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Abstract. Business organization are intrinsically complex because they have 
tackle constrains coming from both internal and external factors. Internal fac-
tors are related to production process that creates the value for the organization. 
External factors are related to the market contexts that also impose to respect 
several law and regulation impacting production processes. A company that 
wants to survive in their specific markets, needs of an integrated approach able 
to match the internal and external requirements and constrains. In this paper, we 
propose to extend traditional business process management systems with; a) a 
knowledge layer representing, through ontology, the application domain (inter-
nal factor) and the organizational environment (external factor); b) a custom-
ized version process management system based on BPMN (Business Process 
Management Notation) able to exploit, interact, and enrich the knowledge man-
aged through the semantic technologies. The presented research is the main 
output of the HSEPGEST research project focused on the health, safety and en-
vironmental protection context.  

Keywords: Integrated Management System, business process, knowledge base 
exploration, ontology 
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1! Introduction 

Business organizations, whether public or private, operate in a context continuously 
changing and not just with respect to the competitive areas. These organizations, to 
survive in their specific markets (private sector), or to guarantee a competitive service 
level also with respect to ethical and social performance of public services (public 
sector), are required, among other things: 

•! to comply with a series of standards, constantly updated, which relate to occupa-
tional safety, environmental protection, quality management system (e.g. ISO, 
OHSAS, HACCP, EN, etc...)  

•! to verify the application of those standards while operating their daily activities. 

The research presented in this paper arises from the observation that, to date, although 
there are numerous technological tools and methodologies for the practical applica-
tion of regulations and procedures, they are poorly integrated for cross management 
and continuous monitoring of issues related to several sensitive areas (safety, health, 
environment, etc...). More in detail, the paper reports the results achieved in the frame 
of the HSEPGEST project funded by the Italian Ministry of Education, University, 
and Research (MIUR) in the context of the framework program 2007-2013. 
HSEPGEST addresses the challenge related to the Integrated Management Systems, 
following a synergic approach that takes into account different viewpoints (legal, 
technological, methodological, organizational) by introducing a set of tools and solu-
tions that allow to align and to update the organizational information system with 
respect to a set of reference norms. In particular, this is possible by supporting the 
design and execution of organizational processes compliant with constraints intro-
duced by the norms to be applied by the organizations in order to guarantee the re-
quired level of Quality, Environmental, and Safety management. This objective is 
achieved by improving the flexibility and adaptability of current business process 
management system through the integration of those systems with a knowledge man-
agement layer providing access to contextualized information according to the need of 
the design or of the execution of the business process. 
The research is founded on two main pillars: 

•! the representation and management of the knowledge related to the application 
domain and to the organizational environment through the exploitation of semantic 
technologies. The knowledge model is able to provide a semantic representation of 
the Enterprise (including organizational structure, processes, information, re-
sources) integrated with a representation of the regulatory context defined by the 
system of the norms implemented by the organizations. 

•! the design and development of a process management system based on BPMN 
notation able to exploit, interact, and enrich the knowledge managed through the 
semantic technologies. In detail, the presented BPMS uses the ontological model to 
support the design process providing the needed information. Moreover, In case of 
changes, (due to law changes, company reorganization, …), the associations 
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among chunks of knowledge, managed through the semantic technologies allow to 
redesign quickly the processes that need to be updated and modified guarantying 
the compliance with norms and regulations. 

The results of the project have many innovative and distinctive features compared to 
current solutions of the market that are focused mainly on the design of the process. 
The presented solution is an integrated system that makes a powerful and effective 
use of a semantic layer to improve the quality of the process design.  

