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Abstract: This is a research on DSML (domain specific modelling language) for Engineering Designs with particular interest in the 

domain of Pipeline Design. It is a language metamodel whereby all the syntax in the language are embodied by a domain model that 

conforms to it. The attributes of the domain model which is actually a pipeline graphics model from a real life example, is captured 

as vocabulary of components into the language formalism for processing. In this paper, the authors report on the possibility of 

processing these models through a translator. A translation scheme which is serving as the translator engine with semantic actions 

and grammar symbols associated with attributes in a CFG (context free grammar) is proposed. Further work on testing and evaluation 

is ongoing.  The observation  suggest that implementation of the translator in  C#.Net can  successfully execute modelling for 

engineering pipeline designs. 
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1. Introduction 

CAD (computer aided design) software tools have 

got far reaching achievements in developing design 

for oil and gas transmission pipelines [1]. These tools 

provide graphical interfaces for solid modelling using 

concrete visual representations of the components of 

the design artefacts. Design languages for solid 

objects such as AutoCAD [1] and MicroStation 

supplies .Net API and AutoLISP for programming 

capabilities in design environments that makes it 

possible to determine the behaviour of solids, and as 

well allow for the representation of families of 

parameterized designs. 

The parameters can be numeric  values, 

relationships, and can even include graphic parameters 

already existing in the model (e.g., a building lot, 

angular pipes, etc.) [2]. Despite all these achievements, 

present day CAD systems do not keep track of the 

rules in conventional engineering designs modelling. 

 
This is because defining solid behaviours through 

variables alone foster model interaction in such a way 

that transfer of information is only possible within the 

set conditions in the CAD system. 

One basic consideration and challenge with these 

tools is the fact that they cannot express domain 

concepts effectively. They still lack sufficient 

linguistic power to handle domain and platform 

complexities and has not moved speedily with domain 

technologies [2]. It became evident that successful 

model interaction and artefact orientation is potential 

through DSM (domain specific modelling). 

Interactions which capture accurately concise design 

intent that can produce other complete models with 

noticeable properties relative to a given  set  of 

concerns in the relevant domain. 

The Domain-specific modelling approach is 

characterized by defining the model in a DSML 

(domain   specific   modelling   language)   [3].   The 
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language formalism usually is about requirements 

within particular domains, such as oil and gas pipeline 

design that describes relationships among domain 

concepts and precisely specify the  associated 

semantics and constraints. The corresponding 

semantic mapping of the concepts in the domain to 

specific abstraction levels can now enable the 

processing of  model interactions  in order to create 

new objects that encapsulates and relates the details 

pertinent to the viewpoint of domain experts. It will be 

cost effective, save time, raise productivity levels, and 

will enable stakeholders to cope with platform 

complexities [4]. 

To make this domain specific modelling possible, a 

translation scheme is proposed in this paper. With 

some useful examples, it is intended that the 

translation scheme will show the translation between 

what goes on in the DSML that makes model 

interactions possible and what is carried out in real life 

using the vocabulary of pipeline physical components 

[5]. The remainder of this work is organized as 

follows: In Section 2, we describe the environment 

and scope focusing on the translation between what 

the DSML does and what is carried out in real life; 

Section 3 describes the steps of vocabulary capture; 

Sections 4, 5 and 6 discussed the translation 

framework starting with the components grammar, the 

syntax directed definition and the translation scheme, 

and this is followed by related work in Section 7 and 

the conclusion in Section 8. 

2. Environment and Scope 

Major efforts in DSML as shown in Fig. 1 is putting 

the model at the core of development and ignoring any 

detail not relevant to the application domain 

perspectives that these models represent [6]. The 

domain model typically is the pipeline graphics model 

from CAD that represents real life pipeline 

components. 

Concepts from the domain model are captured 

from the pipeline application domain and the 

associated logics of model interactions are domiciled 

in the problem domain as levels of abstractions. 

Critical in the process is identifying the  needs 

these raised levels of abstractions are to be met via 

semantic relationships to produce desired artefacts [6]. 

