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Abstract

To be able to utilize Web-scale resources for business processes addpbthese processes to the
dynamic change of environments, business process managerntesissgtems (BPMS) must be able to
gather, integrate and manage various types of data in the lifecycle of lasgmecesses. We discuss the
issue of integrating data for business process management. We provinlerview on the current state
of how data is integrated into business process management and recwhmew directions.

1 Introduction

For an organization, its business processes are the key to its sucbessfore, it is of paramount importance
for the organization to have a powerful business process managdsiv) @pproach that enables it to rapidly
create new, capable business processes and to improve and adepg éxisiness processes to the changing
environment in which the processes are executed. The term “BPM” islagsely here and we mean that BPM
includes all activities that help the organization to achieve such capabkdapthble business processes. Over
the last a few years, we have observed that, instead of relying onlyingla erganization’s resources (software
services and humans) to perform process activities, business gesc@san organization have increasingly
relied on Web-scale resources by utilizing and assembling multiple-orgamiabtioindividual resources. This
paradigm shift has been supported by emerging technologies, suegh@@4hand Software-as-a-Service (SaaS)
model and the integration of humans into business processes (e.g., BRIpl&®M/S-HumanTask Together
with more complex business requirements, this paradigm shift makes bupiwessses more complex and
difficult to manage and understand. This change has a profound impé&atiinologies used in BPM, affecting
all phases of the lifecycle of business processes, including proesgggdmodeling, execution, monitoring, and
optimization.

To be able to utilize the Web-scale resources for business processés adapt these processes to the
dynamic change of environments, BPM suites/systems (BPMS) must be aldthtr,gntegrate, and manage
various types of data in order to efficiently manage processes. It megmadny types of data should be inte-
grated and associated through the lifecycle of business processeateTohose types of data that characterize
the main five themes, named process strategy, process architectussspopmership, process measurement,
and process improvement [11], of a business process are volumguuplex and difficult to collect and man-
age. In particular, by utilizing SaaS and user-generated servicesyaaltblwying mass customization, BPMS
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should be able to closely interact with SOC management frameworks and uéite@mvided by these frame-
works. However, it is very challenging to integrate BPMS and SOC managenaeneworks together. This

paper examines which types of data are needed, why they are importamtpowarthey are currently integrated
and utilized for business processes (Section 2). We also suggestioglevunified model and techniques for
linking and managing integrated data for BPM during the evolution of busjresgsses (Section 3).

2 Data Associated with Business Processes

In order to examine types of data that should be integrated for BPM, leinssder data required in the lifecycle
of a business process that has been studied in literature. Table 1 jgrowitieer description of these types.

Type

Phases

Description

Example

Strategy

Design,
Modeling

including data about business strategy antby 2010, more than 50% activities shou

IT strategy, expected SLA and KPlIs for th
process

ebe performed by third-party Web services

“utilize only shipping services offering the

shipping time less than 3 days”

Capability

All

including capabilities associated with
service, a human or a human'’s offerings,
well as concerns describing when and h
the service or human can be used.

a‘providing company credits”, “the averag
agesponse time to credit requests is 2 day
bWa service provided by a media freelanc

", “an expert in BPEL design”

Contract

All

including software service contracts, con“pay-per-use with service credit”,
tracts for business artifacts/data, busingenforcement is the European court”, “th

compliance rules

in Vienna”,

data is free, but owned by the provider”

the law

Patterns and
processes

All

including common patterns, discoverg
process models and patterns, existing p
cesses relevant to the process.

2d'delegation pattern”, “one-to-many servig

ronteraction pattern”, “3 similar processesi|

the repository”

Business
rules

Execution

including rules specifying business co
straints and compliance policies used to ¢
ecute the process

n-‘a failed service is replaced by only similg
2xservices inside Europe”, “when the ord
process delays 2 days, send a notificatig

ar
er

>

Performance

Monitoring,
Optimiza-
tion, Design

including IT performance and busine
performance metrics. Furthermore, histg
ical performance and monitoring data f
offline optimization and refinement, Qo
metrics of services and humans

sS'the availability in the last 10 days is 70%’

bretoday’s number of failures is 37, “the avt

prerage response time in the last 100 calls
S4 days” , “the number of successful con
pleted activities in the last 10 days is 70”

