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Abstract: Subsea Pipeline Installation (SPI) business 

process depends on several contextual parameters, such as 

the weather conditions, the sea depth and the pipeline 

length. Due to this context dependency, several versions of 

SPI process have to be defined each corresponding to the 

right process according to contextual parameter values. 

Consequently, companies involved in SPI process face 

some challenges in such a multi-version environment. In 

fact, they must manage versions and retrieve the 

appropriate SPI process version according to a given 

context. These challenges are further complicated due to 

the lack of guidelines that assist them in this delicate task. 

In this paper, we recommend a new software tool called 

“Version Management and Retrieval” (VMR) to automate the 

management and the retrieval of process versions and 

illustrate his automation within the SPI process. On the 

one hand, VMR assists companies in the definition, the 

updating and the deletion of versions of SPI and on the 

other hand, it enhances each SPI process version with 

semantic aspects featuring its use context. This semantic 

aspect is helpful to retrieve the appropriate SPI process 

version from a given situation. The experimental 

evaluation of VMR shows promising results. 

 
Keywords: Subsea pipeline, Business process versions, Context, 

Semantic aspect. 

I. Introduction 

The installation of new subsea pipelines has received much 

attention all over the world. These pipelines are used primarily 

to carry oil or gas, but transportation of water is also important. 

Many research studies have been conducted to address issues, 

such as construction, maintenance, integrity, and repair of 

pipelines [1] [2]. In this paper, we argue that issues relevant 

from the maritime area, and more particularly the installation 

of new subsea pipelines, should benefit from Business Process 

Management (BPM) area. Indeed, BPM has gained adoption 

in a huge number of companies as it ensures consistent 

outcomes and takes advantage of improvement opportunities 

for process management and execution [3] [4] [5]. As a 

consequence, the central question addressed in this paper is 

“how can BPM contribute to a better execution of the Subsea 

Pipeline Installation (SPI) process?" 

While SPI process runs smoothly for most of the year, many 

contextual parameters appear and can disturb its functioning. 

Indeed, the changes related to the weather conditions, sea 

depth, diving methods, IMCA (International Marine 

Contractors Association) norms, and so on, drive the SPI 

process owner to define new versions to adapt its process to 

these changes. After analyzing the SPI process, we have found 

more than 60 versions for this process, each corresponding to 

the right process according to contextual parameter values. 

These contextual parameter values define the use context of 

SPI process versions and these versions are alternatively 

executed according to the current situation. Due to the high 

number of version, which can increase again, the process 

owner is facing a real problem in managing them. A related 

problem is the selection, among these different versions of 

process, of the most appropriate one from a current situation. 

This issue is raised both for the process owner and his 

stakeholders who desire to coordinate their processes with an 

appropriate version of SPI process. 

Therefore, the purpose of this paper is to introduce a 

software tool to improve SPI process version management, 

and retrieve adequate versions of SPI process. 

The paper contribution is threefold. Firstly, we introduce 

the different SPI process versions as well as a solution to 

semantically describe each version of SPI process using 

contextual parameters. Secondly, we demonstrate the 

feasibility of our solution through the VMR (Version 

Management and Retrieval) tool, (i) which enables to define, 

update and delete SPI process versions, and (ii) also ensures 

semantic exploitation of versions of SPI process to retrieve the 

appropriate one according to a given context. Finally, we 

evaluate VMR tool by using F-measure, precision and recall 

metrics.  

Accordingly, the remainder of this paper is organized as 

follows. Section 2 reviews the related work on subsea pipeline 

and version management. Section 3 shows how to model SPI 
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process using a version-based approach. Section 4 is dedicated 

to the presentation of our solution that consists in managing 

and retrieving versions of processes. It also presents the 

feasibility of our solution through the VMR software tool. 

Section 5 provides measures that help evaluate the VMR tool 

using precision and recall metrics. Finally, Section 6 provides 

the conclusion and gives some directions for future research. 

II. Related Work 

Marine science is a broad discipline. Hence, numerous papers 

can be found in broader journals, such as the journal of Marine 

Policy, the journal of Marine Structures, the journal of Ships 

and Offshore Structure, the journal of Maritime Engineering, 

the journal of Engineering for the Marine Environment, the 

journal of Pipeline Engineering as well as a number of 

international conferences. There is also significant interest 

from marine scientists, economists, resource managers, 

political scientists, international lawyers, geographers and 

anthropologists. All these journals, conferences and marine 

specialists are closely focusing on (i) fabrication, launching, 

installation and decommissioning techniques [6] [7], (ii) 

fatigue and fracture [8] [9] [10], (iii) seabed foundations and 

structural interaction [11], (iv) Subsea engineering [12] [2], (v) 

Hydrodynamics and propulsion [13], and so on. 

Among these research studies, we focus on Subsea Pipeline 

Installation (SPI) process, which has received much attention 

in the literature [14] [15]. The authors of [16] [17] [18] 

discussed S-Lay and J-lay’s techniques for SPI process to 

define the vessel capability. These two techniques result in two 

different versions of SPI process each of which is described by 

its context of use. In fact, there are different contextual 

parameter values for the installation equipment, the required 

top tension, and the critical area when using versions based on 

S-Lay and J-Lay techniques. 

