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Abstract—With the development of knowledge-based 

systems technology, it is possible to assist automation of 
Multilevel Flow Modelling (MFM) to promote reusability 
and shareability of knowledge-based components based on 
domain knowledge and concrete process-specific knowledge 
for life-cycle processes. In this paper, an ontology approach 
for building MFM libraries is proposed. The library 
ontologies are composed of three levels: top-level ontologies, 
domain ontologies and method ontologies.  They are 
developed for the offshore oil and gas domain and are 
compared with the ISO 15926 ontology structure. In 
addition, a procedure for creating MFM library elements is 
presented and a method for connecting libraries elements 
are defined. In the case study, the example of a gas 
treatment process is modelled. It illustrates the usefulness 
of the MFM libraries. This approach avoids building 
models from scratch and instead assembling reusable 
knowledge-based components. Consequently, it supports 
modelers to build higher quality models and reduce the 
modelling efforts at the same time.  

Keywords— ontology; funtional modelling; multilevel flow 
modelling; modelling automation;knowledge-based system 

I.  INTRODUCTION 

The development and application of ontology 
technology opens a new way toward knowledge sharing 
and reusing [1]. The ontology technology applied for 
designing knowledge-based systems [2] becomes a key 
topic in the field of artificial intelligence. However, there 
are still some research challenges are required to be 
handled:  1) How to decompose components in the 
knowledge-based systems [3]; 2) Complex mapping 
relations between concepts [4]; 3) Quality of ontology 
construction [5]; 4) Ontology updating and maintenance 
[6]. Every process system has a life cycle. Each stage in a 
life cycle has its own conceptual needs. So the ontology 
for life cycle processes is continuously confronted with a 
development problem.  However, there is no consensus 
on methods and guidelines for the maintenance process 
of the ontologies. 

In this paper, the first two challenges are dealt with. 
The ontology construction is for better understanding of 
the real world (systems) and solving problems.  The 
modelling of complex engineered systems and their 
operation and diagnosing is one.  Multilevel Flow 
Modelling (MFM) method is one of the representative 
functional modeling methods [7]. It is currently used for 
decision support of operators in diagnosing and 
counteracting process malfunctions [8]. The MFM 
modelling process relies currently highly on the model 
builders’ process knowledge and modelling experience. 
With the development of knowledge-based systems 
technology, one of the aspects of modelling (knowledge 
base building) automation is to promote reusability and 
shareability of knowledge-based components based on 

domain knowledge and concrete process-specific 
knowledge [9]. Although guidelines for building high 
quality models exists[10], conventional manual modelling 
from scratch without using reusable knowledge-based 
components, does not support the demands within life-
cycle processes to automate modelling development.  
Modelling automation is more structured, requires less 
manual efforts, and ensures high model building 
efficiency, updates on time and ensures consistency in 
the modelling-process.  

In the paper, an ontology approach for building MFM 
libraries is proposed. The remainder of the paper is as 
follows. Section II introduces the decomposition of 
components   into top-level, domain and method 
ontologies. The library ontologies described in the paper 
are developed for the offshore oil and gas domain and are 
compared with the ISO 15926 ontology structure [11]. A 
procedure for creating MFM library elements are 
presented in Section III. Section IV proposes a method 
for connecting library elements in the model building 
process. Section V presents a case study, and the example 
of a gas treatment process is modelled by using the 
library elements and connection points rules. It illustrates 
the usefulness of the MFM libraries. At the end, the 
conclusions and future development directions of MFM 
libraries are highlighted in Section VI. 

II. ONTOLOGY 

The growing interest for industrial applications of 
MFM requires further development and enhancement of 
modelling methods and tools to: 1) Reduce the work 
effort involved in MFM model building; 2) Ensure 
validity and correctness of MFM models; 3) Integrate 
MFM model building in the general workflow of plant 
and automation design and operation used by industry. 

The first two objectives can be met by supporting the 
reuse of models across applications and domains. Reuse 
of models can be achieved by developing modelling 
libraries representing MFM models for selected plant 
subsystems or functions. Library elements can then be 
instantiated and composed to produce an MFM model of 
the entire plant. Such library facilities can also be used to 
increase the automation of the model building process. 
However, it should be noted that model building cannot 
be completely automated. Although this would be highly 
desirable for economic reasons, it is not possible due to 
both theoretical and practical challenges. A significant 
challenge here is to cope with the large variety of design 
solutions. Another challenge is to be able to define library 
modules that are generic enough to be generally 
applicable for many modelling purposes. In this paper, 
the modelling libraries are developed for monitoring and 
operation of plants purpose for the offshore oil and gas 
production domain.  



