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Abstract. Minimally Adequate Synthesizer (MAS) is an interactive algorithm 
that synthesizes UML statechart diagrams from sequence diagrams. It follows 
Angluin’s framework of minimally adequate teacher to infer the desired state-
chart diagram by consulting the user. To minimize the consultations needed, 
MAS keeps track of the interaction with the user. Together with its general 
knowledge about sequence diagrams, this allows MAS to operate without user’s 
help in most of the cases.  

 
A synthesized statechart diagram is a generalization, which accepts additional 
behavior to that described in the sequence diagrams given as input.  During the 
synthesis process MAS asks the user if certain generalizations are allowed or 
not. We sketch the usage of two different kinds of inaccurate answers the user 
can provide. We allow Probably yes and Probably no answers, i.e. weak Yes 
and No answers. The information obtained from these answers is considered 
less significant than that obtained from normal, definite answers. The user can 
also postpone answering by saying later. 

 
1. Introduction 
 
The Unified Modeling Language (UML) [8, 9] has been accepted as an industrial standard for specifying, 
visualizing, understanding, and documenting object-oriented software systems.  It provides several diagram 
types that can be used to view and model the software system from different perspectives and/or at different 
levels of abstraction.  UML supports all lifecycle stages of the forward engineering process from require-
ments specification to implementation. 
 
In object-oriented analysis and design (OOAD), dynamic modeling aims at the description of the dynamic 
behavior of objects using a variant of a finite state machine.  A UML variant of a state machine is called a 
statechart diagram. A statechart diagram is a graph that represents a state machine. The semantics and 
notation used in UML follow Harel's statecharts [2]. Sequence diagrams and collaboration diagrams are 
also used for behavioral modeling in UML based approaches. A sequence diagram shows the interaction 
over time but does not show other relationships between objects than the events belonging to the 
interaction.  A collaboration diagram, in turn, does not show time as a separate graphical dimension. While 
sequence diagrams and collaboration are used for showing object interactions, a statechart diagram can be 
used as a protocol specification, showing the legal order in which operations of an object may be invoked. 
 
In UML based behavioral modeling, example scenarios are usually given first for “normal” cases, and then 
for various cases representing “exceptional” behavior. Such scenarios are visualized as sequence diagrams. 
When a sufficiently complete set of sequence diagrams exists, statechart diagrams are constructed for 
desired participating objects. 
 
Automated support for constructing state machines from scenarios provides considerable help for the 
designer, allowing her to concentrate on sequence diagrams rather than on statechart machines. Automatic 
generation of statechart machines from variations of Message Sequence Charts (MSCs) [3] (including 
UML sequence diagrams) is implemented in several tools [4, 5, 10, 11, 12]. 



 
The synthesis algorithms generalize information given in MSCs, i.e., the resulting statechart machine 
accepts more paths through the modeled system than represented as MSCs. The generalization is usually 
the desired affect. However, in some cases a synthesized statechart machine might also accept unwanted or 
erroneous paths and thus be “overgeneralized”. Applying the synthesis algorithm to an incomplete set of 
sequence diagrams may result in an overgeneralized state machine that does not meet user's intentions. 
Inaccuracies in the contents of the sequence diagrams can have the same effect.  The synthesis algorithm 
presented in this paper avoids overgeneralization. To achieve this goal, the algorithm asks the designer for 
guidance during the synthesis process, when needed. 
 
MAS [6, 7] is an algorithm that synthesizes UML statecharts diagrams from sequence diagrams. It models 
the synthesis process as a language inference problem and uses Angluin's [1] framework of minimally 
adequate teacher to infer the desired statechart diagram with the help of membership and equivalence 
queries. The algorithm can conclude the correct answer to most of the membership queries without con-
sulting the teacher, i.e., the designer.  
 
Being a minimally adequate teacher requires that the designer can answer two kind of simple questions: 
(1) she must decide whether a given behavior is possible in the system she is implementing (the member-
ship queries), 
(2) she must accept or reject the output statechart diagram, and moreover, if she rejects, a counterexample 
from the symmetric difference of the languages accepted by the output statechart diagram and the unknown 
statechart diagram must be given (the equivalence queries). 
 
Interaction with the user is the main advantage of MAS over previously known synthesis algorithms. 
Totally automatic synthesis algorithms, e.g., the algorithm used in SCED [4], may result in a state machine 
that contains undesired generalizations. Because MAS consults the user during the synthesis process, the 
user can be confident that such generalizations do not appear in the resulting statechart diagram.  
 
We have a practical implementation of MAS, intergrated to a real-world UML modeling tool, the Nokia 
TED [13]. TED is a multi-user software development environment that has been implemented at Nokia 
Research Center and is currently used at Nokia. It supports most of the UML diagram types. 
 
