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Abstract To model formal Use Case Type is useful in using
a state machine diagram once it is verifiable through math-
ematical analysis, and it is very precise. But by the same
characteristics, it is very difficult to be modeled in early
phases since many definitions are still open and vague. This
study presents an approach to obtain a formal Use Case
Type definition in early phases without losing the intuitive
events searches provided by other heuristic models, usually
sequence diagrams.

Keywords Use Case Type · Model transformation ·
State machine · Formal Use Case

1 Introduction

To model Use Cases, the modeler should describe it in terms
of a dialog between actors and the system. The dialog is
defined based on stakeholder’s needs encapsulating the sys-
tem’s control in a way which are just defined in-coming and
out-coming events, which are often modeled by sequence
diagrams [1].

This diagram models the sequence of events, considering
the order of its occurrence, and representing the interaction
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of many actors (if it is used to model Use Cases) with the
system. Considering the Use Case Type [2], those diagrams
are not appropriate, since this kind of model many times do
not represent a sequential behavior, for the actors can asyn-
chronously trigger events. In order to complete the whole
description of the Use Case and refine its Type, it is usual
to make ‘n’ scenarios, searching for alternative flows which
were not yet modeled.

That approach causes a big waste of time to elaborate many
possible situations, for the Use Case Type model refinement.
This is necessary since this diagram shall represent the whole
life cycle, so it is needed to consider many situations in order
to get the overall behavior of the Use Case, searching exhaus-
tively for a non-considered situation.

Even considering lots of situations, the modeler never get
a totally complete life cycle, which will consider all possible
sequences to events of the Use Case as expected to describe
its Type. As stated, the sequence diagram should follow a
sequence to represent a system’s behavior, but the triggers
are not sequential, so, to ‘n’ steps are n! possible situations
of the trigger sequence permutations. To illustrate the impos-
sibility of getting the Use Case Type by Sequence diagram,
suppose a 8-message diagram, it will produce 8! = 40,320
different situations. In fact, in this example, each event is
supposed to occur just once, which is not true in a real sit-
uation because, if there is permutations with repetitions, the
complexity of the model increases, thus making it very diffi-
cult to obtain all situations, and the number of scenarios can
be infinite. So, to those situations, the modeler can just make
some scenarios to test the flow.

Despite the impossibility of model, a proper Use Case
Type using sequence diagrams, it has another problem, as the
diagram grows and became complex, it starts to hide incon-
sistencies, contradictions, and ambiguities troubling the anal-
ysis procedure.
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2 F. S. Marcondes et al.

So, it should be a way that allows the proper model of the
Use Case Type, which represents all ‘n’ situations without
the ambiguity, inconsistency and contradictions problems in
order to improve the requirement engineering, turning it into
an agile, detailed and less complex procedure.

Those objectives can be achieved by the use of the state
machine diagram to model the Use Case Type, and it includes
the benefit of being a formal, mathematical-based model,
which includes the Mealy and Moore machines algorithms
with more resources to improve its manipulation. The only
problem of using it is that at the early phases of a software
development, it is difficult to identify events and states to the
state machine. This occurs in the early stages of the devel-
opment, since the systems are not well defined yet, and the
aspects needed by state machines can be so abstract that these
complicates the process rather than better. In other hands to
get diagrams like activity or sequence diagrams are easier to
collect, but retrieve to the problem stated before.

The purpose of this research is to present an approach
that allows the modeling of Use Case Type, using State
Machines diagrams, without loosing the intuitive aspect that
can be modeled in early phases of the development in order to
decrease the difficulty in obtaining states and triggers, with-
out the sequence diagram problem stated before.

2 About models

The UML’s official guide defines the term Use Case as the
same concept as for the Use Case Type, and it can be assigned
to one or more diagrams, which represent its behavior [2].
An instance of a Use Case, also called scenario, refers to one
logical path of the Use Case Type behavior [3].

