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ABSTRACT 
The personalization of E-learning scenarios can be 
considered as the representation of knowledge to the 
learners according to their preferences and 
characteristics. This representation is assumed to be 
expressive as possible for describing and 
recommending appropriate knowledge to the learners. 
Furthermore, it is fundamental to communicate 
learning scenarios with clear and understandable 
representation. In this paper, we present an approach 
for automatic generation of adaptive hypermedia which 
facilitates the teaching of context-free grammar (CFG). 
This adaptive hypermedia is represented in the form of 
class diagrams and activity diagrams of UML. We use 
the class diagram to represent the terminals and the 
non-terminals and relations between them. In some 
case, the order between terminals and  non-terminals of 
the context-free grammars is not defined in generated 
class diagrams. For that reason, we add the activity 
diagrams to precise this order. The teachers can use 
these diagrams to prepare course and to explain 
different concepts of  programming languages. 
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1. INTRODUCTION 
When it is possible to represent the same concept with 
different ways, comprehensible and clear representation 
of concepts is fundamental to communicate any 
concepts to the learners. Consequently, the automatic 
generation of comprehensible and clear representation 
will facilitates the preparation of courses with high 
quality and allows learners to easily understand the 
concepts. In this paper, we define an approach for the 
automatic generation of class diagram and activity 
diagram of UML [12] from a Context-Free Grammars 
(CFG) [13] written with the Extended Backus-Naur 
Form (EBNF) [9]. In fact, UML is a standard graphical 
language which offers comprehensive and clear 
representation of concepts.  

 
In [4], we have defined a set of generation rules that 

generate a class diagram from a CFG written with the 
EBNF. The resulting diagram allows the learner to 
visualise graphically the grammar. But in some case, the 
order between the classes and the attributes is not 

defined with the class diagram. For that reason, we add 
the activity diagram to precise this order. In the 
literature there are several works that mention the 
advantages of the graphical notation. In [11], A. van 
Lamsweerde states the popularity of techniques based 
on tabular formats and diagrammatic notations. 
Similarly, in [18], Zimmerman and his co-authors have 
conducted an experimental evaluation that confirms the 
advantages of tabular and diagrammatic notations. This 
has been confirmed by several cognitive science studies 
[15]. In this context, Pinsky and Wipf have 
demonstrated the positive impact of visual 
representation on recall and retention of taught material 
[16]. Furthermore, Davis has showed that computer 
graphics fulfills some sort of relevance and intrinsic 
interest to students and provides an ideal problem-based 
learning platform upon which a variety of topics can be 
taught effectively [3]. At the same time, Saw and Majid 
have demonstrated that within the graphics display 
mode, the explanatory and cognitive types of 
communicative interaction were dominant [17]. In 
particular, schematic diagrams allow students to 
organize information in the problem to facilitate 
problem translation and solution [10]. In fact, schematic 
diagrams beneficiate from the advantage of graphics 
and they are powerful in the representation of relations 
betweens elements. This powerful can be explained by 
the fact that good fit to an object memory is possible 
only when the spatial relationships between the parts 
have been properly specified [14].  

 
In order to beneficiate from the numerous 

advantages of describing knowledge with graphics and 
preserve a high degree of precision, we define a process 
which allows the generation of a graph composed of a 
class diagram and a set of activities diagrams. The 
concepts are defined in the class diagram, and the order 
between them is defined in the activities diagrams. 

 
The paper is structured as follows: section 2 presents 

the general context of our work. Section 3 presents the 
concepts which we have used for the definition of our 
approach. Section 4 presents the proposed process for 
the generation of class and activity diagrams from the 
context-free grammar. Section 5 presents the 
elementary transformations in depth. Section 6 presents 
two algorithms for BNF-UML transformation and 



 

EBNF-UML transformation. Section 7 concludes the 
paper.  

 
 

2. GENERAL CONTEXT 
The personalization in the E-learning context has been 
upgraded from the personalization of learning contents 
to the personalization of learning scenarios. Learning 
contents are defined with the simple combination of 
learning objects, where learning scenarios are defined 
with the combination of learning objects by taking into 
account pedagogical approaches. Among the works 
which allow the personalization of learning contents, we 
distinguish: COLER (COllaborative Learning 
environment for Entity-Relationship modeling) [1], and 
PERSO [2] (an hypermedia adaptive system for 
supporting E-learning). In these works, the selection of 
learning contents for learners has been limited to the 
systematic association of learner characteristics to the 
learning contents and does not combine this association 
with pedagogical approach. In our previous work, [6] 
we have defined a multi-parameters personalization 
approach of learning scenarios and a way for the 
integration of the IMS LD specification [7]. We have 
also explained the feasibility and the advantages of 
using UML class diagram as a navigational support for 
E-Learning [5].  

