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Abstract. Outsourcing of software life cycle activities is a growing business area in many sectors influenced
by Information Technologies. This fact, coupled with the usual lack of planning and high costs of software
maintenance, may invite many organizations to outsource this important process of the software life cycle.
Such outsourcing should be relied to a “technological associate” who can carry out this process using an ad-
equate methodological foundation. In this paper we present the outsourcing strategy that we have integrated
in MANTEMA, a methodology for software maintenance developed by our university and Atos ODS,
a multinational organization which provides software maintenance services to third-party organizations.
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1. Introduction

Outsourcing of software life cycle activities is a growing business area in many sectors
influenced by Information Technologies (IT) [30]. Even the most unexpected organi-
zations, such as the US Department of Defense, have decided to outsource significant
portions of their Information Systems [4]: in fact, according to [12], 40% of the largest
companies in the United States have outsourced at least one of the major parts of their
operations.

One of the possible reasons of this “epidemic outbreak” of outsourcing is the un-
controlled expansion undergone by the IT departments some years ago (earl reports on
organizations that have spent more than 50% of total expenditure on IT [9]), as well as
a lack of planning and little integration into the strategy of the organization. This meant
an increase in the percentage of investments on IT that, in some cases, threatened the
companies’ results.

Among the activities that comprise the software life cycle, maintenance is the most
costly. Some authors place these costs between 67 and 90% of total life cycle costs
[6,22].

Besides the lack of a rigorous definition of the maintenance process [2,22], the
absence of scheduling of the change interventions is a determinant point regarding these
high costs. In fact, whereas the production of new developments does not affect the
organizations’ daily life, maintenance is intimately bound to routine problems. The
reason for this divergence is that, in new developments, the stages, meetings, follow-
ups, etc. are previously scheduled and are backed with a high degree of motivation in
the staff.
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However, this situation does not exist in maintenance, where unneeded moments of
edginess and pressures are multiplied, increasing staff dedication to these tasks beyond
the desired level.

Therefore, it seems necessary to control the maintenance process by knowing it,
and not by attempting to adapt to it structures and organizations that are planned for new
developments. This necessity could be provided by a third-party organization, an infor-
mation systems maintenance supplier that, playing the role of “technological associate”,
should be a specialist in the application of best software practices and methodologies to
this costly process.

One of these maintenance methodologies is MANTEMA [23,26], developed
jointly by our university and Atos ODS, one of the most important european consultants
on software maintenance outsourcing. This organization is applying this methodology
in an increasing number of its projects, mainly related with big banking, industrial and
telecommunication organizations.

MANTEMA was built adapting the ISO/IEC 12207 Maintenance Process applying
the Tailoring Process of this same International Standard [26]. Recently, Atos ODS was
awarded the ISO 9000 certification as a Maintenance Services provider, where the use
of MANTEMA is an essential factor.

In this article we present how MANTEMA integrates outsourcing activities in the
maintenance process. MANTEMA was designed with the supplier service organization
in mind and because of this, it does not propose special techniques nor methods for po-
tential customers. Activities and risks associated with outsourcing from the customer’s
point of view have been widely studied by other authors (see section 2).

Obviously, although this vision is adapted to providing maintenance services,
it can be also easily adopted in other environments and contexts, such as software
development or network solutions, which are two of the most outsourced areas in
IT [36].

The article is organized as follows: section 2 briefly describes some of the pros and
cons of outsourcing. Section 3, has a short presentation of the structure of MANTEMA
methodology. Section 4 explains and details the activities of MANTEMA which can
serve as guidelines for the establishment and finalization of outsourcing relationships.
Section 5 holds our conclusions and future lines of work.

2. Outsourcing the information system

Outsourcing relationships always entail some dangers that may affect both contracting
parts. Before accepting a maintenance project, outsourcing suppliers must carefully ana-
lyze the proposal and the software product of the potential customer (the party that wants
to acquire the maintenance service) in order to prepare the maintenance contract, budget,
resource allocation, etc., and also, to decide whether to accept or, if the importance of
the customer allows it, to reject the project. In the same way, the customer organization
should evaluate the problems related with the transfer of its Information System (IS) to
an outsider.
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Benefits of outsourcing all or a part of an organization’s IS are [7,16]:

– Employees center their attention on the core business, allowing the company to con-
centrate on strategic IS issues.

