
A review of semantic languages for the conceptual modelling 
of the manufacturing domain 

Elisa Negri*, Luca Fumagalli*, Marco Garetti*,          
Letizia Tanca** 

*Department of Management, Economics and Industrial Engineering (DIG), Politecnico di Milano, Piazza Leonardo 
da Vinci 32, 20133 Milano – Italy (elisa.negri@polimi.it – corresponding author - , luca1.fumagalli@polimi.it, 

marco.garetti@polimi.it) 

** Dipartimento di Elettronica, Informazione e Bioingegneria (DEIB), Politecnico di Milano, Piazza Leonardo da 
Vinci 32, 20133 Milano – Italy (letizia.tanca@polimi.it)  

Abstract: Manufacturing companies are pushed towards higher degrees of responsiveness and adaptability, reached 
through the flexibility and re-configurability of advanced manufacturing systems solutions, features that for the most 
part have been already achieved at the mechanical level. Unfortunately, at the information level, software modularity 
alone cannot fully support re-configurability in an automated way, since manual reprogramming is felt to be still 
needed. A possible solution to this problem may be the Open Automation paradigm, which uses Web Services to 
encapsulate software modules in a Service-Oriented Architecture, and where the automatic interactions among 
services may be supported by a semantically-enriched knowledge base, implemented as a domain ontology that offers 
reasoning and querying capabilities. The semantic languages proposed by the literature for this implementation are 
several. Each one is characterized by different reasoning capabilities and by other different characteristics. The paper 
aims at providing an overview of the semantic languages available in the literature. Each of them is evaluated in the 
light of objectives, requirements and specifications of the domain of advanced manufacturing systems. The 
methodology followed in the paper is a thorough literature review and analysis, with an interdisciplinary approach to 
the literature from the industrial engineering, information technology and industrial automation fields. The value of 
the current paper is a contribution to clarify what are the most promising semantic languages to support the creation 
of domain-specific conceptual modelling for advanced manufacturing systems. This is extremely useful to fill a gap in 
the literature and it is also relevant for industrial practices, as it represents a step forward in the development of an 
open automation paradigm for higher flexibility and re-configurability of manufacturing systems. 

Keywords: Manufacturing systems, Semantic languages, Manufacturing domain ontology, Semantically-
enriched knowledge-base

1. Introduction 

Current market conditions require companies to be highly 
flexible to remain competitive. In particular, a crucial issue 
is to have manufacturing systems that are reconfigurable 
with reasonable time and cost efforts, in order to produce 
new generations of products. In order to reach higher 
levels of re-configurability, better conceptual modelling of 
the manufacturing domain is needed, as explained below.  

1.1 Conceptual Modelling in the manufacturing 
domain 

Despite the fact that a high level of flexibility is reached at 
the mechanical level, the re-configurability level of the 
control systems is still poor (Lastra and Delamer, 2006). 
In fact, it has been estimated by Colombo et al. (2005) 
that 70% of the engineering teams’ effort is directed to 
modify the control system when a new machine is 
introduced in the production system.  

Literature suggests that a possible approach to make the 
control architecture more flexible is to use a distributed 
architecture, based on the Service-Oriented Architecture 
(SOA) paradigm. The SOA architecture offers the 

potential for device interoperability, thanks to its features 
of message-based communication, loose coupling and 
open standards. Such a control architecture encapsulates 
the manufacturing processes in services (namely, Web 
Services) that are offered on a Web-based communication 
network, where the control system may find them and 
invoke them through the orchestration and choreography 
mechanisms. These are needed for the composition and 
execution of the services related to the manufacturing 
processes in the proper sequence (Colombo et al., 2005). 
In this way, re-configurability at the software level is made 
possible. However, it still requires high costs and long 
time to be implemented. In fact, human programmers are 
still needed to change the control code when 
modifications on the physical production system are 
performed. This is due to the lack of a                           
semantic description of the operations to be performed in 
the specific context of the manufacturing system at hand: 
therefore, the human programmer is needed to interpret 
the semantics and insert the necessary changes into the 
control software. The solution to this problem is to use 
semantically-enriched Web Services (i.e. Semantic Web 
Services), that allow to be automatically discovered, 
invoked and composed by a choreography and 
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orchestration engine, with no need for further human 
interventions (Colombo et al., 2005; Lastra and Delamer, 
2006).  

