                                       Investigating Maintenance Processes in a Framew ork-Based Environment

                                                             Victor R . Basili� Filippo Lanubile� Forrest Shull�

                   �
                        Institute for Advanced Computer Studies

                                                        Computer Science Department

                                                                                University of Mar yland

                                                                             College Park, MD, USA

                                                                { basili, fshull}@cs.umd.edu

�
Dipartimento di Informatica

University of Bari

Bari, Italy

lanubile @di.uniba.it

Abstract

1

                 T he empirical stud y described in this paper focuses on

the effectiveness of maintenance processes in an

enviro nment in which a repositor y of potential sources o f

reuse exists, e.g. a context in which applications are built

using an object-oriented framewor k.  Such a repositor y

might co ntain current and previous releases of the system

under maintenance, as well as other applications that are

built on a similar structure or contain similar

functio nality. T his paper presents an observatio nal stud y

of 15 student projects in a frame wor k-based

enviro nment.  We used a mix o f qualitative and

quantitative methods to identify and evaluate the

effectiveness of the maintenance processes.

1. Introduction

                 An object-oriented framewor k is a class hierarchy

augmented with a built-in model that defines ho w the

objects derived fro m the hierarchy interact with o ne

another to implement so me functionality [16, 22]. A

framewor k is tailored to solve a particular problem b y

custo mizing its abstract and concrete classes, allo wing

the framework architecture to be reused by all specific

solutio ns within a problem domain. B y providing both

design and infrastr ucture for developing applications, the

framewor k approach promises to develop applications

faster [13]. Another benefit is that the use of frameworks

results, over time, in a set of applications all based on the

same underlying structure.  T he existence of this

commo n infrastr ucture poses new questions for

maintenance: Are different models o f maintenance

1
     T his work has been supported by NSF grant

CCR9706151 and UMIACS.

necessar y in such an environment? Can a set of

applications, all based on the same underlying

framewor k, be exploited for reuse?

T hese questions beco me especially interesting and

relevant if we think about the state o f the practice in the

software maintenance field.  Consider the three

maintenance process models in [2]: the quick-fix model,

the iterative enhancement model, and the full-reuse

model. With the quick-fix model, maintainers start b y

modifying the source code, then test the new versio n, and

finally modify the existing documentatio n.  Because of

time pressure, this model is the mo st popular

maintenance process model. With the iterative

enhancement model, maintainers start with an analysis o f

the existing system’s documents, and modify any relevant

software artifact wor king do wn ward fro m the

requirements through the lo wer abstraction levels,

including source code. T his process model is applied in

those more mature environments where maintenance

activities are planned ahead and more effort is spent on

preserving the integrity o f the original design. T he third

model, the full-reuse model, differs fro m the iterative-

enhancement model because it assumes that there exists a

repository of so ftware artifacts that can be reused.  T his

repository might consist of the current and earlier

versions of the application under maintenance, and/or a

set of ^similar~ applications. T his model is more ^theor y

than practice~ due to the high investment costs of

repositories in which extensive reuse is feasible.

Ho wever, object-oriented frameworks and framework-

based applications can be viewed as a repositor y of both

design and code, a source of reusable co mponents such

as design patterns [7] and object-oriented classes.

Do main-oriented frame wor ks, such as those developed in

the financial and manufacturing do main, also imp lement

a basic set of do main-specific requirements that can be

considered reusable. In contrast to the quick-fix and

iterative enhancement models, which assume that there is
only one source of reusable code (the existing system
release), a full-reuse model, enabled b y the usage of a
framewor k, supports multiple sources of reuse. (For
example, a set o f applications that cover the functionality
that need s to be added to the system under maintenance.)

T his model raises other questions: Is it feasible to expect
the maintainer to find the right reuse sources for a given
piece of functio nality? Can we leverage this multiplicity
for making changes faster and better?