– Releasing resources for strategic developments, which further allows the achievement
of greater flexibility in teams. The use of the most qualified resources for activities
highly bonded to business goals, such as the management of new systems or the
planning and follow-up of the outsourcing relationship, becoming the intermediate
step between the maintenance supplier and the customer.

– Decreasing costs, through:

– Savings in personnel training and management, as these costs now move to the
supplier.

– Transformation from fixed to variable costs: for example, before outsourcing, no-
body in the organization knows how much money will be spent correcting software
errors, whereas after it there will be a fixed price, submitted by the supplier for cor-
rective maintenance during a period. Knowing and fixing costs before the service
is given, allows for a more exact profit/cost analysis.

– Increasing productivity, through:

– Elimination of maintenance interferences on resources dedicated to new develop-
ments.

– Benefits produced because maintenance is now carried out by a technological as-
sociate whose essential competence is focused on this activity; that is, a specialist
who, in order to maintain itself in the market, must invest in Research and Devel-
opment for its own profit.

– Outsourcing of the maintenance process also allows:

– A greater control over the process, since maintenance interventions will be
planned.

– Decreasing corrective maintenance through a commitment during the outsourc-
ing period. The supplier acquires the commitment of decreasing the required
level of corrective maintenance (i.e., software errors) at the end of contracted
period. The supplier reaches this goal through continuous improvement of soft-
ware quality, which is attained by means of continuous preventive mainte-
nance.

However, outsourcing also involves a set of drawbacks which must be taken into
account by customer:

– loss of control and loss of a learning source, because an internal activity is external-
ized;

– loss of knowledge of the software;

– possible dependencies on the supplier;
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– variations in the quality of the product given to the customer;

– problems among personnel, since they lose their functions.

Of course, the magnitude of these benefits and risks depend on the qualifications of
the supplier. This is the principal reason for applying methodological foundations when
software services are supplied.

3. Brief presentation of MANTEMA structure

Following recommendations made in literature [13,14,28], MANTEMA distinguishes
several types of maintenance interventions (urgent corrective, non-urgent corrective, per-
fective, preventive and adaptive) and defines each one meticulously.

However, the initial application of the methodology to real projects evidenced that
this classification was not very practical and a conceptual grouping of the last four types
was made into just one, corresponding to plannable maintenance (although each one re-
ally keeps some characteristics which makes it different from the rest). In this sense, and
in order to maintain the same notation, non-plannable maintenance has been grouped
under urgent-corrective.

On the other hand, and due to the imperative necessity of considering the establish-
ment and ending of the outsourcing relationship as a part of the maintenance process,
we add a set of activities to be executed at the beginning and at the end of our process:
the former (node labeled “Common initial activities and tasks” in figure 1) are focused
on the preparation of the outsourcing relationship and on the preparation of the process

Figure 1. Consideration of outsourcing and different types of maintenance.
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itself; the latter (subnode labeled “Final activities of outsourcing”), on the ending of the
relationship.

Every node of the process model is composed of activities, and every activity by a
set of tasks. Tasks are defined by providing their input and output products, techniques,
metrics, people responsible and interfaces with other processes. Table 1 shows some
of these elements for first tasks in MANTEMA. With this structure, MANTEMA is a
full methodology in the sense given by Graham, Henderson-Sellers and Younessi, for
whom a methodology must provide, at least, a process model, techniques, guides for
the project management (including roles and team structure), deliverables, metrics and
automatic tools for supporting the methodology [11]. This article deals with the first
three issues.

In section 4 we will use different terms to make reference to the responsible people
of every task. These people are really profiles of the organizations involved in the main-
tenance process; in order to uniquely identify each organization and profile, they have
been discussed and characterized in [25]. Table 2 is a brief reminder in order to assist
reading this article.

4. Maintenance outsourcing support in MANTEMA

As we can see in figure 1, the establishment of an outsourcing relationship is made in
the first subnode of the Common initial activities and tasks, which is also represented
in the first row of table 1. The goal of the first activity in table 1 (Initial study) is to
set out the foundations to establish the outsourcing relationship. Once the outsourcing
contract is signed, the maintenance process is prepared and implemented in the second
activity (Process implementation), although software modifications still remain under
the control of the acquirer’s organization. The supplier organization begins its effective
work as maintainer from the third activity onward.

The followings epigraphs analyze these activities and their tasks in more depth.