The authors of [19] described different types of vessels used 

in the SPI process where each vessel is used in a specific 

context. For instance, in bad weather, companies must execute 

an SPI process version which uses a vessel equipped with a 

dynamic positioning system (DP system) to improve the 

control and the handling over of vessels at sea. 

Regarding the version management, many contributions 

have recommended a version-based approach to deal with the 

process versions (e.g., [20] [21] [22] [23] [24] [25]). [24] is a 

relevant contribution that has been made to deal with the 

variability of the SPI process. The authors of [24] introduced a 

comprehensive meta-model to define the core (basic) concepts 

for version modeling, while taking into account the main five 

dimensions to have a comprehensive view of processes 

(process, functional, operational, organizational and 

informational). However, these authors did not introduce the 

notion of context for versions of process in order to feature 

them and ease their reuse. In addition, and to the best of our 

knowledge, none of the above works has proposed tools that 

help companies in managing and retrieving versions of 

processes in a comprehensive framework.  

Overall, the aforementioned studies provide companies 

with technical solutions for the installation of subsea pipelines. 

These solutions discuss different ways (i.e., versions) of 

executing the SPI process based on the context but they do not 

address version management. In this paper, we defend the idea 

that the managing and the retrieving of versions must be 

addressed in a framework and this point is also highlighted by 

the authors of [24] [26] [27] who noticed a lack of knowledge 

regarding the best practices in SPI business processes. They 

emphasized that Business Process Management (BPM) must 

be integrated in maritime and marine fields. Highly motivated 

by BPM advantages, we aim at proposing a software tool that 

enables companies (i) to manage versions of SPI process, (ii) 

to explicitly and semantically describe each version according 

to its context of use, and (iii) to retrieve the appropriate 

version of SPI to be executed for a given context. 

As each version is required in a specific context, it becomes 

crucial to consider the context to choose the appropriate 

process versions. In the BPM field, the notion of context is 

defined as “the minimum of parameters containing all the 

relevant information that impacts the design and the execution 

of a process” [28]. The authors of [29] have reported a 

comparative study of context modeling approaches based on a 

set of requirements, such as completeness, certainty (non 

ambiguity), level of formality, reasoning capabilities, and 

applicability to existing environments. They have also 

concluded that the ontology-based approach is the most 

promising way for both context modeling and querying. 

In fact, several contributions have been introduced for 

context modeling. The authors of [30] proposed an approach 

for a Context-Aware Business Process Management that 

contemplates the context in the lifecycle of processes within an 

organization. In this sense, the context associated with the 

processes should be discovered, modeled, gathered, and used, 

monitored and maintained in a continuous way. 

Moreover, several taxonomies have been proposed in order 

to classify these parameters of context (e.g., [28] [31] [32]). 

We outline the largest one provided in [28] which 

distinguishes four types of context (i) immediate context, 

which covers parameters on process components, namely 

context of activities, events, and resources, (ii) internal context, 

which includes parameters on the internal environment of an 

organization that impacts the process, (iii) external context, 

which encompasses parameters related to external 

stakeholders of organizations, and finally (iv) environmental 

context, which contains parameters related to external factors. 

Finally, the authors of [33] [34] proposed ontologies for the 

modeling of the context in order to ensure semantic 

interoperability. However, the considered works poorly took 

advantage of ontology as their authors did not implement any 

reasoning strategy as no rules were modeled. Finally, these 

works did not address process querying using the ontology. 

As for the retrieval of the process versions, a recent survey 

has demonstrated the lack of, and the need for, a dedicated 

precise contextual-based process querying [35]. This 

conclusion has also been confirmed more recently in [36]. 

Indeed, most contributions are about structural and behavioral 

query and there is a missing effort for contextual querying. 

It is for this reason that it becomes a challenge for us to offer 

a new software tool that assists the BPM practitioners (users) 

to address the complexity of managing and retrieving process 

versions using both the version-based approach and the 



F. Ellouze et al. 

 

240 

ontology-based approach. 

III. Modeling versions of the SPI process 

The SPI process is a collective process involving several 

partners. The first is, SAROST [37], which is a Tunisian 

company providing specialized and integrated services in the 

field of water and energy transportation in a sub aquatic 

environment where it is committed to the installation of subsea 

pipelines. The other partners are a Client company (Client), 

asking SAROST for the installation of a subsea pipelines and a 

Bureau Veritas (BV) to which the certification of the pipeline 

can be assigned. A simplified view of SPI is provided below. 

We have modeled several versions of this collective process 

(i.e., a process that involves several partners) and of its 

components, namely several versions of the involved partners’ 

individual processes (i.e., individual process of SAROST, 

individual process of Client and individual process of BV) and 

several versions of public or private activities. Private 

activities are internal activities, i.e. activities that describe the 

know-how of companies while public activities are external 

activities, i.e. activities that support interaction between 

companies’ processes by sending or receiving messages. Table 

1 summarizes the modeled versions. We also show how to 

specify the explicit context and the deduced context. 