1.2 State of the art on conceptual modelling in 
manufacturing 

Conceptual modelling in the domain of manufacturing 
systems is not a novelty, as emerges from previous 
literature, such as Cai et al. (2011), Colledani et al. (2008), 
Delamer and Martinez Lastra (2006), Garetti and 
Fumagalli (2012a; 2012b), Garetti et al. (2013), Long 
(2010), Martinez Lastra and Delamer (2006), Popescu and 
Martinez Lastra (2007) and from research projects, such 
as Process Specification Language (PSL) 
(www.mel.nist.gov/psl/) (see also Stream 1 in Table 2).  

The possible uses of conceptual representations of the 
manufacturing domain are not limited to the application 
in control architectures, but, as pointed out by Garetti and 
Fumagalli (2012a), they can also support design, 
simulation, planning and scheduling, performance 
assessment and data integration in the field. 

The success of semantic and conceptual models in the 
manufacturing domain can be justified by the many 
characteristics and potentialities of such an approach. In 
particular, they allow sharing the same vocabulary, not 
relying on human programmers’ interpretations of the 
natural language that can be sometimes misleading, as 
illustrated by Guarino (1998). They are also a way to store 
knowledge and to make it accessible for future work.  

A frequent characteristic found in the proposed 
conceptual models of manufacturing domain is that 
different aspects, that are interconnected, can be put 
together in one model only. Some examples are following:  

1) The Politecnico di Milano Production System 
Ontology (P-PSO) is divided into three aspects:  the 
control, the physical and the process aspects Garetti 
and Fumagalli (2012a; 2012b), Garetti et al. (2013). 

2) The conceptual reference framework by Colledani et 
al. (2008) is composed of a Production System 
Package, a Product Package, a Process Package and a 
Management Package. 

3) The ontology proposed by Popescu and Martinez 
Lastra (2007) consist of a Process Taxonomy, an 
Equipment Ontology, a Product Ontology and an 
Operations Ontology. 

1.3 Research statement 

The information systems field has made available many 
languages, each with its own characteristics and limits, 
which can be considered for the development of 
conceptual models for the manufacturing systems domain. 

The first aim of this paper is to investigate what are the 
requirements for the selection of the proper language for 
the representation of manufacturing domain. 

Then, we will briefly illustrate the available semantic 
languages. 

Eventually, the paper presents the matching between the 
requirements from the manufacturing domain modelling 
and the available languages. 

This is also reflected in the structure of the paper: Section 
2 illustrates the requirements of the representation of the 
manufacturing domain; Section 3 reviews the literature 
that presents languages; Section 4 discusses the matching 
between the requirements and the available offer; Section 
5 reports what is the recommended set of languages for 
the manufacturing domain and Section 6 presents the 
concluding remarks and suggestions for future work. 

2. Requirements of the manufacturing systems 
domain 

Some authors suggest what the requirements for the 
conceptual modelling may be. In particular, Colledani et 
al. (2008), suggest that a manufacturing domain 
representation should be flexible (general enough and 
adaptable to describe different production systems), 
extensible (the level of detail should be easily extended if 
needed), scalable (the description should be made at 
different level of detail), integrated (the system should be 
described together with the processes and the products, 
with the relationships among them clearly described). 
Pulido et al. (2006) clarify what are the requirements for 
the use of the conceptual model in a web service control 
architecture. They must have a compact syntax, have a 
well-defined formal semantics, be highly intuitive to 
humans, be able to represent human knowledge (i.e. in a 
conceptual model), have the potential to build the 
knowledge base, have a proper link with existing web 
standards to ensure interoperability, must describe 
meaning in a machine-readable way. 

Moreover, the representation should be object-oriented, 
because this allows to abstract classifications (describing 
only interesting details of the objects, ignoring the minor 
ones), encapsulate details (hiding unnecessary details), 
build modularity (elements of the model highly decoupled 
but consistent), aggregate objects (an object composed of 
other objects) (Colledani et al., 2008). 

The representation of the manufacturing systems domain 
needs not only to specify a vocabulary for the domain, but 
also to formally define it in such a way that it will work for 
automated reasoning, so it must include reasoning 
properties (Pulido et al., 2006). It should also be ensured 
that the reasoning is time-decidable and, possibly, time 
efficient, because in real word implementations it is not 
acceptable that the answer to knowledge inference does 
not come within a fixed time. For the reasoning potential, 
a dialog with services should be possible: namely, services 
must be able to access the information stored in the 
ontological knowledge base and to update it through 
queries.  

