM nets can be further extended to represent 
contractual bindings betWeen business organizations (enter 
prises) 810 as shoWn in FIG. 8, and typically result in 
information exchange betWeen business organizations 
(enterprises) and consequent commitment links 820. 

Formal BPM Net Model 

[0071] A key goal of BPM net is to provide ubiquitous 
BPM services for target business solutions. Furthermore, the 
BPM net is a dynamic and open environment Where the 
availability and state of these services and resources are 
constantly changing. The primary focus of the BPM net 
model disclosed in this invention is to automatically create 
BPM policies (When possible) from the set of available 
services (as described above in connection With FIG. 1) to 
satisfy dynamically de?ned monitoring and control objec 
tives, policies and constraints. In the BPM net model, BPM 
services and policies can he dynamically de?ned. The pool 
of currently available BPM services is represented as a 
graph Where the node represents services and the links can 
be modeled as potential interactions. 

[0072] To de?ne BPM net, We need to de?ne the relation, 
called subsumption, among BPM loops. For tWo messages 
M1 and M2, We de?ne that M1 is subsumed by M2, (noted by 
MIEMZ), if and only if for every argument a in the output 
message of M1, there is alWays an argument b in the input 
message of M2 such that either they have the same type or 
the type of a is the subtype of the type of b. Formally, 

[0073] Similarly, for tWo services S1 and S2, We say that S1 
is subsumed by S2 if for every message M1 in S1, there is a 
message M2 such that M1 is subsumed by M2. Formally, 
Sl;S2<:.‘>VMleSl(E|M2eS2 s.t. MIEMZ). The formal de?ni 
tions of BPM loop and BPM net are as folloWs: 

[0074] 1) A BPM loop Rk=(Sk,Ck) Where, Sk is a set of 
service nodes and Ck a set of service connections. 

[0075] a) Service set Sk={Sk.1,Sk.2, . . . ,Sk.nk} Where 
nk is the number of functional stages in the loop Rk; 

[0076] b) Connection set Ck={ck_1_2, ck_2_3, . . . ,ck_nk_l, 
nk} Where ck,i_l and ski. The data output of sk,i_l is the 
input of ck’MJ and the input of ski is the output of 

[0077] 2) A BPM net is a structure based on a service 
graph N(B, (I), G) where B is the business solution that the 
BPM Net monitors and controls, 0 a set of BPM loops, 
and O a set of potential interactions among loops. 

[0078] a) The target business solutions B={P, E} Where 
P is set of probes that emit monitored data to BPM net 
and E a set of effectors that receives control directives 
from the BPM net. 

[0079] b) The set of loops (’)={Ri} Where each of Ri is 
associated With an order set of contextual data {Con 

text(Ri)}. 
[0080] c) The set of potential interactions among loops 

O={L(i,X)_(J-,y)} such that Ri, RJ-eR and x-th service of Ri 
connects to y-th service of Rj. Each connection is 
associated With a utility function to calculate the cost 
value Cost(L(i,X)_(J-,y). 
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[0081] 3) In the net graph, N(B, (I), O), the available 
services are nodes and interactions are edges. The edges 
{LGMGM} are created at runtime When one of the fol 
loWing conditions hold 

[0082] a) Both S09‘) and S6”) belong to the same loop, 
i.e., i=j and y=x+l. 

[0083] b) S69‘) is subsumed by S6”), i.e., SmESj,y 
[0084] 4) The initial service SD of the ultimate BPM net is 

the service that can consume the output generated by the 

probes of the business solution P, hence, SOEP. 

[0085] 5) The ?nal service Si of the of the ultimate BPM 
net is the service that produces the output to be consumed 

by the effectors of the business solution E, hence, EESf. 

