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Abstract. In this paper we present the basic ideas un-
derlying a solution for software application interoperabil-
ity in a business context. Key elements of our solution are 
a Reference Ontology, aimed at modelling the key aspects 
of a business domain, and a Semantic Annotation Lan-
guage, SMAIL, used to associate semantic expressions, 
defined in terms of the reference ontology, to business 
elements. 
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1   Introduction 
 
The considerable impact of the Internet on com-
puter interconnection raised a high expectation in 
the area of application software interoperability. 
However, the experience shows that, despite the 
advances of current technology, two different leg-
acy systems hardly can cooperate to carry out a 
common business task, even if data and procedures 
deal with the same business entities. 

Our work is based on the idea that, to achieve in-
teroperability among different systems, it is neces-
sary to expose the actual semantics of data and 
programs, often deeply concealed by superficial 
differences, such as naming, syntactic and structural 
discrepancies.  

To provide an effective solution to this problem 
it is necessary to shift towards a semantic level of 
interaction, i.e., semantic interoperability; to this 
end we need to make explicit the semantics hidden 
in, e.g., an application interface. A promising ap-
proach to achieve semantic interoperability requires 
the use of a Reference Ontology (RO) and a Seman-
tic Annotation Language, based on the former. 

Semantic Annotation (SA) has been proposed in 
literature mostly to annotate documents and web 
pages [SeWeb]. Only few proposals are aimed at 
the creation of additional structures that represent 
(in a formal, controlled way) the semantic content 

of a web resource (e.g., a document, a business 
process or an eService). 
Among typical applications of semantic annotation, 
we can find: 
- Document Management, for semantic search; 
- Knowledge Management, for organization and 

retrieval of enterprise knowledge; 
- Web Services publishing and discovery, with se-

mantic matchmaking of requested and offered ser-
vices; 

- Semantic Interoperability, by annotating local 
resources (information and processes) to support 
business cooperation among enterprise software 
applications. 

In the literature, the first two applications have 
attracted most of the attention. They are addressed 
by solutions referred to as “human-oriented” 
annotations. This kind of annotation solutions are 
provided by systems such as Annotea [KPS01], 
Annotation System for Semantic Web [VR02], 
Trellis [GV02]. Such systems are interactive 
environments that allow users to add, in a 
descriptive way (plain text), an annotation 
representing the content of the documents.  

A second important class is represented by the 
solutions referred to as “machine-oriented” annota-
tions. This kind of SA is provided by systems such 
as MnM [VM*02], SMORE [KP*02], SHOE 
Knowledge Annotator [LS*97], COHSE [BG01]. 
These solutions aim at representing, in a formal 
way, the conceptual content of a given web re-
source. The user annotates segments of text, typi-
cally in a web page, using tags based on the con-
cepts defined in an Ontology. This activity is known 
as “ontology driven mark-up”. 

Our work evolves along the second line, since we 
propose a solution for ontology-driven semantic 
annotation, aimed at the interoperability of software 
applications in an e-business context. The main 
difference, with respect to the previously mentioned 
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tools, is that they mainly aim at enriching a web 
page, embedding the SA in the document itself. Our 
method allows formal, ontology-based, structures to 
be created externally (but tightly connected) to the 
web resource, on the line of the OntoMat Annotizer 
[HS02, HS03] approach. We refer to this formal 
structure as the “ semantic image”  of the resource. In 
this way, the annotation, being not embedded, can 
be associated to any kind of resource, such as a 
video, a sound, or a web service. Furthermore, start-
ing from a collection of web resources, it is possible 
to gather their semantic images to build a semantic 
index for a Semantic Web architecture. Semantic 
search and matchmaking can be implemented for 
fast retrieval of web resources, based on the actual 
knowledge they carry. 

Another important characteristic of our approach 
is that the proposed annotation language is tightly 
controlled, based on a reference ontology that, in its 
terminological content, is part of the language. 
 
2 Semantic Annotation for Enterprise In-
teroperability 
 
The goal of interoperability is to allow different 
software applications to exchange data and services, 
despite the fact that the two software systems were 
not originally conceived for cooperation. It is well 
known that, even if data and procedures deal with 
the same business entities, existing software appli-
cations exhibit deep differences in their internal 
organization, database schemas, software architec-
tures, and other important technical characteristics, 
that hinder a smooth cooperation.  

