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Abstract. Semantic Business Process Management (SBPM) utilizes semantic
technologies to achieve more automation throughout the BPM lifecycle. An in-
tegral part of the SBPM infrastructure is a semantic business process repository,
which is used for storage and management of business process modeling arti-
facts. As in SBPM business process models are based on process ontologies, the
semantic business process repository has additional requirements towards sup-
port of reasoning and querying capabilities. In this paper, we first describe the
functionalities the semantic business process repository has to provide. We then
introduce a solution based on the Integrated Rule Inference System (IRIS) on
top of a relational database for realizing the storage mechanism and query proc-
essing. Finally, we present the overall architecture of the semantic business
process repository.
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1 Introduction

The globalization of the economy and the ongoing change of the market situation
challenge corporations to adapt their business processes in an agile manner to satisfy
the emerging requirements on the market and stay competitive against their competi-
tors. Business Process Management (BPM) is the approach to manage the execution
of IT-supported business processes from a business expert’s point of view rather than
from a technical perspective [SFO3]. However, currently businesses have still very
incomplete knowledge of and very incomplete and delayed control over their process
spaces. Semantic Business Process Management (SBPM) extends the BPM approach
by adopting semantic web and semantic web service technologies to bridge the gap
between business and IT worlds [HLD+05].

In both BPM and SBPM business processes play a central role. As business proc-
esses manifest the business knowledge and logics of a corporation and normally more
than one person or organization with different expertise and in different geographic
locations are involved in management of business processes, it is necessary to estab-
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lish a business process repository within the corporation for effective sharing of valu-
able business knowledge. Furthermore, business users tend to reuse existing business
process artifacts during process modeling, so that they are able to adapt the business
processes in a more agile manner. However, as the number of business processes
increases, it is difficult for them to manage the process models by themselves and to
find the required business process information effectively. A business process reposi-
tory helps business users by providing a systematic way to manage and obtain infor-
mation on business processes.

In SBPM, business process models are based on process ontologies and make use
of other ontologies, such as organizational ontology and semantic web service ontol-
ogy [HRO7]. The business process repository has to be able to cope with these onto-
logical descriptions when storing and retrieving process models, and in particular
support efficient querying and reasoning capabilities based on the ontology formalism
used. In order to distinguish from traditional business process repository technology,
we call this kind of repository a semantic business process repository.

In this paper, we first analyze in section 2 the functional requirements on the se-
mantic business process repository. We describe what kind of functionality the se-
mantic business process repository should offer to its clients, which is primarily a
process modeling tool. As a main issue, we identify the integration of a reasoner with
the storage mechanism for query processing. In section 3, we then introduce a solu-
tion for data storage and query answering based on the Integrated Rule Inference
System (IRIS') on top of a relational database. Finally, in section 4, we describe the
overall architecture of the semantic business process repository.

2 Requirements Analysis

In general, a repository is a shared database of information about engineered artifacts
produced or used by an enterprise [BD94]. In our case these artifacts are semantic
business process models. A business process repository has firstly to provide standard
functionality of a database management system, such as storage of new business
process models, update, retrieval or deletion of existing business process models,
transaction support and query capabilities.

The modeling of business processes can be a time-consuming task. It may take
days or even months for business users to finish modeling a given business process.
Therefore, treating the entire modeling activity related to a business process model as
a single transaction is impractical. A semantic business process repository has to
provide check-in and check-out operations, that support long running interactions,
enable disconnected mode of interaction with the semantic business process reposi-
tory, and are executed as separate short transactions. In this case the business process
modeling tool works in a disconnected mode regarding the semantic business process
repository. The semantic business process model in the semantic business process
repository is locked when the business process modeling tool obtains it (check-out),
so that no other users can modify the SBP model in the meantime. After the modeling

! http://sourceforge.net/projects/iris-reasoner/
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work has been done, the process model is updated in the semantic business process
repository and any locks that have been held for the business process model are re-
leased (check-in). Furthermore, in a distributed modeling environment several busi-
ness users may work on the same process model simultaneously. A fine-grained lock-
ing of elements in a business process model enables different business users to lock
only the part of the business process model, they are working on, thus avoiding pro-
ducing inconsistent business process models.

