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Abstract: Models are simply outcomes from levels of abstractions, so developing a modelling language is an effort in creating a 

platform where the domain concepts can be mapped to the abstraction levels. Once this mapping is achieved, it will create a 

stakeholder or domain expert user friendly notations from the concepts description. This will then enable the stakeholders the 

freedom to express and achieve design intents and as well cope with the complexity of conventional design software. In this paper, 

the vocabulary of components created from the domain concepts served a useful purpose of mapping the domain concepts to the 

model abstractions in the form of attributes of CAD (computer aided design) objects representing the pipeline physical components. 
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1. Introduction 

Clearly, design is an integral part of engineering 

practice [1]. Particularly in the domain of oil and gas 

transmission pipeline engineering activities, there has 

been constant demands for more cost-effective and 

efficient design tools and methodologies that could aid 

better, faster and productive pipeline design 

mechanisms [2].  

In this direction, the use of CAD (computer aided 

design) systems provide tools for building good 

engineering designs and for manipulating models of 

solid objects. It represents a technological 

advancement in computer software that has also 

expanded into computer aided manufacturing and 

computer aided engineering [3]. Good engineering 

designs from computer aided design systems are 

products of interactive orientation of graphics 

primitives, graphics assemblies and subassemblies 

inherent in the design software structure. 

Following the theory of domain specific modelling, 

which sees the model as the core of a language 

development that targets specific domains; the 

engineering design is the graphics models to which a 

language for the pipeline engineering domain can be 

constructed [3]. This paper is intended to showcase 

the engineering design product (i.e., the model) as a 

possible linking point in the application of DSM 

(domain specific modelling) methodology to the 

pipeline engineering domain in order to productively 

enhance engineering design modelling.  

The identified difficulty in modelling engineering 

designs with CAD systems is that when one aspect of 

the model is changed, often several changes have to be 

made to satisfy design intent or the implicit rules of 

the design; this is because the software does not keep 

track of the operational rules. 

The application of DSM is expected to offer, 

through appropriate notations and abstractions, 

expressive power restricted to, the concepts of the 

pipeline design domain [4]. Consequently this can be 
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achieved only by taking advantage of salient technical 

characteristics the pipeline engineering application 

domain. The description of these specific properties 

therefore represents the domain concepts, which will 

be useful in creating the familiar notations and in the 

semantic mappings of the language formalism [5]. 

The remainder of the paper is organized as follows: 

Section 2 presented related work and review of 

pipeline engineering domain; Section 3 discussed the 

methodology and materials; Section 4 described the 

results and the necessary discussion; Section 5 

concludes the paper. 

2. Related Work 

The language representation for a target domain 

usually starts with the domain model specifications. In 

this work, the vocabulary and key concepts of the 

problem domain, and identified relationships and 

attributes of all the entities within the scope of the 

problem domain are represented. Hahn and Fischer [6] 

in their approach for a DSML4MAS (domain specific 

modelling language for multi-agent systems) 

presented a UML based graphical interface for user 

interaction. The language semantics are restricted only 

to the definition of concepts and their relationships 

within the metamodel. More so, UML is not an end 

user representation language, it couldn’t possibly 

capture domain concepts specific to stakeholder 

viewpoints, and as such is not suitable for a 

non-programmer pipeline engineer [7]. 

The focus of Sprinkle et al. is more closely related 

on endogenous refinements where the source and 

target share the same metamodel, or a metamodel with 

only evolutionary changes [8]. This work adopted the 

same approach to using the domain model, but the 

language functionality is not closely tied to the DSM 

manifesto, i.e., raise the abstractions; in which case 

the language metamodel represent concepts from a 

single domain, one pipeline context model. Lee et al. 

[9] adopted multi-paradigm modelling that combines 

discrete behavior, e.g., (state machines) with 

continuous behaviour of system flow (e.g., differential 

equations). This is typical of combination of several 

domains and various models of computation. Despite 

the benefits that multi-paradigm modelling offers, 

there is the challenge of adaptation across the concepts 

that may be represented. What we have presented 

therefore is the integration of semantic relationships 

among the concepts presented from a domain [10]. 

2.1 The Pipeline Engineering Domain 

The design of a pipeline system requires the 

knowledge and application of theory from a number of 

engineering principles and standards such as physical 

attributes, and materials factors. Physical attributes are 

those parameters that govern the size, layout, and 

dimensional limits or proportions of the pipeline [11]. 

Material factors relate to pipeline design and 

highlights parameters that must be considered in 

completing the modelling process. Pipeline 

components (i.e., the objects) such as elbow and 

flange when joined results into a pipeline system (Fig. 

1). 

Clearly, with existing modelling approaches (e.g., 

modelling with AutoCAD), the objects are 

customarily explicitly described [11]. The problem is 

that, when one aspect of the model is changed, often 

several changes have to be made to satisfy design 

intent or the implicit rules of the design. Also model 

interaction in the way of domain concepts that can 

produce other complete models with noticeable 

domain properties is limited. This is because the 

software [11] does not keep track of the rules and the 

designer must decide where and when they are broken. 
 