2! Related work 

The research about the integration of management systems started with the publica-
tion of Environmental Management System (EMS) in 1996 [1] where a set of guide-
lines of integrating the EMS and Quality management system was proposed. The 
Integrated Management System (IMS) was defined by Beckmerhagen [2] as “putting 
together different function-specific management systems into a single and more effec-
tive integrated management system”.  
Ten years after, in the 2006 Jorgensen et al. [3] proposed a integration process based 
on three levels: correspondence, coordination and integration. On the basis of this 
work, Jorgensen [4] explored the relation between the sustainable management sys-
tems and process life cycle management. Zeng [5] classifies the internal and the ex-
ternal factors that are involved in the development of IMS. In the research of these 
factors, Wilkinson and Dale [6] are focused on two main approaches. Their first ap-
proach proposes to achieve the full integration using the common elements and simi-
larities existing in the different standards. The second approach implements the inte-
grated system through a total quality management approach. In the 2004, Labodova 
[7] proposes two methods of integration: the first is based on the introduction of indi-
vidual systems followed by their incremental integration; while, the second one uses 
the risk analysis as guide to makes the integration. In the scientific panorama, other 
authors as Karapetrovic [8] Asif et al. [9, 10] and Lopez-Fresno [11] proposed a va-
riety of methodologies. 
Moreover, many organizations promote several standards designed to support integra-
tion: see, for example SAI Global [12], BSI [13] and ISO that published a guide for 
integration advice, methodology and examples [18]. 
On the basis of the studied literature, there are also several results in terms of seman-
tic modeling of norms and business processes (e.g. [14], [15], [16], [17]) but they do 
not address the problem of the IMS as HSEPGEST proposes by exploiting semantics 
for providing an integrated support for the main aspects that the designer of the inte-
gration has to take in care: integration methodology, implementation strategy, level of 
integration and audit integration. 
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3! THE HSEPGEST SOLUTION 

The HSEPGEST solution is based on: 

•! the use of semantic technologies for modeling and managing knowledge represent-
ing the domains of interests  

•! integration of workflow design and execution technologies with semantics 

3.1! The modeling and management of HSEPGEST knowledge 

The analysis of HSEPGEST application domain resulted in the identification of the 
following main entities to be modeled through ontologies to represent the HSEPGEST 
knowledge: processes, worker, regulations, working environments, risks, events, so-
cial networking, competences. In addition, the analysis of these entities allowed to 
identify a set of light weight ontologies (taxonomies) that specify and characterize the 
application domains. Example of these taxonomies are workers’ roles, risks’ types, 
regulations classification, etc. HSEPGEST ontologies allows to create filters defined 
to relate each other different entities of the HSEPGEST knowledge through a classifi-
cation process based on taxonomies and specific constraints (e.g. introduced by the 
regulations). According to this view, the HSEPGEST knowledge model is based on 
two ontological levels: 

•! Enterprise Domain Ontologies (EDO): they model the entities (i.e. human re-
sources, tasks, processes, objectives, etc.) that represent the organizational envi-
ronment from a general perspective. It is worth mentioning the definition of two 
different models for competence (CM) and worker (WM), in fact competence is 
considered an asset of the enter-
prise that requires a specific model, 
to be referred by the worker model 
in the part that are relevant for 
workers. Because of their general 
purpose, these ontologies have 
been defined extending and com-
bining ontologies (i.e. reference 
ontologies) already existing at the 
state of the art (e.g. FOAF1, 
SCIOC2, BPMN metamodel[23] 
oXPDL [17], etc.). This approach 
is widely applied in knowledge en-
gineering and allows to preserve 
compliance with existing standards 
(de iure and/or de facto) 
                                                             

1  http://www.foaf-project.org/ 
2  http://www.w3.org/Submission/sioc-spec/ 
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•! Application Domain Ontologies (ADO): they model domain specific concepts and 
they support the classification of entities represented through the EDO. The regula-
tions represent a typical example of ADO because they are application specific and 
they can be used to define normative taxonomies to classify the different entities 
representing the organization. Because of they are domain specific the ADO(s) are 
related to specific organizations. 

The Figure above describes the roles and relations among the different entities in-
volved in the structure of the HSEPGEST model. The bottom level of the structure 
shows the individuals, instance of the concepts part of the EDOs. These instances 
refer to/annotate organizational assets (e.g. human resources, documents, posts, facili-
ties, etc.) that are stored in the information systems of the organization. A set of se-
mantic services manage this structure by: i) Allowing the semi-automatic classifica-
tion of the instances through the ADOs ii) Performing text analysis to extract concepts 
and support classification features iii) Providing search features through a link dis-
covery approach. The availability of this infrastructure (i.e. services + knowledge 
model) can be exploited in several different scenarios related to the integrated man-
agement systems domain. In fact, a key issue, in this context, is the identification of 
relation among entities in order to make effective integrated management.  

