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Abstract: Story Driven Modeling (SDM) is a technical software development process
employing UML based modeling in all project phases, including implementation and
test. SDM proposes object games for refining textual usecase scenarios into so called
story boards, i.e. sequences of UML interaction diagrams. From these story boards
the modeler derives class diagrams and UML based method behavior specifications
and UML based JUnit tests. The code generators of the Fujaba CASE tool turn this
automatically in a Java implementation and run the JUnit tests checking whether the
method behavior conforms to the usecase scenarios. This paper reports about signifi-
cant improvements in our systematic approach for turning story boards into method
behavior specifications. We have used this process in quite a number of educational
and research projects and we are exporting our ideas to the first industrial projects.

1 Introduction

This paper reports about significant improvements ofStary Driven ModelindSDM)
approach, cf. [KNNZ0O, d01], towards a very systematic process for the development of
object oriented software. Based on initial ideas from [DGMZ02] and [DGZ02], we have
run a large number of educational and research projects and some first trials in industrial
projects. With the experiences we gained within these projects, we were able to develop
systematic guidelines for the most crucial phase in SDM, the derivation of method be-
havior from example scenarios. These guidelines exploit that in SDM the analysis phase
as well as the design and implementation phase use very similar UML based notations
allowing to model at a very high object oriented level of abstraction. This facilitates to
generalize example behavior into general behavior specifications.

In the following sections we describe all phases of SDM with an emphasis on the derivation
of method behavior specifications. Then we give conclusions and future work.



2 Requirements elicitation

Our approach starts with the usual requirements elicitation resulting in usecase diagrams
and structured usecase descriptions. In this paper we use a library system example. The
overall example project covers the usage of a database for the management of books, cu-
stomers and lending processes, a full GUI, multiple user support, etc. For the sake of sim-
plicity, here we focus on the return of books and especially of the adding of returned book
index cards into the book catalogue. This means, we just use a sorting problem to illustrate
how scenarios are modeled and behavior specifications are systematically derived.

For our approach, it is important that the usecase scenarios have a certain format and that
they cover all alternatives. For the sorting problem that means, we systematically consider
the sorting of a stack with only one card, the sorting of a stack with two cards and so on.

Each usecase scenario consists of a description of the start situation, an invocation, an
elicitation of all executed steps and a description of the resulting situation, cf. below.
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4.1.1. Description of usecase sort one card

Scenario sort_one_card standard
Start situation: The unsorted stack contains one card
Invocation: The unsorted stack is told to be sorted.
Step 10 [OC1] A new (sorted) stack is created.
Step 20 [OC2a) The card is token from the unsorted stack.
Step 30 [OCZh] The card is inserted into the sorted stack.

Step 40 [OC3] The unsorted stack is removed.
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Abbildung 1: Usecase diagram with textual scenario



3 Story Boarding - refining usecases

To elicit the usecase scenarios, the developers may already perform a so-called object
game. In the object game we use cards or physical items representing objects from our
problem domain. In this example these are simply book index cards. Using these items,
the developers go through certain usecases. During this problem all steps are protocolled
as usecase descriptions.

Note, our object game is comparable with CRC card approaches, see e.g. [Bo91]. Ho-
wever, the outcome of a CRC card session is some kind of class diagram. The outcome
of our object games are scenario descriptions. We turn these scenarios description into
UML interaction diagrams, first, and we derive the class structure, second. Due to our ex-
periences in many educational and research projects, deriving scenario descriptions first
is much more appropriate and feasible then targeting on class structures. Actually, CRC
card approaches go through scenarios, too. However, they do not protocol the sequence of
executed steps but only the employed classes, relations, and methods. Thus in CRC card
approaches, the most valuable information get lost. Our object game protocols exactly
these valuable scenario information.

The developers may either protocol their object games in textual form and turn this into

UML interaction diagrams in a second step or they may use UML interaction diagrams,

directly. In either case, the outcome of the next step should be a UML based scenario
description.

