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Abstract—To  successfully  conduct  postdelivery  mainte-
nance, organizations must be actively involved in the predeliv-
ery  maintenance  phase.  For  this,  they  need  a  predelivery 
maintenance  process  model.  Right  now,  there  are  only  two 
such models and they are still in their infancy. In this paper, 
we compare one of them, the EM3 Predelivery/Prerelease mod-
el, to its corresponding predelivery process at AMIS Software. 
The comparison has helped us evaluate the model in an indus-
trial context and extend it with new activities. 

I. INTRODUCTION

UTURE software maintenance  strongly depends  upon 
what occurs or does not occur during development [3]. 

To  make  it  as  efficient  as  possible,  one  should  involve 
maintainers throughout the whole development process [3]. 
One should conduct a set of activities aiding  in  preparing 
maintainers  and  the  software  system  for  future  mainte-
nance. These activities are classified as predelivery mainte-
nance activities. 

F

Predelivery  maintenance  is  still  an  under-researched 
area.  Today,  there  are  only two predelivery maintenance 
models;  one  is  an  international  maintenance  standard 
ISO/IEC  14764)  [2]  and  the  other  one  is  EM3:  
Predelivery/Prerelease based on this standard [1].  The lat-
ter model, EM3, has been developed by the second author of 
this paper. 

In  this paper,  we compare  EM3: Predelivery/Prerelease  
with AMIS Software’s predelivery process correspondence. 
Our  goal  is  to evaluate  EM3 in  an  industrial  context  and 
find feedback for extending it.

The remainder of this paper is as follows. Section II ex-
plains the domain of predelivery maintenance and provides 
an  overview of  EM3:  Predelivery/Prerelease.   Section  III 
describes our research method. Section IV briefly presents 
AMIS Software.  Section V describes the roles involved at 
AMIS  Software.  Section  VI  makes  comparison  between 
EM3 and AMIS Software’s predelivery practice. Section VII 
discusses the additional activities elicited from [2][3]. Sec-
tion VIII analyses the comparison results within the compa-
ny. Finally, Section IX makes conclusions and suggestions 
for future work.

II.PREDELIVERY DOMAIN AND MODEL

In  this  section,  we provide background  information  for 
this paper. We first explain the domain of predelivery main-
tenance  in  Section II.A.  We then  provide an  overview of 
EM3: Predelivery/Prerelease in Section II.B. 

A.Predelivery Maintenance

In  general,  maintenance is considered as a postdelivery 
phase.  It  should start  during  development  [3].  The  main-
tainer  should be allowed to track the development process 
and  perform  certain  predelivery  maintenance  activities. 
These activities are of preparatory, controlling and evalua-
tive character [3].

During  the  preparatory  activities,  maintainer  prepares 
himself for the future maintenance by acquiring the knowl-
edge of the system and  by establishing  the future mainte-
nance organization [1][3]. These preparations are planned 
in the maintenance plan.

During the controlling activities, maintainer  has insight 
into the development process and makes sure that maintain-
ability is being built in into a system [1][3]. The maintainer 
also  participates  in  contract  negotiations  to  ensure  that 
maintainability is clearly stated in the contract.

Finally,  during  the  evaluative activities,  the  maintainer 
takes part  in the evaluation of the development process by 
taking into account the issue of maintainability [1].    

B.Model presentation

The EM3 model consists of five components. As shown in 
Figure 1, they are  Maintainability,  Contract,  Maintenance  
Plan, Education, and Evaluation. 

1. Maintainability
Maintainability is the ease with which a change can be 

made in a software system [3][9]. The cost of evolution and 
maintenance strongly depends on how easy it is to incorpo-
rate future changes in the system. It increases rapidly if the 
maintainability aspect is not attended to during system de-
velopment.   Hence,  software  systems  should  be designed 
and  developed with  respect  to their  future maintainability 
[1][9].
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The  Maintainability component  contains  the  activities 
required for defining maintainability,  creating a maintain-
ability model and a maintainability plan and for designating 
roles responsible for the plans [1].    