4.1. Activity 0: Initial study

This activity is executed when the customer organization has contacted the maintainer,
to acquire the maintenance service for all or a part of its Information System. During
this activity, the maintainer does not have the responsibility of software modification
interventions. This activity consists of the following tasks:

4.1.1. Task 0.1: Beginning and information recollection
This task is triggered as a response to a “Maintenance Service Request” from the Cus-
tomer. The maintenance team, managed by the head of maintenance (and in collabora-
tion with the system organization profile), fills in a document called Initial Questionnaire
(figure 2) which details some issues of the software to be maintained.
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A. Organization identification (financial data, personnel, etc.) and authorized speakers

B. Hardware and software environment

B.1. Hardware

B.1.1. Mainframes (brand and model, operating system, etc.)

B.1.2. Secondary hardware

1.2.1. Terminals

1.2.2. Workstations (indicating operating system)

1.2.3. Network type

1.2.4. Connection type with the main hardware

B.2. Software environment

B.2.1. Development environment

B.2.2. File system

B.2.3. Databases

B.2.4. JCL Batch

C. Development and maintenance organization

C.1. Development methodologies and techniques

C.2. Use of denomination and programming standards

C.3. Quality management techniques and Standards

C.4. Project management procedures

C.5. Operation procedures

C.6. Auditing procedures

C.7. Problem resolution procedures

C.8. Documentation procedures

C.9. Other procedures o standards

D. Applications (for every one)

D.1. Identification (name and date put into production)

D.2. Organizational unit responsible/user

D.3. Related applications

D.4. Batch programs (languages, size, year of writing and number of interventions)

D.5. On-line programs (languages, size, number of modules, year of writing and number of interventions)

D.6. Reports (number, year of writing and number of interventions)

D.7. Screens (number, year of writing and number of interventions)

Figure 2. Initial questionnaire.
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Table 2
Organizations and profiles involved in the maintenance process.

Organization Profile Short description

Customer Petitioner promotes a Modification Request, defines the needed re-
quirements for its implementation and informs to the
Maintainer

System organization department that has a good knowledge of the system that
will be maintained

Help-desk department which attends to users. It also reports to the Pe-
titioner incidents sent by users to generate the Modification
Request

Maintainer Maintenance-request manager decides whether the modification requests are accepted or
rejected and what type of maintenance should be applied.
He/She gives every Modification Request to the Scheduler

Scheduler plans the queue of accepted modification requests

Maintenance team group of people who implement the accepted modification
request. They take modification requests from the queue,
which is managed by the Scheduler

Head of maintenance prepares the maintenance stage. He/She also establishes the
standards and procedures to be followed with the mainte-
nance methodology used

User User makes use of the maintained software. He/She communi-
cates the incidents to the Help-desk

1. Introduction

2. General results of the studies made of the analyzed applications

3. Service proposal:

3.1) technical report defining: goals, bounds, bindings, responsibilities and
contractual parameters;

3.2) for every application inside the (future) maintenance contract, mainte-
nance types and their corresponding Service Level Agreements must be
set;

3.3) proposal of contract (that will have the same format as the Final contract)

4. Economic offer

Figure 3. Contents of the maintenance proposal.

4.1.2. Task 0.2: Preparing the maintenance proposal
From data collected in the previous task, the head of maintenance prepares a Mainte-
nance Proposal (figure 3) for the customer organization, which has the basics for the fu-
ture contract. Obviously, the maintainer must make estimations regarding maintenance
costs, taking the data collected in the Initial Questionnaire as the basis for calculations.
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Some internal reports and studies must be made before presenting this document
to the customer, specially related to economic and resources’ issues. MANTEMA con-
tributes to this aspect with several techniques:

• a method for identifying and estimating the areas of the software system with most
risk (sections 4.1.2.1 and 4.1.2.2);

• a novel set of Service Level Agreements, which allow to, previously and objectively,
know the quality levels of the service provided by the maintainer, as well as the
ulterior control and monitorization of the process during the future modifications of
the software (section 4.1.2.3);

• a method for estimating the quantity of human resources to be devoted to non-
plannable maintenance (section 4.1.2.4).

4.1.2.1. Risk identification
There are many good works analyzing the problem of risks once the maintenance process
has started (for example [32,35]), but there is a lack of guidelines to help managers
identify and estimate the risks in the initial stages of projects. Cost estimation techniques
might be considered an exception to this point; however, they do not consider risks
in such estimations (although the weight assignation table in Albrecht’s function-point
could be considered as a simple form of estimation [1]) or, if they do, these are relied to
an expert’s judgment without providing more details [3,34].