The following 
figure depicts a 
simple correlation 
scenario that, in-
deed, provides a 
powerful example 
about the potenti-
ality of this infra-
structure. 
The figure high-
lights potential 
relations, defined 
by the EDO ontol-
ogies, among: 
processes, 
Events/Risks, and 

Regulation. The EDOs cloud show instances of these ontologies and the top level of 
the figure shows classification created by the semantic tools between EDO and ADO 
instances. The following situation could be imagined: i) process X monitors risks 
related to R3 risk type; ii) event 3 triggers a R3 risk type; iii) law 81 (art. Y) rules 
management of R3 risk type and requires involvement of Ro2.  
In this situation the infrastructure can support in: 

•! Identifying processes to be executed to monitor risks arising from an unexpected 
event. 
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•! Designing new processes complying with regulations ruling management of specif-
ic types of risk; 

4! THE HSEPGEST SYSTEM ARCHITECTURE 

The figure shows the HSEPGEST sys-
tem high level architecture. It includes: 

•! The Knowledge management system: 
it is a middleware that provides access 
to knowledge through RESTfull and 
SOAP3 based API4. The knowledge 
management system provides features 
for: concept extraction from text, text 
analysis, text classification based on concepts extraction and text analysis, search 
features based on the link discovery approach. 

•! Link Data Layer: provides an abstraction layer to access data stored in RDF5 based 
repositories and aggregating data stored in traditional repositories. 

•! Infrastructure services: it includes basic services that could be used by different 
components of the architecture: connectors to access the available repositories; no-
tification broker (NB) to support publish and subscribe based communication. 

•! Process Management System: it manages the design and execution of workflow 
exploiting features provided by the Knowledge Management System. 

The following subsections describe more in detail the architecture and behavior of the 
Knowledge and Process Management systems. 

4.1! HSEPGEST – Knowledge Management system architecture 

The knowledge management system implements a methodology based on the follow-
ing elaboration pipeline: 
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This pipeline takes as input the text provided as description of a new individual in-
stantiated in the semantic repository (we use OWLIM accessed by mean of a 
SPARQL6 endpoint). The first block (concept extraction) of the pipeline processes the 
text in order to extract a set of keywords to be used to perform the classification. The 
keyword extraction is performed applying two different approaches: i) An algorithm 
based on the multiple string patterns matching approach [20,21,22]; ii) The use of 
Wikipedia miner7 for exploiting the rich semantics encoded in Wikipedia; 
The results of the keyword extraction are used by the text analysis block for indexing 
the input text with respect to the concepts defined by the taxonomies of the ADOs. 
The indexing results, together with the extracted keywords, are used by the last block 
to classify the EDOs individual with respect to the ADOs taxonomy. For this purpose, 
ADOs taxonomy are defined using SKOS8. In particular, each concept of an ADO 
taxonomy is an instance of the skos:Concept class, and the skos:preflabel 
property indicates the concept label. In addition, each concept label is enriched using 
the skos:hiddenlabel property in order to add related words. The Classifier will 
search for skos:preflabel and skos:hiddenlabel matching the results of 
keyword extraction and text analysis. The matching skos:concept (s) are used to 
classify the EDO individual by instantiating a HSEPGEST:hasCategory property 
between the individual and the skos:concept, that will be enriched with addition-
al skos:hiddenlabel properties modeling the keywords that were not included 
in the initial set. The ADO taxonomies together with the mechanism for creating rela-
tions between SKOS:concept and 
EDO individuals provide the founda-
tion to link different resources be-
longing to the same class or to differ-
ent classes of the EDO ontologies. 
The availability of these links allows 
to navigate the EDO individuals 
through the bridge generated by the 
ADO level of the HSEPGEST 
knowledge model. 
Furthermore, the navigation can be 
performed following a faceted brows-
ing approach where the facets are 
represented by the classes of the EDO 
ontologies and the instances of the 
SKOS:concept part of the ADO 
taxonomies.  
It is worth mentioning that the data layer has been designed taking into account the 
linked data model in order to reduce the impact of the integration of the semantics 