                 T his stud y examines so me of the practical
implicatio ns of this process of developing new
applications b y adapting functionality fro m a set o f
applications previously developed. A sur vey o f the
literature on frameworks sho ws that relatively little has
been written on using frameworks (as opposed to
building or designing them [6]). Most of the current work
on using frameworks tends to ignore the possibilities
provided by the previously developed applications and
concentrates instead on strategies for documenting the
framewor k design [4, 8, 11, 14, 23].

                 Ho wever, the effort required to learn enough about the
framewor k to begin coding is ver y high, especially for
novices [16, 22]. As in conventional maintenance,
obtaining this understanding is a non-trivial task for a
developer unfamiliar with the system. A new approach,
which developers could use to minimize their lear ning
curve, is necessar y.  Co nsidering ho w q uickly the use of
commercial frame wor ks, such as Microsoft Foundation

Classes and Java Develop ment Kit, is increasing,
framewor k-based applications will beco me the legacy
systems of the near future.

                 T he case stud y described in this paper is part of a
broader empirical stud y addressing software reading for
construction [3]: ho w applicatio n developers understand
system artifacts in order to develop a new system or
release. Reading for constr uctio n is important for
comprehending what a system does, what capabilities
exist and do not exist; it helps us abstract the important
infor mation in the system. It is useful for maintenance as
well as for building new systems fro m reusable
components and architectures.

2. Description of the Study

                 We ran an exploratory stud y into frame wor k usage as
part of a software engineering course at the University o f

Mar yland. T his stud y took place in an environment much
like the one described in the previo us section: subjects
were asked to develop an application b y adapting a
framewor k.  So me of the functionality required for the
new application could be reused fro m a set of existing
applications that had been previously developed using
the same framework.

Our class o f upper-level undergraduates and graduate
students was divided into 15 two - and three-person
teams. T eams were cho sen rando mly and then examined
to make certain that each team met certain minimum
requirements (e.g., no more than o ne person on the team
with lo w C++ experience). Each team was asked to
develop an application during the co urse of the semester,
going thro ugh all stages of the soft ware lifecycle

(interpreting custo mer requirements into object and
dynamic models, then implementing the system based on
these models). T he application to be developed was one
that would allo w a user to edit OMT -notation diagrams

[18]. T hat is, the user had to be able to:

·

 graphically represent the classes of a system and the
different types of relations between them,

·

 perform so me operations, e.g., mo ving or resizing,
directly on these representations, and

·

 enter descriptive attributes (class operations, object
names, multiplicity o f relations, etc.) that wo uld be
displayed according to the notational standards.

T he project was to be built on top of the ET ++
framewor k [24], which assists the develop ment o f GUI-
based applications. ET ++ provides a hierarchy of over

200 classes that provide windo wing functionality such as
event handling, menu bars, dialog boxes, and the like.

ET ++ came with a set of 32 example applications that
had been implemented using the framewor k.  Although
so me of these were simple programs intended to
demo nstrate so me aspect of the framework functionality,
the majority were applications such as graphical file
browsers, spreadsheets, and windo w-based text editors.

Since we approached this study fro m the viewpoint o f
software reading, our primar y focus was on the processes
developers would engage in, as they attempted to
discover enough infor matio n about the framewor k and
the set of existing applications to be able to use them to
effectively  construct a new application.  We reasoned
that the best approach would be to observe in practice a
number of different techniques for reusing functio nality
fro m a set of applicatio ns, and the effects of these
techniques in practice.

All o f the subjects received training on using the

ET ++ framework and were encouraged to reuse
functio nality  fro m the existing  applications.  Half of o ur
subjects (8 of the 15 teams) were trained in a technique
for reusing functionality fro m the application set,
although they were not required to use it if they did not
find it helpful for reuse.  T his training took place in
classroo m lectures, in which a small example was used to
demo nstrate the steps o f the technique, which can be
summarized as:

              Aspect of Interest M easures Form of Data Unit of

Analysis

Collection M ethods

              Adaptation Processes techniques used Qualitative team interviews, final reports

tools used Qualitative team Interviews

team organization Qualitative team interviews, self-

assessments

starting point for implementation Qualitative team interviews, final reports

difficulties encountered with

technique

Qualitative team problem reports, self

assessments, final reports

              Products degree of implementation for

each functionality

Quantitative team implementation score, final

reports

              Other Factors effort Quantitative team progress reports,

questionnaires

level of understanding of

technique taught

Quantitative individ ual exam grades

previous experience Quantitative individ ual questionnaires

Table 1 . Types of mea surements and means for collecting

   ·
          looking through the examp le applications in order to

                            find a potential match for the functionality sought;

   ·
          using the tools available to discover which classes

                            in the examp le were responsible for implementing

                            the functionality;

   ·
          adapting either whole classes or particular methods

                            and attributes fro m the example application for use

                            in the new system.

                  (T he full techniq ues can be found in [20] .)We call

this a ^strictly adaptive~ technique because it was

focused entirely o n guiding the developer to find useful

functio nality in the existing applications, which could

then be tailored to the current system.

                 T he remaining 7 teams did not receive explicit

training in the technique ( for reasons pertaining to the

larger stud y) b ut could adapt functio nality fro m the

applications in an ad hoc manner.

                 During implementation, our subjects did undertake

significant amo unts of reuse fro m the existing

applications.  We asked the students to provide records of

the activities they undertook so that we could understand

what methods they used and ho w effective these were. In

this paper, we report our observations about their

experiences fro m the point of view of a set of questions

focused on a full-reuse model of maintenance:

   ·
          Can a framework-based environment effectively

                            support a full-reuse model of maintenance?

   ·
          What are attributes of effective maintenance

                            techniques in a full-reuse environment?

·
 Should maintenance in this environment be driven

by the functio nality provided by the framework and

application set, or by the model of the application to

be developed?

·
 Can we characterize the way in which functio nality

is reused fro m the existing applications?  Are there

attributes of the application set that make this

process more or less difficult?

3. Analysis

Since the analysis was carried out both for individ uals

and the teams of which they were part, we treat the stud y

as an embedded case stud y [25]. In order to obtain an

accurate picture of the wor k practices involved, we

collected a wide variety o f data over the course o f the

semester, using a number of different methods (see T able

1).

We analyzed this mix o f qualitative and quantitative

data to gain so me insight into what was going on within

each team. B y co mparing and contrasting teams, we

searched for implications that addressed the stud y

questions given in section 2. Since there has not yet been

a large amount of wor k spent on understanding this area

of framewor k use, our focus was o n using this

infor mation to look for tentative but reaso nable

hypotheses and not on testing kno wn hypotheses. T he

process of building theories fro m empirical research has

been first proposed in the social science literature [9, 5]

but it is also follo wed in the soft ware engineering

discipline [19].

3.1. Analysis of  Maintenance Processes

                 Our fir st step was to get an over view of what
adaptation processes teams had used. (By ^adaptation
processes~ we mean ho w the team had been organized,
what techniq ues they had used to understand the
framewor k and implement the functionality, whether
they based their implementatio n on an existing
application or started from scratch, and what tools they
had used to support their techniq ues.) T o this end, we
performed a qualitative analysis of the explanations
given b y member s of the teams during the interviews and
final reports, and on the self-assessments.

                 We first focused on understanding what went on
within each o f the teams d uring the implementatio n of
the project. We identified important co ncepts b y
classifying the subjects´ co mments under progressively
more abstract themes, then looked for themes that might
be related to one another. Once we felt we had a good
understanding of what teams did, we made co mpariso ns
across groups to begin to hypothesize what the relevant
variables were in general. T his allo wed us to look for
variations in team effectiveness that might be the result
of differences in those key variables, as well as to rule
out confo unding factors.

                 We found that teams used adaptation processes for
implementing the project that fell into 1 of 2 categories.

