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SUMMARY  Framework technology is one of the promising ap-
proaches to reuse effectively software and its key issues are 1) to select
the suitable frameworks for the software requirements specification, and
2) to fill the suitable hot spots with application-specific codes (customiza-
tion). This paper proposes a new technique for automated support of the
above issues by using labeled transition systems (LTSs) together with met-
rics technique. We model the behavior of the frameworks and the system
behavior specified in the requirements specification by using two LTSs re-
spectively. By establishing bisimilar relationship between the two LTSs,
we check whether the behavior of the framework can match to the require-
ments and explore how to fill its hot spots. This process is done by means
of constructing a graph to extract the bisimilar relationships, and each path
of the graph denotes one of the implementations of the requirements by the
framework. We attach some measures to the LTS of the framework, such as
the number of the hot spots to be filled and the number of the parameters to
be set up when filling the corresponding hot spot. These measures are used
to estimate developer’s efforts in filling the hot spots for each implemen-
tation, i.e. for each path of the graph. The result of estimating the efforts
guides the developers to select the implementation, and the structure of
the application-specific codes to be filled in can be automatically generated
from the selected implementation. Furthermore we discuss case studies in
the area of Web application, where Struts and Turbine can be used.
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1. Introduction

Framework technology[1] based on object-oriented con-
cepts is one of the promising approaches to reuse effec-
tively software and becomes very popular even for practi-
tioners. We have got various kinds of practical frameworks
nowadays, especially Jakarta Struts and Turbine [2] are well
known and frequently used in the area of Web application
development.

A framework can be considered as a incomplete source
code, and has specific “blank” places, so called hot spots,
which the developers fill in with application-specific codes,
so that it becomes a complete implementation satisfying the
requirements specification. We call this task of filling the
code customization. Software development processes using
frameworks are different from conventional ones; first of all,
developers select a set of the frameworks suitable for imple-
menting the requirements specification, and then they iden-
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tify which hot spots in the selected frameworks should be
used for the development because the frameworks usually
have more than one hot spot. By filling application-specific
codes in the identified hot spots, i.e. customizing the frame-
works, the developers can get the final product.

To use effectively frameworks, the key tasks are 1) to
select the suitable frameworks and 2) to identify the suitable
hot spots and to fill them with application-specific codes.

1. Selecting the suitable frameworks: The developers
should select the frameworks by which they can im-
plement the requirements and they can do with least
development efforts. To fill application-specific codes
in the hot spot so that the framework can work well as
a program, the developers should write the application-
specific codes and set up parameters specific to the hot
spot. These efforts to do greatly depend on the selected
frameworks and their hot spots.

2. Identifying the suitable hot spots and fill them with
application-specific codes: Since usually more than
one hot spot are available to achieve the application-
specific requirements, the developers should decide
which hot spots should be actually used. They select
the hot spots so that they can achieve the requirement
with least development efforts. What code the hot spot
should be filled with greatly depends on the hot spots.

The above tasks to use frameworks require of the developers
much knowledge about a family of frameworks of a prob-
lem domain. Automated support for the tasks to select the
frameworks and to fill the application-specific codes in their
hot spots is necessary for the developers, even non-experts
to the frameworks.

This paper proposes a new technique to support the
above tasks by using computer, i.e. by using this technique,
non-experts of the frameworks can be guided to select the
suitable frameworks for the requirements specification and
to decide which hot spots are filled in with what application
specific codes.

We focus on the behavioral aspects of requirements
specifications and of frameworks, and check whether the be-
havior of the framework can match to the system behavior
specified with the requirements specification. If the behav-
ior of the selected framework matches to the requirements,
we consider that it can implement the requirements. We
model the behavior of frameworks and the system behavior
of the requirements specification by using two labeled tran-
sition systems (LTSs) respectively. By establishing bisimilar
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relationship between the two LTSs, we can check whether
the behavior of the framework can match to the require-
ments and explore how to fill its hot spots. The difficulty
in this technique is how to deal with the behavior of hot
spots. In our approach, hot spot parts are also modeled as
“internal actions” in the LTS, which can be matched to any
system behavior of the requirements specification. We con-
struct a graph to extract the bisimilar relationships and in the
graph, each path denotes one of the implementations of the
requirements by the framework.

Furthermore, we attach some measures to the LTS of
the framework, such as the number of the hot spots to be
filled and the number of the parameters to be set up when
filling the corresponding hot spot. These measures are used
to estimate developer’s efforts in filling the hot spots for each
implementation, i.e. each path of the graph. The result of
estimating the efforts guides the developers to select the im-
plementation, and the structure of the application-specific
codes to be filled can be automatically generated from the
selected implementation. If we can have a data base sys-
tem which stores frameworks in an application area together
with their measures, we can have a useful support tool for
non-experts of the frameworks.

The rest of the paper is organized as follows. In the
next section, we clarify the requirements to automated sup-
port for framework based software development. Section 3
addresses how to model the behavior of the requirements
specification and of the framework by using LTS technique.
The mapping from the requirements to the framework on
LTSs is also defined so as to investigate the satisfiability of
the frameworks to the requirements specification. In Sect. 4,
we illustrate some metrics to estimate the development ef-
forts to complete the source code by using the selected
framework and the implementation method. Section 5
presents how to generate the skeleton of the application-
specific codes to be filled with following the selected im-
plementation method. In Sect. 6, we discuss case studies in
the area of Web application, where Struts and Turbine can
be used. Sections 7 and 8 are for related work and for con-
cluding remarks respectively.