                                                             
6 SPARQL Protocol and RDF Query Language 
7  http://wikipedia-miner.cms.waikato.ac.nz/ 
8  http://www.w3.org/2004/02/skos/ 
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with other data stored in existing repositories of the enterprise IT infrastructure. The 
figure depicts the architecture of the data layer. A central role is played by the aggre-
gator service that acts as a broker between the local Triple store and external data 
source. The local triple store is the semantic repository and manages the ontologies 
(EDOs and ADOs) and their instances and, through the Connector hides all the details 
about the management of ontology languages (i.e. RDF9 and OWL10) and related 
query languages (i.e. SPARQL). The semantic repository stores RDF triples repre-
senting individuals of the EDO ontologies and use “URI” to reference data stored in 
external source that represent actual value of the individual properties. Queries of 
external clients are resolved by the aggregator service that aggregates data from dif-
ferent data repositories according to the information stored in the Local Triple Store. 
From a technological viewpoint, the semantic repository is an OWLIM triple store 
with OpenRDF Sesame for its management. The connectors and the aggregator are 
Web Service developing REST and SOAP API. Furthermore the connector supports 
different response formats (e.g. XML, JSON, etc.). 

4.2! HSEPGEST – PROCESS MANAGEMENT SYSTEM ARCHITECTURE  

In despite of the standard BPMN suite, the business process design tool defined in the 
HSEPGEST project has as main goals not only to allow the user to design and to exe-
cute a business process but to improve the quality of the process design. The proposed 
architecture helps in all the phases of the management starting from the design of the 
business process until the development of the web application that support the execu-
tion of the business process.  
The improvement of the process 
design is enabled by using the 
information stored in the 
knowledge base and through an 
increase of the process flexibility 
that could be rapidly modified. In 
the proposed tool during all the 
design process, the user can: i) 
interact with the knowledge base 
as described before ii) compose 
part of business process (called 
sub-process template) already 
defined in order to create a com-
plete process able to satisfy the 
business need or to manage a 
specific company events such as sudden market changes. The process lifecycle pro-
posed in HSEPGEST project is composed of four phases from the design to the busi-

                                                             
9  http://www.w3.org/RDF/ 
10  http://www.w3.org/TR/owl2-overview/ 
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ness process change management. The first two phases are related to the design pro-
cess, the third phase provides the execution of the process, and the fourth phase al-
lows to manage the process changes/upgrade. This four phases cover all the phases of 
the business process lifecycle from the understanding of the reference domain through 
the support of the knowledge base (Planning time) to the design of business process 
(Design time) and to the execution of the business process (Run time) (see figure). 
The architecture, also, manage particular unforeseen situations coming from changes 
in the application domain (Situation time) that may change the normal execution of 
the business process. In following we describe in detail each phase.  

Planning Time: In the Planning Time phase, the process designer can select the 
concepts of the knowledge base that characterize the model and can model the sub-
process template. The exploration of the knowledge base can be done using the 
Knowledge Explorer component available in the HSEPGEST design tool. The process 
designer is completely supported by the information of the knowledge base that is 
explored using the KB Middleware module. The Business Process Editor component 
allows to model the process using BPMN notation. Using this component the user can 
design the sub-process templates. Every designed elements of the process can be se-
mantic characterized because the Business Process Editor allows to link the specific 
elements to the concepts/resources stored in the knowledge base. The resulting design 
of the business process is in BPMN notation and it is represented using a format suit-
able for the transmission to the knowledge base, and compatible with the characteris-
tics required by the workflow engine. The interface of the BPMS and the knowledge 
base is defined through the KB middleware component in order to hide the complexi-
ty of the knowledge base making available API to access to the concept in the ontolo-
gy.  

Design Time: During the Design Time phase, the user models the process using 
the Business Process Editor component (the same of the Planning Time). During this 
design as happens for the Planning Time, the user can use the information stored in 
the knowledge base and can link (tag) the modelled element to specific concept of the 
KB. In this phase, the user has to model also the information than can assure the exe-
cution of the process including the execution parameters, the business logic and the 
User eXperience information. The execution parameters are the information elaborat-
ed by the task’s business logic and they are provided by the knowledge base such as 
the number of employees or the name of the supervisor. Another type of information 
used in the design time is the User eXperience information. This type of information 
can assure the link between the process and the web application that execute the pro-
cess. The User eXperience information allows the creation of the prototype of the 
process. The user can insert the business logic and the execution parameters through 
the Business Process Editor while the User eXperience need of a the Web Application 
Editor that use the IDM and Rich-IDM methodologies for the design of the prototype 
UX. The designers during the modelling of the UX can define integration points of 
information, which are dynamically retrieved from the knowledge base. The final 
model of UX, expressed in XMI format, is the main input for the module RIA Proto-
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type Generator. The RIA Prototype Generator is responsible for the RIA prototype 
generation. 