1.  Starting fro m an existing application. 9 teams

                         exploited the fact that they could treat the

                         implementation as if it was a maintenance project in

                         a full-reuse enviro nment.  T hat is, they selected one

                         of the existing applications as a starting point and

                         began their implementation b y modifying the

                         existing functionality o f their base application.

                         Additional functionality was reused fro m the other

                         applications b y adapting it to the base application.

                         Since this approach begins b y modifying an existing

                         application, these teams are the basis for our

                         observations about maintenance processes.

2.  Starting fro m ^scratch~
2

. T he remaining 6 teams

                         treated the implementation as more of a traditional

                         develop ment project.  T hat is, they began their

                         implementation fro m as little prior functionality as

                         they co uld b y implementing directly on top of the

                         framewor k.  T echnically, this can still be considered

                         a full-reuse approach since functionality fro m the

                         existing applications was later extensively reused in

                         the new system, b y learning fro m the working

                         examples and picking up the relevant pieces.

2

      In the context of frame wor k usage, starting fro m scratch
still implies that the design and code of the framewor k
are reused.

All teams who started fro m an existing application
chose the same o ne, a simple entity-relation diagram
editor (kno wn as ^ER~).  It was similar to the OMT
editor to be developed, but much simpler: as specified for
the OMT  editor, the ER diagram editor allo wed simple
shapes to be added to an editable document, and allo wed
these shapes to be selected, moved, and associated with
one another.  Ho wever, more sophisticated functionality
was lacking.  (It should be noted that the ER application
was the closest example in the set to the new
requirements.  T he only other real candidate was ^Draw~,
a small drawing editor.  Subjects reported that Draw was
not used as a basis for implementatio n because it was
more co mplicated and harder to understand than ER, and
contained too much extraneo us functio nality that wo uld
have to be removed.)

We measured the effectiveness o f the process used b y
subjects b y means o f an ^implementation score~ that
reflected ho w well the functionality specified in the
requirements was implemented in the final system. T o
calculate this score for each system, we fir st evaluated
the implementatio n of each required piece of
functio nality on a 6-point scale
3

.  We then weighted the
score for each functionality b y a factor that represented
ho w important we thought that functionality was to the
entire system.  T he implementation score could then be
obtained by summing the scores for each functionality.

T he weights were chosen in such a way that if each
functio nality worked well, an implementation score of

100 would be obtained. Scores less than 100 provided a
rough indicatio n of what percentage o f system
functio nality had been implemented.  (Because ^extra
credit~ was awarded in rare instances that functionality
beyo nd what was required was implemented, it was also
possible for implementation scores to be slightly greater
than 100.)

We used a t-test to determine whether teams starting
fro m the ER application tended to achieve significantly
higher imp lementatio n scores than teams starting from
scratch.  One point, representing a team that experienced
severe organizational difficulties that were primarily
responsible for a ver y lo w implementation score (equal to

44), was remo ved fro m this analysis as an extreme outlier

(according to the definition given in [15]). Due to the

3

 T his scale is based upon the suggested scale for
reporting run-time defects in the NASA So ftware

Engineering Laboratory [21]:  ^required functionality
missing~, ^program stops when functionality invoked~,

^functio nality cannot be used~, ^functionality can only
partly be used~, ^minor or cosmetic deviation~,

^functio nality works well~.

small sample size and the explorator y nature of this

stud y, we used an

                                                                                                            a
                                                                                                                     -level of 0.20, which is higher than

standard levels. Altho ugh not co mmo n, this
a
-level has

been used in similar hypothesis-building studies, e.g. [1].

We realize that statistical tests at this significance level

do not provide strong evidence of a relatio nship, but

instead see their contribution as helping detect patterns in

the data that can be specifically tested in future studies.

                 T he t-test yielded a p-value of 0.15 (t = 1.538), which

is significant at the 0.20-level and provides so me

evidence that teams who started b y modifying an

application tended ( mean implementation score = 89) to

be more effective than those starting fro m scratch ( mean

score = 83).