The third objective can be met by defining library 
elements that match the functional decomposition of the 
plant (as specified by the plant designers). The 
information required to build MFM models can in this 
way be generated from engineering documents. 

In the knowledge acquisition domain, one research 
line is to refine the existing knowledge-level frameworks 
and emphasizes their formalizations. An ontology is a 
representation of a set of concepts, properties and 
relations between concepts. The periodic table of 
chemical elements is one of the most beautiful examples, 
where the elements are organized according to increasing 
atomic weight and by their physicochemical properties. 
The ontology interprets the real world in a structured 
way. An ontology, together with syntax and semantics 
provides a language that is necessary for proper 
communication. Building an ontology is difficult, 
because domains and language always evolve based on 
the understanding of the real world. In this paper, the 
ontology approach is used for building MFM libraries. It 
is not reasonable to claim that the ontology describes all 
possible concepts and relations in the offshore oil and gas 
production domain, but it can present a very up-to-date 
picture of the domain. That is also the point of the 
comparing the ontologies constructed for building MFM 
libraries and the ISO 15926 ontology structure. This 
approach further ensures the integrity of the constructed 
ontology for building MFM libraries. 

The ontology for building MFM libraries is split into 
two ontologies, one is for the process perspective and 
another is for the control perspective. Both of the 
ontologies are decomposed from the three levels: top-
level, domain and method.  In this paper, only the process 
perspective is illustrated. 

A. Top-level Ontologies  

Top-level ontologies are also known as upper-level 
ontologies which contain very general concepts that are 
common across all domains. From the functions of any 
plants point of view, the top-level ontologies for building 
MFM libraries are the integrated function on a high level. 
The top-level ontologies are also function ontologies, 
which are separation, heat exchange without phase 
change, heat exchange with phase change, mixing, 
distribution, transporting, energy supply, mass supply, 
storage, chemical conversion.  

B. Domain Ontologies 

    Domain ontologies represent concepts which belong to 
a realm of the world. From the sub-functions of the 
offshore oil and gas production domain point of view, the 
domain ontologies for building MFM libraries are the 
decomposed functions in top-level ontologies. For 
example, the Separation top-level ontology has 2 phase 
gas-liquid separation, 2 phase liquid-liquid separation, 2 
phase liquid-solid separation and 3 phase gas-liquid-
liquid separation domain ontologies.  

C. Method Ontologies 

   Method ontologies represent concepts which are to 
solve the specific problems. From the behavior of the 
offshore oil and gas production point of view, the method 

ontologies for building MFM libraries are the different 
working mechanisms based on the physics and chemical 
behaviors. For example, the 3 phase gas-liquid-liquid 
separation domain ontology has three method ontologies: 
by gravity, pressure reduction and thermal regulation.  
 
    The ontology structure is shown in Fig.1. The last 
column is the class code in ISO 15926. All the functions 
realized by gravity can be natural process (1231). And 
any oil/gas separation, gas compression or 
deoxygenation process can be cascade process (241).  

 
Fig.1. The ontology structure of MFM libraries and its 

comparison with ISO 15926. 
 

    The three levels ontology structure of MFM libraries 
are relevant for stages in the engineering design process. 
The conceptual design is based on the top-level 
ontologies and domain ontologies, in which broad 
process functions are outlined, and the method ontologies 
are for the detailed design, where selected properties and 
behaviors are utilized to realize designed functions.  

III. A PROCEDURE FOR CREATING MFM LIBRARY 

COMPONENTS 

In this section, a procedure for creating MFM library 
components by library developers is introduced. By using 
this procedure, the library elements are built. A library 
element is an annotated MFM model that belong to any 
of the MFM libraries. Fig. 2 shows that, by using the 
objective/function tree and the decomposed 
function/stream diagram, the library developer can 
produce a library element for the selected process. 



    These library elements can be connected by using 
connection points for building bigger models of complex 
systems. Connection points include three categories: 
function structure connection points, end-means 
connection points (including condition connection 
points), and control connection points.  Function 
structure connection points for connecting mass/energy 
flows in the upstream library element to mass/energy 
flows in the downstream library element according to the 
function-stream diagram. End-means connection points 
for connecting agent functions in one library element to 
role functions in another library element for fulfilling a 
higher level objective according to the objective-function 
tree. Control connection points for connecting control 
functions in one library element to actuation functions in 
another library element. Condition connection points are 
for connecting lower level objective in one library 
element to mass/energy flow function in another library 
element for fulfilling a higher level objective. 