[0086] 6) The chosen services from BPM net at run time 
form an execution path {S0, S'l, S'2, . . . Sf} in N(B, (I), 
O) 

[0087] 7) The costs of SO and Sf represent the costs of 
instrumentation of the target business solution. Assume 
the total cost of monitoring and controlling business 
solution B is constrained by a given value CostBound 
then We have the folloWing relation for the ?nal execution 
path: 

n 

Cost (Sim-a1) + Cost (S?nal) + 2 Cost (Sf) s CostBound 
[:1 

[0088] The subsumption relationships among services can 
be used to generate candidate BPM services for the ultimate 
BPM net. The constraints among services are given by the 
users including the total execution cost of monitoring and 
controlling target business solutions. We single out the cost 
of the instrumentation of target business solution, Which 
make it ready to be monitored and controlled by BPM net 
because of the high variability of such cost for different 
solutions. For the BPM net, the candidate execution paths 
can be generated from S0 to Sf. 

BPM Net Capabilities 

[0089] The execution paths, generated from the BPM net 
based on constraints and goals de?ned in the BPM require 
ment, actually manifest the capabilities of a BPM system for 
monitoring and controlling business solutions, as Will noW 
be shoWn With reference to FIGS. 6 and 6A. As described 
above, BPM policies are applied to multiple levels of 
enterprise abstraction: strategy (implemented by strategic 
organization 620), operations (implemented by operational 
organization 630), and execution (implemented by execu 
tion organization 640). Each layer consists of corresponding 
BPM loops that are specialized in monitoring and control 
ling a speci?c layer of enterprise resources. For example, 
strategic layer 620 has its BPM loops (e.g. BPM loops 621, 
622, 623, 624 and 625), operational layer 630 has its BPM 
loops (e.g. BPM loops 631, 632, 633 and 635), and execu 
tion layer 640 has its BPM loops (e.g. BPM loops 641. 642, 
643, 644 and 645). 

[0090] Execution paths manifesting BPM capabilities can 
be de?ned either horizontally or vertically. A horizontal 
BPM net capability is an execution path that consists of 
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BPM loops exclusively of a speci?c layer, eg the strategic 
BPM capability 650 (running through BPM loops 621, 622, 
623 and 624). On the other hand, a vertical BPM net 
capability is an execution path Which contains the BPM 
loops across di?ferent layers, e. g. the vertical BPM capability 
660 (running through BPM loops 644, 635, 625 and 624). In 
the diagram, it is also indicated that some BPM loops are for 
processing external events (eg BPM loops 621, 631 and 
641) and some for internal events among BPM loops (e.g. 
BPM loops 625 and 635). The ?exibility of the invention is 
evident from FIG. 6A, Which di?ers from FIG. 6 in 
shoWing a neW vertical execution path 670, using a slightly 
di?ferent set of BPM loops (i.e. running through BPM loops 
645, 635, 625 and 624) as compared to the vertical execution 
path 660 shoWn in FIG. 6. As indicated above, candidate 
execution paths are generated from the BPM net. 

[0091] Turning again to FIG. 5, it Will be observed that 
neW or revised policies may be responsive to changes in 
business processes 561 of the business solutions 560 cov 
ered by BPM net 510, or to management decisions to rely 
upon different outputs 580 from business processes 561, 
Which outputs may be obtained from probes as described 
above in the formal de?nition of BPM nets. These outputs 
re?ect business events of interest in monitoring and con 
trolling the business activity covered by a BPM net, and in 
turn these business events are represented by a control token 
515 that is passed in a particular order around the nodes of 
a BPM loop in the BPM net. The highly modular nature of 
BPM loops driven by policies and con?gured into BPM nets 
enables the business performance management system to 
respond dynamically to a volatile business environment. 

[0092] BPMnets are dynamic, being responsive to addi 
tional commitments 920 of BPM loops 910 as illustrated in 
FIG. 9. These commitments arise over time 915 in accor 
dance With or as a consequence of the evaluations and 
judgments of managers regarding the performance of their 
business units, enterprises and value chains. In order to 
incorporate neW commitments into BPMnets, BPM loops 
must be scheduled 930 and appropriate resources must be 
allocated 960 for execution. All this is done Within a BPM 
loop control service 900 under the direction of a BPM loop 
master 940 in accordance With BPM control policies 950. A 
dynamic cycle handles each neW commitment 920 as it 
arises over time 915 by providing a BPM loop execution 
schedule 935 from the scheduling function 930 to the BPM 
loop master 940, Which in turn de?nes BPM loop states 945 
to the allocation function 960, Which returns plan 965 to the 
scheduling function 930. BPM control policies 950 are 
applied by the BPM loop master 940 and to the scheduling 
function 930 and allocation function 960 through commu 
nication channels 955, 954 and 956, respectively. 