The environment for which these needs are met is the 

language metamodel. The DSML metamodel  as 

shown in Fig. 2 is the repository for the concepts of 

the language (i.e., its vocabulary) and their attribute 

relations. 

This is an indication that the domain is an 

embodiment of the vocabulary that conforms to the 

metamodel, which in turn makes it possible to define 

the syntax and the semantics of the language 

coordinating the internal communication between the 

layers. 

The scope is focused on the translation between 

what the DSML does and what is depicted in the 

artefacts that is carried out in real life [7]. The pipeline 

component attributes, and syntax and semantics are all 

bundled into a syntax-directed definition of a CFG 

(context-free grammar) to translate the instruction 

sequence through a translation scheme using the 

attributes. 

What happens in real life is a pipeline design to 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1   Domain model. 

 
Fig. 2   Language metamodel. 
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specifications according to customers or stakeholders 

needs, what the DSML does is  to be able  to hide 

complexity from the domain experts by using the 

vocabulary of components; to be able to process 

stakeholders input specifications through a language 

control scheme and direction, and then translate them 

into the form that can make modeling easy [8]. 

Fig. 3 explains a typical design scenario of a real 

life pipeline model fitted with the components; where 

all the necessary attributes are captured and 

represented as the vocabulary of components. 

3. Steps of Vocabulary Capture 

During domain analysis, a lot of inputs regarding 

pipeline components physical attributes and design 

criteria were sequenced through BG Technical Nigeria 

limited, a pipeline service company with significant 

activity in Africa [9]. Requirements were documented 

and subsequently became the knowledge for the 

formal analysis framework using FODA (feature 

oriented domain analysis). The analysis resulted into a 

feature model (Fig. 4) representing the vocabulary of 

components as attributes and associations of the 

modelling elements [10]. 

The feature model defines the pipeline components c, 

f, j, b, s, and an associated tree grammar as shown in Fig. 

5. From the grammar b is an optional feature; so the 

optional child features of b, such as L, LR, and LN may 
 

 
Fig. 3   Pipeline model. 

 

 
Fig. 4   Pipeline feature model. 

or may not be included in the configuration of the 

design system [11]. The other parent features c, f, j, 

and s are compound features that consists of 

mandatory features D, P and T, which means that D, 

P, and T must be included in the configuration if and 

only if c, f, j, and s is included in the configuration. 

All the terminology and concepts that culminates 

into the vocabulary of components were derived from 

the root node (r) [12]. Indicated in the tree grammar is 

an iteration of the hierarchical relationship of the 

components in the feature model expressed as the 

modelling primitives. 

This  now  guided  the  development  of  the  actual 

constructs of the translation scheme corresponding to 

the  product  line  variability  and  the  commonalities. 

Whereas  the  variabilities  indicate  precisely  what 

evidence is needed to specify an instance of a feature 

that   could   fit   into   a   particular   pipeline   design 

modelling scenario, the commonalities define the set 

of common operations and primitives of the language. 

From Table 1, we can see that the vocabulary of 

components is the physical attributes, and dimensional 

limits or proportions of the pipeline. It serves a useful 

purpose of making possible the semantic mapping in 

the DSML grammar that promotes the translation of 

the input primitive parameters [13]. 
 

4. Pipeline Component Grammar 

The pipeline component grammar is the collection 
 

 
Fig. 5   Component attributes and tree grammar. 
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of the modelling primitives and the rules connecting 

them as the syntactic elements [14]. They include the 

Table 1 Vocabulary of components. 

character set, identifiers, operator symbols, 

expressions, statements, brackets, and keywords 

represented in the grammar (see Fig. 6 for character 

set). 
Pipeline 

component 

Vocabulary of components 
The  grammar  phrases  express  the  identifiers  as 

generic  collections,  they  are  reserved  words  that 
Pipe origin Define (system-metric or otherwise) 

Pipe origin defines where pipeline 

abstractions start. Component-attributes 

encapsulated in origin as grammar 

Pipe termination Define (system-metric or otherwise) 