2. Requirements to Automated Support
2.1 Customizing Frameworks

Figure 1 illustrates the principles of customizing a frame-
work. It shows the varieties of the relationships between the
requirements specification and the framework SimpleFW.
The requirements specification is written as a set of scenar-
ios. The framework SimpleFW contains three hook meth-
ods, two of which, mA() and mC() are implemented. On the
other hand, the hook method mB() is not implemented yet,
i.e. it’s an abstract method, and the developer fills it with
the application-specific code which is defined in the sub-
class of SimpleFW, e.g. mB()-imp#1. The instance object of
SimpleFW cannot be created because it includes the method
mB() having no implementation, while we can have the in-
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requirements specification
mB: abstract method

mA: validating input is implemented “;‘

by scenario mC: log generation is implemented

1.input data

2.validate input] SimpleFW templateQ)l

3.insert data £1.2,63:bog) if c1 mAQ:

4.Show results RS ~%)- > on e e
FA~-» mB0 !

mC()
Mapping
(1) validate input — mA()
(2) validate input — mB() - -
(3) insert data — mB() mB-imp#1 mB-imp#2
mB() mB()

Implementation
(a) validate input — mA() : mapping (1)
insert data — mB() : mapping (2)
(b) validate input & insert data — mB() : mappings (2) + (3)

Fig.1  Framework and customization.

stance of subclass mB()-imp#1 having the specific imple-
mentation of mB(). When the message “template()” is sent
to the instance of mB()-imp#1, the implementation of mB()
specified in mB()-imp#1 is adopted for the execution of the
“template()”. If the developer adds another subclass, say
mB()-imp#2, he can get the different method “template()”
whose behavior follows mB() of mB()-imp#2. It means that
he can flexibly change the part of the method mB() in the
“template()” by supplying the subclasses including the vari-
ous implementations of mB(). This technique is called tem-
plate method and mB() of “template” is a hot spot. To fill
a hot spot with a specific code, we typically use the mecha-
nism of overriding a method from a subclass.

The template method of SimpleFW specifies the selec-
tive sequential execution of mA(), mB() and mC(), and the
boolean variables c1, c2 and c3 are flags to decide if these
methods are executed or not. The developer should set their
values before using this framework as well as implement the
mB() by defining its subclass. It leads to varieties on how
to use the hot spot, i.e. on several mappings of the require-
ments specification to the framework.

See Fig. 1 again and consider the mappings. As shown
in the left side of the figure, the requirements specification
is provided in the form of scenarios, i.e. an execution se-
quence of actions. If the developer likes to use the mA() of
SimpleFW as it is to implement the action “validate input”,
all that he should do are to make the code for “insert data”
as mB() and to add a subclass having the code. On the other
hand, if he does not use the mA(), he is required to set the
flag c1 to be false, to make both codes for “validate input”
and for “insert data”, and to override the hot spot mB() of
SimpleFW with them. Thus he can have two alternatives
of implementing the requirements specification as shown in
the figure; one is a mapping from “validate input” to mA()
and from “insert data” to mB() (alternative (a) in the figure),
and another is the mapping both of them to mB() (alternative
(b)). He should consider which implementation of them is
suitable from the viewpoint of the development efforts that
he makes. The former one seems to be more suitable than
the latter, because “validate input” has already been imple-
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mented as mA() in SimpleFW and he should implement “in-
sert data” only.

This example suggests to us the followings: 1) Al-
though we have selected only one framework that is the most
suitable, we can have several implementations, and 2) we
can select the framework and its implementation by mea-
suring developer’s efforts. The variables c1, c2 and ¢3 in the
figure are specific to the framework and that the developer is
required to set up their values before using the framework.
These kinds of parameters, more concretely their number
and complexity to be initially set up, can affect the devel-
oper’s efforts in using the framework.

Note that there are other significant factors to select
a frameworks and an implementation such as performance,
maintainability etc. These factors are closely related to non-
functional requirements (NFRs) to the system being devel-
oped. In this paper, we focus on functional requirements
(FRs) of the system and as a result narrow selection criteria
to satisfiability with the FRs and to the measures of develop-
ment efforts only. As for NFRs, we should develop the other
types of the measures and they are one of the future work.

2.2 Requirements to Modeling Frameworks

As mentioned in the Sect. 1, software development pro-
cesses based on framework technology includes 2 separate
phases of selecting the suitable frameworks and filling the
hot spots with application-specific codes.

To automate these phases, the essential point is a for-
mal treatment of the mapping of the requirements specifi-
cations to the frameworks. Considering the illustration of
the previous sub section, the following requirements to the
formal model can be listed up.

1. The model should be the unified one in the sense that
it can specify the behavior both of frameworks and of
requirements specifications. Our consideration should
be put on the issue how to model “hot spots” included
in frameworks. The hot spots are the parts where the
behavior cannot be specified or defined in advance.

2. By using a framework description and a requirements
specification based on the model, their correspondence,
i.e. mapping of the requirements specification to the hot
spots should be automatically calculated. As illustrated
in the previous sub section, this mapping cannot be
uniquely defined because we can have several imple-
mentation methods. Our calculation technique should
find out all of the possible mappings.