 

 
Figure 1. An example of UML adaptive hypermedia 

 
As an example, Figure 1 [5] presents personalized 

learning scenarios for learning the object oriented 
programming paradigm. The proposed solution allows 
learners to beneficiate at the same time from the 
personalization of learning scenarios, and from the high 
expressivity of the standard language UML. Our aim is 
to generate automatically the class diagram, which is 
used as a navigational support. 

 
3. DEFINITIONS  
In this section, we present the concepts used in our 
approach. We start by defining the context-free 
grammar, the Extended backus-Naur form, and finally 
an overview of class and activity diagrams. 

 
 A context-free grammar [13] is a 4-tuple G = (V, Σ, 

R, S), where: 
• V: A finite set of non-terminals. 

• Σ: A finite set of terminals. 
• R: A finite set of production rules. 
• S: A start symbol. 

 
The Backus-Naur Form (BNF) is used for the 

definition of context-free grammars. The Extended 
Backus-Naur Form (EBNF) adds the regular expression 
syntax [9]. The BNF contains the following notation: 

• ::= : Definition of a non-terminals. 
• Space ( ) : Concatenation of two grammatical 

units (terminals or non-terminal) 
• | : Choice between  two definition of a non-

terminal 
 

The EBNF adds the following notations: 
• : n repetition (or concatenation) of  

grammatical unit,        n ∈ [0..+∞] 
• + : n repetition (or concatenation) of  

grammatical unit,       n ∈ [1..+∞] 
• [ ] : n repetition (or concatenation) of  

grammatical unit,     n ∈ [0..1] 
 
A class diagram [12] is a graph of classifiers 

elements connected by their various static relationships. 
The classes are the most common classifiers in the class 
diagram. A class is drawn as a rectangle with three 
compartments separated by horizontal lines. The top 
name compartment holds the class name and other 
general properties of the class; the middle list 
compartment holds a list of attributes; the bottom list 
compartment holds a list of operations. The classes are 
connected with relations such as associations, 
generalizations, compositions, and aggregations. An 
association can be a binary association or an n-ary 
association. A binary association is an association 
among exactly two classifiers (including the possibility 
of an association from a classifier to itself). An n-ary 
association is an association among three or more 
classifiers. A composition is a strong form of 
aggregation, which requires that a part instance be 
included in at most one composite at a time and that the 
composite object has sole responsibility for the 
disposition of its parts. A Generalization is the 
taxonomic relationship between a more general element 
(the parent) and a more specific element (the child) 

 
An activity diagram [12] is a variation of a state 

machine in which the states represent the performance 
of actions or subactivities and the transitions are 
triggered by the completion of the actions or 
subactivities. A state is a condition during the life of an 
object or an interaction during which it satisfies some 
condition, performs some action, or waits for some 
event. 
 
4. THE GENERATION PROCESS  
The generation process which combines the rules that 
generate the class diagram with the rules generating the 
activity diagrams is presented in the following activity 
diagram (Figure 2). For the specification of this process, 
we use the activity diagram of UML for the reason that 



 

UML activity diagram allows the specification of 
processes in the form of activity. Furthermore, the use 
of activity diagram allows to beneficiate from the 
numerous advantages of graphical languages.  

 

 
Figure2:  The Generation Process. 

 
The generation process generates a class diagram for 

one production rule, and evolves the first diagram when 
it is applied on other production rules. The production 
rules entered in the generation process are of the form: 
NT::= E, where NT ∈ ∑ and E ∈ (V U ∑)*, this process 
uses a procedure partition defined as follws: 
Partition (E, {E1, E2, …En}): This operation parts E in 
a set {E1, E2,      …En} such as E = E1 | E2 | …En and 
E1, E2…En do not contain the symbol ‘|’. 

 
As it is illustrated in the activity diagram presented 

in Figure 2, the generation process generates the classes 
from some features of a grammar by applying some 
rules (each non terminal which appears in left part of a 
production rule is translated into a class). Then, the 
defined process uses this diagram in order to evolve it 
and treats each production rule to generate sub classes, 
attributes, associations, and other relations 
(composition, dependence,...).  