To solve such a problem, it is necessary to iden-
tify the business entities addressed, i.e., the seman-
tics of the information elements and operations that 
are involved in the cooperation, beyond the syntac-
tic and structural differences. 

The problem that we address bears some similar-
ity with the area of heterogeneous information 
sources integration, addressed in the database field. 
In this area, two basic approaches have been pro-
posed: global-as-view (GAV) [MP*97, TRV98, 
GB*99] and local-as-view (LAV) [Hal01, Lenz02]. 
The LAV approach (for information interoperabil-
ity) implies that each application system interacts 
with any other system as if its own data organisation 
was the only existing solution, i.e., as if all the other 
software applications were organised in the same 
way. The LAV approach [KLS95, AD98, CD*01] 
does not require a global schema to be built, but the 
existence of a common view of the business sce-
nario where the cooperation takes place. This com-

mon view, in our approach, is represented by a 
shared Reference Ontology (RO). The RO, built by 
a team of domain experts, provides precise and 
formal (therefore, computer processable) definitions 
of relevant (for the business context) domain enti-
ties. The terminological component is used to anno-
tate the resources managed by the cooperating sys-
tems. 

In this paper we restrict the focus to information 
interoperability; the set of information elements of a 
given software application, participating in the 
interoperability process, will be referred to as PLCS 
(Public Local Conceptual Schema). 
 
2.1   The Annotation Process 
 
The semantic annotation process is a critical one; it 
represents a first phase in which a given legacy 
system is confronted with its inherent inclination to 
interoperate within a given business community. In 
fact, the reference ontology RO is assumed to be a 
proper representation of the business domain, and in 
particular of the part that will be involved in the 
networked business activities. It is fair to assume 
that a given information or service that is not de-
fined in the RO is not of interest of the community. 
Therefore, in the semantic annotation process, a 
PLCS element that cannot be annotated is assumed 
to be (at that moment) of scarce interest for the 
networked business. But, since the reality continu-
ously evolves, we assume that suitable mechanisms 
will be implemented to update the RO whenever a 
sufficient consensus is reached in order to modify it. 

Besides the cases where some PLCS elements 
fall outside the (ontological) scope of the business 
domain, there are other cases where an annotation 
that precisely captures the intended meaning of a 
PLCS element is not possible. We refer to these 
cases as “ annotation mismatches” . In fact we can 
have: 
Lossless annotation: when the annotation fully cap-
tures the intended meaning, 
Lossy annotation: when the annotation fails to fully 
representing the intended meaning. 

In the first case, a PLCS element exactly corre-
sponds to a concept in the RO or its meaning can be 
precisely expressed by a suitable composition of 
concepts. In the second case, the meaning of a 
PLCS element does not have a matching concept in 
the ontology, nor the possibility of compositionally 
express it, since either: 
- the intended meaning is outside the scope of 

the RO; 
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- the PLCS element is not sufficiently refined 
(i.e., it does not match the accuracy level of 
the ontology) (underspecification) 

- the PLCS element present a level of refine-
ment not deemed useful, that does not match 
the level of refinement of the RO (overspecifi-
cation). 

Annotation mismatches may derive from different 
organizations of information in the PLCS and RO, 
but also from different views of the world. How-
ever, having in mind a specific concept (or a set of 
concepts), represented in two different models, 
there are a limited number of possible divergences. 
We have a first list of differences that the knowl-
edge engineer must consider in annotating a PLCS. 
We present them divided in the two broad catego-
ries previously introduced: lossless and lossy (see 
an excerpt in Table 1). 

 

Lossless mismatches 

Path-Naming different labels for the same content 
(the attribute names Name and Denomi-
nation to indicate a hotel name) 

Encoding different formats of data or  units of 
measure (a Price expressed in dollars 
and in euro) 

Structuring different structures for the same content 
(an Address represented as a string or a 
composition of the Street_name, and 
Street_number fields) 

Lossy mismatches 
Content  different content denoted by the same 

concept - typically expressed by enu-
meration (the hotel services concept 
described by different enumeration 
items) 

Coverage presence/absence of information (the 
mobile phone in the PLCS, but not in 
the RO) 

Precision the accuracy of information (the dis-
tance expressed by an integer value or 
by strings such as near, far) 

Abstraction  level of specialisation refinement of the 
information (the distinction bw indoor 
and outdoor swimming pool versus a 
generic swimming pool concept) 

Granularity  level of decomposition refinement of 
the information (the restaurant repre-
sented as a whole or as an aggregation 
of a terrace and an indoor_rooms) 

Table 1. Sorts of mismatches  

Semantic annotation is a critical process that re-
quires deep knowledge on the domain, the RO and 

the legacy system. Given a software application, 
and in particular its Public Local Conceptual 
Schema, its semantic annotation is accomplished by 
performing the following steps: 
- Identification of the PLCS elements. The first step 

consists in the identification of the elements, es-
sentially information (provided or requested), 
necessary for the system to participate in the co-
operation with other systems.  