Versions  Number of 

versions 

Collective process (SPI) 12 

SAROST Individual process (SAR) 12 

Client Individual process (Client) 2 

BV Individual process (BV) 2 

SAROST Assembly activity (Ass) 10 

SAROST Control activity (Control) 2 

SAROST Lay activity (Lay) 7 

SAROST Receive order activity (RO) 1 

SAROST Specify team activity (ST) 1 

SAROST Test campaign activity (TC) 1 

SAROST Prepare certificate activity (ST) 1 

SAROST Send certificate activity (SC) 1 

SAROST Send request for certification 

activity (SRC) 
1 

SAROST Receive certificate activity 

(RC) 
1 

SAROST Prepare PV activity (PPV) 1 

SAROST Send PV activity (SPV) 1 

Client Send order activity (SO) 1 

Client Receive certificate activity (RC) 1 

Client Receive PV activity (RPV) 1 

Client Send request for certification 

(SRC) 
1 

BV Receive request for certification 

(RRC) 
2 

BV Send certificate (SC) 2 

Table 1. Modeled Versions for SPI 

Due to lack of space, we explain below only 3 versions of 

SPI collective process (among the twelve modeled). In the first 

version, the process is initiated by a client needing to install a 

new subsea pipeline. SAROST is solicited for this installation. 

First, the Client sends an installation order to the SAROST 

Company. Once the order is received, SAROST specifies the 

necessary team and equipment, then, it proceeds to assemble 

and control the pipes on shore by welders, pipefitters and 

controllers. The next activity is the laying of pipes offshore by 

the divers. Finally, when the installation is over, a test 

campaign has to be performed. It should be noted that the 

assembling, control and laying have to be repeated until 

reaching the pipeline length. After the test campaign, 

SAROST prepares an acceptance certificate and sends it to the 

Client. Figure 1(a) shows the SAROST’s view of this first 

version of SPI. In fact, we only report on SAROST’s private 

and public activities along with public activities of individual 

processes of the other involved partners. According to 

SAROST’s domain experts, this first version of SPI process is 

defined in the following context: sea depth is less than 50 

meters, pipeline length is less than 10 km and transported 

substance is water. 

When oil or gas is transported in their pipeline with a length 

that can reach 50 km, a new version of SPI is defined. In this 

second version, SAROST subcontracts the test campaign and 

certification to an external company; the Bureau Veritas 

company (BV). Thus three partners are involved in this 

process version: (i) the Client, who is still the initiator of the 

process, (ii) SAROST to which the Client sends a request for 

an installation order, and (iii) BV, which performs the test of 

the whole pipeline.  

Figure 1(b) shows the schema of this second version of SPI. 

In the case of a big project involving the installation of long 

and deep-water pipelines, the Client is responsible for 

contracting BV instead of SAROST. Thus SAROST proceeds 

only to the pipeline installation and sends back a report to the 

Client. Figure 1(c) shows the SAROST’s view of this third 

version of SPI. 

In order to explain why it is necessary to model so many 

versions, we have to feature in which context these versions 

must be used. Furthermore, we consider versions of the 

activities, such Assembly, Control and Lay, as numerous 

versions that have been modeled for them. According to 

SAROST experts, the Assembly activity depends upon the 

following contextual parameters: 

• Transported substance, which can be oil, gas or water. 

This is an important parameter as the material used for the 

pipeline is derived from it. Indeed, according to domain 

experts, if the substance is water, then the material for the 

pipeline can be plastic HDPE, while, if the transported 

substance is oil or gas then, the material of the pipeline 

must be steel. 

• Installation technique, which can be floating or sliding. 

The floating technique means that the assembled sections 

of the pipeline float on the water surface before landing in 

the seabed. On the other hand, the sliding technique means 

that the assembled sections of the pipeline are dragged on 

the seabed as the new sections are assembled to the 

pipeline already laid. 

• Sea depth, which can be less than 50 meters or longer than 

50 meters. Indeed, the depth affects both the divers’ skills 

and the diving methods. If the sea depth is less than 50 

meters then, at least class-2 divers must dive for 

assembling, while, if it is more than 50 meters, at least 

class-3 divers must dive. Regarding the diving method, 



 

 

On the Automation of Managing and Retrieving Versions of Subsea Pipelines Installation Process                                    241 

 

diving with umbilical has to be used when depth is less 

than 50 meters, while diving with a wet bell has to be used 

when depth is more than 50 meters. 

• Pipeline length, which can be less than 10 km, between 10 

and 50 km, or over 50 km. This length affects the number 

of the welders and/or pipefitters involved in the assembling 

activity. Indeed, if the length is less than 10 km, then, 6 to 8 

welders and 6 to 8 pipefitters are needed in the case where 

the transported substance is oil or gas, while only 6 to 8 

pipefitters are needed if the transported substance is water. 