A business process model may undergo a series of modifications undertaken by
business users. The series of modifications is called the change history of the business
process model. In certain industry sectors corporations must record all the change
histories of their business process models for government auditing or for some legal
requirements. From the modeling perspective it is meaningful to keep the change
histories of the business process models, so that business users can simply go back to
an old state in the change history. Therefore, a business process repository must keep
change history of each business process model. Each change step in the change his-
tory can be represented as a new version of the business process model in the business
process repository. A version is a snapshot of a business process model at a certain
point in its change history [BD94].

Actually, there are also more other general repository functionalities that a business
process repository could provide, such as configuration control, notification service,
consistency checking, user management, and security [BD94]. We will, however, not
go through these functionalities in detail, because they are not specific to business
process modeling.

In SBPM, business process models are enriched by annotating business process ar-
tifacts with entities from pre-defined ontologies. There are different kinds of ontolo-
gies that are relevant to business process modeling [HRO7], such as organizational
ontology, Semantic Web Service ontology, business functions ontology, resource
ontology, and domain ontologies. In addition, the business process models themselves
are modeled in process ontologies. The ontological descriptions of business process
models provide a machine-readable representation of business process models and
enable machine-processable reasoning on the ontological descriptions. Reasoning can
be used for query answering that is based not only on business process artifacts ex-
plicitly stored but also on implicit business process artifacts. Besides the functional
requirements identified above, a semantic business process repository must integrate a
reasoner for query processing in order to exploit the benefit of ontological annota-
tions. The integration of a reasoner for query processing is also what differentiates a
semantic business process repository from a conventional business process repository.

The semantic business process repository that we present in this paper stores se-
mantic business process models described using ontologies, which are formalized
using WSML-Flight [WSMLO5]. Therefore, we need a reasoner that can perform
reasoning on WSML-Flight. In SBPM, querying the process space of an organization
includes not only ontologies for business process modeling but also domain ontolo-
gies, ontologies for enterprise data, organizational structure, Semantic Web Services,
and business functions, among others. The instances of these ontologies build datasets
which are persisted in the underlying data storage and cannot be handled in main
memory, because of their size. Typically, reasoners have to load all the data into main
memory, and in that case they are not suitable for the semantic business process re-
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pository. For query answering in our case the reasoner must be integrated with the
storage mechanism and support loading only the required datasets for reasoning.

3 Storage, Reasoning and Query Processing

In the context of the semantic business process repository, storage, reasoning and
query processing issues are interrelated. The semantic business process repository
stores instances of process ontologies. The use of ontologies enables using reasoning
technology to derive implicit knowledge when answering queries. Thus, the query
engine which accesses the store has to be integrated with the reasoner. A comparison
of different options of storage mechanisms, reasoners, and their integration is out of
the scope of this paper. We will describe in the following one possible solution that
satisfies the requirements defined in the last section: we use the Integrated Rule Infer-
ence System (IRIS) which is integrated with a relational database system.

3.1 Integrated Rule Inference System (IRIS)

IRIS is an inference engine, which together with the WSML2Reasoner framework?,
supports query answering for WSML-Core and WSML-Flight. In essence, it is a
Datalog engine extended with stratified negation’. The system implements different
deductive database algorithms and evaluation techniques. IRIS allows different data
types to be used in semantic descriptions according the XML Schema specification
and offers a number of built-in predicates. Functionality for constructing complex
data types using primitive ones is also provided.