3 1S
n_

Table 1: Types of possible data relevant to a business process

Through the lifecycle of a business process, various types of datacaded for different purposes. All
these types of information are important for deciding the techniques used @xample, structure and behavior
design, runtime execution and monitoring, and off-line and runtime optimizatiom.fidt observation is that
a majority of BPMS support only certain types of data associated with capabilityperformance. They allow
the user to design services and humans in business processes, and amzhdptimize the processes, e.g., [8].
Our second observation is that there is a track record on advanaegsprpatterns and model analysis, such as
[16, 1, 15]. Furthermore, many performance data is collected, suctivisHowever, many tools and BPMS
cover only a small part of these types of data. There is a lack of frankevemd techniques to support BPMS
to harness multi-organizational and individual resources for buspresesses. We believe that the following
points should be addressed in BPMS:

e integrating and managing data about resources capability and availability\iveihescale

e ensuring contract compliance for business processes consistingyiseseand humans in the Web-scale
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e managing and integrating reusable patterns and processes, andpederdata

In our view, integrating these types of data into and providing them as amahtirature of BPMS are
extremely important as they help to solve challenges raised by the gap beéhedrrsiness level and IT level as
well as to adapt business processes to changing environments. Itiaeérfg, we discuss these main points.

2.1 Integrating Capability and Availability Data in the Web -scale

Two main types of resources for a business process are softwaigeseand humans. Data describing the capa-
bility and availability of services and humans is critical for all phases of mbss process. It can substantially
improve the design and adaptation of business processes. For exaraplesitin of a business process could
start from scratch if we are not aware of existing resources thateastembled. Capability data is virtually
required in all lifecycle phases, but most BPMS use the capability data ontizd design phase, some for the
optimization phase at runtime. While data about few services and humans raighbhgh for the design (to
prove that the functionality is working), rich data about services and hamauld increase the possibility to
analyze what-if scenarios in the process modeling and to adapt pretes#eiations at runtime. Unfortunately,
managing Web-scale resources for business processes is still atyast@ge. Most BPMS just assume that the
designer knows where the resources are. But this assumption is hastlinfpossible, to be hold when business
processes are relied on Web-scale resources.

BPMS used by an organization face many challenges when integratingeesmutside the organization, in
particular, commodity software services provided as SaaS and humargsaggrternal services. Many BPMS
have already supported the design and execution of business E®edssse activities are performed by ser-
vices, in particular, Web services, but do not offer mechanisms totsaactfind relevant services. Furthermore,
this search will not be limited to functional aspect of services (e.g., atecoanagement or payment) but also
other concerns, such as licensing, location, and trust. With respecttolé¢hef humans in business processes,
humans can be actors who design the process as well as who perfaitieadn the process. In the first aspect,
managing a person’s capabilities, skill and team as well as his/her participatibe business process design
could potentially help to improve the design of business processes by qlockiyng the right person for the
right task. This aspect requires BPMS to be integrated with social andrteamorks which is lacking in most
BPMS. In the second aspect, some techniques, such as BPEL4Pewplenabled the integration of humans in
the Web as a part of business processes. They are, howevepreargture. For example, they allow to specify
human and software activities but neglect the discovery of human eEsun most cases, the user has to enter
the information about human services. Harnessing mass user-gerssatieds as one way of outsourcing, e.g.,
empowered by freelancers, is currently not in the focus of BPMS. @ocovne these problems, it is necessary to
integrate BPMS with service discovery and registry capabilities and sati@brks of humans. From the man-
agement point of view, solutions based on cloud computing, such as Riaf®a-Service (PaaS) for BPMS,
could also address these issues. PaaS providers could be respfmsidaaging resource capabilities, while
an organization just focuses on utilizing these resources (e.g., the Beaiforp? for software services).

2.2 Integrating Service- and Data-Related Contract Concears

The design and execution of business processes have to ensuesthates used and artifacts manipulated and
produced will comply to certain contracts. Currently, the evaluation of aohttoncerns associated services and
artifacts in business processes is focused only on a small number @rnennotably service-related QoS/SLA
metrics, e.g., [5], and mostly at the design time. However, resources tadtarare bound to many other con-
cerns, such as quality of data, intellectual property rights, law enfontemata distribution, data disposition,
to name just a few. These concerns are typically associated with DaaSagdataervice), such as Strikelfon
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and Amazon Web servic&swhich are utilized by organizations to retrieve and store business artifElotse
concerns are important for both service and data aspects compliancgnedsiprocesses.

With current composition and data mapping techniques, BPMS allow the desigiumctionally compose
data sources and services in an easy manner. However, the desigsex laechanism to validate whether these
data sources and services being complied with the above-mentioned expecterns. Partially, it is due to
the fact that services and data are not well described, but also tearcasopic is not in the focus of existing
BPMS. To overcome these issues, we should enrich current QoS/SLAcsnamd techniques with quality of
data, service and data licensing, and data governance metrics. Fumbecarapliance evaluation techniques
for these concerns should be integrated into all phases of BPM.