General methods of risk management usually split up the process into a set of
subprocesses [15,29] that may and must be iterative. As the goal of this article is limited
to actions prior to the contract, we only analyze points 1 and 2 from the following:

1) risk identification;

2) risk quantification;

3) risk response development;

4) risk response control.

Within the scope of this article, we propose the maintainer use a risk checklist.
The first version of this list was built from some of Euromethod’s situational factors [10]
and other characteristics of projects historically collected by Atos ODS’s. Although our
partner collected and evaluated this kind of data in almost all its projects, the truth is that
they did not result very useful for any estimation. However, according to [10], situational
factors are “those properties of the situation which generate risks and which should be
taken into account in the design of the acquisition strategy”; therefore, as one situational
factor may affect one or more risk factors, and each risk factor may affect on one or more
business areas [18], it is important to measure and understand the relationship between
situational factors and projects risks.

Before constructing version 1 of the checklist, we did a Principal Component
Analysis of factors historically collected by Atos ODS, in order to detect groups of fac-
tors which measured the same project property. We found that several orthogonal groups
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Table 3
Principal Components obtained.

CP Eigenvalues

Total % variance % accum var.

1 11.831 32.864 32.864
2 8.167 22.686 55.549
3 6.238 17.329 72.878
4 4.453 12.370 85.249
5 3.378 9.383 94.632
6 1.456 4.046 98.678

of factors were providing the same information, although this was not being used. After
this study, we incorporated some of the Euromethod’s factors, obtaining the first version
of the MANTEMA’s checklist with 36 questions.

This first version was delivered to the people responsible of sixteen large projects,
twelve of Atos ODS’, integrally developed in Cobol, Cobol-CICS and Cobol-CICS-
DB2, and four projects of an important public institution, developed in a 4GL. Each one
has between 125.000 and 275.000 code lines. A new Principal Component Analysis was
made on the data collected, which highlighted the six Principal Components shown in
table 3, that accumulate more than 98% of the total variance. This produces a ques-
tionnaire that evaluates the 21 essential situational factors (an additional benefit of the
reduction of the number of factors is the increase in ease and speed in answering the
questionnaire).

Table 4 shows the final version of the checklist: the described building method is
the reason why it contains only the situational factors of interest to the maintainer.

Situational factors are listed in the second column of table 4; each one belongs to
the group indicated in the first. Every cell in the third column must be filled in with
values from 1 to 5, according to what the user of the table feels about the entry in the
second column (Absolutely agree, Agree, Indifferent, Disagree or Absolutely disagree,
respectively). After this, the fourth column is completed with the mean values of its
corresponding section, or with a weighted value, depending on the organization’s expe-
rience.

4.1.2.2. Risk estimation
Once the previous table has been completed, one can advance to the following step, that
is, the quantification of risks for the supplier organization. According to Euromethod,
a risk “is the possibility of exposure to the adverse consequences of future events”. The
grouping of the situational factors according to their source (first column in table 4) will
allow us to know the weakest and most dangerous points of the customer environment
within our scope. Each source influences certain types of risks.

In table 5 we reproduce the most usual risks in maintenance projects. Every risk
is quantified by moving values in the fourth column of table 4 (mean or weighted
values of every source of situational factors) to the corresponding blank cells in
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Table 4
Situational factors for maintenance outsourcing.

Factor Subfactor Value Mean or
weighted

value

Existing specifica-
tions of the
application

High quality of the design level of the system technique architecture
High quality of the level design of the software
IS requirements are available and clear
IS requirements are stable

Current team of
development/
maintenance
of the customer . . .

. . . has a high work capacity

. . . has a high knowledge level of the Maintainer referred to the
domain of the systema

. . . has a high knowledge level of the Maintainer referred to the
technical environment of the ISa

Extern factors Organization does not depend much on subcontractors

IS factors Business processes are simple
Information is stable

Critical factors
of the application

There are no random critical moments
There are no periodic tops which require incorporation of people or
greater resources dedication (for example, at the end of the month)
There is no dependence of the uer to know the problem

Quality of the
application

Denomination and programming standards have been widely used
Quality of batch programs is high (depends on the number of pro-
grams, languages used and other quality factors, as lines of code,
number of modules, age, number of interventions, cyclomatic com-
plexity, coupling of the modules, etc.)
Screens are simple and little influenced by maintenance interven-
tions

Organization
factors

There is little dependence on organizational changes
There is a low change rate in business processes

Methodologies Technology used in the project is available
Methodologies were used during the development of the system
Tools were used during the development of the system

a In MANTEMA, after signing the outsourcing contract, there is a period under tutelage during which the
outsourcing organization acts as a mere observer, observing how the maintenance organization works (up
to then). The goal of this period is to obtain a faster knowledge of the software domain.

table 5. This correspondence between situational factors and risks has been ob-
tained through a statistical analysis of data from the previously mentioned sixteen
projects.