In addition, beyond 10 km of length, the transported 

substance can be only oil or gas. If the length is between 10 

and 50 km, the assembly activity requires more than 8 

welders and 8 pipefitters, whereas if the length is over 50 

km, the assembly activity requires more than 14 welders 

and 14 pipefitters. 

 

Figure 1. Three Versions of the Collective Process SPI 

On the basis of the previous description, we can distinguish 

two types of context: (i) an Explicit Context, which is 

described by the parameters Sea depth, Pipeline length, 

Installation technique and Transported substance, and (ii) a 

Deduced Context, which is derived from the explicit one 

according to the business rules identified by SAROTS’s 

experts. Table 2 shows the different versions of the Assembly 

activity and their corresponding context, where each of which 

is based on a different combination of the context parameter 

values. These parameters are connected to one another by the 

logical connector “and”. It should be noted that Ass.1, Ass.3 

and Ass.5 are the versions involved in the 3 presented versions 

of SPI (cf. Figure1). 

Any assembly activity undergoes a checking to ensure the 

waterproofing of the welded sections. This is the aim of the 

Control activity for which we have defined two versions. The 
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first is Control.1, which is used when the transported 

substance is water (the control is simple). The second is 

Control.2, which is used when the transported substance is oil 

or gas. In this case, the control activity is more complex and 

requires providing a video proving the waterproofing of the 

pipeline. Regarding the Lay activity, the Sea depth and the 

Pipeline length have to be taken into account. Table 3 gives the 

context of the different versions of the Lay activity. It should 

be noted that these contextual parameters are connected to one 

another by the logical connector “and”. In the Assembly 

activity, we distinguish the Explicit Context, for the Lay 

activity, including Sea depth and Pipeline length parameters 

and its Deduced Context, which includes the parameters; 

Diver skill, Diving method and Number of divers. Note that 

Control.1, Control.2, Lay.1 and Lay.3 are the versions 

involved in the 3 presented versions of SPI (cf. Figure 1). 

Regarding the other activities of the SAROST company, only 

one version has been modeled as no contextual parameters 

have been defined (e.g., Receive order, Specify team, Test 

campaign). As a consequence, only the contexts of the 

Assembly, Control and Lay activities have to be considered to 

define the context of the SAROST’s Individual Process 

versions. The explicit and deduced context parameters are 

those identified for the Assembly, the Control and the Lay 

activities and the combination of these parameters led us to 

derive 12 versions for the SAROST’s individual process. 

Table 4 gives the context of the different versions of this 

individual process. We should recall that SAROST.1, 

SAROST.3 and SAROST.5 are the versions involved in the 3 

presented versions of SPI (cf. Figure 1). 

Assembly 

version 

number 

Explicit Context Deduced Context 

Sea 

depth 

Pipeline 

length 

Installation 

technique 

Transported 

substance 

Pipeline 

material 

Diver 

skill 

Diving 

method 

Number 

of welders 

Number of 

pipefitters 

Ass.1 <50 <10 floating water HDPE class-2 umbilical 0 6 to 8 

Ass.2 <50 <10 sliding water HDPE class-2 umbilical 0 6 to 8 

Ass.3 <50 <10 floating gas or oil steel class-2 umbilical 6 to 8 6 to 8 

Ass.4 <50 10 to 50 floating gas or oil steel class-2 umbilical >8 >8 

Ass.5 <50 >50 floating gas or oil steel class-2 umbilical >14 >14 

Ass.6 >=50 10 to 50 sliding gas or oil steel class-3 wet bell >8 >8 

Ass.7 >=50 >50 sliding gas or oil steel class-3 wet bell >14 >14 

Ass.8 <50 <10 sliding gas or oil steel class-3 wet bell 6 to 8 6 to 8 

Ass.9 <50 10 to 50 sliding gas or oil steel class-3 wet bell >8 >8 

Ass.10 <50 >50 sliding gas or oil steel class-3 wet bell >14 >14 

Table 2. Context for Assembly versions 

 

Lay 

version 

number 

Explicit Context Deduced Context 

Sea depth 
Pipeline 

length 
Diver skill 

Diving 

method 

Number of 

divers 

Lay.1 <50 <10 class-2 umbilical 6 to 8 

Lay.2 <50 10 to 50 class-2 umbilical >8 

Lay.3 <50 >50 class-2 umbilical >14 

Lay.4 50 to 90 10 to 50 class-3 wet bell >8 

Lay.5 50 to 90 >50 class-3 wet bell >14 

Lay.6 >90 10 to 50 class-3 saturation >8 

Lay.7 >90 >50 class-3 saturation >14 

Table 3. Context for Assembly versions 

 