On this way, to model the Use Case Type behavior is a
hard task once it has to predict all possible situations. The
other option is to try to obtain the all possible scenarios of the
Use Case with flowcharts. It is easier to model flow of events
with the sequence, or the activity diagrams than to utilize the
state machine diagram [4].

Even for small software systems, those scenarios can be
so numerous that is not possible to represent them all. It leads
the analyst to choose some “most important” scenarios that
will be modeled, resulting in unpredictable behavior of the
system [5]. Some of those unpredictable situations will be
discovered, analyzed, and treated at the test phase incurring
in increased costs, and in some cases, getting the project
under risk [5].

Besides, the first choice, using state diagrams, is the safer
one, for to model state machines is not a trivial task. States
can be defined as a condition of existence of an instance
that is distinguishable from other one [6] or as a situation
in which some condition is held [2]. Turing [7] called state
as a condition, and the pair (condition, scanned symbol) as

a configuration [7]. Abstracting Turing’s definition to the
UML’s State Machines, state is a set of properties whose
values determine how the system will respond to an event
[3], and a transition (configuration) is the pair (state, event),
which determines the future state (condition) of the system.

It is difficult to obtain those properties, and identify the
states in early phases of the development, for at the Use Case
description phase there are not yet entities or variables, so the
states are often modeled to an appropriate state machine using
the modeler imagination. In other hand, scenarios, specially
the basic ones, can be easily modeled if the modeler could be
helped by the stakeholder. This study presents an approach
on how to obtain the Use Case Type behavior starting from
a scenario description.

The UML’s behavior state machine is a specialization of
the Harel’s state machines for objects [2], which was created
by the union of the Moore and Mealy machines [8]. This
statement is important to a proper understanding of the model
and transformations of State Machines, since they inherit all
Mealy/Moore algorithms and properties.

Another advantage of that statement is the finite state
machine definition used by Mealy/Moore machines, which is
the best known representation of the von Neumann architec-
ture. It has input, output and a well-defined flow represent-
ing the control, since those machines only recognize regular
expressions so, there is no memory need. An extension to
the Harel’s model can include a stack or tape to increase the
computational power to represent the von Neumann’s archi-
tecture memory. Thus, the state machine model is a powerful
tool to describe a system’s behavior.

Sequence diagrams were originally defined to show inter-
actions between objects in the sequential order that those
interactions occurs [2]. On essence, it can model interactions
between anything in a simple way [2], and it was usual to
model Use Case scenarios such as an interaction between an
actor and a system [4]. To model this diagram is as easier as
to model the activity diagram, it is usual that the stakeholder
knows what is needed to introduce, and what is expected back
of the system, at least on the expected basic flow.

From a requirement viewpoint, the activity diagrams
should be modeled if it will help to find events. Use Cases
are focused in events and its principal characteristic is encap-
sulation, so, control rules should be avoided.

Interactions could be synchronous or asynchronous, and
are characterized by a message sending process that results
from actions, which may be actions due by other behaviors
[2]. In fact, messages works as message events [2], an event
can be defined as the specification of some occurrence that
may potentially trigger effects by an object [2]. Events could
be (1) call, (2) message, (3) signal, and (4) time [2]. Those
events trigger actions at the object that receives the event.
Trigger relates an event to a behavior that may affect an
instance of the classifier [2].
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Modeling a formal Use Case Type at early development phase 3

As sequence diagrams are powerful to model interactions,
it is poor to model conditions, as well, activities diagrams
are poor to model interaction, even using swim lanes, once
it was not originally created do model those situations. To
model activity diagrams is necessary to identify the actions
performed by the system triggered by events, which need to
be modeled by the sequence diagram.

Neither the sequence diagram support activities, neither
the activity diagram support events, but both are fundamen-
tal in describing the system’s behavior over many possible
scenarios. Even those models producing similar diagrams
represent different views as stated before, so the modeler
should produce both diagrams to an appropriated knowledge
of the Use Case, but in this case, the modeler will produce a
prohibitive number of diagrams multiplied by two.