 
Notes  
The activities of an activity diagram are ordered 
according to the apparition of the grammatical units.  
The generation process adds an activity diagram for 
each class which needs a high level of precision.   
We use the symbol Eij in the generation process (Figure 
2) to specify the grammatical unit number j in Ei. 
 
5. ELEMENTARY TRANSFORMATIONS 

In this section, we present the elementary 
transformations which transform a set of production 
rules written in BNF or EBNF to a class diagram. We 
assume that A, B and C are three non-terminals. We 
also assume that a, b and c are three terminals.  
 
4.1. ELEMENTARY BNF-UML 

TRANSFORMATIONS  
Given a set of production rules written in BNF, the 
application of BNF-UML transformation results a class 
diagram and a set of activities diagrams. 

 
In order to obtain an operational transformation, we 

distinguish the three combinations of grammatical units: 
• Two non-terminals 
• Two terminals 
• Non-terminal and terminal 

We distinguish also the two conventions used between 
grammatical units: 

• Space ( ) 
• | 

 
In Table 1, we present six rules of transformation. 

These rules can be generalized by introducing more 
than two grammatical units in the right-hand side of a 
production rule. If the symbol | is used between two 
non-terminals, we transform it to generalization. If the 
symbol | is used between two terminals or between one 
terminal and one non-terminal, we transform it to 
enumeration. If the symbol space is used between two 
non-terminals, we transform it to composition. If the 
symbol space is used between two terminals we 
transform the terminals into attributes. If the symbol 
space is used between one terminal and one non-
terminal, we transform it into composition and the 
terminal into attribute.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 
 
Table 1.  Mapping BNF to UML 

 
 

4.2 ELEMENTARY EBNF-UML 
TRANSFORMATIONS 
Given a set of production rules written in EBNF, the 
application of EBNF-UML transformation results a 
class diagram and a set of activities diagrams. 
 
In Table 2, we propose simple rules for the 
transformation of the followings grammatical units: 

• Non-terminal 
• Terminal 

We distinguish also three conventions related to 
grammatical units:  

• *  
• +  
• [ ] 

The symbol * belong to EBNF and belong also to UML 
with the same meaning. We transform the symbol * into 
*. We transform the symbol + into 1..* and the symbol 
[] into 0..1. 
 

 
 
 

 
Table 2.  Mapping EBNF to UML 

 

 
5. TRANSFORMATION ALGORITHMS 
In this section, we present two algorithms. The first one 
allows the transformation of a BNF grammar to an 
UML model (BNF-UML algorithm). The second extend 
the first one and allows in addition the transformation of 
an EBNF grammar to an UML model (EBNF-UML 
algorithm). 

 
Given a context free grammar G = (V, Σ, R, S), in 

the BNF-UML algorithm, we use three programming 
classes. The first one is responsible for the analysis of 
EBNF expression (it is named Ex). The second is 
responsible for the construction of class diagrams (it is 
named CD). The third is responsible for the 
construction of activity diagrams (it is named AD). The 
following procedures are specified in the three 
programming classe Ex, CD, and AD: 

• Ex.Partition (E, {E1, E2, …En}): partitioning 
E in a set {E1, E2,      …En} such as E1, 
E2…En do not contains the symbol ‘|’. 

• CD.Class (A): adds a class titled A if the class 
A do not exist in the class diagram. 

• CD.Enumeration (A, {E1, E2, …En}): adds 
the stereotype <<enumeration>> in the class A 
and adds the attributes E1, E2, …En in the 
class A. 

• CD.Attribute (A, E): adds the attribute E in the 
class A.  

• CD.Composition (A, E): adds the relation A 
composed of E. 

• CD.Generalization (A, Ai): adds the relation A 
can be Ai. 



 

• AD.Activity(A,  Start): adds the activity start 
in the activity diagram that describe A. 

• AD.Activity(A, Write(E)) adds the activity 
Write(E) in the activity diagram that describe 
A. 

• AD.Activity(A,  End): adds the activity End in 
the activity diagram that describe A. 