3. Some measurement techniques can be embedded into
the formal model. To select the most suitable imple-
mentation method, we estimate the development efforts
of the extracted mappings. Some measures used to es-
timate the efforts can be formally specified and defined.

In our approach, satisfying the above requirements, we
adopt a technique of labeled transition systems (LTSs). We
specify the behavior of the frameworks by using a LTS and
do the requirements specification in the same way. By using
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extracting bisimilar relationships between the two LTS [3],
we can get the mappings of the requirements specification
to the hot spots. We improve the algorithm for detecting
bisimilar relationships so that all of the mappings can be
exhaustively detected. These mappings are presented with
a directed graph, called relational graph, whose node is a
mapping instance from an element of the requirements spec-
ification into that of the framework.

The behavior of a hot spot is considered as an “internal
action” so that any behavior can match to it. We investigate
and collect the framework-specific measures related to de-
velopment efforts such as the number of set-up parameters
and embed them to the LTS of the framework. The structural
characteristics of a relational graph can be used to estimate
the development efforts.

To establish automatically and exhaustively mappings,
we assume that we can correspond the atomic actions ap-
pearing in the requirements specifications to the hook meth-
ods of the frameworks. More concretely, we use the same
vocabularies to describe them in natural language. In the
example of Fig. 1, it is assumed that the atomic action “vali-
date input” appearing in the requirements specifications can
easily correspond to the hook method mA() because the ex-
planation of the mA() in the document of framework Sim-
pleFW includes the same word. We call these words func-
tion names. Of course, we recognize that it is difficult for
stakeholders or analysts to unify function names appearing
in requirements specifications and in frameworks in prac-
tical situation. To solve this issue, we consider establish-
ing domain-specific thesaurus is one of the promising ap-
proaches [4].

3. Relating Requirements Specifications to Frame-
works

3.1 Labeled Transition Systems and Bisimilarity

LTS is commonly used to describe system behavior and de-
fined as follows:

Definition 3.1 (Labeled Transition Systems (LTS)): A la-
beled transition system is a structure (S, L, T') where:

S is finite set of states.

L is a set of labels that denotes actions in the system or
environment in which the system exists.

T C (§ X L xS) defines the labeled transitions between
states.

If (g,a,q") € T , we write g 5 g’ and call g the source
and ¢’ the target of the transitions respectively. Intuitively,
when the system is in the state ¢ and the action @ occurs,
then it is changed to the state ¢’. If a series of transitions
I I I . . . .

qi RN gi+1, 5.5 Gi+n» 18 possible in a LTS , we write this
series ¢; = i+, Where [ = [11 .. . I,. ]

In a LTS, the actions that are not observable from the
outside of the system (i.e. environment) are modeled as an
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internal action and it is represented with the label 7.
Bisimulation is a binary relation on LTSs and repre-
sents that the two LTSs are indistinguishable from their envi-

. Tt
ronments. For instance, suppose there are two LTSs p = ¢

and p’ 5 q’. Since only action « is observable from the en-
vironment, these LTSs cannot be distinguished and we say
that they are bisimilar. Figure 2 illustrates three LTSs that
are bisimilar, and an only occurrence of action « is observed
from the external environment in all of them.

Furthermore, in the similar way to [5], we attach state
variables to states of a LTS and their values are used to spec-
ify complicated behavior with a simpler LTS. For simplicity,
in this paper we omit this topic because the state variables do
not contribute the framework selection and customization in
the current version of our approach. Even if two states have
the same label, we consider them as the different states in
the case that their state values of two states are different.

3.2 Measuring Development Efforts

After deciding a mapping, we can estimate its develop-
ment efforts by considering how many tasks the developer
should do, e.g. how large he should construct an application-
specific code, how many external components he should
provide, how many parameters he should initially set up to
use the framework, etc., as mentioned in the previous sec-
tion. We express these factors numerically as measures of
the development efforts. The hot spots of a framework are
filled with application-specific codes through its hook meth-
ods [6], [7] as shown in Fig. 1. Therefore, we consider these
measures should be put on the hook methods of the frame-
work. We can summarize them as follows:

e The number of the hook methods that are not imple-
mented yet.
Some hook methods are implemented, but the others
are not implemented in the framework. In the exam-
ple of Fig. 1, the hook method mA() has been imple-
mented in the framework SimpleFW, and on the other
hand mB() has not been done. If the developer uses
not mA() but mB(), he should implement it and make
more development efforts. The number of the non-
implemented hook methods has the effect on the de-
velopment efforts.

e The number of configuration parameters about a hook
method.
As illustrated in the parameters cl, c2 and c3 in Fig. 1,
the more configuration parameters to be set up, the
more efforts the developer makes to use the hook

‘\‘erm external environment.

Fig.2  Bisimulation.
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method.

e The number of the external components that a hook
method depends on.
Some of implemented hook methods use external soft-
ware components. For example, a hook method sends
a message to the other class, and in this case it uses the
external method defined in the other class. The number
of external components that the hook method uses has
an effect on the development efforts.

3.3 Modeling Framework Behavior by a LTS

Let Func be a set of function names specific to an applica-
tion domain. In the case of Web application, we can have
the set Func = {input waiting, input validation, log gener-
ation,...}. We consider that each state in a LTS models a
set of the functions that are included in Func. The set Func
plays an important role on establishing the mapping of re-
quirements specifications into hot spots.