                 Again follo wing a qualitative method, we undertook

an investigation into whether there were characteristic

problems reported by the teams who adopted the full-

reuse maintenance process. Student remar ks fro m the

problem reports, self assessments, and final reports were

examined and provided the follo wing indications:

·
       One-third (3/9) of the maintenance teams in our

                         stud y had trouble adapting the example applications

                         because they did not confor m to a consistent

                         organizatio n or structure.

·
       T wo -thirds (6/9) of the maintenance teams reported

                         difficulties in finding the necessar y functionality

                         within the existing applications.

·
       T wo -thirds (6/9) of the teams wasted time and effort

                         during the cour se of the implementation p hase b y

                         having to re-imp lement so me functio nality that they

                         had implemented previously in a short-sighted way.

                         Almost half (4/9) of the teams brought up the

                         importance of their object models as guides to

                         implementation.  Half of these teams (2/4) reported

                         that they had been able to stay fairly close to their

                         original object model of the system during the

                         course of implementatio n. Both of these teams

                         ranked in the top half of the class with regards to

                         implementation score. T he remaining 2 teams were

                         reporting problems; they had strayed fro m their

                         original model during implementatio n. It seems that

                         this inability to follo w the model had so me negative

                         effects, as both were ranked in the botto m half of the

                         class. (Since all but one of these teams had received

                         the same grade on the original model, it seems

                         unlikely that the variatio n in perfor mance could have

                         been caused b y factors outside the imp lementatio n

                         phase, such as the quality o f the model itself.)

3.2. Analysis of  Reuse Processes

                 In this sectio n, we report our observations on reuse.

Since all fifteen teams extensively reused functionality

fro m the application set in implementing this system, our
observations in this section come fro m all teams.

As in the previous sectio n, we undertook a qualitative

analysis to detect effective reuse techniq ues.  T he most

relevant factor tur ned out to be the type of reuse process

used b y the team.  T here were two basic types of reuse

process:

1.  One-third of the teams used the strictly adaptive

technique that we developed (discussed in sectio n 2)

and for which we provided training to so me o f the

subjects.

2.  T wo -thirds o f the teams used ad hoc reuse

techniques.  T his categor y includes a number of

different techniq ues which subjects developed on

their o wn and found to be effective.

In order to understand ho w the type of techniq ue used

impacted the teams´ effectiveness, we focus on certain

key functionalities , that is, certain requirements for which

there was a large degree of variation between teams in

ter ms of their imp lementation score.

We then undertook a quantitative analysis of whether

the teams´ implementatio n of these key functio nalities

was effected b y the type of technique used. We used a

chi-square test of independence to test whether there was

a correlation between the way teams tended to implement

the functionality, and the type o f reuse technique they

used. Again, we use an
a
-level o f 0.20 due to the small

size of our sample. We also present the product mo ment

correlation coefficient, r , as a measure of the effect size

[12].  (An r -value o f 0 wo uld sho w no correlation

between the variables, whereas a value of 1 sho ws a

perfect correlation.)

We identified 4 key functionalities: links, dialog

boxes, deletion, and multiple views.

1.  Links : T he requirements for the OMT  editor stated

ho w the program sho uld handle links between

classes.  T he ER entity-relation editor provided

simple functio nality that linked objects with a line

connecting their centers. Although useful as a

starting point, this implementation was not

sophisticated enough for the project, because the

same two classes in an OMT  diagram may be

connected b y multiple links, which should not

overlap. T here was, ho wever, no application with

functio nality that explicitly addresses this concern.

Almost all (4/5) of the teams who used the

predefined technique implemented the less

sophisticated version o f the functio nality fo und in

the ER application. B y co mpariso n, less than half

(4/10) of the teams who used an ad hoc techniq ue

turned in the less sophisticated implementation. T he

chi-square test was used to deter mine whether teams

using the strictly adaptive technique had a different

probability of turning in the more sophisticated

                         implementation than ad hoc teams.  T his test resulted

                         in a p-value o f 0.143 (
c 2

 = 2.143), which is

                         statistically significant at the selected
a

-level.  An r -

                         value o f 0.38 confir ms that this sho ws a moderate

                         correlation [10] between level of sophistication and

                         type of techniq ue.