After this, the values of the rows in table 4 are added and divided by the corre-
sponding number on its right. This number represents the maximum value possible for
the risk factor, which is obtained by multiplying 5 (value provided when the user’s an-
swer in table 4 is Absolutely disagree, which corresponds to the worst possible value)
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Table 5
Relationships between situational factors and risks.

by the number of blank cells in every row. Obviously, if weighted values were used in
table 4, the numbers used as denominators in table 5 should be reviewed.

4.1.2.3. Service Level Agreements
In order to offer a competitive service that, at the same time, is objectively measurable,
the maintenance organization must commit itself to accomplish its services according
to some indicators. Different “Service Level Agreements” for every contracted service
(including types of maintenance) must be proposed and agreed upon in the contract.



INTEGRATING OUTSOURCING IN THE MAINTENANCE PROCESS 259

Setting aside other usual indicators [8], MANTEMA defines the following, although
this list can obviously be extended, if it is so required:

• NMRCA, which is the Number of Modification Requests related to Critic Anomalies
assumable per period (for example: 30 per month);

• NMRNCA, which is the Number of Modification Requests related to Non-Critic Anom-
alies assumable per period;

• TRCA (Time of Resolution of Critic Anomalies): the maximum time that the mainte-
nance organization may employ in fixing a critic anomaly (urgent-corrective) without
being sanctioned;

• TRNCA (Time of Resolution of Non-Critic Anomalies): the maximum time to resolve
non-critic modification requests (non-urgent corrective) without being sanctioned.
Obviously, four different values for TRNCA may be defined, one for each type of
plannable maintenance;

• PPC (Progressive Preventive Commitments): although interventions of preventive
maintenance are typically not agreed upon, however a commitment of progressive
and continuos preventive maintenance is covenanted (for example, the maintenance
organization commits itself during the period to decrease the mean cyclomatic com-
plexity of all the modified modules, or to reduce the number of errors).

The commitment of Service Level Agreements for the rest of plannable types of
maintenance (specially perfective and adaptive) is not frequent and is not recommended,
since it is difficult to anticipate time and effort for these kinds of interventions, which
may imply big functionality additions. Interventions of these types should be studied
individually.

These Service Level Agreements can also be used for planning the non-plannable
maintenance, as we will see in the following section.

4.1.2.4. Planning the non-plannable maintenance
We have named “non-plannable” as urgent corrective, as it is precisely, the less plannable
and more problematic type of maintenance, due to its lack of planning possibility. How-
ever, some authors have already modeled a typical life cycle for maintenance, including
corrective maintenance [17], for instance observes how most requests of this type of
maintenance are concentrated in the later moments of every software release. [2] and
[33] have shown similar results. [5] have proposed a method (based upon the dynamic
life model of May) for predicting the arrival of maintenance requests, including correc-
tive maintenance. The ANGEL tool [34], which predicts effort using analogy, has been
used by [19] in maintenance projects.

The technique we explain below may use any predictive model of maintenance
request distribution, together with economical parameters of the project, for determining
the quantity of resources dedicated to error corrections during a period, in such manner
that the maintainer does not incur in economical loss Let:
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• µC be the price (in monetary units) that the customer pays to the maintainer for each
contracted hour of resource;

• µMO be the price that the maintenance organization pays to the resources. If there
were no more economical parameters in the project, then it is obvious that µMO

should be greater than µC if the maintainer wants to earn money;

• s be the magnitude of the sanction that the maintenance organization must pay to the
customer for each hour of delay in error correction.

If the maintainer dedicates less resources than needed, then it will undoubtedly in-
cur in delays, with the respective sanctions. However, the maintainer will be interested in
incurring in such delays if sanctions plus costs of devoting less resources than needed is
less than the cost of devoting all the needed resources. Let us study how many resources
the maintainer must dedicate and not suffer monetary loss.