[0093] An implementation of the invention is shoWn in 
FIG. 10, simpli?ed for the purposes of illustration to a single 
BPM loop 1010. The entire process is driven by BPM 
policies 1000, Which are evaluated and updated by managers 
1005. These policies are applied by a con?guration manager 
1020, Whose operation is monitored by managers 1025. In 
the exemplar BPM loop 1010, there is shoWn a progression 
around the loop, using a token (not shoWn) as a trigger for 
successive steps in the progression, from a metric manager 
node 1030 to a situation manager node 1040 to a decision 
manager node 1050 and to an action manager node 1060. 
The BPM loop 1010 obtains the information required for its 
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operation via probes 1010 from business processes 1090 and 
data sources 1100. These are processed through an event bus 
1075 and an event correlation engine 1070. Each of the 
nodes in the BPM loop 1010 has an input and output as 
describe above With reference to FIG. 3. Data events 1035 
provided to the metric manager node 1030 are output as 
metric events 1045, Which serve as input to the situation 
manager node 1040, Which outputs situation events 1055 as 
input to decision manager node 1050, Which outputs deci 
sion events 1065 as input to action manager node 1060, 
Which outputs action events 1075 for implementation by 
business processes 1090. The activity of BPM loop 1010 and 
event bus 1075 is displayed to managers 1085 on a dash 
board 1080, and is stored in a data Warehouse 1120 Where it 
is available more Widely Within the enterprise and value 
chain via on-line analytical processing (OLAP). 

[0094] A policy-driven BPM system makes it adaptive to 
monitor and control business solutions, Which is particularly 
useful for a domain With high volatility of monitoring and 
control requirements. Crystallization of BPM policies into 
BPM loops and BPM net increases the modularity and 
reusability of BPM policies and consequently the system 
behavior. FormaliZation of BPM nets alloWs the dynamic 
formation of service execution and hence makes the system 
of BPM loops and BPM nets an on-demand monitoring and 
control system. The formal model of BPM nets also alloWs 
optimization of the execution of BPM nets based on given 
constraints and cost bounds. Usually, the monitoring and 
control applications for a speci?c business solution such as 
supply chain management systems are de?ned in an ad-hoc 
and static manner. A BPM solution is bound With a set of 
services at design time, Which realiZes the early binding of 
BPM policies With the underlying policy architecture. HoW 
ever, in an on-demand environment, the binding is not 
possible until the policies are discovered and enforced at run 
time. 

[0095] There are bene?ts and disadvantages on either 
approach. Early bindings motivates the analysts to assess the 
policy needs at design time and rely on these early decisions 
for an e?icient implementation at run time. On the other 
hand, late bindings enable high ?exibility of policy bindings 
With the policy architecture such as execution paths. There 
fore, more adaptive BPM functionality can be enabled via 
policies. 

[0096] This invention describes a system and method of 
building an adaptive BPM policy architecture for managing 
business solutions. The system is designed, keeping in mind 
the need for multiple levels of abstraction, various types of 
services, and di?ferent types of collaboration so that not only 
can BPM tasks be quickly assembled and executed, but the 
con?guration data can be deployed to the system dynami 
cally. The dynamic interactions among services are captured 
in the BPM net in response to business situations that are 
detected from the set of observed or simulated metrics in the 
target business solutions. The BPM net model alloWs the 
composition of BPM services and resources using policies. 

[0097] While the invention has been described in terms of 
preferred embodiments, those skilled in the art Will recog 
niZe that the invention can be practiced With modi?cation 
Within the spirit and scope of the appended claims. 