SAROST 

version 

number 

Explicit Context Deduced Context 

Sea 

depth 

Pipeline 

length 

Instal- 

lation 

technique 

Trans- 

ported 

substance 

Pipeline 

material 

Diver 

skill 

Diving 

method 

Number 

of 

welders 

Number of 

pipefitters 

Number 

of 

divers 

SAROST.1 <50 <10 floating water HDPE class-2 umbilical 0 6 to 8 6 to 8 

SAROST.2 <50 <10 sliding water HDPE class-2 umbilical 0 6 to 8 6 to 8 

SAROST.3 <50 <10 floating gas or oil steel class-2 umbilical 6 to 8 6 to 8 6 to 8 

SAROST.4 <50 10 to 50 floating gas or oil steel class-2 umbilical >8 >8 >8 
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SAROST.5 <50 >50 floating gas or oil steel class-2 umbilical >14 >14 >14 

SAROST.6 >=50 10 to 50 sliding gas or oil steel class-3 wet bell >8 >8 >8 

SAROST.7 >90 10 to 50 sliding gas or oil steel class-3 saturation >8 >8 >8 

SAROST.8 
50 to 

90 
>50 sliding gas or oil steel class-3 wet bell >14 >14 >14 

SAROST.9 >90 >50 sliding gas or oil steel class-3 saturation >14 >14 >14 

SAROST.10 <50 <10 sliding gas or oil steel class-2 umbilical 6 to 8 6 to 8 6 to 8 

SAROST.11 <50 10 to 50 sliding gas or oil steel class-2 umbilical >8 >8 >8 

SAROST.12 <50 >50 sliding gas or oil steel class-2 umbilical >14 >14 >14 

Table 4. Context of SAROST’s individual process versions

Finally, we can deduce the context for the 12 versions of the 

SPI collective process from the context of their individual 

involved processes. More precisely, the explicit and deduced 

contextual parameters are those identified in the SAROST’s 

individual process context. Table 5 gives the context of the 3 

presented versions of SPI (cf. Figure 1). 

 

SPI 

version 

number 

Explicit Context Deduced Context 

Sea 

depth 

Pipeline 

length 

Installation 

technique 

Transported 

substance 

Pipeline 

material 

Diver 

skill 

Diving 

method 

Number 

of 

welders 

Number of 

pipefitters 

Number 

of 

divers 

SPI.1 <50 <10 
floating or 

sliding 
water HDPE class-2 umbilical 0 6 to 8 6 to 8 

SPI.2 <50 <10 floating gas or oil steel class-2 umbilical 6 to 8 6 to 8 6 to 8 

SPI.3 <50 <10 floating gas or oil steel class-2 umbilical >14 >14 >14 

Table 5. Context of SPI’s collective process versions 

IV. Version Management and Retrieval Tool 

Given the high number of versions of the SPI process, we 

introduce, in this section, a software tool which assists 

SAROST and its stakeholders (i.e., Client and BV) in 

managing and retrieving adequate versions to be executed 

according to a specific context. This tool is called VMR 

(which stands for Version Management and Retrieval). Figure 

2 provides an overview for the VMR tool architecture. 

This architecture is structured in three layers: Presentation, 

Operation and Persistence. The presentation layer contains 

two interfaces: Version Management Interface, which 

supports the definition and management of process versions, 

and Version Retrieval Interface, which supports the retrieval 

of process version according to a given context. We explain 

respectively in the two following sub sections the operation 

and the persistence layers. 

A. The Operation layer 

 The Operation layer contains the following modules: 

• Create/Update/Delete Versions of activities: to create, 

update or delete the versions of activities and save them on 

the Version repository.  

• Create/Update/Delete Versions of processes: to create, 

update or delete the versions of processes and save them on 

the Version repository. A complete video demonstrating 

the different steps of the Version Management Interface 

using our tool available at: 

https://www.youtube.com/watch?v=gNOVdznxNdU. 

https://www.youtube.com/watch?v=gNOVdznxNdU
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Figure 2. VMR tool architecture 

• Describe versions of (processes/activities) semantically: 

to describe the context of each version. This component 

integrates for each version its semantic aspects which are 

based on an ontology and business rules. An ontology is a 

specification of a conceptualization [38]. It is suitable to 

clearly and explicitly describe the context parameters [29]. 

Ontologies are very used in the domain of semantic web 

[39] for many reasons: First, they enable knowledge 

sharing between systems. Second, they allow efficient 

reasoning on context parameter using business rules. 

Finally, they enable semantic interoperability between the 

involved companies, and their software systems. Thus we 

propose an ontology called Context-Onto-SPI that 

contains all the context parameters necessary for the 

description of versions of the SPI process along with the 

corresponding business rules.  

Figure 3 shows a partial representation of the proposed 

ontology. Specific context parameters of SPI process are 

shown in grey while white ones describe context 

parameters independently from any process. The full copy 

of this ontology is available online at: 

https://github.com/Onto-VP2M/context-BPM/blob/master

/myOnto.owl. 

 
Figure 3. Context-Onto-SPI 

 

Figure 4 shows four child interfaces (, , , ) of the 

Version Management Interface. These interfaces describe 
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the creation of a new version of activity, a new version of 

individual process, a new version of collective process and 

a description of a process version context. 