Pipe termination defines where pipeline 

abstractions stop. Component-attributes 

encapsulated in termination as grammar 

Pipe bed Location-(underwater, surface, buried) 
 

Pipe Origin, termination, length, slope, size 

colour, point xyz 

Valve Length, slope, size colour, point xyz, 

number_of_bolts, angles, colour 

Gauge Length, angle, size colour, point xyz, 

type [pressure, temp], digital, dial 

Meter Length, slope, size colour, point xyz 

type [pressure, temp], -digital, dial 

Support Length, slope, size colour, point xyz 

number_of_bolts 

Gasket Length, slope, size colour, point xyz, 

angles 

Bolts/nuts Length, slope, size colour, point xyz 

angles 

Union Length, slope, size colour, point xyz , 

number_of_bolts, length 

Strainer Length, slope, size colour, point xyz, 

filter-type, number_of_bolts, angles 

Reservoir Length, slope, size colour, point xyz, 

number_of_bolts, angles 

Fittings Tee, elbow, flanges, reducer 

Length, slope, size colour, point xyz, 

number_of_bolts, angles, direction 

Joints Welded, grooved, compression, 

Flanged, expansion 

Length, slope, size colour, point xyz, 

number_of_bolts, angles 

cannot be redefined or used in any way other than in 

the predefined way (see Fig. 7 for reserved words). 

The entire structure is a collection of pipeline 

components context free grammar split into varieties 

of lexemes corresponding to each token in the 

statements for processing. 

Presented in Fig. 8 is the definition of the pipeline 

build grammar for each of the components with the 

build parameters in BNF notation [15]. 
 

 
Fig. 6   Character set. 

 

 
Fig. 7   Identifiers (reserved words). 
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Fig. 8   Pipeline build grammar. 

 

5. Syntax Directed Translation 
 

The semantic mappings are demonstrated using 

syntax directed definition consisting of the grammar 

and the set of semantic rules. As shown in Fig. 9 the 

syntactic elements in the CFG are specified as input 

with productions identifying the symbol substitutions 

for the major objects in the pipeline model that can be 

recursively performed to generate new modelling 

sequences. With each grammar symbol, a set of 

attributes are associated, and with each production, a 

set of semantic rules are defined for mapping values 

of the attributes corresponding to physical design and 

modelling parameters of the pipeline model [16]. 

The augmented parse tree in Fig. 10 is an 

illustration of the possibility of the syntax-directed 

definition to keep track of domain specific relevant 

information. The information is tagged with the 

pipeline component attribute values, so that in the end 

the vocabulary can be transferred as attributes into the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 9   Syntax-directed definition. 
 

instruction sequence in the language logic. The set of 

semantic rules and attributes (attr.) associated with 

each grammar symbol; value types such as string, real, 
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and arity, and terminals are all depicted in the parse 

tree [16]. 

6. The Translation Scheme 

The vocabulary of components represents detailed 

definitions and salient technical characteristics from 

the pipeline model. They are used directly in the 

mapping strategies in the translation scheme between 

what this system does and what is carried out in real 

life. Fig. 10 is real life example were a pipeline is 

fabricated and subsequent engineering activity of 

pipes and fittings in situ completed according to some 

design specification and layout [17]. 

As highlighted earlier, Fig. 11 explains a typical 

design scenario of a real life pipeline model fitted with 

the components, where all the necessary attributes are 

captured and represented as the vocabulary of 

components. What the translator does is to transfer the 

vocabulary of components as attributes  and  values 

into an instruction sequence corresponding to any 

particular feature as the modelling element. 

The attributes such as angle, units, length, and size 

from  the  components  grammar  keeps  track  of  the 

resulting design object once a request triggered by 

stakeholders  design  intent  is  made  into  the  system 

[18].  To  achieve  this  possibility,  the  non-terminals 

such as fitting type (ft) and type name (elbow fitting-T) 

etc. are marked with the attributes- angle, units, length, 

and  size,  and  value  points(x,  y,  z),  and  must  be 

available  when  referenced   within  the  instruction 

sequence of the CFG as shown in Fig. 12. 