2. Contract 
A contract  must  be agreed  upon and  signed  by all  the 

stakeholders affected by the software to be developed, en-
hanced or modified [1]. The usual scenario is that only cus-
tomer and development organizations are involved in con-
tract writing.  The maintenance organization is many times 
designated late in the development process, right before the 
delivery [3]. 

According to [3], all the stakeholders involved in the life-
cycle management of software systems should participate in 
contract  writing.  This  includes development,  maintenance 
and customer organizations [1]. The contract should identi-
fy all  the  roles  and  responsibilities  involved  in  contract 
writing and  it  should explicitly address maintainability.  It 
should also state permissions for maintenance organization 
to have insight  into the development process. Maintenance 
organization  should  be allowed to  influence  the  develop-
ment process with respect to the system maintainability [1].

The  Contract component  consists  of activities  required 
for ensuring that maintainability is built into the system [1]. 
It includes the activities required for defining maintainabili-
ty, designing contract, and the activities required for achiev-
ing the maintainability requirements. 

3. Maintenance Plan
The  goal  of a  maintenance  plan  is  to  plan  for  future 

maintenance [2]. The plan should be prepared during soft-
ware development  by the maintenance organization  [2]. It 
should focus on the scope, roles, responsibilities and mile-
stones. 

It is important to develop a maintenance plan well before 
the software gets transitioned to the maintenance organiza-
tion.  It  is only then  one may guarantee that  maintenance 
will start without any conflicts and delays. 

The Maintenance Plan component consists of the activi-
ties required  for the creation  and  realization  of a  mainte-
nance plan [1]. 

4. Education
It is impossible for the maintenance personnel to provide 

cost  effective  maintenance  without  proper  education  and 
training.  Software maintainer  must possess enough knowl-
edge about the system, processes and technology so that he 
can do his job properly. The education should be provided 
before the software is handed over to the maintenance orga-
nization. 

The Education component includes the activities required 
for preparing the maintenance organization for future main-
tenance [1].  This  includes developing  education  plan  and 

realizing it during the predelivery phase [1]. The goal is to 
ensure  that  the  maintainer  gains  competence  and  knowl-
edge and that he is prepared for administrating and execut-
ing post-delivery changes [1].

5. Evaluation
Learning from the experience of developing and/or evolv-

ing software systems helps in finding out deficiencies and 
success  factors  leading  to  producing  more  maintainable 
software [1]. The findings should provide feedback for im-
proving  the  development,  enhancement  and  predelivery 
maintenance  processes. This,  in  turn,  results  in  a positive 
impact on the post-delivery maintenance and support.

The  Evaluation component  includes  activities  required 
for the evaluation  of the development  process and for the 
evaluation of the effort of building in maintainability [1]. 

III. METHOD

This  section  describes  the  method  taken  during  this 
study. Section III.A lists and describes our research  steps. 
Section III.B presents the questionnaire  used in  this com-
parison. Section III.C motivates the choice of the organiza-
tion at which we made our comparison.

A.Research Steps

As already mentioned, we based our study on EM3: Pre-
delivery/Prerelease model [1].  The comparison  was made 
in four consecutive phases: (1)  Revision of EM3: Predeliv-
ery/Prerelease model, (2) Defining comparison criteria, (3) 
Comparison,  and  (4)  Improvement  of  the  EM3: 
Predelivery/Prerelease model. 
- Revision of EM3: Predelivery/Prerelease model:   In  this 

step, we first studied the literature dealing with predeliv-
ery maintenance [1][2][3]. Using its results, we then ex-
amined the  EM3 model and extended it  with new activi-
ties. 

- Defining comparison criteria: As a next step, we defined 
the criteria for comparing the  EM3 model with its AMIS 
Software’s correspondence. To enable the comparison, we 
created a questionnaire. The questionnaire is presented in 
Figure 3 and described in Section III.B.

- Comparison: As illustrated in Figure 2, we compared the 
EM3 model with the company’s predelivery maintenance 
practice.  We also elicited the  activities which  were per-
formed in the company but were not part of EM3 [1][2].

- Improvement  of  the EM3: Predelivery/Prerelease  model: 
Using the comparison results, we extended and improved 
the EM3 model. 