LTSs for modeling frameworks can be defined as fol-
lows and call this framework LTS.

Definition 3.2 (Framework LTS): A Framework LTS is a
structure (S, L, T, F,I,C;,C,) where S, L and T are states,
labels and transitions of a LTS respectively and:

F:S — Func
F(s) = n iff the function whose name is n is executed
in the state s.

I1:S — {true, false}
I(s) = true iff the hook method represented by the state
s has an implementation.

C;:S >N
Ci(s) = n iff n is the number of configuration parame-
ters to be set up at the state s.

C,:S >N
C.(s) = m iff m is the number of the external compo-
nents used at the state s.

where N means a set of natural numbers. O

Some of hot spots do not have specific role in the sense
that they are not implemented, and the developer can imple-
ment any code in such hot spots. Each of them is modeled
as a state with a function * (its meaning is a “don’t care”
function) and with iteration of an internal action.

For example, the model of SimpleFW is shown in
Fig. 3. Label a represents the inputs from users and 3 repre-
sents the outputs from the system. fj is the state representing
waiting users’ input (F(fy) = input waiting). fua, fmp and

(input validation) () (log generation)

(input waiting) ﬁ

Hot Spot
Fig.3 A Model of SimpleFW.
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fimc are the states that represent corresponding hook meth-
ods are executed (F(f,a) = input validation, F(f,p) = *,
F(fnc) = log generation). State f,,p has the function %, and
the iteration of an internal action since method mB() is an
abstract method and does not have a specific role.

3.4 Modeling a Requirements Specification by a LTS

In the same way as the frameworks, we can model the be-
havior specified by a requirements specification as follows.
We call this requirements specification LTS.

Definition 3.3 (Requirements specification LTS): A Re-
quirements is a structure (S, L, T, F, IS, FS) where S, L and
T are states, labels and transitions of a LTS respectively and:

F:S — Func
F(s) = n iff n is the name of the function executed at
the state s.
O

IS and FS are subsets of S and represent initial states and
final ones respectively. We assume that requirements spec-
ifications are given as scenarios that include neither loops
nor forks.

For example, the requirements specification shown in
Fig. 1 is modeled as shown in Fig.4. In this example, we
have F(rinpus) = input waiting and F(¥yaidae) = input vali-
dation. And the initial state and final one are r;,p,, and 7y
respectively.

3.5 Detecting the Mappings

As already mentioned, the mappings of the requirements
specification LTS into the framework LTS should be de-
tected exhaustively. The mapping makes each state of re-
quirements specification LTS correspond to a state of frame-
work LTS and it holds the following criteria:

e The function executed at the state of the requirements
specification LTS is the same as that of the correspond-
ing state of the framework LTS.

e For the mapping, the requirements specification LTS
and the framework LTS are bisimilar.

The first criterion guarantees that the function of a state
in requirements specification LTS is implementable or im-
plemented in the hook method represented by the state of
framework LTS by using the mapping. In the second cri-
terion, both of the requirements specification LTS transition
and the framework LTS one can occur with the same observ-
able action.
These criteria are formally defined as follows.

T
rﬂput W W shzm

Fig.4 The model of the example scenario.
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Definition 3.4 (Criteria for mapping): Let the states r; and
r; € requirements specification LTS be mapped into the
states f; and f; € framework LTS respectively. Suppose the

transitions (r; — r;) € requirements specification LTS and

@ ..
fi = fi € framework LTS. For these transitions, the con-
straints

(F(r)) = F(fi) V F(fi) = *)
NE(ry) = F(fo v F(fi) = *)

ANa = T*at"))

should hold. In this case, we write (r; 4 rj) = (fi % f)-
O

Our algorithm is to detect the mappings so that the
above constraints hold on them. The inputs of the algorithm
are a requirements specification LTS and a framework LTS,
and the output is a direct graph called relational graph. Each
node in the graph is labeled with a pair of the states, e.g.
(r, f) where r is mapped into f. Each path through the nodes
is constructed following the possible transitions.

The overview of the algorithm can be illustrated as fol-
lows. Figure 5 shows the relational graph generated from
the LTS shown in Fig.3 and Fig.4. Suppose that the state
Tinpu has the same function name as fy (F(#ipuw) = F(fo) =
input waiting), so we can get the pair (7., fo) as a root of
the rational graph. The pair means that 7;,,,, is mapped into
fo in a mapping. Since the transition of the requirements

specification LTS (Fig.4) rinpu 5 Fvatidate @0d fo =5 Jma

(Fig. 3) are bisimilar, and rjupu N Fyatidate and fy = fmp are
also bisimilar, we can get the two nodes (7yaidates fma) and
(Pvatidate> fmB)), both of which can be direct children of the
root node. The meaning that we have the two nodes is that
we can have the two implementations for the requirements
specification; one is that the action “validate input” is im-
plemented with the hook method mA() and another is that
“validate input” is implemented with mB().

We can summarize the above procedure to construct a
relational graph as follows:

Step 1 Setting up a root node: We make a pair p(= (r, f))
where r is one of the initial states of requirements spec-
ification LTS and f is one of the nodes that have the
same function as r. The node p denotes a root node of
a relational graph.