The translation from a WSML ontology description to Datalog is conducted using
the WSML2Reasoner component. This framework combines various validation, nor-
malization and transformation functionalities which are essential to the translation of
WSML ontology descriptions to set of predicates and rules. Further on, rules are
translated to expressions of relational algebra and computed using the set of opera-
tions of relational algebra (i.e., union, set difference, selection, Cartesian product,
projection etc.). The motivation for this translation lies in the fact that the relational
model is the underlying mathematical model of data for Datalog and there are a num-
ber of database optimization techniques applicable for the relational model. Finally
optimized relational expressions serve as an input for computing the meaning of re-
cursive Datalog programs.

The core of the IRIS architecture, see Figure 1, is defined as a layered approach
consisting of:

e Knowledgebase API;
e Invocation API;
e Storage APL

2 WSML2Reasoner framework: http://tools.deri.org/wsml2reasoner/
3 IRIS is continuously being developed and the support for non-stratified negation and unsafe
rules is envisioned in coming releases.
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The knowledgebase API is a top API layer encapsulating central abstractions of the
underlying system (e.g., rule, query, atom, tuple, fact, program, knowledge base,
context etc.). The purpose of this layer is to define the basic concepts of data model
used in IRIS as well as to define the functionality for the knowledge base and pro-
gram manipulation.

The invocation API characterizes a particular evaluation strategy (e.g., bottom-up,
top-down or mixture of these two strategies) and evaluation methods for a given strat-
egy which are used with respect to a particular logic program.

IRIS implements the following evaluation methods*:

e Naive evaluation;
e  Semi-naive evaluation;
e  Query-subquery (QSQ) evaluation.

The storage layer defines the basic API for accessing data and relation indexing. A
central abstraction in this layer is a relation which contains a set of tuples and serves
as an argument in each operation of relation algebra. The implementation of IRIS
relation is based on Collection and SortedSet Java interfaces where red-black binary
search trees are utilized for indexing.

Central Abstractions underlying the system (for Query Answering)

Rule / Formula Frogram / KB 7 4 Tuple(Pattern)

Reflected

Reasoner Conhnector

Evaluation Methods
[ Magic Sets | KB Manage-

Distribution
Coordinator

Figure 1: IRIS Architecture

Current inference systems exploit reasoner methods developed rather for small
knowledge bases. Such systems either process data in main memory or use a rela-
tional database management system to efficiently access and do relational operations
on disk persistent relations. Main memory reasoners cannot handle datasets larger
than their memory. On the other side, systems based on relational database systems

4 More evaluation techniques are under development.
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feature great performance improvement comparing with main memory systems, but
efficient database techniques (e.g., cost-based query planning, caching, buffering)
they utilize are suited only for EDB relations and not fully deployable on derived
relations.

IRIS is designed to meet requirements for large scale reasoning. Apart from the
state-of-the-art deductive methods, the system utilizes database techniques and ex-
tends them for implicit knowledge in order to effectively process large datasets. We
are building an integrated query optimizer. The estimation of the size and evaluation
cost of the intentional predicates will be based on the adaptive sampling method
[LN90, RRO6], while the extensional data will be estimated using a graph-based syn-
opses of data sets similarly as [SP06]. Further on, for large scale reasoning (i.e., dur-
ing the derivation of large relations which exceeds main memory), run time memory
overflow may occur. Therefore in IRIS we are developing novel techniques for a
selective pushing of currently processed tuples to disk. Such techniques aim to tempo-
rarily lessen the burden of main memory, and hence to make the entire system capable
of handling large relations.

Currently IRIS is a WSML-Flight reasoner. The system is extensively being devel-
oped to support reasoning with WSML-Rule (i.e., support for function symbols, un-
safe rules and non-stratified negation). Further on, IRIS will tightly integrate a per-
manent storage system designed for distributed scalable reasoning. One of our major
objectives is the implementation of Rule Interchange Format (RIF)’ in IRIS. Imple-
menting RIF, IRIS will be capable of handling rules from diverse rule systems and
will make WSML rule sets interchangeable with rule sets written in other languages
that are also supported by RIF.