Figure 2 shows such a diagram, a so called story board. A story board is a sequence of
UML collaboration diagrams that show the changes of the object structure in this scenario
comic strip alike. Note, that we concentrate on one scenario at a time what means that we
don’t have to deal with the general case but we deal with the current example run, only.
In figure 2 the trivial case, that there is only one index card which has to be sorted, is
protocolled using a story board. As mentioned before, our scenarios always have to match
the given structure: start situation, invocation, several steps, result situation.

So, the first activity of figure 2 contains an object diagram describing the start situation.
The start situation has been modeled by the developer using an obgmtedrepresen-

ting a stack which has first link to a card object calledl. Note, if a textual usecase
description is available, our tool automatically adds the textual description of a step to the
corresponding activity in the story board.

The next activity always models the invocation of the scenario. In our approach this is
usually a collaboration message / method call. Here, the mettroi called on theinsor-

ted object. Note, through this convention, in SDM each usecase is mapped to a dedicated
method that implements the corresponding functional requirement.

The following steps model the changes which are protocolled during the object game. In
the first of these steps (marked wi@CL1 in the story board comment) a new stack is
created which will then contain the index cards inorder. Note, that weseates> and

< destroy> markers to model creation and removal of objects and links. In the second
step OC29 aremoveFromStacknessage is send to objext This results in the removal

of thefirst link from the c1 object to theunsortedobject. In the next stegdC2b a link to



the sortedobject is created as consequence ofr@ertintoStack(sortedhessage. Then
theunsortedobject is removed@C3).

The last activity now models the result situation at the end of the scenario. In our case, this
is a stack object containing the card (inorder).
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Abbildung 2: Story board for sorting of one index card

Figure 3 shows the scenario for sorting two cards. In the start situation, these two cards are
unsorted, so that sorting is really needed in this scenario. In the start situation of the story
board this is modeled usingvalueattribute for the card objects. The invocation and the
first step equals the scenario for one card. In the secondBE&g#, theremoveFromStack
message is sent as well, but the effects differ. As in the first scenarifirghbnked is
removed but also theextlink from objectc1 to objectc2. The cardc2 then becomes the

first object of the unsorted stadRC2bshows the insertion of this card into the sorted stack

as described abov&C3ais again removal from the unsorted stack @@3binsertion

into the sorted stack. Note that here, the azttias to be inserted at the right place. In the



last step the unsorted stack is removed and the result situation consists of a stack containing
two cards in the correct order.
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Abbildung 3: Story board for sorting of two index cards

Due to our experience, the refining of usecases described above may easily be done by
multiple team members in parallel. The object game is done with the whole team. A flip-
chart may be used to protocol important steps or to develop some coarse grained story
boards. Every requirement engineer gets a set of scenarios to work on and some copy of
the flipchart content. Then every requirements engineer elaborates detailed story boards
for his or her scenarios on his own. During this process, a common class diagram ensures
a consistent use of object kinds, attributes, links and methods. The derivation of a class
diagram is described in the next chapter.

As mentioned above, we use story boards to describe one example scenario at a time.
Though, as story boards a based on activity diagrams, they could also be used to model
branches or loops. So, more experienced developers may model “more general” scenarios,
directly. However, we made the experience that concentrating on one example run is much
easier and is very helpful especially for beginners. In addition, a set of alternative scenarios
is much easier to read and to understand then a single complex activity diagram. This is
an important property e.g. for customers and newcomers to the project. So, our approach
suggests to use a set of simple alternative scenarios instead of a small number of complex
activity diagrams. Additionally, our CASE tool automatically generates test cases out of
each story board (cf. [GZ03]). Thus a large set of alterantive scenarios results in a large set



of test cases for the later implementation.