 
Algorithm BNF-UML  
Begin 
 For each production rule A ::= E Do 
          CD.Class (A) 
   Ex.Partition (E, {E1, E2, …En}) 
  If E1 , E2 , …En ∈∑ Then  
    CD.Enumeration (A, {E1, E2, …En}) 
  Else If n = 1 Then 
 AD.Activity(A, Start) 
    For j = 0 to |E1| Do 
     If E1j ∈∑ Then  
      CD.Attribute (A, E1) 
 AD.Activity(A, Write(“E1”)) 
     Else 
      CD.Class (E1j) 

CD.Composition (A, E1j) 
AD.Activity(A, Write(E1)) 
End If 

    End For 
 AD.Activity(A, End) 
  Else 
   For i = 1 to n Do 
     If Ei ∈  V Then  
       CD.Class (Ei) 
       CD.Generalization (A, Ei) 
     Else  
      CD.Class (Ai) 
      CD.Generalization (A, Ai) 
 AD.Activity (Ai, Start) 
      For j = 1 to |Ei| Do 
       If Eij ∈∑ Then 
       CD.Attribute (Ai, Eij) 

AD.Activity(Ai, write(“Eij”)) 
       Else 
       CD.Class (Eij) 
       CD.Composition (Ai, Eij) 
 AD.Activity (Ai, Write(Eij)) 
      End If 
     End For 
 AD.Activity(Ai, End) 
      End If 
   End For 
  End If 
 End For 
End BNF-UML 

 
For the definition of the Algorithm EBNF-UML, we 

add the function “cardinality” which determine and 
return the repetition number of an EBNF expression to 
be used as the cardinality of the attributes and the 
relation in the class diagrams according to the mapping 
Table 2 . Subsequently, the procedures “CD.Attribute” 

and “CD.Composition” are extended for considering the 
determined cardinality as following:  
• Integer CD.cardinality (E): return the 

cardinality of the expression E.  
• CD.Attribute (A, E, CD.cardinality (E)): 

adds the attribute E in the class A associated 
with the cardinality CD.cardinality (E).  

• CD.Composition (A, E, CD.cardinality (E)): 
adds the relation A composed of E 
associated with the cardinality 
CD.cardinality (E). 

 
Algorithm EBNF-UML  
Begin 
 For each production rule A ::= E Do 
          CD.Class (A) 
   Ex.Partition (E, {E1, E2, …En}) 
  If E1 , E2 , …En ∈∑ Then  
    CD.Enumeration (A, {E1, E2, …En}) 
  Else If n = 1 Then 
 AD.Activity(A, Start) 
    For j = 0 to |E1| Do 
     If E1j ∈∑ Then  
      CD.Attribute (A, E1, CD.cardinality (E1)) 
 AD.Activity(A, Write(“E1”)) 
     Else 
      CD.Class (E1j) 
  CD.Composition (A, E1j, CD.cardinality (E1j)) 

AD.Activity(A, Write(E1)) 
End If 

    End For 
 AD.Activity(A, End) 
  Else 
   For i = 1 to n Do 
     If Ei ∈  V Then  
       CD.Class (Ei) 
       CD.Generalization (A, Ei) 
     Else  
      CD.Class (Ai) 
      CD.Generalization (A, Ai) 
 AD.Activity (Ai, Start) 
      For j = 1 to |Ei| Do 
       If Eij ∈∑ Then 
       CD.Attribute (Ai, Eij, CD.cardinality (E ij,)) 

AD.Activity(Ai, write(“Eij”)) 
       Else 
       CD.Class (Eij) 
       CD.Composition (Ai, Eij,  CD.cardinality (E ij,)) 
 AD.Activity (Ai, Write(Eij)) 
      End If 
     End For 
 AD.Activity(Ai, End) 
      End If 
   End For 
  End If 
 End For 
End EBNF-UML 

 
 
 
 



 

7. CONCLUSION 
In this paper, we define a process for the generation of a 
graph composed of a class diagram and a set of 
activities diagrams from a CFG. The generated graph 
allows to beneficiate from the numerous advantages of 
describing knowledge with graphics and preserves a 
high degree of precision. The class diagram represents 
the static view of the grammar, and the activity diagram 
represents the dynamic view. Representing the 
grammars of programming languages with UML 
facilitates the preparation of courses with high quality 
and allows learners to easily understand the concepts. 
We have developed a prototype for the generation of the 
class diagram and the related activities diagrams. This 
prototype allows also to interact with the generated 
diagram in two ways. First, it allows teacher to update 
the diagrams, add specific links to the pedagogical 
contents, and personalize the diagrams. Second this tool 
allows the learner to navigate in the UML adaptive 
hypermedia.   
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