Table 6 shows a generic situation of a maintenance project for a period of n days.
Except the last row, which shows some totals, the first column represents the day under
consideration; the second one is the number of hours that the maintenance organization
will dedicate to correct errors (note that it plans p hours for every day). The third column
(hi) is the predicted number of hours that will be needed to fix errors. Supposing that
p � hi , the fourth column shows the number of days needed that the maintenance
organization shall have to dedicate to fix the errors occurred in the ith day, supposing
that in the following days hi hours will also be dedicated. The fifth column shows the
day when the errors produced in the respective day will be corrected (for example, if
hi = 8 ∀i and p = 4, errors of the first day will be corrected the second day, which
means to begin with the delay of the correction of errors of the second day, and so on).

Table 6
Parameters of a generic maintenance project.

Day Planned Needed Day of end Delay Sanction
hours hours days

1 p h1
h1

p

h1

p

h1

p
− 1 = h1 − p

p
s ·

(h1

p
− 1

)
= s · h1 − p

p

2 p h2
h2

p

h1

p
+ h2

p

h1 + h2 − 2p

p
s ·

(h1 + h2

p
− 2

)
= s · h1 + h2 − 2p

p

3 p h3
h3

p

h1 + h2 + h3

p

h1 + h2 + h3 − 3p

p
s · h1 + h2 + h3 − 3p

p

. . .

n p hn
hn

p

n∑
i=1

hi

p

∑n
i=1 hi − np

p
s ·

∑n
i=1 hi − np

p

pn
n∑

i=1

hi

n∑

j=1

∑j
i=1 (hi − ip)

p
s ·

n∑

j=1

∑j
i=1 (hi − ip)

p
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The delay in the correction of the errors of each day is shown in the sixth column, and
its respective sanction (function S) appears in the seventh and last column.

In the maintenance project of table 6, the maintainer will pay µMOp monetary units
daily to the contracted resources, whereas the customer will pay µChi daily. During the
n days, these quantities will be C(p) = µMOnp and I (p) = ∑n

i=1 µChi , respectively.
In order to simplify the problem, let us suppose that h are the daily hours of resource
needed (this may introduce small errors in the model if the differences between the hi

are quite large; nevertheless, the length of the planned periods are usually short enough
so that there are not these large differences between them. With this consideration, the
maintainer gets I (p) = µCnh monetary units from the customer for all the days. Also
we can rewrite the first n terms of the last column in this way:

s · h − p

p
; s · 2 · (h − p)

p
; s · 3 · (h − p)

p
; . . . ; s · n · (h − p)

p
.

The last cell of the last column (total sanction, dependent on p, which is the daily
quantity of resources to allocate by the maintenance organization) is the sum of these
terms:

S(p) = s · h − p

p
+ s · 2 · (h − p)

p
+ s · 3 · (h − p)

p
+ · · · + s · n · (h − p)

p

= s · h − p

p
· (1 + 2 + 3 + · · · + n) = s · h − p

p
·

n∑
i=1

i

= s · h − p

p
· n · (n + 1)

2
= n · (n + 1) · s · (h − p)

2p
.

Now we have all the needed information to calculate p: the maintainer will use p

hours of resource (p � h) from the value which evens I (p) with C(p) + S(p). Let us
solve this equation:

I (p) = C(p) + S(p), p � h,

nµCh = nµMOp + n · (n + 1) · s · (h − p)

2p
,

2pnµCh = 2pnµMOp + n · (n + 1) · s · (h − p),

2pnµCh = 2pnµMOp + n · (n + 1) · s · h − n · (n + 1) · sp,

2p2nµMO − 2pnµCh + n · (n + 1) · s · h − n · (n + 1) · sp = 0,

2p2µMO − 2pµCh + (n + 1) · s · h − (n + 1) · sp = 0,

2p2µMO − p
[
2µCh + (n + 1) · s] + (n + 1) · s · h = 0, p � h. (1)

If the maintainer solves this equation with the parameters of its maintenance
project, then it will know the quantity of resources to be dedicated to not incur in eco-
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Table 7
Function values according to p.

p I (p) C(p) S(p) Bmo(p)

1 36000 1500 1302000 −1267500
2 36000 3000 558000 −525000
3 36000 4500 310000 −278500
4 36000 6000 186000 −156000
5 36000 7500 111600 −83100
6 36000 9000 62000 −35000
7 36000 10500 26571 −1071

7.02 36000 10530 25966 −496
7.04 36000 10560 25364 76

8 36000 12000 0 24000
9 36000 13500 −20667 43167

nomical loss (p). The maintainer obtains as profit the difference between the income
and the sum of costs plus sanctions; this is:

Bmo(p) = I (p) − C(p) − S(p).