 
Fig.2 The procedure of creating MFM library elements. 

 

 
Fig.3 The categories of connection points and their 

symbols. 
 

The connection points symbols are shown in Fig.3. 
The definitions and semantic rules are explained here.  

Upstream is a terminal which sends the stream 
properties to the downstream. It can only be attached to a 
sink function in an upstream library element.  

Downstream is a terminal which receives the stream 
properties from the upstream. It can only be attached to a 
source function in a downstream library element.  

Means is a terminal by which a result can be achieved. 
It can be attached to a transport function, storage 
function, conversion function, or separation function.  

End is a terminal which is resulted from a means. It 
can be attached to a transport function, storage function, 
conversion function, separation function. 

Control is a terminal which is attached with a 
controller action. It can be attached to a control (maintain, 
produce, suppress, destroy) function. 

Actuation is a terminal which plays an actuation 
function implemented by physical valves.  It can only be 
attached to a transport function.  

  

IV. A METHOD FOR CONNECTING LIBRARY 

ELEMENTS 

 
 The created library elements are used by model 

builders to build a bigger model of a specific process. In 
this section, a method for connecting library elements are 
illustrated.  

 
Fig.4. MFM modelling of a larger system by using 

library elements. 
 
In general, the integrated decomposed function/stream 

diagram of a larger system shall be used to update the 
control connection points and select library elements. 
The integrated objective/ function tree shall be used to 
update the end-means connection points. MFM model for 
the larger system then can be built by the integrating the 
customized library elements. The procedure is described 
in Fig.4.  

There are specific relations and connection points rules 
used for connecting library elements. The sharing-
relation is proposed and defined to connect the Upstream 
and Downstream connected functions (sin1 and sou2) as 
shown in Fig.5. It should be noted that the influence 
relations in1 and in2 should be changed to influencer 
relation if those relations in the library elements are not 
as such. This ensures that the cause or consequence of the 
abnormal state of the transport function tra1 can be 
propagated to transport function tra2.  

 
Fig.5  The sharing-relation example and connections. 
 
The means-end relations can be used for connecting 

the Means and End connected functions and the control 
function can be used for the Control and Actuation 
connected functions. The developed library elements are 
used for building MFM models of a gas treatment process 
by using the connection points rules.  



V. CASE STUDY 

The gas treatment process is composed of a condenser 
and an inlet separator. The purpose of the condenser is to 
condense wet gas by cooling it. It has a temperature 
controller by manipulating the control valve on the 
cooling medium outlet flow rate. Then the gas stream 
enters the inlet separator, the free liquids in the gas stream 
are removed, and wet gas leaves the separator through a 
mist eliminator, which removes almost all carryover of 
free liquids to the contactor. The recovered condensate 
along with any entrained water leaves the inlet separator 
under level control and is routed to the LP Separator. 

 
Fig. 6  MFM library element for condensing. 

 
Fig. 7 MFM library element for a 2 phase (gas-liquid) 

separation by pressure reduction. 
The MFM library elements condensing and the 2 phase 

(gas-liquid) separation by pressure reduction are shown 
in Fig.6 and Fig.7. The upstream and downstream 
connection points are not showed. According to the 
connection rules, sink function sin4 (Upstream) is 
connected to the source function sou3_process 
(Downstream) by sharing-relation, which means that the 
outlet stream from the condenser flows to the inlet of the 
inlet separator based on the larger system function-
stream diagram. In addition, the storage function 
sto1_Temp (Means) is connected to the transportation 
function tra 5 (End) by producer-product relation based 
on the larger system objective/function tree, which means 
that the temperature of the gas stream driving the gas 
vaporization process. As a result, the complete model of 
the gas treatment process is built. 

VI. CONCLUSIONS AND FUTURE WORK 

    This paper proposes an ontology approach for building 
MFM libraries for the offshore oil and gas domain for the 
monitoring and operation of plants application purposes. 
The procedure of creating library elements and 
connecting library elements method are illustrated. They 
are used for building MFM models of a gas treatment 
process for demonstrating their usefulness. The future 
works include building the ontologies for the control 
perspective based on IEC 62424: 2016 standard and the 
relations between the ontologies between process 
perspective and control perspectives. 
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