Step 2 Extending a graph: We make a pair p'(= (v, f'))
that satisfies (r 4 ry = (f % f’) and connect p to
p’ with an edge. The extension should be done for all
pairs (1, f”) that satisfy (r 5 )= (f = )

Step 3 Repeating step 2 until visiting the final state: If #’
is a final state of requirements specification LTS the
procedure ends. Otherwise, let p := p’ and return to
Step 2.

Figure 6 illustrates the process to construct the rela-
tional graph of Fig.3 and Fig.4 following the above pro-
cedure. In the step 1, we have two pairs (7inpu, fo) and
(Finput» fmp) as root nodes of relational graphs, because fj
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w (htidate » Joub)

Fig.5 A relational graph.

and f,,5 have the same function name as the initial state r;,,,
of the requirements. The two roots means that we will have
two relational graphs, and from the subsequent steps, for
each root node, we extend nodes and edges to construct a
relational graph. On account of limited space, our example
focuses on a root node (¥iypus, fo) in Fig. 6. During execut-
ing step 2, the graph is incrementally extended by adding a
new node and an edge. For example, in the first execution
of step 2 in the figure, we find two pairs (#yaiigare, fma) and
(Pvatidate> fm)), and connect them to the root node, because

(07 (07 (07
(Vinput - rvalidate) ~ (ﬁ) = ﬁnA) and (rinput - rvalidate) ~
(07
(fo = fmp) hold. In the last step, step 3, we find (¥gow, f0)
. B
as a leaf, because ry,, 1s a final state and (Fi5err — Fshow) =

(fmp £> fo) holds. Finally we can get a relational graph as
shown in Fig. 5.

The paths from an initial node of requirements spec-
ification LTS to a final node of requirements specification
LTS denote the patterns of the implementations of the re-
quirements specification by using the framework. We call
these paths realization paths. As mentioned before, Fig. 5
includes two patterns of the implementations as follows:

o Using the “input validation” function provided by Sim-
pleFW, the developer implements the code for “insert
data” at the hot spot mB().

e The developer implements codes for both “validate in-
put” and “insert data” at mB().

If we can have at least one realization path, we can imple-
ment the requirements specification by using the framework.

We can formally define our algorithm and it is shown
in Appendix.

4. Measuring Mappings

As shown in the previous section, we select the frameworks
that can have a realization path to implement the require-
ments specification. The next problem is how to select the
suitable framework and the suitable mapping on it, because
there can be more than one framework having realization
paths and can be more than one realization path for the
framework. In this section, we provide the technique to eval-
uate the frameworks and their mappings for selection. Our
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1. Setting up a root node from an initial state r,

input

Root nodes

jthe same ™ T
/ function name ™

e B

2. Extending a graph (1)

Taiae  : Input validation
Soa : Implementation of Input Validation
fup : Any program

\ = f e

Bi-SimﬁIar Transition

Creating and adding
nodes and edges

2. Extending a graph (2)

r, : Inserting Data to DB

insert

Sup : Can implement any processing

Hatidate > fons)

- \

Creazing and addin
a node and an edge

3. Repeating step 2 until visiting the final state

Sun

Adding a node and an edge

Fig.6  Construction process.

measures are defined based on using a relational graph.
Note that the aim of proposed metrics is the evaluation

of mappings between behavior specified by a requirements

specification and implemented in the framework.



1384

4.1 Evaluating Availability and Realization Paths

The existence of realization paths can be a criterion whether
a framework is available to realize the requirements specifi-
cation since each realization path represents an implementa-
tion. Thus if the number of the realization paths is more than
0, the framework is available. However, since the number of
the realization paths expresses the variations of the imple-
mentations, the more the number of the realization paths is,
the more difficult it is for the developer to decide which im-
plementation he should adopt. Thus we use the number of
realization paths as a measurement and call it POM(Patterns
Of Mappings).

POM = the number of realization paths

in a relational graph

In our approach, a POM of value “1” is the best for
above reason. The smaller the POM is, the better the frame-
work is with respect to the difficulty in choosing one imple-
mentation from the candidates.

4.2 Estimating Development Efforts

The development efforts that the developer should make in
the framework-based developments are categorized as fol-
lows:

o the total size of the code that the developer should de-
velop. (WMI)

o the total number of parameters to be configured. (NCP)

e the total number of the mandatory external compo-
nents. (CSC)

The total size of the application-specific codes that the
developer should develop and fill the hot spot with can be
estimated by counting the states of the requirements speci-
fication LTS that are not mapped to the implemented hook
methods. In the example of Fig. 1, mB() is not implemented
yet, i.e. I(f,ug) = false. If the developer adopts the realiza-
tion Path (rinputs ﬁ))’ (rvalidate’ fmA)s (rinsert’ me), (rshow’ ffin)
in Fig. 3 (the left path of the figure), he should develop one
application-specific code for “insert data” (7se,¢). On the
other hand, if he uses the right path of the figure, he should
develop two codes; one is for “validate input” and another
is for “insert data” because the path includes the two nodes
(Pvatidate> fm) and (Finsers, finp), Which are related to the non-
implemented method mB(). It means the implementation
denoted by the right path of the figure seems to require twice
volumes of the code as the left path to fill the hot spot mB().
We can use this counting number for one of the estima-
tions of development efforts, and write it as WMI (Weighted
Methods to be Implemented). We can formally define WMI
by using a relational graph and 7 in Definition 3.2.