As for functional requirements, the modelling should be 
able to express all objects in the manufacturing system, 
their attributes and their relationships. Moreover, the 
characteristic of “inheritance” (possibility to describe an 
object as a sub-object of another super-object that has 
already been defined) is particularly needed, because the 
sub-object will “inherit” all the characteristics of the 
super-object, adding detailed characteristics that are 
special on it. Its use in manufacturing descriptions is clear: 
it is possible to define the characteristics of a super-object 
(such as a machine) and then to detail it in the different 
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types (NC machine,…) without the need to re-specify the 
common features.  

A necessary requirement for interoperability is the 
possibility to bridge to other models representing different 
aspects related to each other (physical system, product, 
process, control…), as emerged from the interacting 
models of literature (Colledani et al. (2008),  Garetti and 
Fumagalli (2012a; 2012b), Garetti et al. (2013), Popescu 
and Martinez Lastra (2007)). 

The storage capability should be persistent (information 
should not be lost in the case of a system crash), for this 
reason a secure and persistent knowledge base must 
support the language and used tools. 

All in all, Table 1 illustrates what are the requirements for 
the manufacturing domain ontology under different 
perspectives.  

Table 1 - Requirements for the semantic language 

Perspectives Language requirements 

A: In order to 
perform 
automated 
reasoning 

1. Be flexible 

2. Use formal semantics 

3. Dialog with services 

4. Include the proper links with web 
standards  

5. Include reasoning properties 

6. Have time-definite reasoning 

7. Have time-efficient reasoning 

B: In order to 
ensure 
interoperability 

1. Integrate different aspects 

2. Be machine-readable 

C: In order to 
support the 
knowledge base 

1. Have the potential to build the 
knowledge base 

2. Have persistence in the data 
stored 

D: In order to 
be easy to 
use/maintain 

1. Be extendible 

2. Be scalable 

3. Have a compact syntax 

4. Be intuitive to humans 

5. Be a consistent human knowledge 
representation 

6. Be object-oriented 

7. Have inheritance properties 

 

3. Review on languages and tools 

The research work started with a literature search based 
on the following keywords: semantic languages, 
manufacturing knowledge, knowledge based systems, 
SOA, Web Services, Semantic Web Services, Open 
Automation, ontology, interoperability.  

Many research streams were identified in the field of 
semantic languages and conceptual modeling.  

The first stream is the one that presents examples of 
conceptual representations developed for a particular 
application domain: manufacturing systems, a company’s 
business processes or other applications. Researchers 

writing these articles are usually inside the different fields 
of application. 

Articles that present the IT foundations and concepts 
behind the semantic languages are a second stream of 
literature: they discuss the different paradigms, description 
logics and assumptions on which the semantic languages 
are built. They also compare definitions of related 
concepts.  

A third stream of articles reviews the semantic languages: 
either comparing two or more alternatives for a specific 
implementation purpose, or reviewing the historical 
evolution of such languages.  

The last two streams are conducted by researchers 
belonging to the IT field. 

Table 2 is aimed at providing examples of articles 
belonging to the different research streams. 

Table 2 - Streams of literature about semantic languages  

Stream 1: Application of conceptual modelling in 
different fields 

Main keywords: Manufacturing knowledge 
representation, Distributed Manufacturing, Semantic Web, 
SOA, Conceptual Modelling, Manufacturing automation, 
Knowledge based systems, Ontology, Ontology Mapping, 
Interoperability 

References: 

Cai et al. (2011) Lin et al. (2011) 

Chungoora et al. (2013) Lobov et al. (2009) 

Colledani et al. (2008) 
Martinez Lastra and 
Delamer (2006) 

Colombo et al. (2005) Panetto and Molina (2008) 

Delamer and Martinez 
Lastra (2006) 

Popescu and Martinez 
Lastra (2007) 

Garetti and Fumagalli 
(2012a, b) 

Tursi et al. (2009) 

Garetti et al. (2013) Vyatkin et al. (2005) 

Imran and Young (2013) Welty and Jenkins (1999) 

Lin et al. (2004)  

Stream 2: Assumptions and definitions on semantics  

Main keywords: Knowledge sharing, Vocabulary, 
Assumptions, Description Logics, Inference rules, 
Reasoning, Modelling Paradigms, Conceptualization, 
Semantic Interoperability, Ontologies, information system 
ontology, description, representation 