2.3 Integrating Reusable Patterns and Processes, and Pemisance Data

Several research approaches have been carried out for tardéng processes and patterns. But this kind of
data is not well integrated into existing BPMS, if we consider how BPMS canaititigse data to recommend
the process design, modeling and optimization in a (semi)automatic manner. Funtbecurrently BPMS lack
a connection to existing business processes that might be reused. Thtsoisiyndue to a small handful of
research efforts on mining process repositories [7] but also due todck@lahared process repositofiedo
support the (automatic) search and reuse of patterns and proceds,nmtadexpected to have a service-based
repository for sharing business processes, either in the Web-sdhle imdividual organization level. Existing
work has demonstrated the usefulness of documented best practieeted@atterns, and mining results, such
as patterns used for design and modeling [6] and mining results useadfonmegending processes [10]. When
we are able to manage reusable patterns and processes, then theseandr& combined with other techniques,
such as similarity analysis of processes [2], to provide powerful mésinarto the design of new processes.
With respect to performance data, currently most BPMS support only eterics of IT performance, such
as failure, availability, and response time, collected from the monitoring ofxtheudion of processes. Some
support the optimization of the process at runtime based on these peréarmmeatrics. However, historical
performance metrics are not well integrated into BPMS for supporting tsigmlenodeling, and runtime adap-
tation. To date, many performance analysis works have been done ladkngestandard way to link and manage
performance data throughout the lifecycle of business processeshabd consider mining, process analysis,
and performance analysis results to be associated with different le\aisiéction of business processes, such
as individual activities and workflow regions, to provide a unified viewtmperformance in order to support
the process refinement and optimization at different levels. In additidghedsisiness performance is measured
through KPIs, it is interesting to establish the correlation between IT pedioce and business performance
metrics; this is not well researched and understood. The performarteésdlso strongly linked to patterns and
process models, and process repositories, and thus they should lgecshand provided together.

3 Unified Data Management for BPM

Given a requirement, a business process is designed, modeled, dxecatatored and optimized. Although

various types of data related to the process alone might be provided byedifftools, the current situation is
that we lack a mechanism to link all kinds of data inherently in the lifecycle ohlgs processes. From our
analysis of integrating data for BPM, we propose two main points for a urifi¢éal management system that
should be integrated into BPMS:

e a unified, scalable and flexible model for integrating diverse types ofrdgtared by BPM.

*http://aws. amazon. cont
SFor example, the Process Wiltit(t p: / / wi ki . pr ocess. i 0) is a place where we can find a few business processes, while in
the myExperimenth{t t p: / / www. myexper i ment . or g) hundreds of scientific workflows are shared.
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¢ techniques for managing the integrated data for business procesgggttiair evolution.

Stimulated by our work in Web services evolution management [13], we dewgigeceptual model of integrated
data for BPM in Figure 1. In this model, we have different types of datsc¢riteed under different specifica-
tions and linked through a meta-model. The instance data belonging to eachiliyipe linked as an external
source, such as modeling process description, process executmipties, performance data, documented
best practices, detected patterns, service capability registry, and haapahility registry, thus allowing dif-
ferent specifications and diverse types of data to be included. Thismuatal can be built based on XML in
which a type of data is represented by a concept describing the typ&gthimschema location, and the source
of instance data. The collected data is then managed over the time by intiogpteanporal aspects into the ac-
quisition, management, and retrieval of the data. Furthermore, socigtaspach as teams and social networks,
can be associated with particular types of data which are understodgzethecreated and manipulated by a
team of people. Currently, we are focusing on integrating modeling modglsjdrformance data and detected
patterns [14, 4], software and human service registry [13], and hyoranided services [9] with a focus on
self-adaptive design, execution and optimization of SOA-based bugnesssses.

Software/Human Service
Registry

Human/Team
Capability Registry

Business Strategy

Performance
Data

Modeling Process
Description

Detected
Patterns and Models

Documented
Best Practices

Execution Process
Description

Figure 1: Unified model for integrating different types of data associatddbusiness processes

4 Conclusion

In this paper we outline the current state of integrating data for businesegy management (BPM). As we
have identified, since business processes increasingly rely on \@kbresources, such as software services
deployed under SaaS and human-provided services, there will bedamégegrate many types of data, to
analyze and correlate these types of data, and to make them available iasabpif the lifecycle of business
processes, in order to support the efficient design, adaptation Exmdasggement of business processes.
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