In our experience, the step from the textual usecase descriptions to the UML based sce-
narios is a very important modeling activity. We observed, that development teams very
easily agree on rough textual usecase descriptions. However, these textual descriptions
omit many very important details. The story boarding phase frequently reveals severe mi-
sunderstandings in differences in interpretation. During story boarding, the team decides
on how to model the different states of the system and how the different execution steps are
employed in this model. This may result in heated discussions. However, it resolves many
interpretation conflicts in a very early phase and provides an ideal basis for the subsequent
development steps. After story boarding, all team members have a detailed common under-
standing of the design and implementation concepts of the desired system. As a participant
of an industrial tutorial said: “Story boarding is where the decisions are made”.

4 Derivation of the design specification

After having understood the problem during the object games and having protocolled it
using story boards, the next phase is the systematic derivation of class diagrams and of
behavior specifications.

4.1 Derivation of the class diagram

The class diagrams are easily derived from the story boards. They may be derived during
story boarding or afterwards. This derivation uses the following approach: For every object

in the story board, the developer has to decide from which class this object might be.
He or she adds the corresponding class to the class diagram if it doesn’t already exist.
Objects having similar links and attributes are normally mapped to the same class. Next,
for every attribute usage and every method call on an object, the attribute or method is
added to the corresponding class. For every link between two objects in the story board an
association between the corresponding classes has to be added to the class diagram. If the
two objects are from the same class, a self-association is added to that class asexd. the

link between two cards in our example.

After having created such a basic class diagram, the developer has to think about the car-
dinalities. In SDM, this is usually easy to decide. If a story boards contains an object with
multiple outgoing links of the kind, the corresponding cardinality is obviously to-many.

In this way associations may also become m-to-n. If the developer feels unsure about car-
dinalities this may be discussed by looking at the story boards and considering missing
situations (e.g. can it happen that a card has more than one direct neighbor?).

Using this approach the following class diagram can be derived out of the two example
scenarios:
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Abbildung 4: The derived class diagram

Due to our experiences, usually most of the important design decisions are already made
during story boarding. Thus, the derivation of a first class diagram is usually very easy. In
addition, our approach avoids many mental problems that many beginners have with self
associations when they try to develop a class diagram without looking at example scenari-
0s. From our teaching experiences, we observed that the quality of the class diagrams has
been increased dramatically, since we have introduced story boarding in the development
process.

4.2 Derivation of the behavior specifications

Now, “only” the behavior specifications are missing. This means that the method bodies
are still empty. SDM uses the following approach for the systematic derivation of method
bodies from story boards:

1. identify all usages of a method in the story boards
2. for each usage:

(a) identify all effects of this method call. These are changes to the object structure
or subordinate method invocations. These effects may be shown in the current
activity and in following activities.

(b) identify the minimal context required for this method call to be able to execute
the identified effects.

(c) copy the minimal contexts to the activity diagram modeling the body of the
considered method.

(d) identify “similar” activities within the method body and try to merge them.
(e) Resolve conflicts in the resulting control flow by adding appropriate branching
conditions.

3. add loops and branches to cover the general case.



The result of this approach will be a UML interaction diagram, a so called story diagram,
that specifies the behavior of this method. The Fujaba CASE tool then generates executable
Java code out of the class diagram and out of these method body specifications, cf. [Fu02,
FNT98].
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Abbildung 5: Derived story diagram for methoeimoveFromStack

Using our approach for methadmoveFromStagkhe developer will first find this method

call in the activities marked witlDC2g TC2aand TC3a The developer examines one
usage after the other. For each invocation, first its effects are identified. In aQRiRg
theremoveFromStaciperation is called on thel object. Activity OC2acontains no other
method call and thus, all object modifications witlixC2aare most likely caused by the
removeFromStackperation. INnOC23 this effect is the removal of thiirst link between

the c1 object and theinsortedobject. Thus, thédirst link and theunsortedobject belong

to the minimal context of theemoveFromStackperation. Thesortedobject of activity
OC2ais not affected by theemoveFromStackperation, nor it is necessary in order to
identify any affected object. Thus, tisertedseems not to belong to the minimal context

of the removeFromStachkperation. In the subsequent activipC2b methodinsertinto-
Stackis invoked. We decide that this method invocation does not belong to the effects of
the removeFromStac&peration and stop here. Thus, the developer just copies objects
andunsortedand the connectinfrst link to a new activityXalin a new story diagram

for methodremoveFromStagckf. the upper right activity of Figure 5. Note, rectangles wi-
thin story board activities represent example objects. Contrarily, rectangles within story
diagram activities represent local variables of the corresponding method. Thus, during co-
pying, we rename the target of the method invocation, in this caselthbject, into the

this variable.