Run-Time: In the Run-Time phase, the process is executed. This task is complete-
ly assigned to the application server, which integrates the Workflow Engine and the 
Web Application Engine components. The Workflow Engine was based on the engine 
of the jBPM6.0 that has been extended with a more accurate monitoring module. The 
output of the process are sent to the knowledge base that allows to update the infor-
mation in all the repository. 

Situation time: The situation time allows the management of process changes. In 
detail, the user can decide to change the process in every moment but in this phase we 
refer to the changes due of the changes of the information stored in the knowledge 
base. In detail, the knowledge base using a specific service provided by the KB mid-
dleware component notifies to the BPMS the specific events. This notification is 
characterized by a sub-set of concepts/resources stored in the knowledge base, and is 
intended to describe the event in detail. The Situation time has the task, based on noti-
fications from the KB Middleware, to identify and suggests to the designer some 
business processes compatible with the event generated. The Situation analyser that 
identifies and suggests to the process designer some business process compatible with 
the event generated. The user is involved when there are more business process com-
patible with the event or when there is not business process compatible.  

There are many technological choices in order to implement the HSEPGEST archi-
tecture. Three main aspects must be taken in consideration: i) The workflow engine; 
ii) The prototype architecture; iii) The access to the knowledge base. For the work-
flow engine an open source product has been selected after a technological scouting 
and a specific comparative study. We select jBPM6 platform that can be customized 
in order to satisfy all the HSEPGEST project requirements. jBPM6 is a complete suite 
that is in continuous updating thanks to a community of developers. The extension 
feature is the most important aspect for the HSEPGEST project. In HSEPGEST pro-
ject in order to execute and to design the business process, we use both the workflow 
engine and the process editor of jBPM6. The editor has been customized to the design 
of sub-process template and to reference the knowledge base concept. In detail, we 
extend the editor in order to support these requirements and we relax the BPMN nota-
tion constraints check. We add a specific interface in order to acquire information 
from the knowledge base to design the business process too. As it regards the proto-
type architecture, we develop an eclipse-based design environment that allows to 
model web application using IDM [19] and Rich-IDM [23,24] methodologies. In 
order to obtain the web application model, the ATL [25] framework is used while the 
ACCELEO11 framework allows the generation of the prototyped web application. 
Finally, the access to the knowledge base is taken through the KB middleware. The 
middleware is responsible of the communication between the tools of the business 
process management and the tools of the knowledge management. The access to the 
knowledge base has been taken using the RESTFUL API useful to read information 
stored in the knowledge base. 

                                                             
11 http://www.eclipse.org/acceleo/ 
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5! CONCLUSION 

This paper presented an approach to the Integrated Management Systems and presents 
an architecture used in the HSEPGEST project useful to design and execute business 
process exploiting the knowledge base where the domain knowledge is stored. The 
added value of the proposed architecture is the close connection between the 
knowledge base (that contains the domain information) and the process design that 
facilitates the business expert in managing the complexity resulting from the applica-
tion domain. The architecture allows managing correctly the correlation between the 
knowledge base and the design of the process due to the presence of a Knowledge 
Base middleware that hides the complexity of Knowledge Base. Very interesting is 
the possibility to define the sub-process template (already compliant with norms ands 
regulations) and to compose them in order to obtain a new process starting from the 
previous design. This is possible exploiting the structure of the HSEPGEST 
knowledge representation model that arranges the knowledge of the organization in 
two layers, ADO and EDO. This characteristic makes more effective searching and 
reuse of pieces of knowledge (in particular related to processes and regulations) 
thanks to the creation of interlinks that supports cross-entities browsing. It is worth 
noticing that the semantic model reuses and extends existing models (e.g. SKOS) and 
approaches (i.e. Linked Open Data principles) providing relevant benefits from the 
interoperability view and compliance with Semantic Web. The overall architecture 
has been developed in the HSEPGEST project and used in order to design and exe-
cute some business processes in the Health, Safety, Environmental protection field. 
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