Figure 4. Managing versions interfaces 

• Enhance query: queries come from companies or their 

stakeholders in order to retrieve the appropriate version of 

the SPI process to be executed according to a specified 

context. For the sake of simplification, we refer to 

companies and stakeholders by “User”. Four types of a 

query can be proposed: 

➢ TQ#1: a complete query that contains all the 

parameters of the Explicit Context (cf. Tables 2, 3, 4 

and 5). 

➢ TQ#2: an incomplete query that contains a few 

parameters of the Explicit Context and/or of the 

Deduced Context. 

➢ TQ#3: a query that contains misnomers, e.g., the user 

writes “sae depht” instead of sea depth. 

➢ TQ#4: a query that contains synonyms or antonyms for 

parameters of the Explicit Context and/or the Deduced 

Context. 

For the TQ#2, TQ#3 and TQ#4, the component “Enhance 

query” rewrites the query to improve the chances of 

retrieving the most appropriate version according to the 

context described in the query. The “Enhance query” takes 

advantages of the ontology and business rules to enhance 

and enrich the query by resolving the semantic problems. 

• Query Context versions repository: to query the 

repository containing the context of the versions. 

• Retrieve versions: Extract the whole version of a process 

or an activity from the version repository. Figure 5 

provides an overview of this component 

B. The Persistence layer 

The persistence layer provides a storage of versions of the 

processes/activities and their contexts. It should be noted that 

the Context version repository and the business rules 

constitute a knowledge base.  

We have conducted a set of interviews with SAROST 

domain experts to collect business rules. As shown in Tables 2, 

3, 4 and 5, business rules enhance the context of a version by a 

deduced context. For example, we give the following three 

examples of business rules written with an if-then statement: 

BR1: If pipeline length < 5 then transported substance = 

"water" 

BR2: If transported substance = "water" then pipeline 

material = "HDPE" 

BR3: If pipeline material = "HDPE" then installation 

technique = "floating" and transported substance = "water". 
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Figure 5. Overview of the component “Retrieve versions” 

These business rules are used in two phases: 

• When describing the context of the versions: SAROST is 

responsible for the description of the Explicit Context, 

however the deduced one is obtained through the business 

rules. 

• When querying versions using their context: SAROST or 

its stakeholders are responsible for the description of a 

query containing explicit context parameters and/or 

deduced context parameters as they are not aware of this 

difference. The left part of Figure 6 shows our interface for 

the retrieval versions based on their semantic description. 

In this example, we suppose that a user indicates that depth 

is equal to 9 meters and length is equal to 4 kilometers. 

Each of these conditions is defined as a row of the grid. 

Thus, the specified query indicates that the user is 

interested in finding process versions of the SAROST 

process appropriate for a 4-kilometer long subsea pipeline 

installation at a sea depth of 9 meters. Note that all the rows 

specified in the grid are conditions correlated by “AND”. 

However, it is possible to modify this correlation which 

indicates the logical connectors to be used in the Logical 

expression for context condition area. Each condition has a 

condition number which is used to define the logical 

expression (or and parenthesis can be used). The aim of the 

Check button is to verify whether the specified expression 

is correct or not. Finally, to submit a query, the user has to 

click on the Submit button. 

 
Figure 6. Example of query 

Once the Submit button is clicked, the component “Enhance 

query” is activated to enhance the submitted query (cf. Figure 

2). In the following sub-section, we will explain in detail the 

retrieval steps and how semantic aspects can help to retrieve 

the most appropriate versions.  
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C. Version Retrieval Steps 

The retrieval component of the VMR software system is 

implemented according to the Onto-VP2M approach 

presented in [40]. Indeed, once the user submits the query, five 

major steps are possibly performed (cf. Figure. 7): 

 

User

Contextual 

query

Value
C1

Val1

Context element

C2
Val2C3
Val3 Query the Context 

Version repository

1

else

(0 or more than 1)

Yes

Reasoning on 
domain rules

 (SWRL rules)

Query the Context 

Version repository

No

Context 
Reasoning 

Resolve semantic 
problems 

(ontology reasoning)

Context Domain 

Ontology

Versions’ 

Repository

Retrieve 
Version 
model(s)

Display 
results 

Query 
reformulating 

?

Context user

Number of retrieved 

versions ID(s)

Retrieved ID(s)?

Op

=

=

=

1

2

3

4

5

Populate the context 
domain ontology 

End

 
Figure 7. Query Steps 

 

Step  – Query the Context Version repository: In this step, 

the Context Version repository is queried and three cases may 

arise: 

Case-1. There is exactly one version that satisfies the 

user’s query. In this case, only steps  and  are 

performed.  

Case-2. There is no retrieved version: the user may not use 

the same context parameters that are stored in the Context 

Version repository. In this case, step  is performed. 

Case-3. There are many retrieved versions satisfying the 

user’s Context. In this case, step  is performed. 

Step  – Retrieve version model(s): In this step, the process 

version is retrieved from the version repository. 