B.Comparison Criteria and Questionnaire

Not having any other research results than EM3 on which 
we could base our work, we decided to make a very detailed 
comparison. As can be seen in Figure 2, we chose the ap-
proach of comparing process components, process activities 
and roles performing these activities. 

 

Fig.  2 The comparison criteria

  

Fig.  1 The EM3 Model Components 
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To effectively conduct the above-mentioned comparison, 
we developed  a  semi-structured  questionnaire.  The  ques-
tionnaire  is shown in  Figure 3.  It  follows an  iterative ap-
proach, during which we first inquired about the activities 
and  roles  for  each  of the  EM3 components.  We then  in-
quired about the usefulness of  EM3 components and about 
the missing activities and components in our model.   

C.AMIS Software

We studied one large organization. Due to the sensitivity 
of the results presented herein, we do not disclose its name. 
Hence, when referring to it, we use its fictive name – AMIS 
Software.

AMIS Software is a Swedish organization providing ser-
vices and  solutions ranging  from military defense to civil 
products. AMIS Software is continuing to expand its busi-
ness operations globally with its headquarters in Sweden.

At AMIS Software, development team is responsible for 
the design and development of the system. Project is consid-
ered  completed once the system gets  operational.  Then  it 
becomes  the  responsibility  of  the  line  organization  and 
maintenance organization to handle the system, where the 
maintenance organization is part of the line organization. 

The line organization is responsible for keeping the sys-
tem operational,  while the maintenance organization is re-
sponsible for evolution and maintenance of the system. The 
maintenance  organization  attends to software problems in 
the system and extends it with new features.

IV. CHOICE OF THE ORGANIZATION STUDIED

Unfortunately, a vast majority of IT organizations and IT 
professionals are not familiar with the concept of predeliv-
ery maintenance. One major reason to this is the fact that 
research  on predelivery maintenance  is still  in  its  infancy 
and there is very limited information about it. 

Fortunately, the second author of this paper has been in-
volved in developing a predelivery maintenance model and 
the third author has been involved in various predelivery ac-
tivities  at  AMIS Software.  In  addition,  these two authors 
have already worked together  in  the field of maintenance 
research [4]. Hence, it felt natural to continue the co-opera-
tion on the maintenance subject. 

V. ROLES 

During  our study at  AMIS Software,  we identified four 
major roles participating in the predelivery activities. They 
are (1) Developer (D): an organization/team responsible for 
performing development activities, (2)  Maintainer (M):  an 
organization/team responsible for performing maintenance 

tasks, (3) User/Acquirer (A): an organization procuring the 
software system,  and (4) Third-Party Supplier (S): the third 
party,  who is  responsible  for  supplying  and  maintaining 
COTS components. Each of these role designates their  in-
ternal  roles  for  performing  various  tasks.  These  internal 
roles include  Quality Assurance  (QA):  a  team responsible 
for  controlling  and  evaluating  the  predelivery process  so 
that a maintainable system is developed, and Business Man-
agement  (BM):  the  team  responsible  for  negotiating  and 

signing the contract. These internal roles are listed for each 
activity in Tables I-V, respectively.

VI. COMPARISON

In  this section,  we compare the  EM 3 components with 
the AMIS Software’s predelivery process practice. We do it 
in Sections VI.A-VI.E. When doing it, we first explain the 
EM 3 model and then compare it to the company’s practice. 
Our comparison is based on Tables 1-5.  Due to space re-
strictions in this paper, we were forced to use the tables for 
illustrating  the  process  model  status  before  and  after  the 
comparison. To distinguish between those two, we mark all 
the newly elicited activities with the “New Activity” flag. 

A.Maintainability 

1. EM3

The  EM3 Maintainability  Management component  con-
sists of ten activities. These are listed in Table 1. The most 
important  activity is M-1, stating that  one has to create a 
common definition of maintainability.  This definition pro-
vides a basis for clarifying the meaning of maintainability 
within an organization, and it constitutes a basis for defin-
ing an organization-wide maintainability model and activi-
ties for managing it.