The only diagram that supports both events and activities
is the state machine [2]. So, in thesis, it is possible to obtain a
state machine from the sequence diagrams, without need to
identify the variables. If this is a true statement, by an initial
state machine, it is possible to make it deterministic in order
to represent the overall scenarios of the Use Case obtaining
a formal definition of the Use Case Type.

3 The approach

State machine diagrams have two important properties: one
is responsible to trigger the transitions and are modeled as
events, while the other is responsible to perform actions.
As stated before, sequence diagrams are useful to identify
events, which can be mapped to a state machine diagram as
each event generates a transition to one new state [9].

3.1 Equivalence over sequence diagrams and state machines

Hypothesis (1) Each object into a sequence diagram has an
equivalent state machine which represents its behavior.

Base of hypothesis (1) On sequence diagram, one general
state is inserted before and after each event, as show at Fig. 1.

Actually the e2 is a special kind of event onto sequence
diagram because it represents a return statement [9], it causes
execution to leave the current subroutine, and resume at the
point in the code after where the subroutine was called [10].
From a practical viewpoint, the return statement is considered
just as a common event. Since it is an existing object, it has an
state before the event and after the return statement if it was
not created or destroyed by the event. On those situations, it
can be created a λ state before, in case of creation, or after,
in case of the object destruction, which will be eliminated at
the end of the process, or based on Harel’s Statecharts, there
is a transition from a pseudo start state to the first state and a
transition from a last state to a pseudo final state, thus both
cases can use this notation.

Fig. 1 a A generic sequence diagram. b A generic sequence diagram
with its states

Considering two events e1 and e2 of a sequence dia-
gram, the approach produces two independents automata
M, which have the transition (q0, e1 → q1), Fig. 2a, and
N which has the transition (q2, e2 → q3), Fig. 2b. Since
they are regular expressions, they can be concatenated pro-
ducing a machine K = M · N [11] having the (q0, e1 →
q1), (q1, λ → q2), (q2, e2 → q3) transitions, Fig. 2c.
In general terms, the expression will be: (genericState0 :
State, event : of SequenceDiagram → genericState1 :
State) (genericState1 : State,→ genericState2 :
State) (genericState2 : State, event : Sequence
Diagram → genericState3 : State).

Over the K machine, it can be applied a transformation
that eliminates the λ transition [12] producing the nondeter-
ministic finite state (NFS) machine K (q0, e1 → {q1q2}),
({q1q2}, e2 → q3) as shown at Fig. 3. In this text, only the
λ-free structure will be used to simplify the explanation. In
general terms, (q0, event : of SequenceDiagram → q1)

(q1, event : SequenceDiagram → q2).

a. Induction of hypothesis (1) to n events On sequence dia-
gram, one general state is inserted before and after each
event. Considering each event of a sequence diagram, the
approach produces ‘n’ independents automata since ‘n’ is
equal as the number of events. Each machine has the tran-
sition (a precedentState, event → a posteriorState). Since
they are regular expressions they can be concatenated pro-
ducing a machine K=machine ‘n’ · machine ‘n’+1· . . . ·
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Fig. 2 a M machine, b N machine, c K machine

Fig. 3 NFS K machine without λ transition

machine ‘n’+(n −1) having the (initial state of machine ‘n’,
event of machine ‘n’ → final state of machine ‘n’), (final state
of machine ‘n’, λ → initial state of machine ‘n’+1), (initial
state of machine ‘n’+1, event of machine ‘n’ → final state of
machine ‘n’+1) . . . (final state of machine ‘n’+(n−2), λ →
initial state of machine ‘n’+(n−1)), (initial state of machine
‘n’+(n − 1), event of machine ‘n’ → final state of machine
‘n’+(n − 1)). Over the K machine, it can be applied a trans-
formation that eliminates the λ transition [12] producing the
NFS machine K.