Now we consider activityf C2aof Figure 3. Again theemoveFromStaadlperation is invo-
ked on aclobject. However, this time first link and anextlink are destroyed and another
first link is created. The subsequent activity seems not to belong teetheveFromStack
operation. Thus, we copy objeat$, c2 andunsortedand their connecting links into a new
activity Xa2in the story diagram for methagmoveFromStaglcf. the lower left activity
of Figure 5. Again, we rename objext into variablethis. For clarification we also rename
objectc2into variablenext

Activities Xal and Xa2 of Figure 5 show significant structural differences. Thus, we do
not merge them into a single activity.

Note, the effects of a method invocation shown in a story board occur directly after the
method invocation. Thus, when we copy a minimal context from a story board into a
method body, this new activity is firstly connected to the start activity. In our example,
after considering the story board activit@£2aandTC23a the story diagram for method
removeFromStackould consist of activitieXalandXa2both directly reached from the
start activity. This is a conflict in the control flow structure since one activity must not
have multiple outgoing transitions without any branch conditions attached to them. Such
conflicts need to be resolved either by merging the corresponding activities or by adding
appropriate branch conditions.

In this example, the difference between the method body activiigdlsand Xa2 is the
additionalnextobject withinXa2 Thus, we create a new activibd that consists of the
part of the object structure that makes the difference, i.ethiseobject and thenextob-

ject. This new activitybl is then used as a branch condition at the beginning of method
removeFromStackf b1 matches to the current object structure, we followghecessink

to activity Xa2 Otherwise, we follow théailure link to activity Xal

The usage of methogemoveFromStaclkn activity TC3aeffects object2 and unsorted

and the connecting link. We copy these elements into the method body specification. The
resulting activity is equivalent to the upper right activity of Figure 5 and thus, these two
activities are merged. This merge creates no conflict.

Let us look at the resulting story diagram for methmeohoveFromStackn the first activity

b1the object structure is analyzed starting with the object matched by vatiabl&@hen

it is checked wether or notraextlink to an object of clas€ard exists. If yes, this object is
matched by th@extvariable and the activity is left using tlseiccessransition. Otherwise

the failure transition is used. Then the effects as described in the scenarios are executed
and the method is left afterwards. Note, if we leave out the class hame for a variable then
this variable has already been matched to some object of the runtime object structure and
we refer to this already existing content. This is especially true fotttiserariable.

The method body of methddsertintoStaclcan easily derived using the same approach.
Since we would need a scenario for three cards to cover all possible cases (insertion into
an empty list, at the beginning of a non empty list, at the end and somewhere between two
cards) we leave this out due to paper space restrictions.

As an example for a more complex control flow, let us consider the story diagram for
methodsort of classStack Methodsortis called in the invocation step in Figure 2 and 3.
In Figure 2, the invocation step has no effects, thus nothing need to be copied into the story



diagram for methodort Activity OC1creates aortedobject. This requires no additional
context and we copy just treortedobject into a new activityncOC1 see Figure 6.

From the point of view of theort method, in activityOC2ait just calls methodemoveF-
romStack The other effects are caused within the called method. In order tcecadiveF-
romStackwe only need thel object. However, in order to reach tb&object, the current
stack object and the connecting link are also required as minimal context. Thus we copy
objectunsortedandcl and the connectinfirst link into a new activitymcOC2a Object
unsortedis renamed into variabléis. In the story diagram for methagbrt, the new acti-

vity mcOC2ais appended to activitncOC1 since the operations aicOC2aoccur after

the operations of activitncOC1
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Abbildung 6: Control flow of methodort

In activity OC2bof Figure 2, method sort just does a method call on methsertinto-
Stack For this operation only objectl is needed. This time we need not to include the
current stack object since objext is already known from the previous activity. Thus we
copy onlycland the method call into a new activitycOC2hin Figure 6. The new activity

is appended tancOC2a



Finally, we consider activityDC3which just deletes the already knownsortedobject.