2.  Dialog Boxes : T here were existing applications

                         which sho wed ho w to create dialog boxes containing

                         graphical devices (e.g. text fields, radio buttons) and

                         ho w to use them to display and store infor mation.

                         T he difficulty was that this functio nality was spread

                         piecemeal over multiple applications and students

                         had a hard time finding and integrating all of the

                         functio nality they needed. About half o f the class

                         (7/15) managed to get the dialog box functio nality

                         working correctly and interfaced with the rest of the

                         system. Both the ad hoc and strictly adaptive

                         techniques seemed equally likely to get this

                         functio nality working correctly.  T he chi-sq uare test

                         here yielded a p-value of 0.714 (
c 2

 = 0.134), for

                         which the related r -value is 0.10.  T his confir ms that

                         response levels are effectively equal between the two

                         categories.

3.  Deletion with Undo/Redo : T here was at least o ne

                         existing application that clearly co ntained

                         functio nality to delete classes and links fro m a

                         diagram. All teams were able to implement this

                         functio nality. Getting the functio nality to support the

                         ability to undo or redo a deletion was apparently

                         more challenging, ho wever, although the existing

                         applications covered this as well. Partly, this may

                         have been d ue to students simply forgetting to

                         implement this part of the functio nality since it was

                         not explicitly mentioned in the requirements. T eams

                         basically implemented deletion in one o f three ways,

                         of increasing sophisticatio n.  Again, both the ad hoc

                         and strictly adaptive techniq ues seem equally

                         distributed among these three categories. T he chi-

                         square test for this functionality yielded a p-value of

                         1 (
                                            c 2

                                                         = 0.000), with an associated r -value of 0,

                         indicating that response rates are exactly equal

                         regardless of the type of technique used.

4.  Views : T he requirements for the OMT  editor stated

                         that the program must provide multiple vie ws of the

                         currently opened document. Applications existed

                         which satisfied the project´s requirements about

                         views. Ho wever, there were also existing

                         applications that gave an even more sophisticated

                         implementation that allo wed views to be

                         dynamically added and deleted. All but 3 teams

                         achieved the more sophisticated implementatio n. 2

                         of these 3 teams turning in less functionality used the

                         strictly adaptive technique. T he chi-sq uare test

                         resulted in a p -value of 0.171 (
c 2

 =1.875), which is

statistically significant at the selected
a

-level.  An r -
value o f 0.35 sho ws a moderate correlation between
the variables.

4. Study Findings

T he follo wing hypotheses represent the stud y
findings, along with the supporting evidence, based on
the qualitative and quantitative analysis of the stud y
results. T hey are organized b y the research question to
which they relate.

Can a framework-based environ ment effectively
support a full-reuse model of maintenance?

T his stud y sho ws that it was feasible to treat the
framewor k and example applications as a full-r euse
enviro nment.  All of o ur subjects did reuse functionality
fro m multiple applications and exploited the underlying
design and functionality o f the frame wor k, and
completed the implementatio n of the system in the time
allo wed.  (Ho wever, we cannot conclude that the full-
reuse maintenance model was superior to other
develop ment models, since subjects in our stud y used
only the full-reuse model.)

Moreover, subjects who took the mo st advantage o f
the full-reuse environment did better than those who
started directly fro m the framewo rk.

Hypothesis 1: For implementing a set of requirements in
a framework-based environment, if a
suitable example application can be found,
then adapting that application is a more
effective strategy than starting from
scratch.

Obviously, more work needs to be done on ho w to
recognize a ^suitable~ example. T he current stud y
indicates that the benefits o f relying o n an existing
application as a starting point ( which include being able
to exploit an existing file structure and to model new
classes o n similar ones which alread y exist in the
application) can outweigh the negatives (the extra wor k
of identifying relevant functionality and remo ving
irrelevant code), which leads us to our second questio n:

What are attributes of effective maintenance
techniques in a full-reuse environ ment?