This machine represents with great fidelity the behavior of
the object described at the diagram, so, as stated “each object
into a sequence diagram has an equivalent state machine,
which represents its behavior”.

b. Induction of hypothesis (1) to n objects To ‘n’ objects,
obtain the state machine to each one. Since each object
is independent and state machine intend to model objects
behavior, each machine is disjoint or orthogonal to the others,
so as stated at the hypothesis, “each object into a Sequence
diagram has an equivalent state machine, which represents
its behavior”.

c. Induction of hypothesis (1) to n diagrams One same state
machine can represent ‘n’ possible path of execution of an
object, but the Sequence diagram can represent one at a
time. To ‘n’ diagrams of one same object, obtain the equiv-

Fig. 4 Possible executions of e1

alent state machine, use the union operation in the gener-
ated machines. On the obtained machine, apply the Myhill–
Nerode minimization to obtain the final machine.

Hypothesis (2) Each state machine that represents an object
behavior has ‘n’ equivalent sequence diagrams that describes
it.

Refutation of (2) Suppose a K Machine with the transition
(q0, e1 → q1). Since a state machine represents the behav-
ior of an object, there is one object which implements that
machine. Each trigger of the state machine is triggered by
an event, so it can be considered as event occurrence or just
an event, so, for each trigger of the state machine there is an
equivalent event.

To create the sequence diagram, choose some desired path
of execution in the state machine to define the order of event
occurrence at the sequence diagram. Create the sequence dia-
gram and insert events on the defined order. At this time,
it is impossible, even using the correct definition of events
(call, message, signal, and time), to decide where the event
is started as shown at Fig. 4. That occurrence is based on the
nature of the state machine, which is defining a behavior for
one object in a regular-context way.

3.2 Approach to transform sequence diagram
into a complete FSM

Approach From a sequence diagram that represents the basic
flow of a Use Case, obtain the equivalent state machine E1.
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Modeling a formal Use Case Type at early development phase 5

The result of this procedure is a non-deterministic Mealy
machine, in which each transition has its own states and
actions. On this machine, it can be applied an algorithm to
transform it into a deterministic machine, this transformation
has to be made manually, because it involves many project
decisions as shown in the case study.

Once obtained the deterministic state machine diagram,
the modeler can give names to the general purpose states
finishing the Use Case Type modeling.

3.3 State machine complexity

Hypothesis of Lemma (1) At a state machine, an increase the
number of states implies in less model complexity than an
increase in the number of events.

Base of Lemma (1) Suppose a state machine with four states
and three transitions, it yield 43 = 64 possible situations to
the system execution. Suppose a state machine with three
states and four transitions, it results in 34 = 81 possible
situations to the system.

Induction of Lemma (1) Suppose a state machine with x
states and y transitions, it yields x y possible situations to
the system execution. It can be reduced to the elementary
true, that in most cases, x + 1y < x y+1. So, as stated at a
state machine, an increase in the number of states implies
in less model complexity than an increase in the number of
events.

4 Case study

This approach was applied to model a simplified attitude and
orbit control system (AOCS). The Use Case modeled was
called as simulate satellite dynamics, and it performs the inte-
gration of dynamics equations with the board computer every
5 ms by some parameter defined by the researcher. The Fig. 5
shows the sequence diagram that represents one situation of
the Use Case Type; it is a simple model since there were not
yet considered its scenarios nor its alternative situations.

In some projects, it is useful to use an activity diagram
to represent the initial expectation of the stakeholder from
where some events can be identified, in this study this kind
of activity was omitted since it is out of scope.

Figure 5 has both synchronous and asynchronous events,
so the modeler to get the complete Use Case Type needs to
insert the asynchronous events in many places. An important
example is the stop event, the researcher can stop the simula-
tion everywhere, to proper represent it. The modeler should
produce six models inserting the stop event after each event.
As well, the clock will send the wake up command when it
realizes that was already passed 5 ms, the signal can come

Fig. 5 Simplified Use Case Type

Fig. 6 State machine generated by the Use Case sequence diagram

wherever state is the system, so it can be very complex to
model those situations using sequence diagrams.

The approach was applied over Fig. 5 producing the model
as appear at Fig. 6. Figure 6 already considers the stop con-
dition to all places at the system, so, where it was needed +6
diagrams. On the other hand, by the approach used just one,
and the system can grow as far as it needs, but it will be still
modeled by just one diagram.