This leads to activitymcOC3in Figure 6. Note, alestroymarker on thehis object may

look suspicious. However, in Fujaba tdestroymarker is translated into emoveYou
operation that isolates the corresponding object such that it may be garbage collected.
This does not corrupt th&ort operation that is still running on tthis object.

The story board for two cards in Figure 3 is handled just in the same way. This creates
activitiesmcTC1throughmcTC4on the right of Figure 6. The resulting story diagram in
Figure 6 is invalid since the start activity has two leaving transitions. However, activities
mcOClandmcTC1lare obviously equivalent and thus they are merged into one adfvity

in Figure 7. Merging two activities attaches all incoming and outgoing transitions to the
result activity. Thus, after the merge of activiteseOClandmcTC1the new activity- has

two outgoing transitions to activitieacOC2aandmcTC2a Luckily, this inconsistency is
again easily resolved by merging these two activities into a new ac¥étin Figure 7.
Similarly, mcOC2bandmcTC2bare merged intXb. At this point in time, activityXb has

two successors, namefgcOC3andmcTC3awhich are not structurally equivalent. Thus
mcOC3andmcTC3acan not be merged. Before we consider this conflict, we recognize
that activitymcTC3ais equivalent to activitya and may be merged into the latter. This
results in the backward transition frodb to Xain Figure 7. At this point in time, activity

Xa has two successors, namefp and mcTC3bwhich are equivalent and thus may be
merged. NowXb has successoracOC3and mcTC4which are equivalent and therefore
merged into activityL. Thus, Figure 7 results from Figure 6 by systematically merging
equivalent activities.
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Abbildung 7: Control flow of methodort

The story diagram of Figure 7 still contains a conflict since actiMityhas two outgoing
transitions. This conflict is resolved by adding an appropriate branch condition. If we com-
pare activitiesXa andL and think about it, we find that the difference is whether still a
“first” object exists in the stack or not. Thus, we add an actibitg consisting just of the

this variable and a1 variable connected by fast link, see Figure 8. Systematically, the
new branch activitypc2 is a successor of activitb. If bc2 finds a match, we want to
proceed with activityXa and thus there should be success transition foo2ito Xa. For

the other case, a failure transition should leadl.tdhus, our systematic approach would
lead to some kind oflo-whileloop where the loop body is executed at least once. When



we applied our systematic approach to this example, at this point we immediately spotted
a weakness. A general sort operation should be able to deal with an empty stack of cards,
too. However, we did not provide a story board for the case of sorting an empty stack.
Thus, the systematic story diagram derivation did not cover this case. We could now add
a story board for the missing case or, as we did, we may just fix the problem manually by
moving the branch activitpc2to the head of the loop. This results in the story diagram
shown in Figure 8. Note, Fujaba translates the story diagram in Figure 8 automatically into
a Java implementation of ogort method. Thus, after the systematic derivation of story
diagrams the implementation of the desired system is already done.
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5 Summary

This paper introduces Story Driven Modeling as systematic software development ap-
proach. Instead of CRC cards, SDM employs a so-called object games. The steps of the
object games are protocolled as text scenarios and or as so-called story boards. From the-
se story boards, the developers systematically derive the class diagram. Then behavioral
specifications are derived by analysis and comparison of all story boards. Finally, our CA-
SE tool generates executable code out of the derived class diagram and the behavioral
specifications. In addition, story boards may be turned into JUnit test specifications, cf.
[GZ03]. These JUnit tests ensure that the derived behavior specifications actually realize
the provided usecase scenarios.

In contrast to usual software engineering processes as e.g. the Rational Unified Process
[JBR99], SDM provides systematic support for the actual software development work.