It is however, not enough to simply define maintainabili-
ty.  One  must  make  sure  that  the  definition  is  commonly 
agreed upon and anchored within the organization (see Ac-
tivity M-2 in  Table 1).  One must  continuously revise the 
maintainability definition (see Activity M-3 in Table 1). Us-
ing  the  definition  as  a  basis,  one should  then  create  and 
continuously revise the organizational maintainability mod-
el (see Activity M6-7). The goal is to ensure that the main-
tainability attributes are uniformly understood and that they 
are consistently applied. Another goal is to provide a basis 
for the maintainability plan. 

Today, maintainability can be interpreted in many dif-
ferent ways. There is no standard detailed model of main-
tainability. The extant models are too general to be of any 
help  to  the  organizations  today [5,  6].  For  this  reason, 
each organization needs to create their own maintainabili-
ty models based on the organization’s definition of main-
tainability.  The  maintainability model  defines  maintain-
ability features and activities to implement these features.

Each software project has its own specific requirements 
and resources to consider. The organization-wide maintain-
ability  model  is  too  general  to  be  of  direct  use  to  the 
projects.  Projects  should  therefore  use it  as  a  basis  when 

Fig.  3 The questionnaire
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creating their  own maintainability plans.  These plans pro-
vide project specific maintainability features, practices, re-
sources  and  sequences  of activities  [2]. The  activities  for 
managing the maintainability plan are M-9.1-9.6, and M-10 
in Table 1. 

2. Status at AMIS Software

AMIS Software considers maintainability as a quality at-
tribute. It follows an organization-wide definition of main-
tainability based on the generally accepted definition in the 
domain. It defines maintainability as “the construction of a 
system in such a way that it is easy to maintain the system”. 

The role responsible for maintainability on the developer 
side is the quality assurance department.  This  department 
defines quality and makes sure that standard maintainability 
guidelines are followed by the development teams. 

The  AMIS  Software  organization  does  not  create  any 
model of maintainability but they have guidelines for devel-
oping  system  architecture  and  for  writing  code.  These 
guidelines  are  considered  as  part  of  the  development 
process. 

AMIS Software organization does not  create any main-
tainability plans  but it  identifies which maintainability at-
tributes  should  be implemented  at  what  system structure 
level, e.g., at the software architecture, code, data structure 
level and the like. 

Out  of maintainability (quality)  attributes,  management 
of data  maintainability is considered to be the most chal-
lenging task. This is due to its dynamic nature in the AMIS 
Software systems. The code is relatively static as compared 
to data. 

It  is mainly the user organization who is responsible for 
maintaining data. The user performs procedures to test data 

maintainability before the system is deployed on the user’s 
site. Particularly, if the data is migrated from previous ver-
sion, the maintainer is responsible for preserving data struc-
tures.

AMIS  Software  organization  also  defines  activities  for 
achieving maintainability requirements. They provide stan-
dard  instructions  for performing  almost every task during 
most of the development  phase.  Developers are obliged to 
follow them.

At AMIS Software, system and user documentation plays 
an  important  role to keep the system maintainable.  These 
documents should be easy to understand and maintain.  To 
achieve it,  both developer  and  maintainer  are involved in 
developing documentation to be used within future mainte-
nance. They follow the above-mentioned instructions.

AMIS Software creates guidelines for how to implement, 
review and test the quality attributes. These guidelines are 
formulated at a project level. They are then followed during 
the  continuous  quality  controls  taking  place  in  various 
stages of the software life cycle.

B.Contract 

1. EM3

The  EM3 Contract  Management component  consists  of 
four main activities. These are listed in Table 2. 

An effective way of building in maintainability into soft-
ware is to define it as a non-functional requirement and to 
build it into a contract [3] [7] (see Activities C-1 and C2 in 
Table 2).  A maintenance organization  should be involved 
during  the  preparation  of a  system specification,  prior  to 
signing any contract.  

All three parties, acquirer, development and maintenance 
organizations  should  sign  a  binding  agreement  explicitly 
defining the software system to be built and the responsibili-
ties of the organizations involved. This agreement should be 
stipulated  in  writing.  A verbal  “handshake”  agreement  is 
not enough.