Considering that state machines are based on Mealy and
Moore machines, a non-deterministic machine can become
a deterministic one, this can be done manually or by existing
algorithms. The main idea of this transformation is to obtain
the overall situations of the Use Case Type without retriev-
ing to ambiguity, contradiction and inconsistency problems.
State machines used to avoid those problems. After this trans-
formation, the machine can became too complex (still less
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6 F. S. Marcondes et al.

complex than the Sequence diagram) to be modeled as a dia-
gram, so it is a better approach to use a table to represents it.

In Table 1, were placed the basic transitions, and manu-
ally were defined some alternative ones, this activity leads to
some project decisions which on the scenario-based approach
are often missed, but in a state machine just blow-up. To the
case study, the system’s behavior decisions were blown up:

1. The researcher can modify the properties of the satellite
during the simulation?
Actually this kind of question occurs to the user when
he wants to do this action and realizes the system do not
consider that possibility, so in the worst possible phase,
where the costs are 1,000× greater than if it was iden-
tified at the early phases. Using this approach, since the
state machine requires for model its entire life cycle, this
modeler’s decision just blown up. By this example, the
researcher can change the satellite configuration at any
state, if that event occurs the system shall send the new
attitude to the board computer, so, it went to q1 from
everywhere.

2. What happens if the system receives a wake-up event
during q3 or q4?
This kind of situation represents a deadline lost, which
implies the creation of one new state to proper treat it.
The answer of this question also yields the solution to
other problems, which the modeler not yet considered,
like what happens if the system receive a wake-up just
after it received configurations properties, so by filling in
the blanks the modeler will resolve many system prop-
erties without need to consider them all. Mature model-
ers can identify best patterns of events, an if treat them
appropriately, they do not need to identify case by case
to resolve them, he can just extrapolate to the ‘blanks’
resolving similar questions.
Another advantage of using state machines is its poly-
morphic characteristic, so, the new state on the state

machines implies that the system will act different to
resolve the dead line lost until return to the original flow.
This characteristic is very desirable to the real-time prob-
lems.

3. What happens if the system receives a wake-up event
during when it is in the ‘DeadLine lose’ state?
That flow, in this case study, can indicate a more seri-
ously problem with the system, maybe some actor was
crashed. This possibility leads to the refinement of the
system; maybe it is important to verify the correct behav-
ior of the actors, including filters or redundancies, resolv-
ing those questions the system should grow until all life
cycle properties are resolved. To keep the model as sim-
ple as possible, in this study the situation leads to an error
condition.

Similar decisions and refinement will blow up form the
detailed analysis of the state machine. To this example, sup-
pose the modeler resolved all decisions of the system and
still have some blanks at the transition table. That implies
the machine as a non-deterministic one, so, the modeler can
apply the conversion to a deterministic machine using the
algorithm proposed to similar purpose for Mealy and Moore
Machines [11]. That procedure produces a new state to where
all blanks should go, and applying the minimization as pro-
posed by Marcondes et al. [13], the new state and the ‘Error’
state will be concatenated producing a new state called also
as ‘Error’ and waits the researcher to stop the system.

The advantage of that approach causes the system never to
halt since all events are well monitored and been a mathemati-
cal-based tool, there are no place for ambiguity, contradiction
and inconsistency.

Table 1 shows the transition table of the case study, it has
all transformations described above including the minimiza-
tion.