- Identification of the intended meaning. Then, each 
PLCS element is clearly assigned with an “ intui-
tive”  semantics, by associating the business ele-
ments represented (informal annotation).  

- Identification of the related concepts in the RO. 
The most appropriate concepts that express the 
intended meanings are then chosen. 

- Definition of the semantic expressions. By using 
the selected RO concepts, an expression that 
specifies the intended meaning is constructed. For 
each PLCS element, the best fitting annotation 
expression is built (formal semantic annotation 
expressions).  

- Semantic coverage assessment. The intended 
meaning of the PLCS element is contrasted with 
the semantic annotation expression, to see if there 
is any loss of semantics. 

- Association of the semantic annotation expres-
sions to the PLCS elements. Finally, each seman-
tic annotation expression can be associated to the 
correspondent PLCS element, using the correct 
connective (for lossless or lossy cases). In the fol-
lowing section, this process is further elaborated. 

 
3  SMAIL: a Controlled Semantic Annota-
tion Language 
 
To create the semantic annotation expressions, we 
propose to use SMAIL (Semantic Mediation and 
Application Interoperability Language).  

It is important to note that SMAIL is character-
ized by a closed vocabulary. This means that, unlike 
the other annotation languages, the user cannot 
define his/her own terms nor named concepts. The 
sentences of SMAIL can be constructed only using 
the terms (i.e., concepts) defined in the Reference 
Ontology. A naming policy, inventing labels for 
variables, subroutines, relation names, etc., is one of 
the most critical aspects of the development of an 
information system. For this reason, one of the main 
characteristics of SMAIL is the fact that, in building 
a semantic expression, the user needs to look at the 
ontology and can only select terms denoting defined 
concepts. Therefore the terminological elements of 
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the ontology become part of the language; the gen-
eration of the annotation expressions is performed 
by a composition and/or transformation of ontology 
elements.  

More in detail, an annotation expression is com-
posed of a left-hand-side and a right-hand-side. On 
the left-hand-side only a name (or path) of an in-
formation element in the PLCS can appear; it identi-
fies the PLCS element to be annotated. On the right-
hand-side only ontology elements, and SMAIL 
constructors, can appear. As anticipated we have 
lossless and lossy annotations and we introduce 
specific connectives to express these kinds of anno-
tation. 
Lossless annotations can be expressed with a Se-
mantic Equivalence connective 

 
PLCS_elem =: SA_expression 

 
Lossy annotations can be expressed with 
Over/Underspecification connectives 
 

PLCS_elem >: SA_expression  (Local Overspecification) 

PLCS_elem <: SA_expression  (Local Underspecification) 

3.1 The SMAIL Grammar 
 
In the following we give a formal specification of 
the SMAIL language by defining the grammar that 
generates it. 

GSMAIL = (N,T,P,Σ) 
where  

- N is the set of non-terminal symbols,  
- T is the set of terminal symbols, where labels 

are terms in the ontology 
- P is the set of production rules,  
- Σ is the start symbol. 

In Fig.2,3 the element of the 4-tuple are presented 
in detail. Terminal symbols are in italic, while non-
terminal symbols are in UPPER CASE. 
 

 
Figure 2: Nonterminal and Terminal sets for GSMAIL 

 

 
Figure 3: Production rules for GSMAIL 

 
Please, note that SMAIL is not intended for direct 
use by a knowledge engineer. It is at the basis of the 
annotation tool associated to SymOntoX [MT02], 
the Ontology Management System developed at 
LEKS, IASI-CNR. Therefore, in actual applica-
tions, the complexity of the annotation language is 
shielded from the user by a friendly graphical user 
interface. Furthermore, we are currently working on 
a version of OWL [GH03] referred to as SMOWL, 
to cast the annotation approach of SMAIL into an 
XML-based ontology language. 
 