The other two metrics to estimate the development ef-
forts, the total number of the variables to be configured and
the total number of the external components, can be calcu-
lated by using the functions C; and C, in Definition 3.2. We
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name these values NCP (Number of Configuration Parame-
ters) and CSC (Costs for Setting up external Components).
Note that C, is defined on the states corresponding to the
implemented methods, i.e. C.(f) is defined if and only if
I(f) = true.

4.3 Discussions on Measuring Mappings

In this section, we discuss the limits on application of our
approach.

Since our approach is based on LTS which models be-
havior of a requirements and a framework, it is inapplica-
ble when a requirements specification and/or a framework
cannot be represented by behavioral model. Moreover, our
approach may produce less effects when most states of re-
quirements map to hot spots of some frameworks because
our approach cannot clarify differences between the frame-
works.

However, we can deal with even non functional re-
quirements and characteristic for a system if we can rep-
resent the non functional ones as behavioral aspects. For
example, a consumption time and dependability of a system
can be handled with simple extention for the transition of
LTS. On the other hand, we cannot treat non functional ones
which are irrelevant to behavioral aspects such as reusabil-
ity, extensibility.

5. Tool for Automated Support

The prototype of the supporting tool based on our tech-
nique for framework selection and customization is devel-
oped. The tool includes the support for automatically gen-
erating the skeleton codes with which the hot spots are to be
filled. As shown in Fig.7, our tool contains the following
three components:

1. Requirements Specification LTS Editor
The tool users use this editor to input and edit the re-
quirements specification with a LTS. To attach the uni-
fied function names to the requirements specification

Framework
Repository

import model

. d Generation of Relational
- w/ Relational Graph Graph
Requirements -
le— show results —| CaIcuIat_|on of
Metrics

Generation of
Skeleton Codes

Specification
LTS Editor

select framework
and its usage

Evaluator

generate code
Skeleton Codes F—

Fig.7  Overview of the tool.
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LTS for establishing the correspondence on atomic ac-
tions, the function names attached to the framework
LTSs, which are stored in the framework repository are
shown for the tool users. The results of measuring the
frameworks and the mappings are also shown through
this editor.

2. Framework Repository
The repository holds the existing framework LTSs in an
application domain. The framework LTSs are retrieved
so that they can hold the availability to the requirements
specification LTS.

3. Evaluator
The evaluator has three roles; the first one is to evaluate
the availability of the stored framework LTSs by gen-
erating their relational graphs and the second is to cal-
culate the measures POM, WMI, NCS and CSC, men-
tioned in Sect.4. After selecting the framework and
the mapping, it generates the skeleton of the codes to
be filled with, and that is the third role.

Figure 8 shows the screen shot of the LTS editor to
input the requirements specification. The editor is a kind
of diagram editor and is for inputting and editing LTSs as
graphs. To attach to the LTS the attributes such as func-
tion names and state variables, as shown in Fig.9 (a), the
specific dialog appears when the user clicks the state in the
LTS diagram. Figure 9 (b) shows how to input the function
names by using a pop up menu. The entries of this menu are
automatically generated from the names used in framework
LTS:s.

The result of measuring each realization path in the
graph is displayed in the form of a table, as shown in Fig. 10.
Each row represents the metrics values for a realization path,

i Reg LTS Editor
FILE(E?  COMMAND()

Fig.8 Inputting the requirements specification.

I [=]E3

FLUNCTION

zzion validation JEd

1 validation @i

validation ‘

request
rerital

ZESTiION
valid

m—
o]
oanceL |

input validation
authentication

| logout
ok
CAMCEL |

CANGEL

(@ (b)
Fig.9  Editing the states of LTSs.
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i.e. an implementation. In the figure, the path of the identi-
fication number 4 has the values 2, 3 and 0 as WMI, NCP,
and CSC respectively, and they help the developer in select-
ing the implementation. In this case, he seems to select the
path 4 because WMI is the lowest.

The skeletons of the codes are generated based on the
information attached to the LTSs. Figure 11 shows how to
generate the skeletons of the codes. For each node having
no implementation method on the selected realization path,
a class is generated to implement the method. In this ex-
ample, two classes are generated to implement the require-
ments “validate input” and “insert data”. In Fig.11, the
skeleton of the class for implementing “validate input” is
generated by using a predefined template. The requirements
specification LTS and the framework LTS have the attributes
such as state, function name, method name and argument
types (argType and return Type in the figure), and the slots
of the template are filled with their values. For example,
className and methodName slots in the figure are replaced
with “SimpleFW” and “mB” respectively and as a result, we
can have a subclass of SimpleFW having the method mB
for implementing the function name “input validation”. The
develop will make a code in the part of “input validation”
shown as a comment parenthesized with /* and */.

Currently our tool supports Java Skeleton code gener-
ation only. However, almost all language can be supported
with simple modifications, given that the file requiered for
customizing hot spots can be represented as template.

1 select how to use

FATE. [WMI | NGP | CSC [

0 3 1 0 —

1 3 J .

3 3 2 0

s 3 3 0 s
|(D,page)(‘| preprocess) 2 execute) (3 execute)(d page) LI
o]

CANCGEL

Fig.10  Measurement results.