In [DGMZ02], we used a comparable yet not so elaborated approach for the derivation
of statecharts from story boards. In [DGMZ02] method invocations were mapped to tran-



sitions within one target statechart for a whole class. Then the effects of the method call
were mapped talo-actions of states within that statechart. In [DGMZ02], we also tried

to merge equivalent states, however, since the target statechart combines all effects of all
method calls to all objects of a certain class, very large statecharts were created and the
identification of equivalent states became very complicated. In addition, [DGMZ02] did
not yet include the insight, that certain branch conflicts need manual intervention. The au-
tomatic approach for branch conflict resolution in [DGMZ02] frequently generated a lot
of redundancy within the statechart or even non-connected statechart parts. This paper im-
proves the situation significantly through the idea of mapping effects to different methods.
This adds the concept of separation of concern to our approach. If one considers the ex-
ample of theemoveFromStacknethod, this basic method covers two very different cases

in the activitiesTC2aandTC3aof Figure 3. After methodemoveFromStackas taken the
responsibility for these different cases the derivation of metdwtlbecame much easier,
since from the point of view of theort method, now activitie3 C2aandTC3ahave beco-

me equivalent, just a call to methoeeimoveFromStackl herefore, the construction of the
sortmethod has been facilitated, considerably.

Compared to our previous work in [DGZ02], the merging of equivalent activities within
the behavior specifications has become much more systematic. In [DGZ02] we basically
used the method of “having a sharp look” to identify similar and recurring activities wi-
thin story boards and to merge such similar activities to control flow graphs. Therefore,
[DGZ02] also proposed to provide mnemonic names for each activity. Actually, this pa-
per just developed this idea by turning these mnemonic names into method calls within
that activity. This move then allowed to separate out semantically connected steps into
corresponding methods e.g. the differerhoveFromStachctivities. In addition, our new
approach narrows the comparison of different activities with respect to merging. Merging
focuses now on conflicts within the control flow structure of the story diagram of a single
method. One usually just looks for activities with multiple successors and considers to
merge these successors.

With respect to practical experiences, this paper provides many new guidance for software
developers. We frequently use this approach in teaching at highschools and at universities.
For novices, we recommend to develop very detailed story boards. This may be done in an
iterative approach starting with coarse grain story boards where many things happen within
a single step. Then we recommend to split large activities into small ones with very limited
effects, e.g. only one link or object created or modified. Then we encourage our students
to add mnemonic names for these simple activities and next to turn these mnemonic names
into method invocations. These iterations provide the basis for the systematic derivation of
behavior specifications using our approach. More experienced developers usually skip this
detailed elaboration of story boards. They employ pretty complex activities within story
boards that frequently include many method invocations within one activity. Experienced
developers are then still able to map different effects within one activity to the different
method invocations. They also derive method bodies already from a small number of story
boards that do not cover all different cases. More experienced developers prefer to consider
missing cases within the method bodies and to modify the control flow manually as we did
when we turned the do-while loop of osort method into a usual while loop to cover



the case of an empty stack without explicitly providing the corresponding story board.
However, also more experienced developers get a lot of leverage from using story boards
for the conceptual design and behavior analysis. To summarize this point, our approach
provide many detailed help for novices. Developers that have climbed the learning curve
may easily skip many of these details while still exploiting the general idea. This enables
experienced developers to use our ideas for larger and more complex applications.

As next steps, we try to provide more sophisticated tool support for our approach within
the Fujaba CASE tool. Fujaba supports our story board and story diagram notation and co-
de generation for the latter. We plan to extend this by an analysis component that looks for
method calls within story boards that have not yet contributed to the derivation of method
bodies and that finds not yet included invocations of a currently considered method within
different story board( activitie)s. In addition the copying of minimal contexts should be
supported as well as the identification and merging of equivalent states. In the reverse di-
rection, one may start with a story diagram or one may modify a story diagram and Fujaba
should either support the derivation of meaningful story boards or support the adaption of
story diagram changes within existing story boards.
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