The contract  should include everything mutually agreed 
upon, such as a detailed list of commitments, responsibili-
ties, promises, and deliverables.  It should explicitly define 
the software system to be built,  its maintainability require-
ments and the responsibilities of each organization involved 
in implementing them. It should list all the activities to be 
conducted  for  achieving  the  maintainability  requirements 
(see Activity C-2.2 in Table 2).

It  should  contain  an  agreement  upon the  resources  re-
quired  for  realizing  the  maintainability  requirements  and 
for reviewing and testing them (see Activities C-2.7- 8 in 
Table 2). Permission should be explicitly given to the main-
tenance organization to have insight  into the development 
process and to be able to influence the course of develop-
ment  in  cases  when  maintainability requirements  are  not 
fulfilled (see Activities C-2.9- 10 in Table 2).  Finally, all 
parties should negotiate and sign the contract (see Activities 
C- 3–4 in Table 2). 

2.  Status at AMIS Software

AMIS Software defines  maintainability as  a  quality at-
tribute in the contract. The contract is designed and written 

TABLE I.
MAINTAINABILITY MANAGEMENT. P AND Ü

STAND FOR PARTIAL VERSUS COMPLETE IMPLEMENTATION

  



AHMAD SALMAN KHAN ET. AL.: COMPARING EM3: PREDELIVERY MAINTENANCE MODEL 577

by business management. In cases when COTS components 
are used in the system, their suppliers get involved in con-
tract  writing as well. The contract  is then signed by busi-
ness management,  the lawyers at AMIS Software, and the 
COTS suppliers.

The contract includes all the activities to be conducted for 
achieving the maintainability requirements during the pre-
delivery  phase.  These  requirements  include  development 
guidelines. It also agrees upon the resources needed for re-
alizing  the maintainability requirements.  For  instance,  re-
sources, routines and procedures for reviewing and testing 
the maintainability, for reporting on problems and for pro-
viding problem solutions are decided upon in the contract. 
Finally, it includes service level agreements between AMIS 
Software and the COTS suppliers.

AMIS Software has no opportunity to follow the develop-
ment  of  the  COTS  components.  Hence,  its  maintenance 
teams do not have any insight  into their  development pro-
cesses. They have however full insight into the in-house de-
velopment  at  AMIS Software.  This  is  because  they work 
closely with the development teams.  Despite this, the main-
tenance teams do not have the authority to influence the de-
velopment process. It is considered to be an explicit respon-
sibility of a  development  team to develop a  maintainable 
system.

Regarding  the  COTS  components,  they imply  risks  if 
their  suppliers  go  out  of  business.  Therefore,  during  the 
contract  negotiation,  depositing  the  source  code  at  some 
third party is sometimes stipulated.

C.Maintenance Plan 

1. EM3

The  maintenance  organizations/departments  should  be 
designated  at  the  beginning  of  the  development  process. 
This helps them monitor and influence the maintainability 
of the product during development  and/or  maintenance.  It 
also helps them start building the maintenance organization 
as soon as possible. 

According  to  Pigoski  [3],  the  cost  of software  mainte-
nance  and  the  ability of software  maintainers  to  perform 
software maintenance functions are directly related to their 
level of involvement during the predelivery phase. Early in-
volvement enables the maintenance organization or depart-
ment  to learn  the system from the very beginning  and  to 
have access to the  experience gained  during  the  develop-
ment.  This  experience  is  pivotal  for  successful  future 
change management and maintenance work.

The  designated  maintenance  organization/department 
should develop a plan for the transition (delivery) phase and 
postdelivery activities.  Doing this  during  development  en-
ables the maintenance organization to be well prepared for 
future maintenance.  A well thought  out maintenance plan 
suited for the system facilitates the management and execu-
tion of postdelivery maintenance. 