Lalidate » f mB f mB ’;’nsert

class name : SimpleFW
method name : mB
argType :
return Type :

rvalidate

state :
function name : input validation

Y
public dlass Iass&ame ext%p s clasgName{

public returnType methgdName{argType arg0){
*

Fig.11  Generating skeleton codes.
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6. Case Studies
6.1 Examples and Results

We have applied our approach to the developments of library
business support systems using web application frameworks
in order to assess it. The users of the systems can perform
library business such as borrowing books on Web pages. We
picked up two type of systems for case studies:

System 1 Only administrators of the library can use the sys-
tem, and the system validates sessions in each Web-
page transition in order to assure that the user is au-
thenticated as an administrator. The system supports
the authentication of administrators, the procedures of
adding new books to the library, of removing books
from it, of borrowing books and of returning books.

System 2 Everyone can use the system and the system val-
idates the inputs of users in order to check if all items
of the input information are completely and correctly
filled in. The system supports the procedures of adding
new books to the library, of removing books from it, of
borrowing books and of returning books.

We have evaluated two Web application frameworks,
Struts and Turbine, that have been developed by Jakarta
Project[2]. We have defined their LTSs as shown in Fig. 12
and Fig. 13 respectively, and the attached information to
them is shown in Table 1. For instance, in Struts, the
function name “input waiting” is assigned to state sy and
the corresponding method has already been implemented
(I(so) = true). Neither configuration parameters to be ini-
tially set up nor external components are necessary for the
method (C;(s9) = C.(s9) = 0).

We have calculated the measures by using our support-
ing tool and the results are shown in Table 2. Note that we
use the value of POM per scenario. It means how many
implementations are possible to achieve a scenario included
in the requirements specification, because the requirements
specification is composed of scenarios.

Fig.12  The LTS model of Struts.

Fig.13  The LTS model of Turbine.
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6.2 Discussion

To assess the soundness of our measures, we have devel-
oped both System 1 and System 2. Each system has been
developed twice by using the different frameworks. The
first one and the second have been developed using Struts
and Turbine respectively. Both system have been developed
by a person who has 4 years of Java programming experi-
ence and 2 years of web application development experi-
ence. For generality of the data, Each implementation has
been checked whether the system has full function indicated
by requirements and whether the implementation is suitable
by three developers who have from 3 to 10 years of Java
programming experience.

Table 3 shows the results of the developments. LOC
(Lines of Codes) expresses the total volume of the codes
that were to be newly implemented by hand. By comparing
WMI(min) with LOC, WMI is sound to estimate the vol-
ume of the codes to be implemented. Both of the results
presented that Turbine was better than Struts in System 1,
but on the contrary Struts was better in System 2, from the
view of development efforts.

The identification of the hot spots is more difficult in
case that the framework has many hot spots. POM of Tur-
bine is higher than Struts in the two developments because
Turbine has more hot spots that the developers can fill with
any code. POM is sound to estimate the easiness of identify-

Table 1  Attached information of the LTSs.
STATE F 1 Ci | Ce

K input waiting true 0 0

S1 * false 1 0

52 input validation true 9 0

53 input waiting false | 3 0

to input waiting true 0 0

51 authentication true 2 1

%) logout true 2 0

2] session validation | true 3 0

14 * false 0 0

ts ® false | 0 0

te * false 0 0

Table 2  Calculating measures.
metrics System 1 System 2
Struts | Turbine | Struts | Turbine
POM per scenario 3.87 14.95 5.32 10.19
WMI(min) 10 7 7 9
WMI(max) 13 13 11 11
NCP(min) 1 0 1 0
NCP(max) 19 5 51 0
CSC(min) 0 0 0 0
CSC(max) 0 1 0 0
Table 3  Actual development efforts.
System 1 System 2
Struts | Turbine | Struts | Turbine
LOC 259 135 170 182
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ing hot spots to be used. The value of NCP means the con-
figuration parameters of Struts was more complicated than
Turbine. This fact resulted from the property that Struts
manages page-transitions by the configuration file “struts-
config.xml”, and it leads to the larger value of NCP (max)
in Struts. This fact coincides with the result that in the de-
velopment of System 1 using Struts the developer had to
write larger code (259 LOC) than Turbine (135 LOC). On
the other hand, in Turbine, the value of CSC is related to the
authentication function that requires a relational database
system, thus CSC (max) of System 1 was 1 and the same
metrics of System2 was 0 because System2 has no auten-
tication process. In this case study, the developer can use
the relational database functions such as advanced search
for large data through the interface to the relational database
system. It led to the smaller code (135 LOC) than Struts
(259 LOC) in the development of System 1. Moreover, if
we don’t need to use the relational database functions, we
shouldn’t use Turbine because Turbine cannot save devel-
opments cost for implementing funcitons excluding an aut-
entication in this case study. In the development of System
2, we can get actually about same LOC. Considering learn-
ing costs of Turbine which is more difficult than Struts, we
have to select Struts in the development of System 2.

To reduce development efforts to customize hot spots,
some frameworks[8],[9] support Dependency Injection
(DI) [10] and/or Weaving which is a key feature in Aspect
oriented programming [11].

DI enables us to use new external components for cus-
tomizing hot spots without any code modifications. All a
developer need to do is to set the parameter in the config-
uration file only. In our approach, we can treat DI as one
of configuration parameters. However, we need to modify
definition and /or an evaluation scheme of NCP since devel-
opment effort in the case of DI is much smaller.