The translation scheme (Fig. 13) which is serving as 
 

 
Fig. 10   Augmented parse tree. 

the translator engine now enables the processing of 

these modelling elements to a new artefact. Now in 

the operational sequence of the translation scheme, the 

grammar symbols associated with attributes in the 

CFG are rendered semantic actions inserted within 

right sides of the productions [18]. 

From each non-terminal TAU, a value function that 

has a formal primitive parameter for each inherited 

attribute A is created. The values are then returned to 

complete translation with the correct tokens specified 

[18]. 

7. Related Work 

In this paper, we have studied the formal foundations 
 

 
Fig. 11   Pipeline manifold (source: BGT Nigeria Ltd.). 

 
 

 

 
 

 
 

 
 

 
 

 
 

 
 

 
 

 
Fig. 12   CFG instruction sequence. 
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Fig. 13   Translation scheme. 

 

of a family of languages  in the line of translation 

schemes for specific domains. Basile [19] specified a 

translator that translated MELT, a specific Lisp-like 

DSL (domain specific language) which fits well into 

existing GCC compiler technology and offers high-

level features to C fitted for GCC internals and 

provide various features to facilitate reflexive 

programming and pattern matching. 

This eased the cumbersome task of writing plugins 

in C, and was able to provide extra specific 

functionality by processing various GCC internal 

representations. This work shows how a translated 

DSL can extend even huge, legacy, software. This is 

quite similar to our work, the slight difference is that 

we are not extending legacy software but we are 

creating layers of reusable software. Edwin et al. [20] 

provides a new overloading notation that facilitates 

programming, modularity and reuse in EDSLs 

(embedded domain specific languages). 

Their goal is to use it to reason about safe resource 

usage    and    state    management.    The    translation 

semantics is closer to our products but differs in two 

respects: (a) the language constructs are separated 

from the primitive operations, and (b) the typed 

functions only implement a generic framework for 

systems programming. 

In Ref. [21], Angel et al. defined a recent approach, 

CEAOP (concurrent event-based AOP), to the 

provision of an implementation of CEAOP as a small 

DSAL (domain-specific aspect language) that can be 

compiled into Java. The compilation process consists 

of translating both the CEAOP aspects and the Java 

base program into Java finite state  processes. This 

translation relies on Metaborg/SDF to extend  Java 

with CEAOP and Reflex to instrument the base 

program. We have similar arguments as in the case 

with Ref. [18]. 

Phillip et al.  [22] proposed formal methods  into 

industrial practices. The presented methodology 

addresses issues surrounding a scheme for faithful 

modelling, scalability of verification and accessibility 

to modelling and verification processes for 

practitioners within the railway domain. Scalability 

and verification of metrics of success are also inputted 

in our system and in addition, practitioners’ 

viewpoints are as well captured. 

8. Conclusions and Future Work 

Domain specific representation is predicated on 

seeing the engineering design (i.e., the pipeline 

graphics model from a CAD) as the entity during 

development. It is the model that reflects the 

prescriptive technical characteristics prevalent in the 

oil and  gas pipeline  domain.  It also represents  the 

concepts of the domain within which the language 

formalism is created to control the flow of processes 

without including extra or unnecessary properties 

captured in the design analysis. 

The whole idea of the language formalism is 

modelling, which is processing the models to produce 

an executable program or other models. This calls for 

a translation mechanism so that the necessary inputs 

can be processed. However,  this will raise another 
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issue of how the design intent of stakeholders can be 

met when the model is processed. The argument has 

been in favour of capturing the salient technical 

characteristics of the pipeline model. 

The pipeline model which is actually a graphics 

model from a real life example is captured as 

vocabulary of components, and can be passed as 

attributes to the translator mechanism for processing. 

In this way stakeholders input parameters are 

automatically processed and results of new artefacts 

according to their view points are produced. 

In this work, the domain analysis has just been 

completed and the translation scheme  designed, 

further work on the translation algorithms and testing 

and evaluation is ongoing. It is observed that 

implementing this translator as an external DSL with 

refinements in a C# program can effect successful 

modelling of pipeline designs. 
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