References: 

Chandrasekaran et al. (1999) 
Patel-Schneider and 
Horrocks (2007) 

Donini et al. (1998) Shadbolt et al. (2006) 

Gruber (1995) 
Sugumaran and Storey 
(2002) 

Guarino (1998) Wong et al. (2005) 

Jones and Paton (1999) Wang et al. (2004) 

Motik and Rosati (2010) Zuniga (2001) 

Stream 3: Comparison of semantic languages  

Main keywords: Languages, Semantic Web, Hierarchy of 
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languages, Description Logics, RDF, OWL, OWL-S, 
UML, Knowledge representation, Ontology, Ontology 
languages, Semantic Languages 

References: 

Brockmans et al. (2004) Giunchiglia et al.  (2009) 

Corcho et al. (2003) Gronmo et al. (2005) 

De Bruijn et al.(2005) Kim and Lee (2009) 

Djurić at al. (2005) Pan (2007) 

Gasevic et al. (2004) Pulido et al. (2006) 

Within the current paper scope, we will focus on the last 
stream of literature that describes the semantic languages 
under different aspects. Table 3, reported in the Appendix 
1, is a summary of the main characteristics of the 
considered languages. 

4. Matching requirements with available 
solutions 

As it is clear from the Table 3, reported in the Appendix 
1, many semantic languages do exist. Each allows a 
different expressivity level and a different reasoning. Each 
of them answers in a different way to the requirements 
mentioned in Section 2, it is thus necessary to assess the 
available languages with respect to these requirements. 

All of the presented languages have a formal semantics 
and are flexible (Requirements A1 and A2 satisfied). 

Firstly, in order to use a manufacturing domain ontology 
in the previously described context of a Web Service- and 
SOA-based control architecture, it is necessary that the 
ontology be expressed by means of a Web language 
(Requirements: A3 and A4). Therefore, only those 
languages that respect these basic requirements are 
considered for the selection. For this reason, the following 
languages are removed from the selection process: KIF, 
Ontolingua, OCML, FLogic, Loom, OIL.  

Requirement A5 says that the language must support 
reasoning, for this reason those languages that do not 
support it are excluded (i.e. UML, XML(S) and XOL). 

Furthermore, time-decidable reasoning is not supported 
by RDF(S) and OWL Full, that must also be removed 
from the candidate languages (against Req. A6). 

For what concerns Dublin Core and OWL Flight, a 
preliminary analysis on features of Logic Programming 
(LP) and Description Logics (DL) should be performed. 
Contrarily to DL, LP has these features:  

 The conceptual modelling is limited (it is based 
on “flat” predicates) (against Req. D6 and D7); 

 If negation constructs are inserted, reasoning 
becomes undecidable in general (against Req. 
A6); 

 Complexity is not  under control even if negation 
is avoided (against Req. D3). 

Therefore, DL is more appropriate for conceptual 
modelling, can support negation constructs (that might be 
needed in manufacturing domain conceptualizations), 
complexity can be explicitly controlled and thus the 
reasoning time can be limited. 

Consequently, Dublin Core and OWL Flight cannot be 
included in the selection, because they are based on Logic 
Programming, contrarily to the remaining languages.  

SHOE also should be eliminated from the list of possible 
languages, in fact it has been created to annotate HTML 
pages, and therefore it has no use for manufacturing 
domain conceptual models.  

As a conclusion, the remaining languages: OIL, DAML, 
OWL and the OWL sub-languages: OWL Lite, OWL DL, 
C-OWL, OWL-Eu, OWL-E, satisfy all the requirements. 

5. Most Appropriate Languages 

It is possible to notice that all the remaining languages are 
used to develop ontologies. Ontologies support object-
oriented description of a knowledge domain, expressing 
taxonomies and semantically rich relationships among 
concepts, supporting information retrieval through 
reasoning. Moreover, by their nature, ontologies can be 
integrated by bridging relationships among some of their 
concepts (Guarino, 1998). This is particularly useful in the 
complex description of manufacturing systems. 

According to Gruber (1995), an ontology is an “explicit 
specification of a conceptualization”, where a 
conceptualization is an abstract, simplified view of the 
world that we wish to represent for some purpose.  

This means that ontologies are the answer to the 
conceptual modelling issues in the manufacturing domain, 
which is also in line with what Cai et al. (2011) assert: the 
semantics is added to Web Services by annotating them 
with ontologies. 