We can treat Weaving as well as DI if the framework is
designed with interceptors which are insert points for some
aspects as hot spots. When we weave the framework with
intersepter and some aspects, all we need to do is to set the
parameter in the configration file only. However, we may
need to consider how to describe specifications, since many
aspects such as logging aspects which are very famous, may
not be described in requirements. It is future work.

The complexity of the algorithm can be one of the crit-
ical issues when we apply our approach to much more com-
plicated LTSs. Its theoretical and experimental analyses to
check if the algorithm can be practically executed are nec-
essary.

7. Related Work

We can find the several researches to support framework
based software developments, especially focusing on the
implementation of hot spots [12]-[14]. In them, the depen-
dencies among hot spots are modeled or documented to deal
with constraints on the hot spots, so that when the developer
fill a hot spot, its implementation information can automat-
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ically propagate to the other relevant hot spots. However,
they did not support the selection of framework or the iden-
tification of the hot spots, and the their objectives are differ-
ent from ours. We have not dealt with dependencies among
hot spots in a framework. As a future topic, we can add
the measure on how complicated dependencies exist in the
framework to estimate development efforts more accurately.
In [15], the authors proposed the measures of software com-
ponents for estimating adaptation efforts, by defining func-
tional distances between the components and requirements
specifications. This approach seems to be helpful to elabo-
rate our measures to select a framework and an implemen-
tation.

For some popular frameworks (e.g. Jakarta Struts), the
supporting tools have been developed and put into prac-
tice [16], [17]. However these tools concentrate on a specific
framework and require that the users have knowledge on the
target framework. On the other hands, our tool is based on
the general property of framework (e.g. customizing hook
methods). Only the knowledge on the target domain and on
the LTS are required. And our approach is applicable to the
wider application domain of frameworks.

The existing metrics of frameworks have been used
for framework developers, not for the developers of appli-
cation programs, i.e. users of frameworks[18],[19]. Al-
though these metrics are useful to develop frameworks of
high quality, by using them we cannot estimate the develop-
ment efforts of the framework based software developments
or whether the framework is available or not.

The techniques to select software components [20],
[21] are not sufficient to select the frameworks because they
did not consider the selection criteria specific to frameworks
(e.g. whether all of required functions can be mapped to a
framework or not). In particular, some of them did not fo-
cused on behavioral aspects of components, but static prop-
erties such as signatures of functions (data types of input and
output data)[22],[23]. To deal with hot spots in a frame-
work, we should consider its behavior.

8. Conclusion

In this paper, we have proposed the technique to support
framework selection and customization based on LTS and
metrics. Our technique allows the software developer to
estimate framework-specific criteria (e.g. whether a certain
framework is available or not) and supports the identifica-
tion of hot spots.

In our approach, we focus on the formal mapping from
the requirements specifications to the frameworks. To re-
lated them on LTS systems, we use the concept of bisimilar-
ity. Requirements specifications and frameworks are mod-
eled based on LTS, and several additional information is at-
tached to these LTSs to define the metrics so as to estimate
the development efforts. To establish and explore out the
mappings, we design the algorithm to construct a directed
graph whose path expresses an implementation by using the
framework.
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The tool has been developed based on the proposed
technique. Our tool does not require the knowledge of a
framework. Using it, the skeleton codes can be generated
with the knowledge about LTSs and the target domain. A
kind of database, called framework repository, plays an im-
portant role to the automated support.

The several researchers focus on supporting the imple-
mentation of hot spots [12]-[14]. Their contributions are
complementary to our technique. The integration with them
is one of the future works. The other future work is the
treatment of proscribed behavior[5] to deal with the re-
quirements specifications written with the style of misuse
case [24].
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Appendix: Algorithm for Detect Mappings

We start with the definitions of useful and auxiliary notation to
define the algorithm.

Framework LTS
LTSy =Sy Ly, Ty, Fy, 1,Ci, Co)
Requirements specification LTS
LTS, =(S. LT, F,)
Initial States of requirements specification LTS
Sy=1{slseS, AVs €S, leL.(s1s)¢T,}
Final States of requirements specification LTS
S,f,.n ={slseS, AVs €S, leL,.(s]s)¢T,}
Relational Graph
G=WV,E),VCS, XS, ECVXV
A set of series of transition of framework LTS
Tr ={(fi- loly ... Lns frs1)
Vk € {0 < k < n}.(fisrs s fivns1) € T
ANYx,ye{0<k<nlx#y—- fi # f}

The formal definition of the algorithm is provided as follows.

Stepl Pmunre — {(”07f)|(ro € Sro) A (F(}’()) = F(f) \ F(f) =
*)}’ V — PS{)IAI‘L‘L” E — 0'

step 2 If Py,urce = 0, then go to step 7.
Otherwise, for Ap € Pgyurce, let pg «— p,i « 0,P; «

{p}, Pis1 < 0.
step 3 If P; = 0, then go to step 6. Otherwise, for Ap € P;, let
Pp < P-

Step4 Let lep — {(r[,fm)Krp i) r = fp :"‘> m) A (rO,a, rl) €
Tr A (fp, a, m) € Tf* }(Wherepp = (rpa fp))a
and letPy; < PuiUPuwp,V <« VUPuLE <
EU{(p, PP’ € Pump}-

step 5 Let P; < P; — p,, and return to step 3.

step 6 If Py = 0, let Pyource < Pource — Po, and return to step 2.
Otherwise, leti < i + 1, P;;; < 0, and return to step 3.

step7 LetG « (V,E).
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