Since this case study is modeled by the Use Case approach,
this formal, deterministic and well-defined description will

Table 1 State machine transitions

q0 q1 q2 q3 q4 q5 q6 DeadLine Error
lose

Initial properties q1 q1 q1 q1 q1 q1 q6 q1 Error

Attitude Error q2 Error Error Error Error q6 q2 Error

Control Error Error q3 Error Error Error q6 q3 Error

Control Error Error Error q4 Error Error q6 Error Error

Integration

Go sleep Error Error Error Error q5 Error q6 Error Error

Wake up DeadLine lose DeadLine lose DeadLine lose DeadLine lose DeadLine lose q1 q6 Error Error

Stop q6 q6 q6 q6 q6 q6 q6 q6 q6

The basic flow appears bold
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Modeling a formal Use Case Type at early development phase 7

Table 2 Use case applications [6]

Phase Application

Analysis Suggest large-scale partitioning of the domain

Provide structuring of analysis objects

Clarify system and object responsibilities

Capture and clarify new features as they are
added during the development

Validate the analysis model

Design Validate the elaboration of analysis in the
presence of design objects

Coding Clarify purpose and role of classes for coders

Focus coding efforts

Test Provides primary and secondary test
scenarios for the system validation

Deployment Suggest iterative prototypes for spiral
development

collaborate to a best definition of the subsequent phases.
Table 2 defined by Douglass et al. [6] presents the Use Case
usage on the software development process.

Despite its formalism, it is an easy to understand model
that represents all possible situations of the Use Case Type,
at this case study, it was represented by 97 = 4782969 situa-
tions. On those situations, it can be defined by scenarios that
will test the system’s behavior. Another advantage of the state
machine usage is the automatic-like definition of the Object
Constraint Language (OCL) completing the whole descrip-
tion of the life cycle of the Use Case [2].

Until this point of the analysis, the states received pseudo-
names to be proper optimized. The caution about the optimi-
zation over pseudo-states does not lead to lose abstraction,
since it is difficult to choose a proper name for optimized
states if the modeler named them before, as well it is difficult

to define good names in early stages of the modeling. After
the optimization process made over a mature model, the mod-
eler should give names in order to increase the semantics and
readability of the model, becoming as in Table 3.

The transition table, modeled in Table 3, representing the
97 situations of the system, the calculus was based upon per-
mutations with repetitions technique, and could be modeled
in just one diagram. This approach produces a robust dia-
gram once all possible situations are modeled and can be
tested. The Use Case Type represents a set of requirements
of the system and they can be easily derived from that state
machine, analyzing each state and its transitions and actions.

5 Conclusion

The Use Case Type modeling by state machine is a hard task
if it is made in early development phase by its dependency
on variables and its values. The variables change is triggered
by events and procedures which can be easily modeled in
early phases supposing there is a set of variable values before
an event and a different state of the variables after the event
occurrence. The changes made by actions have the same pro-
cedure.

This study has shown the approach to transform sequence
diagrams into a state machine diagram by formal transfor-
mation, and a way to obtain the Use Case Type over it. The
benefit of this approach, besides the Use Case Type model-
ing, is the possibility of using Mealy and Moore algorithms,
which can be used to optimize, transform, and making it
deterministic.

This paper has used, in particular, the deterministic and
minimization transformation getting robust Use Case Type
behavior representing 97 situations of the Use Case Type in

Table 3 State machine transitions

Waiting Setted Waiting Dynamics New Sleeping Stopping DeadLine Error
properties contol propagation atittude lose

Initial Setted Setted Setted Setted Setted Setted Stopping Setted Error
properties

Attitude Error Waiting Error Error Error Error Stopping Waiting Error
control contol

Control Error Error Dynamics Error Error Error Stopping Dynamics Error
propagation propagation

Control Error Error Error New Error Error Stopping Error Error
integration attitude

Go sleep Error Error Error Error Sleeping Error Stopping Error Error

Wake up DeadLine DeadLine DeadLine DeadLine DeadLine Setted Stopping Error Error
lose lose lose lose lose

Stop Stopping Stopping Stopping Stopping Stopping Stopping Stopping Stopping Stopping

The basic flow appears bold
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8 F. S. Marcondes et al.

only one diagram. It is not the intent to be a perfect, defect
free model, once the input can have failures, but it formally
yields a correct initial diagram to the modeler work over it,
as shown in Table 3.

Finally, constructing and making analysis on only one
model can increase the development velocity, improve the
software quality, and decrease the defect injection rate, in
comparison with the same processes made over sequences
diagrams.
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