The ISO/IEC 14764 standard recommends the following 
topics for a  maintenance  plan  [2]:  (1)  motivation  of why 
maintenance will be needed (2) specification of who will do 
what work, (3) identification of the roles and responsibili-
ties involved in the process, (4) description of how the work 
will be performed, (5) list of resources required for mainte-
nance,  (6) identification of the organization where mainte-
nance will be performed, and (7) point in time when main-
tenance will commence. In Table 3, we have only designat-
ed coarse-grained activities for managing  the maintenance 
plan.  Interested readers are most welcome to study a more 
detailed maintenance plan defined in [2]. 

2. Status at AMIS Software

Maintenance plan is developed for all  systems at AMIS 
Software. It is developed by a project manager on the devel-
oper  side.  In  cases  when  the  system  incorporates  COTS 
components then the COTS suppliers are also involved in 
developing  the  maintenance  plan.  The  goal  is  to  decide 
upon the services to be provided during maintenance.

At AMIS Software, the maintenance plan is set up by a 
project  manager.  Resources  required  for  maintenance  are 
decided in the maintenance plan and the maintenance orga-
nization is planned well before the system gets operational. 
The milestone for starting planning is usually at the project 
start. 

AMIS  Software  plans  for  the  continuous  control  of 
maintainability during the whole life cycle. The company is 
aware that the continuous control facilitates system changes 
and  understanding,  and  thereby,  reduces  personnel 
turnover. Finally, AMIS Software continuously updates the 
maintenance  plan  to make it  consistent  with  the  changes 
made to both software and hardware.   

TABLE 2.
CONTRACT. P AND Ü STAND FOR 

PARTIAL VERSUS COMPLETE IMPLEMENTATION
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D.Education

1.  EM3

It is impossible to start an effective maintenance process 
without proper preparation of the maintenance staff [3]. The 
early postdelivery phase is very vulnerable, mainly due to a 
big influx of change requests submitted right after delivery. 
If  not  efficiently  attended  to,  then  user  credibility of the 
maintenance organization and of the system itself may suf-
fer greatly. 

To be able to maintain the system, the maintenance engi-
neers  should start  preparing  themselves well ahead of the 
delivery. At the delivery phase, it is too late.  A well- pre-
pared maintenance organization has simply a better chance 
of doing a good job. For this reason, one should prepare and 
follow an education plan for maintainers during the prede-

livery/prerelease maintenance  (see Activities E-2 E-4 and 
E-5 in Table 4). The goals are (1) to ensure that the main-
tainers gain competence and knowledge of the system 

before the transition and postdelivery maintenance phases, 
and (2) to prepare the maintenance organization for admin-
istrating and executing postdelivery changes.

2. Status at AMIS Software

AMIS  Software  educates  and  trains  their  maintenance 
staff and system users. It however uses the term “training”. 
The  task  is  conducted  by a  subgroup  of individuals  in  a 
project who are specifically responsible for training. Devel-
opers and professional teachers are part of that training sub-
group. The teachers are responsible for setting up training 
program. They develop instructions and prepare infrastruc-
ture for training.  These instructions and infrastructure are 
then utilized in the training to be conducted by developers 
and teachers. 

Regarding  the  COTS components,  the  COTS suppliers 
are usually responsible for providing education and training 
on their components. AMIS Software does not develop any 
general educational plan. However, it has policies providing 
guidance for developing educational plans. Using this guid-
ance, every project develops its own specific plan. This plan 
is set up as part of the development process before the sys-
tem gets operational. 

There are different  training packages for training  main-
tainers and users of the system.  This is because users re-
quire training to operate the system and the maintainer re-
quires training to make modifications to the system. The ed-
ucational  plan is realized during the predelivery phase. Its 
timing is critical.  If the maintainer is provided training far 
before the system gets operational then he may either forget 
the  system  or  he  learns  things  that  are  still  subject  to 
change.  For this reason,  the training  commences once the 
deadline for deployment and testing is finalized. 

Training  at  AMIS Software is not a one-off thing.  It  is 
continuously provided during the life cycle of the system. It 
includes the new-hire and refresher training.

