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Abstract: - In this paper, a methodology focused on the improvement of the software maintenance process
management is presented. As it is well-known, this one is the most costly stage and less planneable stage of the
software life cycle. This methodology approaches maintenance as an horizontal set of activities and tasks (in the
sense that they have an extension along the time) and proposes, for each task, the use of certain techniques,
which can have been extracted from literature or have been propounded as additional work lines of this research.
This full set of solutions is being used by a multinational organization which provides software maintenance

services to third-party software systems.

Key-Words: - Software maintenance, maintenance techniques, maintenance management, life cycle.

1 Introduction

Spite software maintenance absorbs most the effort of
the software life cycle ([4], [15]), most organizations
do not follow any particular methodology for
software maintenance, although they have one for
software development [14]. As evidenced by recent
studies, programmers spend most their time in
maintenance tasks that developing new systems
([24]). To do maintenance works without a methodo-
logical basis is one of the main problems for software
evolution, since programs get more complex after
interventions and, consequently, less understandable
and modifiable ([22], [7], [1]).

Moreover, novel environments and technologies will
require great maintenance efforts to keep them
operatives: Brereton et al. [2], for example, affirm
that the maintenance of hypertext documents will
probably become a serious problem which requires
immediate action. For Hanna, as more software
production, more maintenance effort [8], and the first
one has always shown a growing tendency. Related
with this, Lehman et al. have confirmed one of his
laws (big programs never are completed and they are
always in constant evolution [12]) almost twenty
years after its announcement [13].

With this situation, organizations need complete
guides for software maintenance which help
programmers to carry out adequately this process, in

such a manner that managers can keep the process
under their control. This kind of guides (or methodo-
logical solutions) are also very interesting for the
possible customers of software services organizations
(like those which provide software maintenance),
since they may help to guarantee the service quality.
If such methodologies are based upon more global
frameworks, the offered service is a good added value
which will be well valued. Outsourcing of software
life cycle activities is a growing business area in
many sectors influenced by Information Technologies
[21].

This article presents a methodological approach for
carrying out the maintenance process., and its is
organized as follows: in section 2 we present the
current version of MANTEMA, a methodology for
software maintenance, explaining in subsections
some of its characteristics and techniques. Section 3
is an exposition of our conclusions and future lines of
work

2 Structure of the Maintenance Process
The maintenance process (as well as the full software
life cycle) may be understood as an horizontal set of
tasks which is extended along the time. In some
moments of the process, certain vertical techniques
can be used for executing the respective tasks. Figure
1 illustrates this idea:

: This work is part of the projects: MANTIS (CICYT 1FD-097-1608) and MPM: Mejora del Proceso de Manteni-
miento, developed with Atos-ODS (ATYCA, Ministerio de Industria y Energia TA15/1999),
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Figure 1. The horizontal structure of

The first node in Figure 1 is dedicated to prepare the
maintenance process, whereas the second one is
triggered when a modification request arrives to the
maintenance organization to be served. In the third
node, tasks needed for ending the process are
executed.

Every modification request involves a change on the
software which, in our proposal, must be categorized
into one of the following types [17]:

a) Urgent corrective: a detected error prevents
normal system operation and the solution time is
critical.

b) Non-urgent corrective: a detected error does not
block the normal operation of the system and the
solution time is not critical.

c) Perfective: when new functionalities are added to
the system.

d) Preventive: consists of the software modification
to improve its maintainability and quality proper-
ties.

e) Adaptive: when the system will change its
execution environment.

Following recommendations of different references
([9], [20], [10]), different set of tasks must be
executed depending on the maintenance type of the
modification request. In our methodology, a different
set of tasks is defined for each type of maintenance.

2.1 Structure of a task

Once the modification request has been categorized
into one type, it is very important to submit it to
well-defined tasks, in the sense of providing all the
information which is needed for its successful
execution. Figure 2 illustrates the set of information
that we use to define a task:

a) Input elements.

b) Outputs to other task or to the environment.

c) Interfaces with other processes of the software
life cycle (Configuration Management, for exam-
ple).

d) People in charge of the task.

e) Techniques which may help to the satisfactory
execution of the task.

f) Metrics which must be collected to measure and
evaluate different kinds of properties of our
process.