Among the candidate languages that fulfil the 
requirements, OIL and DAML (DAML+OIL and 
DAML-L) are not fully advisable, in fact they are built 
from XML(S) and RDF(S) by means of incremental 
improvements and have been surpassed by the OWL 
family. For this reason we can conclude that the OWL 
languages, except those that have been excluded in 
Section 4, are the most appropriate to model the 
manufacturing domain, namely: OWL Lite, OWL DL, C-
OWL, OWL-Eu, OWL-E. According to the specific 
implementation situation, it is possible to choose the most 
appropriate language keeping in mind that, the more 
powerful the reasoning and the more complex the model,  
the longer will be the time to perform reasoning, with the 
risk not to have time-efficient reasoning (against Req. A7).  

6. Conclusions 

Starting from current issues in industrial modelling, the 
current paper has presented the requirements for 
conceptual modelling in manufacturing; then, a deep 
literature review about semantic languages has been 
introduced, and these languages have been assessed 
against the identified requirements. The final conclusions 
are that: (i) the manufacturing domain requirements call 
for an ontology as a means to express the conceptual 
manufacturing models and (ii) the most proper languages 
to be used for this purpose are those of the OWL family: 
OWL Lite, OWL DL, C-OWL, OWL-Eu, OWL-E. The 
final language choice depends on implementation, and 
especially time, constraints.  
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Future work could assess the best available semantic 
language tools for the manufacturing domain. Another 
stream for future research is to conduct the same analysis 
for the process industry domain and other fields of 
industrial engineering. Other aspects that can be 
addressed in the future are the exploration of the proper 
semantic languages for other applications of conceptual 
modelling in the manufacturing domain, other than 
flexibility and reconfiguration of the control aspect (i.e. 
Support to manufacturing systems design; Knowledge 
sharing among different partners; Product lifecycle 
management). 
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Appendix A. Features of Semantic Languages 

Table 3 - Semantic Languages and Features 

Lang.  Features 

KIF 

Language based on first order logic. It is a formal language with: declarative semantics, meta-knowledge, 
translatability, readability. It allows a Conceptualization of the world in terms of objects, functions and 
relations.   

Web Language: No; Reasoning Support: No 

OntoLingua 

Built on KIF, it allows a representation of concepts, taxonomies of concepts, n-ary relations, functions, 
axioms, instances and procedures. 

Web Language: No; Reasoning Support: No 

OCML - 
Operational 
Conceptual 
Modelling 
Language 

Traditional-syntax ontology language, Similar to OntoLingua with additional components: deductive and 
production rules, and operational definitions for functions. Built for developing executable ontologies and 
models in problem solving methods. 

Web Language: No; Reasoning Support: Very limited 

FLogic 

FrameLogic combines frames and first order logic, allowing to represent concepts, concept taxonomies, 
binary relations, functions, instances, axioms, deductive rules, objects, inheritance, polymorphic types, query 
methods and encapsulation 

Web Language: No; Reasoning Support: constraint checking and deducting new information through 
structural and behavioral inheritance 

Loom 

Initially, it was not meant for implementing ontologies, but for general KBs. Loom is based on Description 
Logics and production rules, and provides automatic classifications of concepts.  

Web Language: No; Reasoning Support: Very limited 

DublinCore 
Simplicity is both strength and weakness, can be found at http://dublincore.org 

Web Language: Yes; Reasoning Support: Yes 

SHOE - 
Simple 
HTML 

Ontology 
Extension 

Extension of HTML to introduce ontologies into HTML documents (add semantics to web pages). It 
consists of object-oriented tags to provide structure for knowledge acquisition: it associates meaning with 
content by committing web pages to existing ontologies. Can be found at 
www.cs.umd.edu/projects/plus/SHOE/ontologies.html 

Web Language: Yes; Reasoning Support: has inference rules 

XML (S) 

Replaced SHOE. After this, all ontology languages are built on XML. It lacks semantics: designed to 
describe the structure of a document not the content 

Web Language: Yes; Reasoning Support: No 

XOL 
Very restricted language (concepts, concept taxonomies and binary relations) 

Web Language: Yes; Reasoning Support: No 

RDF (S) 

It allows interoperability between applications that exchange machine-understandable information on the 
web (interoperability = important step from XML, thanks to the semantics). It consists of independent 
objects that form object-attribute-value triples. RDFS introduced as a layer on top of RDF as a set of 
ontological modeling primitives (classes and subclasses of resources, properties and relations) 

Web Language: Yes; Reasoning Support: Some inference engines mainly for constraint checking 

OIL - 
Ontology 
Inference 

Layer  

It is an extension of RDF(S), therefore has a well defined syntax in XML. It provides a standardized syntax 
for writing ontologies and a standard set of modeling primitives. Its formal semantics is based on DL.  