2. An overview of MAS  
 
A UML sequence diagram consists of participating  objects and messages occurring between these objects. 
Objects are shown as vertical lines called lifelines and messages as horizontal arrows extending from a 
sender object to a receiver object. Time flows from top to bottom.  
 
Let D be a sequence diagram describing a scenario with an instance I of class C. The trace originating from 
D with respect to I is obtained as follows. Consider the lifeline corresponding to I. Starting from the top, for 
two successive messages labeled ei and ej associated with I, where ei is a sent message and ej is a received 
message, add item (ei, ej) into the trace. If either of ei or ej is missing, then add NULL  instead. If the 
explicit deletion of the object (or other kinds of UML sequence diagram concepts that indicate reaching of 
a final state) is not shown at the end of the sequence diagram, let the right hand side of the last pair be 
VOID. Note that the semantics of the original sequence diagram is preserved. The additions needed for the 
statechart synthesis are made to the trace, which is an internal data structure that stores the information 
given in sequence diagrams.  
 
A trace item (ei, ej) (with respect to C) implies that at a certain point during the execution of the system, C 
sends a message ei to some other object and then reacts to message ej sent by another object. Thus, we map 
each sent message with an action (for simplicity, we do not distinguish activities from actions) performed 
in a state and each received message with an event that causes a state change (and possibly a new action to 
be performed). For example, corresponding to the trace item (ei, ej) there is a state with action “do: ei” and 
an outgoing transition labelled ej in the state machine.  
 



In a UML statechart diagram, a transition from a state to another state can also be a so called completion 
transition. We require that if a state has an outgoing completion transition without a guard (i.e., a condition 
that must hold to allow the transition to fire), it cannot have any other outgoing transitions. In UML, such a 
transition is implicitly triggered by the completion of any internal activity in a state [9]. UML allows a 
completion transition without a guard and a transition with an event trigger to be attached to a same state as 
leaving transitions, although it is not a common practice. However, if the activity in the state was an 
instantaneous one (i.e., an action), then the labeled transition would never get a chance to fire. 
 
The UML sequence diagram notation [8, 9], however, is much richer. It contains, for instance, the follow-
ing notation concepts: conditional branching, iteration, recursion, explicit return messages, and destruction 
of objects. In addition, states of objects can be attached to a sequence diagram. These UML sequence 
diagram concepts can be taken into account when constructing the trace for MAS (see [7] for details). For 
instance, a conditional branching can be interpreted as a shorthand notation for several merged sequence 
diagrams, each of them expressing one branch in the structure. From the sender’s point of view, the name of 
the message is parsed so that the guard condition itself is considered as a received message (and thus will 
be mapped to a transition in the resulting statechart diagram) and the message name as a normal sent 
message.  
 
The input of  MAS is a set of traces, and MAS tries to construct a statechart diagram consistent with the 
input traces. However, this is usually not possible without a help from the user. MAS can pose membership 
queries and equivalence queries.  In a membership query, MAS asks the user whether a given sequence of 
operations is acceptable. (In the original terminology of grammatical inference this means “whether or not 
a given string belongs to the target language”.) By making membership queries, MAS gathers information 
to its data structures. Based on its application specific knowledge, MAS can conclude the correct answer to 
most of the membership queries. This is essential for the usability and efficiency of the use. (In its original 
form, Angluin's minimally adequate teacher makes far too many queries to be practically usable.)  
 
When the data structures of MAS fulfill a certain condition, it makes an equivalence query (a conjecture). 
This means that MAS outputs a statechart diagram, and the user can accept or reject it. If the user accepts 
the conjecture, the algorithm halts. In the case of rejection, the user is expected to give a counterexample to 
guide the further execution of the algorithm. Consult [6,7] for the details concerning MAS. 

3. An example 

Assume that the user designs the behavior of an alarm clock. An example sequence diagram is shown in 
Figure 1. A trace corresponding to the sequence diagram in Figure 1 from the point of view of the control 
unit is the following: 
 

(display time, set alarm time), 
(register, NULL), 
(flash alarm time, NULL), 
(display time, alarm time reached), 
(start ringing, turn alarm off), 
(stop ringing, NULL), 
(display time, VOID). 

 
 



 
 

Figure 1. A sequence diagram describing an example usage of an alarm clock. 
  
 
To be able to produce the first conjectured statechart diagram, MAS needs to consult the user four times. It 
makes a membership query concerning the following paths: 
 

1) No user inputs are given, i.e., the alarm clock just displays time, 
2) A new alarm time is given,  
3) A new alarm time is given and it is changed once before that alarm clock starts ringing. 
4) A new alarm time is given, the alarm clock starts ringing when the alarm time is reached,  

                  and another alarm time is set. 
 