In table 7 we have represented the economical functions for a maintenance project with
the following parameters:

• µMO = 50 monetary units per hour really dedicated, paid by the maintainer to re-
sources;

• µC = 150 monetary units per contracted hour, paid by the customer to the maintainer;

• n = 30 days, which is the duration of planned period;

• s = 400 monetary units per day of delay, paid by the maintainer to the customer;

• h = 8 hours per day, which is the quantity of required resources (estimated by the
maintainer).

We observe that the optimal quantity of resources to be dedicated is 8 hours/day,
which coincides with the number of hours needed. Obviously, to dedicated more than
8 hours per day does not produce, as can be understood from table 7, that sanctions
be now profits for the maintainer (since there are no sanctions from this point), and we
must reject these values. Solving equation (1) for this case, we obtain the two following
values for p:

p1 = 7.037 hours/day; p2 = 140.96 hours/day.

The second value is rejected since it is greater than h. From p1, the maintainer
knows that it can dedicate during this period approximately one hour less than those
required with no economical loss. The remaining hour can be used in other more critical
projects in the considered period. This is a good mechanism to deal with resources
planning and estimation, as currently, when there is a notorious lack of qualified people
in Information Technologies.
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Figure 4. Calculated resources of some projects.

This technique has been implemented in SREM (figure 4), a Single tool for Re-
sources Estimating of Maintenance projects, which maintains the economical status of
an applications portfolio.

Data obtained with this technique are also very useful for the negotiation of the
contract. They can also be used by the customer, but in this case some parameters will
change their meaning (for example, sanctions paid by the maintainer will be now profits
for the customer), and a new one must be added to the model (the economical loss per
hour of system stop).

4.1.3. Task 0.3: Contract
Once the maintenance proposal has been analyzed and discussed by both parts, a contract
detailing at least the terms indicated in figure 5 is signed:

4.2. Activity 1: Process implementation

Although in this task the customer and the maintenance organizations have already
signed the maintenance service contract, the maintainer is not yet responsible for the
execution of the maintenance interventions. Such responsibility will arrive at the end of
this activity, once its tasks have been fully executed. The following are the tasks in this
activity:
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1. Identification of the parts

2. Object of the contract (the customer entrusts the supplier a set of features in the field of the computer
services that has as purpose the maintenance of the software registered in the context of the technical
proposal)

3. Characteristics of the presentation of the service

3.1. Inventory of the software objects to maintain

3.2. Initial State of the software

3.3. Conditions of organization of the work of the supplier and of the customer

3.4. Formalization conditions of the maintenance intervention

3.5. Adaptation of the quality assurance plan to the customer

3.6. Correction of anomalies

3.7. Maintenance of the competitive level of the application software and of the standard software

3.8. Documentation facilitated to the attached presentation

3.9. Assistance modality to the final users

4. Obligations of the customer

5. Obligations of the supplier

6. Clauses of exclusion

7. Clauses of organization

8. Guarantee of the interventions

8.1. Data recovery

8.2. Responsibilities definition

9. Other clauses

Figure 5. Contents of the maintenance contract.

4.2.1. Task 1.0: Planning customer/supplier relations
In this task, a calendar detailing the future control-meetings must be set up. The pur-
pose of these meetings is to let the customer know the status of its applications portfolio,
although they also can be understood as milestones for controlling the maintenance or-
ganization’s work.

Besides, people responsible for each organization (customer, user and maintainer)
must be identified, determining who will represent each profile mentioned in table 2.

4.2.2. Task 1.1: Knowledge acquisition
In this task, the maintenance team (a maintainer’s profile) studies the existing docu-
mentation on the software to be maintained, including source code, database schemes,
etc. They must also hold interviews with users and pay attention to how the cur-
rent maintenance organization works. During this task, the customer (or its cur-
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1. Introduction

1.1. Scope and purpose of the document

1.2. Project goals

1.2.1. Goals

1.2.2. Main functions

1.2.3. Technical and management constraints

2. Project estimations

2.1. Summary of the data obtained in questionnaires (number of programs, size, use of standards, etc.)

2.2. Historic data (if there are)

2.3. Estimation techniques and metrics

2.4. Metric values

3. Project resources

3.1. Human resources

3.2. Hardware and software

3.3. Other resources

4. Personnel organization

5. Tracking and monitoring mechanisms

6. Appendix (if there are)

Figure 6. Contents of the Technical Summary.

rent maintenance organization) must resolve maintenance requests, since the new
maintenance organization is now learning the software’s structure and operation
mode.