 

Fig. 1  Elbow and flange. 
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For example, in Fig. 1, when defining the dimensions 

of the flange to be fitted to the elbow to achieve a 

desired design intent, several changes have to be made 

until the exact points of intersection are met, which 

means until the rules governing the solid behaviours 

for that design intent are met no design intent can be 

achieved. 

2.2 Stakeholder Variability 

Stakeholders are the domain experts and related 

users of the system whose design intent is 

characterized as the view points of the input 

parameters. There are competing design requirements 

among stakeholders; each one has their own set of 

constraints, objectives and responsibilities resulting to 

varying designs as exemplified in Fig. 2. 

Whereas stakeholders’ objectives describe the bit of 

problem(s) addressed by the typical modelling tool, 

the responsibilities describe associated design intents 

[12]. This work is therefore accommodating these 

determining facts in the language design to come up 

with an optimal solution. 

For example the main objectives of stakeholders 

interested in joint design and selections in a pipeline 

design are as follows: 

 to state the physical design attributes of the 

joints; 

 to specify the relationship criteria between joints 

and fittings; 

 to identify the components in a joint; 

 to define units (e.g. metric). 

To achieve these objectives, their responsibilities 

include: 

 to determine the joint location; 

 to verify the pipe section; 
 

 

Fig. 2  Pipeline model. 

 to determine the type of fittings. 

3 Method and Materials 

3.1 Method 

The initiative is a modelling tool that could aid 

domain experts develop and produce designs directly 

related to their viewpoints. In this way, the 

complexities of conventional CAD designs are being 

incorporated as design concepts and the platform 

complexities of constructing codes from programming 

languages encapsulated as abstractions and then these 

concepts are mapped to the abstractions via semantic 

relationships [13]. 

A major effort in achieving this success is putting 

the model at the core of development. The application 

domain perspectives that these models represent [14] 

are shown in Fig. 3. 

Concepts associated with the domain’s technical 

content are specified and appropriate reductions made 

by raising abstractions about the model as they relate 

to engineering designs specific to the application 

domain. Critical in the process is identifying the 

problem domain; the exact needs these raised levels of 

abstractions are to be met and the task of specifying 

these concepts into an integrated modeling platform. 

This task was accomplished, and then the semantic 

gap often experienced with the conventional software 

between design intent and the expression of this intent 

in several lines of codes was closed in our approach 

with a domain model platform. 
 

 

Fig. 3  Domain model. 
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It addressed the mapping of these abstractions from 

the problem domain that expresses design in terms of 

the concepts to the application domain, which 

invariably made it feasible for our system to map 

domain concepts effectively. 

3.2 Materials 

Our application domain is oil/gas transmission 

pipeline design mechanisms (the language should be 

able to solve design issues for oil and gas pipeline 

stakeholders). Having known the domain, all the 

salient technical characteristics, which helped in 

forming our concepts, were listed. Next consideration 

is the problem domain; the concise information about 

our needs in this language, the needs when met, 

pipeline design issues can be solved by domain 

experts. The information in this direction led to the 

gathering of a component library framework in order 

to identify the concepts and associated rules targeted 

at this methodology to be created utilizing a Microsoft 

DSL tool (Visual Studio Visualization and Modeling 

SDK) [15]. 

4. Results and Discussion 

4.1 Vocabulary of Components 

From the component library framework relevant 

vocabulary as shown in Table 1 was created [16]. 

Pipeline physical components such as joints, fittings, 

pipeline support and other pressure containing 

structures were represented in the vocabulary. Also in 

the vocabulary are component attributes such as size 

of pipe, points of contact, shape, and direction of 

loops. 

4.2 Semantic Relationships 

Following the domain model platform, the model 

logic incorporates sound underlying engineering 

principles, which illustrates how they are linked to 

produce a total life cycle approach to pipelines system 

design and operation (Fig. 4). 

In  the  domain  model,  the  semantic  model  subset 

 

Table 1  Vocabulary of components. 

Components Vocabulary of components 

Pipe origin 

 

Pipe origin-define where pipeline 

abstractions start as grammar. 

Pipe bed 

 

location-(Underwater, surface, 

buried) 

Pipeline 

components 

Fittings, 

Joints, 

Support, 

Pressure 

Type build_pipe{ 

pipe_length {  length = 25, 

diameter_inner = 120, 

diameter_outer = 150, } length 

thickness diameter_inner 

diameter_outer point_x point_y 

point_z slope direction type 

thickness, size. 

Pipe termination Pipe termination-define where 

pipeline abstractions stop as 

grammar. 

 

 

Fig. 4  Domain model relationships. 
 

consists of the classes of the events and their 

relationships with a focus on the user’s perspectives. 