The user accepts all these four paths and MAS conjectures the statechart diagram depicted in Figure 2. 
 

 
 

Figure 2. The first conjectured statechart diagram. 
 



The user can then either accept or reject this conjecture. If she rejected, she should provide a counterexam-
ple. A counterexample can be positive or negative. In a case of a positive counterexample, MAS should 
change the conjecture so that it also accepts the given counterexample. A negative counterexample, in turn, 
describes a generalization in the conjecture that should be prohibited. The normal way to give a positive 
counterexample is to present an extra sequence diagram.  
 
Semantically, the first conjecture in Figure 2 contains two generalizations, compared  to the sequence 
diagram in Figure 1: (1) the alarm time can be reset several times before the clock starts ringing, and (2) if 
the alarm time is reached, the clock starts ringing even if the alarm is not set on. The algorithm has merged 
two logically different states together, thus overgeneralizing the statechart diagram. The former example of 
overgeneralization (1) is not harmful but the latter one (2) is (from the semantical point of view). Thus, in 
the case a statechart diagram in Figure 2, a negative counterexample should be given. In this case, a suffi-
cient counterexample could be, e.g., a path from state q0 to state q4 via state q3 (using transitions alarm 
time reached and turn alarm off).  

4. Managing inaccuracy in MAS 

 
As described in [6, 7], MAS allows only Yes and No answers to membership queries. User’s mind changes 
cannot be considered as incomplete or inaccurate answers, since at any moment MAS handles all 
information as “certainly true”.  A much better approach is to allow the user to give genuinely inaccurate 
answers. This, however, makes the structure of  MAS considerably much more complicated. In this section 
we sketch ways to equip MAS with a possibility to handle incomplete and inaccurate answers. We consider 
here only membership queries, since we suppose that user's answers to equivalence queries are always 
correct and definite. 
 
During the membership query phase MAS collects information from the user to its observation table. In 
order to make the conjecture, MAS requires exact information indicating whether or not certain paths are 
possible in the system considered (or in the grammatical inference terminology: “whether or not certain 
strings belong to the target language”). Hence, in order to allow the algorithm to accept inaccurate answers, 
we have to have some kind of mapping from inaccurate answers to normal Yes and No answers. This is 
pictured in Figure 3.  
 
 
 
INACCURATE LEVEL  
 
 
 
 
EXACT LEVEL (MAS) 
    
 

Figure 3. A mapping from the inaccurate level to the level of MAS. A line stands for a membership query 
phase and a circle stands for an equivalence query phase, i.e., a conjecture. 

 
A simple way to support the user in cases of uncertaincy is to allow her to answer Later to a membership 
query. In some cases, a question that is difficult to answer might become obvious, when the synthesis 
process gets further and the user learns more about the overall behavior. Furthermore, a difficult 
membership query might even get automatically solved later during the synthesis process. This happens if 
another query contains information from which the answer can be concluded. Implementing Later answers 
is straightforward. The algorithm just needs to keep track of postponed questions and poses them later (if 

Later           Probably yes              Probably no 



needed) when other membership queries have been asked. Eventually, the user has to give answers to all 
the questions that cannot be solved by MAS, since MAS is not able to give conjectures otherwise.   
 
It is natural to expect that although the user is not sure how to answer a membership query, she usually has 
some kind of assumption of the correct answer. A Probably yes (resp. Probably no) answer to a 
membership query is interpreted as a “Weak yes” (resp. “Weak no”). This means that the algorithm can 
change a Probably yes (resp. Probably no) answer to be normal No (resp. normal Yes) if the user elsewhere 
gives definite information from which No (resp. Yes) can be concluded.  

5. Discussion 

 
UML provides a large set of diagrams that can be used to model different aspects of a software system. 
Since these diagrams contain overlapping information, automated support for constructing the diagrams can 
be provided. In behavioral modeling, such support can be offered by constructing statechart diagrams from 
sequence diagrams. 
 
UML sequence diagrams are used for showing examples of interaction between several objects, while 
statechart diagrams are used for specifying the full dynamic behavior of a single class of objects. Hence, 
the constructed set of sequence diagrams might be incomplete and there might be inaccuracies in the 
contents of the sequence diagrams. Generating a statechart diagram automatically from such a set of 
sequence diagrams might lead to undesired results. For example, a generated statechart machine might 
accept more traces than expressed as the set of sequence diagrams. In some cases, such generalizations 
might be harmful, i.e. the state machine is “overgeneralized”. Even if tool support is provided, correcting 
the statechart diagram manually afterwards is undesirable.  
 
In this paper we discussed a method for synthesizing a state machine from UML sequence diagrams in an 
interactive manner. Whenever needed, the used algorithm asks the designer for guidance during the 
synthesis process. This avoids overgeneralization.  
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