Step  – Display results: In this step, the appropriate process 

version (or the appropriate entity versions from Cases-2 and -3) 

is graphically displayed to the user. 

Step  – Context Reasoning: In order to enhance the query 

process, this step contains four modules that refer to the 

context domain ontology. The first module, which resolves 

semantic problems, is of utmost importance, especially, when 

there is no previously retrieved version (case 2). For example, 

a user may express his context using context parameters which 

are synonyms or misnomers to those stored in the Context 

Version repository. This problem can be simply resolved 

thanks to the equivalent class or to the SKOS annotation (i.e., 

altLabel) of the domain context ontology. The second module 

populates the context domain ontology defining individuals 

Val1, Val2, Val3, respectively, to the corresponding context 

parameters C1, C2, C3 of the domain context ontology (cf. 

Context user in Figure 7). The third module executes the 

SWRL rules to deduce new knowledge that enhances the 

user’s context. The aim of this inference is to gather a set of 

context parameters helping the retrieval of appropriate 

versions. Finally, the fourth module queries the Context 

Version repository. If one or more ID is returned, then steps  

and  are performed. However, if there is no returned ID, step 

 is performed. 

Step  – Query reformulating: This step notifies the user 

through a message indicating that there is no version that 

satisfies his requirement and requests him to formulate a new 

query. 

It should be noted that the reason for querying the Context 

Version repository in step 1 aims at reducing the query 

execution time, especially, when there is no need for the 

context reasoning (case 1). 

Figure 8 shows how the submitted query shown in Figure 6 is 

enhanced thanks to the first, the second and the third modules. 

More precisely, the first module checks the semantic of the 

query, and then deduces that Depth corresponds to Sea depth 

and Length corresponds to Pipeline length. It should be 

recalled that Sea depth and Pipeline length are concepts of the 

ontology Context-Onto-SPI (cf. Figure 3). Secondly, the 

second module creates individuals for “Sea depth” and 

“Pipeline length” context parameters having respectively 9 

and 4 as values (cf. Figure 8). After an inference mechanism 

(the third module), the query is enhanced thanks to the SWRL 

rules of the context domain ontology R1, R2 and R3, which are 

defined above. Once the SWRL inference is made, the domain 

context ontology is enhanced by new individuals (e.g., the 
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execution of the above SWRL R1 infers “water”, which is a 

new individual for “transported substance”). Figure 8 shows 

the new rewritten query in the dotted blue box. According to 

the context described in this new query, only the version 

identified by SAROST.1 is retrieved (cf. Table 4). The right 

part of Figure 6 shows the result of this query. Once the 

“SAROST.1” ID is selected (), a comprehensive description 

of the corresponding context is visualized in, and a schema 

of the corresponding version is visualized in. Subsequently, 

it is clear that the Context Reasoning improves the retrieval 

mechanism since there is no retrieved version for that query 

example without it. 

Depth = 9

Length = 4

Context’s query defined by 

the user

Deduced thanks to 

business rules (BR1, BR2, 

and BR3)

Sea depth = 9

Pipeline length = 4

Semantic checking by 

VMR System

Transported substance = "water"

Pipeline material = "HDPE" 

Installation technique = "floating" 
New enhanced query

 
Figure 8. Example of an enhanced query 

V. Evaluation 

The VMR tool can be evaluated according to two criteria: (i) 

a quantitative evaluation that measures the tool performances 

and (ii) a qualitative evaluation showing the benefits and 

capabilities of the tool. 

In the quantitative evaluation, we consider the types of 

queries already mentioned in section B (cf. “Enhance query” 

component). For each of these types, we compare the obtained 

results of the VMR software tool using semantic aspects (i.e., 

ontology) to the results with an existing software tool used by 

SAROST experts. Note that the SAROST’s tool does not use 

an ontology and thus does not take advantage of the reasoning 

capabilities of ontologies. 

We have measured the recall and precision metrics for a set 

of assessment queries belonging to all these different types 

related to the SPI process. We present formulas for the 

Precision, Recall and F-measure metrics hereinafter in (1), (2) 

and (3). These formulas are expressed in terms of (i) query true 

positive (TP), i.e., number of retrieved versions that are 

relevant, (ii) query false positive (FP), i.e., number of retrieved 

versions that are irrelevant, and (iii) query false negative (FN), 

i.e., number of relevant versions that are not retrieved. Thus, 

(1) the precision metrics refers to the number of the retrieved 

versions that are relevant, divided by the total number of the 

retrieved versions, (2) the recall metrics refers to the number 

of the retrieved versions that are relevant, divided by the 

number of the relevant versions that should have been 

retrieved, (3) while the F-measure metrics refers to the 

balanced mean between the precision and recall metrics. The 

more F-measure approaches 1, the more retrieval is efficient. 