2.1.1 Input and output elements

With the term "Input and output elements" we denote
any possible software product which can be
manipulated during the execution of a task.

Inputs from
the environment

Inputs from

KA —

Figure 2. Generic structure of a task.

Input elements may come so from a previous task (an
authorized urgent-corrective modification request, for
example) as well as the from environment (the
program with errors referred in such modification
request). In the same manner, output elements will go
directed to a following task or to the environment: the
first case could be the modification request, when it
has been served and will be registered; the second
case would be the fixed software product which is
being put into the production environment.

Therefore, both kind of "elements" will be generally
constituted by "logical software products" (programs,
databases) and documents. The methodology defines
templates for all the possible documents suitable of
being generated during maintenance. As an example,
Figure 3 shows the template for a maintenance
request.

2.1.2 Interfaces with other processes

In [16], we have shown how to apply the Tailoring
Process defined in ISO/IEC 12207 [10] to the
Maintenance Process defined in this same standard
for defining our methodology.

As all processes in this standard, the Tailoring is
defined as a set of activities and tasks. Very briefly:

1) Identifying project environment, whose only task
consists of identifying those project environment
characteristics which will influence on the tailor-
ing (e.g., the life cycle model, system and soft-



ware requirements, size, criticality and system
types, software product or service, etc.).
2) Soliciting inputs, whose only task consists in the

Modification request.
1) Solicitant identification
1.1 Name
1.2 Departament
1.4 Phone number
2) Product identification
2.1 Project
2.2 Component and version
3) For modification requests by error
3.1. Description of the application which fails and of
its function
3.2. Circumstances of the error (date and time, real
input and output data, hoped input and putput data,
free text)
3.3. Error messages given by the system
3.4. Recommended solution (if it is possible)
3.5. Urgency degree and hoped date of solution
3.6. Free text
4) For modification requests by functionalities addition
4.1. Description of the desired functionality
4.2. Justification of the addition
4.3. Free text
5) For modification requests of software quality
5.1. Description of the properties that can be
improved
5.2. Justification of the proposed improvement
5.3. Free text
6) Place, date and time of the request presentation

Figure 3. Modification request template.

solicitation of the inputs of the organizations

which will be affected by the tailoring decisions

(e.g., users, support personnel, etc.).

3) Selecting processes, activities and tasks, which
(without underestimating the importance of the
others) is the main task of Tailoring. This activity
consists of three tasks:

3.1. Decision about what processes, activities and
tasks will be performed, including the docu-
mentation to be developed and responsible.

3.2. Provision of the processes, activities and
tasks selected in the previous task and not
provided by ISO/IEC 12207.

3.3 Paying special attention to those processes,
activities and tasks which will be deleted and
which are considered as requirements in the
standard.

4) Documenting and
tailoring decisions.

rationalizing together all

Obviously, for defining a maintenance methodology,
the most important process of those defined in
ISO/IEC 12207 is the Maintenance Process. From
this one we have obtained the "macrostructure” which
was shown in Figure 2. However, several processes
of the international standard provide different
characteristics which can be useful during mainte-
nance.

In order to use these characteristics, several of the
processes defined in ISO/IEC 12207 have been
integrated into the maintenance process defined by
the methodology, whereas some others are "called" in
determined moments of the process. Thereinafter, the
Audit and Improvement processes leave aside, neither
integrated nor interfaced. After these considerations,
our maintenance process can be seen as the following
"arachnid" graph, which shows, as satellite processes,
those which are interfaced by maintenance:

Infrastructure
6pcrati0n
Training
Quality | | MAINTENANCE | | Joint
Assurance Review
z i Validation
Vertification
Configuration
Management

Figure 4. Life-cycle processes interfaced by Mainte-

nance

2.1.3 Responsible people

Traditionally, most methods and techniques
developed to support software processes have been
built without taking into account organizational
structures [6]. In the concrete case of software
maintenance, very little has been written about the
modeling of maintenance organizations [15].