This task takes approximately between one and two months, and during this period
the new maintainer will probably not have modified one line of code. At the end of
this task, the new maintainer must provide the customer updated documentation on the
software.

On the other hand, this task may be partially omitted if the software has not been
maintained previously.

4.2.3. Task 1.2: Developing plans
The maintenance team develops the maintenance plans and builds-up the Technical Sum-
mary (figure 6) of the software, once they have acquired the knowledge. The Tech-
nical Summary must collect information on project goals, main functions, technical
and management constraints, a summary of the data obtained in the questionnaires,
historical data, estimating techniques and metrics, metric values, control mechanisms,
etc.
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4.2.4. Task 1.3: Defining modification requests procedures
The maintenance organization generates document templates for modification requests
(MANTEMA proposes a generic one) and, with the customer, defines the procedures for
their presentation.

Procedures agreed on in this task will be used in the future delivery of modification
requests.

4.2.5. Task 1.4: Implementing Software Configuration Management process
As we can see in table 1, an interface with the Configuration Management process is
established in this task. The CM process may be tailored from the customer’s if it already
has one, or from the standard CM process of maintainer if otherwise.

4.2.6. Task 1.4: Preparing tests environments
The maintenance team must prepare copies of the software product for the future soft-
ware intervention tests.

From this moment on, the new maintenance organization will be responsible for
the execution of all the maintenance interventions, from its reception until its integration
in the production environment.

4.3. Middle activities and tasks of the MANTEMA maintenance process

Now, all maintenance requests arrive directly to the Maintenance Request Manager
(MRM), which is the profile in charge of the reception of maintenance requests. This
profile classifies and directs the modification request to one of the contracted mainte-
nance types (either rejects or reconsiders it with the customer if it does not belong to
any one of them). After this, the Scheduler (another profile, but often also assigned to
the MRM) puts it into the modification request queue associated to the corresponding
Maintenance Team (another profile of the maintainer), adequately placing it according
to its priority and importance.

When the Maintenance Team receives the modification request, it enters the set of
activities and tasks of its maintenance type [23].

4.4. Common final activities and tasks

Four activities compose this last node of the graph shown in figure 1, although only the
last one (End of outsourcing) is of our interest, from the outsourcing point of view (the
first three are Intervention register, Historical database updating and Retirement).

This last activity is executed at the end of the outsourcing period and it comprises
the following three tasks.

4.4.1. Task F5.1: Inventory and documentation delivery
Depending on the contract, the maintenance organization might have to deliver to the
customer all the software products generated and modified during the period in which it
has been responsible for the maintenance process.
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4.4.2. Task F5.2: Training and return of experience
This task is the inverse of task 1.1 (Knowledge acquisition), during which the Mainte-
nance Team learned the characteristics of the system by watching the work mode of the
maintainer that, at that moment the customer had. Now, it is the maintainer who must
train the new maintenance staff, allowing maintenance with mixed teams.

4.4.3. Task F5.3: Final delivery of the service
The maintenance organization definitively finishes the services rendered to the customer.

5. Conclusions and future lines of work

In this paper we have presented the outsourcing strategy contemplated in MANTEMA,
a methodology for software maintenance. MANTEMA has been jointly developed with
Atos ODS, the third largest European organization in software services, and specialized
in outsourcing of software maintenance.

An important contribution of MANTEMA is the integration of outsourcing activ-
ities in the maintenance process. According to [20], process models based on products
are not applicable to processes based on services. In the context of outsourcing, it is ob-
vious that maintenance is understood as a service contracted between two organizations.

Moreover, MANTEMA has been a cornerstone for our partner’s recent ISO 9000
certification. But the possession of a standard, measurable software process is also a
requisite condition to get meaningful levels of maturity in others models, as CMM or
SPICE. MANTEMA provides this with a standard process model and with a wide set
of metrics (not only Service Level Agreements). In fact, the use of MANTEMA as a
baseline for evaluating maintenance processes has been recently analyzed in [27].

Software process audits are also important (and most specially in the case of out-
sourcing), as is evidenced by the inclusion of this process in the ISO/IEC 12207 Stan-
dard: in [31] the integration of the audit process into the maintenance and into MAN-
TEMA is studied.
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