Web Language: Yes; Reasoning Support: Yes 

DAML - 
DARPA 
Agent 

Markup 
Language 

It is a markup language for semantic web with expressive power and a well-defined semantics for reasoning. 
Includes mappings to other semantic languages: SHOE, OIL, KIF, XML, RDF. It is made of two portions: 
ontology language (DAML + OIL) and a language for expressing constraints and inference rules (DAML-L) 

Web Language: Yes; Reasoning Support: Yes 

DAML+OIL 

It is an extension of RDF(S) and has a formal semantics based on DL. It allows representing concepts, 
taxonomies, binary relations, functions and instances. It is unambiguously computer interpretable, agent 
interoperability, automated reasoning 

Web Language: Yes; Reasoning Support: many efforts still done for reasoning 

DAML-L 

Logical language with a well defined semantics and the ability to express a compact representation of 
constraints and rules for reasoning 

Web Language: Yes; Reasoning Support: has reasoning rules 

OWL 
It is a de-facto standard ontology language, it is compatible with SHOE and DAML+OIL, and is an 
extension of RDF(S). It has more powerful reasoning from RDF: RDF only propositional reasoning, OWL 
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reasoning can be about whole documents. It comes in many types. Can be found at 
www.w3.org/TR/2003/WD-owl-ref-20030331. 

Web Language: Yes; Reasoning Support: allows complex reasoning about documents 

OWL Lite 

Trades expressivity for efficiency (and guaranteed termination) of reasoning. Uses only 35 out of 40 OWL 
constructs and only 11 out of 33 RDF(S) constructs. Some of them can be used with limitations. 

Web Language: Yes; Reasoning Support: Guaranteed termination and efficiency in reasoning 

OWL DL 

It is the W3C standard ontology language: can exploit many state-of-art DL reasoners. It uses all 40 OWL 
constructs and only 11 out of 33 RDF(S) constructs. Some of them can be used with limitations. There is a 
balance between expressivity and computational completeness: even though more complex, the reasoning is 
still decidable. Properties are differentiated into data type properties (connect instances to literals) and object 
properties (connect class instances). Does not support customized datatypes.  

Web Language: Yes; Reasoning Support: Decidable reasoning, many reasoners are built on this 

OWL Full 

The difference from OWL DL is that properties can be assigned to classes, a class can be represented as an 
individual or a property and viceversa. It uses all 40 OWL constructs and only 11 out of 33 RDF(S) 
constructs. With no limitations. 

Web Language: Yes; Reasoning Support: Reasoning is undecidable 

C-OWL - 
Context -

OWL 

It is an extension of OWL: multiple OWL ontologies and relations between these ontologies (triples subject-
relation-object between 2 concepts, 2 instances or 2 properties in 2 different ontologies).  

Web Language: Yes; Reasoning Support: Yes 

OWL-Eu 

Extension of the OWL DL to support customized data types by extending OWL data ranges with unary data 
type expressions 

Web Language: Yes; Reasoning Support: Yes 

OWL-E 

Extension of the OWL DL to support customized data type predicates with a n-ary extension of the OWL 
data range 

Web Language: Yes; Reasoning Support: Yes 

OWL Flight 

It is loosely based on OWL, but the semantics is grounded on Logics Programming and not on Description 
Logics and borrows the constraint-based modeling style common in databases. It adds a more elaborate 
treatment of datatypes (following OWL-E) 

Web Language: Yes; Reasoning Support: Reasoning is often undecidable 

UML 

UML standard for Object modeling as unique modeling language; UML profiles may be used to represent 
the characteristics of the OWL-S, because it helps to express, communicate, validate the design and 
development of the ontology. It is theoretically possible to transform it into OWL (ontology automatically 
imported as class diagram) through an XMI file (XML Metadata Interchange) via an Extensible Stylesheet 
Language Transformation sheet (XSLT) 

Web Language: Yes; Reasoning Support: No 
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