In this methodology, a response to this lack of
proposals is given. In fact, we define the following
organizations and profiles [18]:

e Customer organization.
This is the organization which owns the software and

requires the maintenance service. It has the following
profiles:

1) The Petitioner: who promotes a Modification
Request and establishes the needed require-
ments for its implementation and informs to
the maintainer.

2) The System organization: this is the depart-
ment that has a good knowledge of the system
that will be maintained. This profile is useful
because

3) The Help-desk: this is the department which
attends to users. It also reports to the Petitioner



the incidents sent by wsers to generate the
Modification Request.

* Maintainer profiles.
This is the organization which supplies the mainte-
nance service.

1) The Maintenance-request manager: decides
whether the modification requests are accepted
or rejected and what type of maintenance
should be applied. He/She gives every Modifi-
cation Request to the Scheduler.

2) The Scheduler: must plan the queue of ac-
cepted modification requests.

3) The Maintenance team: is the group of people
who implement the accepted modification re-
quest. They take modification requests from
the queue, which is managed by the Scheduler.
The structure of this team is an affair that must
be sorted out by the Maintainer. An organiza-
tion which provides software maintenance ser-
vices according to the methodology must have
identified these profiles (excepting the possible
tailoring cases mentioned in section 2.1.1), but
the internal structure of the team is not respon-
sibility of the methodology.

4) The Head of Maintenance: prepares the main-
tenance stage. He/She also establishes the
standards and procedures to be followed with
the maintenance methodology used. He/She
plays an important role in the initial set of ac-
tivities of the methodology.

¢ User profile.
The organization that uses the maintained software.

1) The User: makes use of the maintained soft-
ware. He/She communicates the incidents to
the Help-desk.

Obviously, these ones are organizations from a
"logical" point of view, since two or even three
"physical" and real organizations may coincide in just
one (for example, an enterprise which owns, uses and
maintains its software). In the same manner, inside
each organization, different profiles may coincide in
only one person.

2.1.4 Techniques for Maintenance

In our context, a technique is a method which can be
used for executing a maintenance task. Most
techniques for maintenance proposed in the last years
are focused on reengineering, reverse engineering and
restructuration of programs and databases, having
many of them the support of specific automatic tools.
This kind of techniques is very suitable of being used
in the Implementation node of Figure 1. For our

initial node, the techniques we can found in literature

are related with the effort estimation of future

maintenance interventions, proposals for preparing
outsourcing maintenance contracts, identifying risks

and so on. In the methodology we propose to use a

technique to know the quantity of resources which

must be devoted to non-planneable maintenance with
no economical loss.

2.1.4.1. Planneation of resources.

This problem can be studied from different points of

view, depending on the existence/inexistence of

outsourcing relationship and on which organization

(of those listed in section 2.1.3) is doing the calculus.

In any case, all we need to apply this method is:

1) An estimation of the future distribution of
modification requests (see, for example, [11],
(23], 3D-

2) Some values of the Service Level indicators.

3) Some values of the following economical
parameters of the project:

3.1. Cost (from the Customer’s point of view) of
every contracted hour.

3.2. Cost (from the MO’s point of view) of every
dedicated hour of resource.

3.3. Cost of every system stop (fixed and vari-
able).

3.4. Sanctions imposed by the Customer to the
MO for incurring in delays (fixed and vari-
able).

When we have these values, the situation may be

studied from these points of view:

1) There is outsourcing:

- The MO may prefer to incur in delays if the
sanctions plus costs of devoting less resources
than needed is less than the cost of devoting all
the needed resources.

- The Customer will prefer that the MO delays if
sanctions paid by the MO are greater than the
loss plus the cost of resources

2) There is no outsourcing (the Customer, which is
also the Maintenance Organization, maintains its
own software):

In this case, there are no sanctions and there is
only a cost of resources. This organization will
be interested in dedicating less hours of resource
than the needed hours to fix all the errors from
the point where costs of devoted resources plus
loss by errors are equal to costs of needed re-
sources to fix all the predicted errors.

In [19], we can find a mathematical model of this
technique. Each organization has a cost and a benefit
function. Figure 5 (see at the end of this paper)
shows one example of the benefit function for a
fictitious project with outsourcing and two organiza-



tions, depicted as functions of the planned hours of
resource (p).