As knowledge changes, the semantic model [17] 

itself can change so as to ensure physical components 

continue to do what the users want them to do and 

then produce clear design specifications for pipeline 

physical assets such as pipes, valves, active equipment 

(pumps, compressors, etc.), insulation and supports. 
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The domain model [18] which represents these 

relationships and classes of the core features of the 

application domain captures all the semantic 

behaviours of these features in the form of concepts 

and specifications. The result is the creation of the 

concrete syntax, which in this case is a collection of 

the vocabulary as the familiar notations in the user 

interface. Shown in Fig. 5 is the code snippet for the 

semantic data binding action [19]. This is a 

representation of the library framework on the 

component features and attributes relationships. 

5. Conclusions and Future Work 

From the components framework relevant vocabulary 
 

 

Fig. 5  Semantic data binding action. 

was created in terms of pipeline physical products. 

The vocabulary of components served a useful 

purpose of mapping the domain concepts to the 

abstractions in the form of attributes of the AutoCAD 

objects representing the pipeline physical components. 

As work progresses the vocabulary captured from 

the pipeline model will lead to grammar specifications 

that could translate what this language does and what 

is carried out in real life using the vocabulary of 

components. 

References 

[1] Programmers Reference Manual, Autodesk Inc., 2013. 

[2] J. Leake, Engineering Design Graphics: Sketching, 

Modeling, and Visualization, John Wiley & Sons, Inc., 

USA, 2012. 

[3] P.D. Schreuders, Engineering Modeling using a design 

paradigm: A graphical programming-based example, 

Journal of Technology Education 19 (1) (2007) 53-70. 

[4] B. Selić, The theory and practice of modelling language 

design (for model-based software engineering), in: 

MODELS 2011, Wellington, New Zealand, 2011. 

[5] S.H. Khandkar, F. Maurer, A domain specific language to 

define gestures for multi-touch applications, in: 10th 

Workshop on Domain-Specific Modeling (DSM’10), 

Canada, 2010. 

[6] C. Hahn, K. Fischer, Domain specific modelling language 

for multiagent systems, in: Proceedings of the 7th 

International Joint Conference on Autonomous Agents 

and Multiagent Systems (AAMAS’08), pp. 233-240. 

[7] Y. Ridene, N. Belloir, F. Barbier, N. Couture, A DSML 

for mobile phone applications testing, in: 10th Workshop 

on Domain-Specific Modeling (DSM’10), Canada, 2010. 

[8] J. Sprinkle, J. Gray, M. Mernik, Fundamental Limitations 

in Domain-Specific Modeling Language Evolution, 

Technical Report #Tr-0908311, University of Arizona, 

Ece. 

[9] E.A. Lee, H. Zheng, Operational semantics of hybrid 

systems, in: Proceedings of Hybrid Systems: Computation 

and Control (HSCC), Springer, 2005, pp. 25-53. 

[10] S.D. Baker, J.M. Slaby, Domain-specific modeling 

languages for enterprise DRE system, in: 13th Annual 

IEEE International Symposium and Workshop on 

Engineering of Computer Based Systems, ECBS, 2006. 

[11] Pipe Fitters Handbook, Anvil International, United States, 

2012. 

[12] P.T. Cox, T.J. Smedley, LSD: A logic-based visual 

language for designing structured objects, Journal of 

Visual Languages and Computing 9 (1998) 509-534. 



Domain Specific-Modelling: An Engineering Design Perspective 

 

170

[13] T. Baar, Correctly defined concrete syntax for visual 

modelling languages, in: Proceedings of the 9th 

International Conference on Model Driven Engineering 

Languages and Systems (MoDELS’06), pp. 111-125. 

[14] J.-P. Tolvanen, Implementing your own domain specific 

modelling languages: Hands-on, in: OOP 2011, Jan. 

24-28, 2011, Munich, Germany. 

[15] S. Cook, G. Jones, S. Kent, Domain-Specific 

Development with Visual Studio DSL Tools, Pearson 

Education, Inc, USA, 2007. 

[16] S.M. Huff, Linking a medical vocabulary to a clinical 

data model using Abstract Syntax Notation 1, Methods of 

Information in Medicine 37 (4-5) (1998) 440-452. 

[17] A. Roman, B. Trask, Applying model driven technologies 

in the creation of domain specific modelling languages, in: 

MODELS 2011, 2011, Wellington, New Zealand. 

[18] A. Yrjönen, J. Merilinna, Tooling for the full traceability 

of non-functional requirements within model-driven 

development, in: Proceedings of the 6th ECMFA 

Traceability Workshop, Paris, France, 2010, pp. 15-22. 

[19] P.-Y. Schobbens, P. Heymans, J.-C. Trigaux, Feature 

diagrams: A survey and a formal semantics, in: 14th 

IEEE International Requirements Engineering 

Conference (RE’06), Minneapolis, 2006. 

 


	4-CSA-E20140718-1