Having decided that this environment co uld be
considered a full-reuse maintenance environment, we
used our observations of the students to reason about
useful attributes of full-reuse processes.  In particular, we
looked for practices that tended to be effective or

difficult across so me number of the student teams, in

order to find attributes that applied to full-reuse

maintenance in general and not just the approaches of

particular groups.

                 Our beginning learners did report characteristic

problems with their adaptation processes. For example,

the majority of teams experienced difficulties finding

desired functionality within the existing applications.

Hypothesis 2: Techniques for adapting framework-based

                                                                                applications require guidance to help

                                                                                developers find even minor bits of

                                                                                functionality in the existing applications.

                 Altho ugh the teams using this technique usually

managed to get the functionality wor king in the end, the

problems with finding it in the first place seemed

especially acute when the functionality needed was a

ver y small part of a much larger application (e.g., the

dialog boxes fro m key functionality 2). T his indicates

that we did not provide enough guidance to developers to

assist them in finding and extracting small pieces of

functio nality embedded within larger existing

applications. Future studies need to be undertaken to

determine if we can add this sort of guidance to make

more useful techniq ues for developers who are not yet

used to the framework or its derived applications.

                 T his stud y has also sho wn the effectiveness of the

adaptation technique relies on the set o f applications:

Hypothesis 3: The effectiveness of a technique for

                                                                                          adapting framework-based applications

                                                                                          depends on breadth of functionality and

                                                                                          other characteristics of the existing

                                                                                          applications.

                 As others [17] have pointed out, learning ho w to

implement functionality fro m existing applications is

difficult because the rationales for design choices, which

explain wh y the finished implementatio n looks the way it

does, are usually not included in the documentation.

When attempting to reuse functionality fro m existing

applications, developers are imp licitly asked to

reconstruct the choices that led to the finished

implementations they are studying.  T his situation can

actually be made worse in a full-reuse environment, since

effective reuse requires the developer to understand the

rationales behind a number of applications, not just one.

Should maintenance in this environment be driven by

the functionality provided by the fra mework and

application set, or by the model of the application to

be developed?

When using framewor ks, there is the important

question o f whether to modify the object model of the

system, so as to exploit a piece of functio nality offered

by the framework that might not exactly fit the original

plan, or to keep the object model ^as is~, even if it makes

implementing the application on top of the framewor k

harder.  From our subjects´ comments about their object

models, we hypothesize:

Hypothesis 4: Techniques for adapting framework-based

applications should follow the original

object model of the system and resist the

temptation to incorporate additional

functionality provided by the framework,

so that functionality is implemented

correctly the first time.

One reason for this may be that if teams were too

willing to make modificatio ns to their planned system in

order to reuse functio nality from other applications,

undesired and unexpected changes to the system

architecture will occur.  As the underlying structure of

the system continues to devolve, it beco mes harder and

harder to add changes effectively.  (It is possible that, as

developers get more experience with the framework, it

may be possible to synchronize the design of the system

more closely to the framewor k infrastructure fro m the

beginning, thereb y avoiding this danger.  Our stud y did

not address this possibility.)

Can we characterize the way in which functionality

was reused fro m the existing applications?  Are there

attributes of the application set that ma ke this process

more or less difficult?

T hrough our observatio ns, we identified two main

categories of strategies for reusing functionality: strictly

adaptive and ad hoc adaptive, which were defined in

section 3.2, each with its o wn strengths and weaknesses.

T he relative effectiveness of each seems to be most

strongly deter mined b y ho w closely the object model of

the system to be developed corresponds with the existing

applications.

Hypothesis 5: The appropriate technique for reuse

depends on the distance between the

functionality provided by the application

set and that required by the object model

of the system.

Key functionalities 2 and 3 sho w that when the

functio nality called for b y the object model is well-

contained in the set of existing applications, just about

any adaptation technique should be help ful.  Ho wever, as