 
    

   

Number of Relevant Versions Retrieved

Number of Versions Retrieved

TP
Precision

TP FP
= =

+
 (1) 

    

   

Number of Relevant Versions Retrieved

Number of Relevant Versions

TP
Recall

TP FN
= =

+
 (2) 

*
2*

  

  

Precision Recall
F measure

Precision Recall
−

+
=   (3) 

TP: True Positive  FP: False Positive  FN: False Negative 

 

We have considered several queries for each type, and for each 

of these queries, we have calculated its TP, FP and FN. Table 6 

summarizes these achieved results. 

 

 VMR software tool using semantic aspects 
SAROST’s existing software tool without using 

semantic aspects 

 TP FP FN Precision Recall F-measure TP FP FN Precision Recall F-measure 

TQ#1 20 0 0 1 1 1 20 0 0 1 1 1 

TQ#2 35 24 14 0.59 0.71 0.64 25 70 31 0.26 0.44 0.32 

TQ#3 22 9 13 0.7 0.62 0.65 0 0 0 0 0 0 

TQ#4 26 6 9 0.81 0.74 0.77 0 0 0 0 0 0 

Table 6. Values of Precision Recall and F-measure Metrics 

 

Let us examine some of these results. First, we examine the 

relevant queries for TQ#1. As indicated in Table 6, the 

precision and recall metrics are both equal to 1 for both cases 

as the user’s context matches exactly the Explicit Context 

stored in Context Versions Repository (cf. Figure 2). 

Regarding the relevant queries for TQ#2, querying without 

semantic aspect sends back the precision and recall metrics 

what have an average equal to 0.26 and 0.44, respectively. On 

the other hand, querying with semantic aspect sends back the 

precision and recall metrics the values of which are on average 

equal to 0.59 and 0.71, respectively. As a consequence, the 

F-measure result for querying with semantic aspect is better 

than the F-measure result for querying without semantic aspect 

(cf. Figure 9). These results show the importance of using 

business rules. Indeed, for TQ#2, the business rules play an 
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important role in enhancing the query by other context 

parameters. 

Figure 9. F-measure curve 

Finally, regarding the queries illustrating TQ#3 and TQ#4, 

retrieval with semantic aspect is more efficient than the one 

without. Indeed, the VMR tool can detect the semantic 

problems (e.g., misnomer, synonym or antonym) and resolve 

them thanks to ontology capabilities. 

As for the qualitative evaluation, we compare our tool to 

two existing popular BPM tools from the literature, namely 

Signavio [41] and Aeneis [42] tools. Indeed, these BPM tools 

ensure the process versions modeling. However, the major 

limitation of Signavio and Aeneis is that they focus on process 

versions modeling without supporting the context modeling of 

these versions. In addition, the retrieval mechanism in these 

tools is very basic and is confined to the search for versions by 

keywords captured from text annotations, such as the process 

name, the publishing date, the author’s name, the revision 

comment, etc. They fall short of providing any guideline that 

help to retrieve the adequate version of process appropriate to 

a specified context. To sum up, we recommend the VMR 

software tool which emphasizes the requirement of 

context-awareness in the process versioning (i) to structure 

versions of process and (ii) eventually create context-based 

queries to search and find adequate versions of process. For 

this purpose, it recommends an ontology-based approach for 

context modeling and querying. Indeed, it is worth taking 

advantage of the ontology to ensure a semantic interoperability 

between BPM practitioners. 

VI. Conclusion 

New technologies, governmental rules, organizational context, 

adoption of new standards and so on, lead companies to define 

several versions for their processes. Despite this reality in 

companies, the questions of managing these versions and 

reusing them arise. This is the case for the SAROST Company, 

which is left with a high number of versions for its Subsea 

Pipeline Installation (SPI) process as well as its corresponding 

activities. This paper shows how we model SPI process using a 

version-based approach. Then, it provides a solution to 

manage and retrieve (VMR) versions of the SPI process. 

Specifically, this paper proposes the VMR software tool that 

enables (i) the management of all the versions in terms of 

creation, updating and deletion, (ii) the integration of semantic 

aspects for each version to represent its context of use, and (iii) 

the retrieval of the most appropriate version(s) for a specific 

situation. The evaluation of VMR outlines the suitability for 

using semantic aspects, based on an appropriate ontology for 

managing and retrieving versions.  

Although the SPI process is considered as our starting point 

to contribute to this field, VMR tool can be used for both other 

processes and other fields (e.g., medical field, automotive 

field).  

Future research will address the weaknesses of our 

contribution. Regarding the VMR tool, we have planned to 

take into account privacy aspects when querying the process 

versions.  Moreover, we have foreseen to evaluate the VMR 

tool usability, i.e. VMR tool acceptance in other fields, in 

addition to the evaluation reported in the paper. Regarding the 

provided ontology, we have two main objectives. The first is to 

add fuzzy annotations to express the queries in a more flexible 

manner since the linguistic modifiers can be used (e.g., 

retrieve versions of the SAR process appropriate to a 

significant depth) [43]. The second objective is the evaluation 

of the power of expressing this ontology with the Bunge 

Wand-Weber (BWW) ontology [44], which is known as a 

good theoretical framework for ontology expressiveness 

measure. 
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