The behavior of the model is not so good far from the
cutting point of both functions: in spite of the
example has shown that the Customer would obtain
great profits if the Maintenance organization devotes
very little resources (because the MO would pay a lot
of sanctions), the reality is that very big delays may
imply unacceptable production losses. This means
that, in this cases, other costs appear, not directly
considered in this model. A similar effect occurs from
the Maintenance organization’s point of view, since
the little dedication may imply others high risks and
costs, as the cancellation of the maintenance contract.
This fact may be included in the model considering,
as an additional cost, a percentage of the losses
suffered by the Customer, well linearly or exponen-
tially (see [19] for more details).

2.1.4.2. Risks identification and estimation.

Before the acceptation or (if it is mandatory)
execution of a maintenance project, it would be very
useful to do an estimation of its most important risks.
There are some methods for managing risks of
maintenance projects, but they are mainly focused on
risks of concrete interventions. In MANTEMA, a
technique for quantifying risks of the project when
there is very little objective and quantifiable
information about it has been developed. We have
taking some situational factors from Euromethod [5]
and from the Atos ODS experience.
Euromethod defines a situational factor as ““a property
which generates risks”. Therefore, every situational
has influence on certain types of risks. The types of
risks we have identified are the followings:

1) Uncertain or unfeasible requirements

2) Uncertain interfaces to other systems

3) Evolving requirements

4) Unpredictable costs for the supplier or-

ganization

5) Unpredictable costs for the project

6) Delays in the delivery

7) Poor quality of deliverables

8) Increased costs of the project

9) Integration problems

10) Straining computer science capabilities

11) Wrong or unfeasible information system

12) IS-adaptation not accepted by actors

13) Business implications of project failure

The magnitude of these risks is estimated as a
function of some of such situational factors. A
subjective value is given to every situational factor
according to the user of this method feels absolutely
agree to absolutely disagree (respectively 1 to 5) with

the sentence used to explain the factor. We have
identified 36 situational factors, related to these

Facior Subfactor Value g
value
Quality of documentation is high 3
mality of system architactire 4
S design ishigh
Existing [Guality of software designis high 4
specifications in D siatinas e 5 aer
the application RAERINION S 3
IS requirements are availabhle and 3
clear
IS requirements are stable 3
Figure 6. An example of the table used for
estimating sifuational factors
aspects:
1) Quality of the system (documentation, system
architecture, software design, documentation
updating).

2) IS requirements (availability, clarity, stability).

3) Characteristics of the current maintenance team

4) Organization dependencies (extern changes,

subcontractors)

5) Business processes (complexity, stability)

6) Information stability

7) Normalization level of the system

8) Replications of the IS is low

9) System criticality

10) Interfaces with other IS applications

11) Impact of errors on the organization public
image

12) Critical moments (randomly, periodically)

13) Software vulnerability to user’s actions (direct
updates on the database, for example)

14) User dependence to know the problem

15) Denomination and programming standards

16) Quality of programs (batch and on-line)

17) Influence on reports and screens of maintenance
interventions

18) Environment stability

19) Dependence of organizational changes

20) Change rate in business processes

21) Availability of technology used in the project

22) Use of methodologies during the system
development

23) Use of tools during the system development

Figure 6 shows a filled-in fragment of the table used

to estimate situational factors, whereas Figure 7 is a

piece of the table used to estimate risks as a function

of some situational factors.

3 Conclusions and future work

We believe that the version of MANTEMA briefly
presented here is a full methodology for supporting
maintenance, which may be very useful for software



organizations in general, but specially for those
devoted to provide outsourcing maintenance services.

As we have noted in section 2.1.2, the Audit and the
Improvement processes of ISO/IEC 12207 are not
used in any moment of our maintenance process.
Now, we are working in these two fields: control
goals for auditing maintenance and, more recently,
process improvement with related frames, like Spice.
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Benefits of the Customer and Maintenance
organization
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Figure 5. Benefits of the Customer (Bc(p)) and
the Maintenance Organization (Bmo(p)), in an
outsourcing project.