4   A few examples 
 
Some examples of semantic mismatches introduced 
in Table 1 and the SMAIL expressions aimed at 
solving them are shown in Tables 2-3. In the Ad-
dress case, a simple string is annotated with a con-
catenation of two strings. Please note that syntacti-
cal details, such as separators in the PLCS Address, 
are not dealt with here since we focus on the seman-
tic aspect of annotation. Such implementation de-
tails will be addressed in later phases, when seman-
tic annotation will be used to build semantic adap-
tors for interoperability [MT03]. Please note that the 
nihil symbol (assumed to be defined in the RO) is 
used to denote the undefinedness. Furthermore, the 
Swimming Pool example, a concept Swimming_Pool 
is supposed to exist in the RO, defined as a gener-
alization of the Indoor_Sw_Pool and Out-
door_Sw_Pool concepts. 
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PLCS 
Hotel 

RO 
Hotel 

Mismatch 

Name: literal Denomination: literal Naming 
Address:  literal Address [ 

     Street_name: literal 
     Street_number: literal] 

Structuring 

Services: enum (‘security box’, ‘hamam’, 
‘parking’) 

Services: enum (‘safe’, ‘sauna’, ‘ironing 
center’) 

Content 

Telephone: literal 
Mobile-phone: literal 
Fax: literal 

Contact_Info [ 
     Phone: literal 
     Fax: literal 
     Email: literal] 

Coverage, 
Structuring, 
Naming 

Location: enum (‘near city’, ‘far city’, 
‘near airport’, ‘far airport’) 

Location [ 
     Distance: literal 
     from: enum (‘city’, ‘airport’)] 

Precision 

SwimmPool: enum (‘yes’, ‘no’) Facilities: [ 
     Indoor_Sw_Pool: enum (‘yes’, ‘no’) 
     Outdoor_Sw_Pool: enum (‘yes’, ‘no’)] 

Abstraction, 
Structuring, 
Naming 

Restaurant: enum (‘yes’, ‘no’) Restaurant: [ 
     Terrace: enum (‘yes’, ‘no’) 
     Indoor_Room: enum (‘yes’, ‘no’)] 

Granularity 

Table 2: Mismatches examples 

 
Semantic Annotation Mismatch 

PLCS.Hotel.Name=: RO.Hotel.Denomination Naming 

PLCS.Hotel.Address.Location =: 
    RO.Hotel.Address.Street_name, RO.Hotel.Address.Street_number 

Structuring 

PLCS.Hotel.Services(“ security box” ) =: RO.Hotel.Services(“ safe” ) 
PLCS.Hotel.Services(“ hamam” ) =: RO.Hotel.Services(“ sauna” ) 
PLCS.Hotel.Services(“ parking” ) <:  ⊥ 

Content 

PLCS.Hotel.Mobile-phone <:  ⊥ Coverage 

PLCS.Hotel.Location(“ near city” ) =: (RO.Hotel.Location.From(“ City” )) and 
   (RO.Hotel.Location.Distance(); RO.Hotel.Location.Distance<=2 ) 
PLCS.Hotel.Location(“ near airport” ) =: (RO.Hotel.Location.From(“ Airport” )) and  
(RO.Hotel.Location.Distance(); RO.Hotel.Location.Distance<=2 ) 
… 

Precision 

PLCS.Hotel.SwimmPool =: RO.Hotel.Facilities.Swimming_Pool Abstraction 
The ontology is richer than the PLCS Granularity 

Table 3: Semantic annotation examples 

5   Conclusions 
 
In this paper we briefly presented the main issues of 
SMAIL, an ontology-based semantic annotation 
language conceived for semantic interoperability 
among software applications. The proposed lan-
guage is used to assign meaning to elements of 
legacy systems that are exchanging information 
with each other. Semantic annotation is the first, 

preliminary phase, to allow semantic interoperabil-
ity.  

The proposed language is based on a Reference 
Ontology that determines the expressions that can 
be built. In this way any possible expression has a 
precise, unambiguous semantics. SMAIL is, there-
fore, a controlled language with a closed, ontology-
based, vocabulary. 
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Along this line, a first solution for semantic in-
teroperability has been developed within the Euro-
pean Project Harmonise [Harmo],[Miss*03], that 
originated the presented work. 
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