Finally, IRIS will implement novel techniques for reasoning with integrating
frameworks based on classical first-order logic and non-monotonic logic program-
ming as well as techniques for Description Logics reasoning.

3.2 Integration of IRIS with the Semantic Business Process Repository

The semantic business process repository uses a relational database system as the
storage mechanism. Relational database systems are widely used both in industry and
in research. When using relational database systems, there is no need to re-implement
the functionalities such as transaction processing, concurrency control, access control,
logging, recovery etc. As relational database systems are widespread for storing data
in an organization, using them allows integrating with other enterprise data in a more
seamless way.

The needed ontologies, which are formalized in WSML-Flight, are used to gener-
ate corresponding relational database schemas. A schema generation tool gets a
WSML ontology definition as input and generates the database schema for a particu-
lar relational database system (e.g. PostgreSQLS) described in SQL Data-Definition
Language (DDL).

5 Rule Interchange Format-W3C Working Group: http://www.w3.0rg/2005/rules/
® http://www.postgresql.org/
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When processing queries, the semantic business process repository forwards the
query, which is formulated as a WSML logical expression to the IRIS Knowledgebase
API. IRIS translates the WSML logical expression to relational algebra statements,
from which concrete SQL statements for a particular relational database system are
generated.

4 Overall Architecture

In this section, we present the overall architecture of the semantic business process
repository. The semantic business process repository has been designed in a layered
architecture style consisting of

e Semantic Business Process Repository API;

e Service Layer;

o Persistence Layer.

These three layers are implemented on top of a relational database system. The da-
tabase schemas are generated from the used WSML ontologies (section 3.2).

Semantic Business Process Repository API

Service Layer

Lock Manager Version Manager IRIS Framework

Persistence Layer

Relational Database
System

Figure 2: Semantic Business Process Repository Architecture

Semantic Business Process Repository API

The Semantic Business Process Repository API provides programmatic access to the
semantic business process repository. It includes an API realizing the CRUD pattern,
which represents the four basic functions of persistent storage, namely create, re-
trieve, update and delete. Besides the CRUD API, the Semantic Business Process
Repository API also provides check-in and check-out operations for long-running
process modeling. The Query API rounds off the Semantic Business Process Reposi-
tory API by providing programmatic access to the IRIS Framework for query answer-
ing.
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Service Layer

The Service Layer implements the Semantic Business Process Repository API and
processing logic of the semantic business process repository. The Service Layer con-
tains three modules: Lock Manger, Version Manager and the IRIS Framework. The
Lock Manager takes charge of requests on locking and unlocking of the process mod-
els in the semantic business process repository. A locking request can only be granted
when the process model is not yet locked. The Version Manager takes care of the
management of the change histories of process models. To record the change history
every new process model or changed process model is stored as a new version in the
semantic business process repository. IRIS Framework takes the responsibility for the
query processing (section 3.2).

Persistence Layer

The Persistence Layer manages the data access to the underlying relational database
system and provides an abstraction for data access operations. It provides persistent
solutions for persistent objects by adopting Object Relational Mapping (ORM) mid-
dleware such as Hibernate [HIBER] and Data Access Object (DAQ7) pattern.

S Summary

In this paper we have presented a semantic business process repository for storage and
querying of semantic business process models in SBPM. We have described the func-
tionalities that a semantic business process repository has to provide, namely CRUD
API, locking, versioning, and querying using reasoning technology.

In contrast to a conventional business process repository, a semantic business proc-
ess repository stores instances of process models which are based on ontologies. To
exploit the ontological representation, a reasoner has to be used for query processing.
Typically, reasoners assume that the whole data is loaded into the main memory,
which is not feasible in our case because huge datasets from many different enter-
prise-related ontologies are needed. As a possible solution we have presented IRIS
integrated with a relational database system and described the overall architecture of
the repository. We are in the process of integrating IRIS with the relational database
system and implementing the semantic business process repository.
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