TABLE 3.
MAINTENANCE PLAN. P AND Ü STAND FOR PARTIAL VERSUS COMPLETE  

IMPLEMENTATION 

 

TABLE 4.
EDUCATION. P AND Ü STAND FOR 

PARTIAL VERSUS COMPLETE IMPLEMENTATION

 

TABLE 5.
EVALUATION. P AND Ü STAND FOR 

PARTIAL VERSUS COMPLETE IMPLEMENTATION
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E. Evaluation

1.  EM3

Learning  from  experience  is  important  for  gaining 
knowledge about the effectiveness of the predelivery main-
tenance process. Experience aids in identifying critical suc-
cess factors contributing to more maintainable software and 
to more effective postdelivery/postrelease maintenance.

One way of doing it is to evaluate the predelivery/ prere-
lease maintenance  activities and  learn  lessons about their 
effectiveness. Formal evaluation aids in making that knowl-
edge available to others in the organization. It ensures that 
the experience gained does not stay with the individuals in-
volved in the project, and that it does not get lost at the end 
of the project.  The knowledge gained may not only be used 
for improving the predelivery/prerelease maintenance phas-
es, but also for setting up and revising the maintainability 
model and plan.

For this reason, one should designate a role responsible 
for  the  evaluation  of  the  development  and  maintenance 
process (see Activity EV-1 in Table 5), one should then pre-
pare  plans  and  allocate  resources  during  the 
predelivery/prerelease phases for the evaluation  of the de-
velopment/enhancement  process (see Activity EV-2),  con-
tinuously evaluate the process (see Activity EV-3),  record 
the experiences and learn from them (see Activities EV-4 – 
EV-5).  

2. Status at AMIS Software

AMIS  Software  actively  evaluates  the  development 
process from the maintenance perspective. The evaluation is 
the responsibility of quality assurance department.  Due to 
the sensitive nature of the AMIS Software systems, security 
is a critical issue. Hence, a representative from the IT secu-
rity department  also participates in the evaluation process. 
The evaluation, however, is performed only for large-scale 
projects.  

At AMIS Software, plans for the evaluation in the prede-
livery phase are prepared and resources are allocated by fol-
lowing standard evaluation procedures such as for instance 
TickIT [8]. The resources allocated for performing evalua-
tion belong to quality assurance department and IT security 
department.  Even  the evaluation activities are recorded by 
following the TickIT standard guidelines.

At AMIS Software, it is necessary to continuously evalu-
ate  the  development  process.  However,  this  evaluation 
should not be overexerted. Otherwise the project personnel 
may spend most of their time on the evaluation on and re-
viewing of the project instead of producing new software.

Finally, there is no specific learning practice from experi-
ence. However, people are expected to learn from the expe-
riences  gained  during  the  development  and  predelivery 
maintenance. 

VII. ADDITIONAL ACTIVITIES

In this section, we present and discuss the additional pre-
delivery activities that  we have elicited from [2][3].  They 
are shown in Table 1.  These activities are discussed as part 
of a  maintenance  plan  in  [2] [3].   However,  we feel that 

they do not always fit in the Maintenance Plan component. 
Hence, we suggest the components which we feel are more 
suitable candidates  for  their  inclusion.  Below, we present 
these  components  with  their  newly elicited  activities  and 
discuss how they are implemented at AMIS Software. 

A. Maintainability

The EM3 model does not clearly specify the overall roles 
and  responsibilities  on  neither  developer  nor  maintainer 
side  with  respect  to  maintainability.  At  AMIS  Software, 
both  these  sides  have  different  roles  and  the  intensity of 
their  involvement  varies.  For  instance,  developers  are  in-
volved in building in quality into software during develop-
ment  and  for  being  responsible for  quality defects in  the 
postdelivery  phase.  The  maintainers,  on  the  other  hand, 
participates  in  independent  verification  and  validation  ac-
tivities  during  the  predelivery phase  and  in  maintenance 
during  the postdelivery phase.  There  is  a  separate  quality 
control  department  at  AMIS  Software  for  managing  and 
controlling the quality of the software. 

TABLE 6.
ADDITIONAL PREDELIVERY ACTIVITIES [2][3 ]. P AND Ü 
STAND FOR PARTIAL VERSUS COMPLETE IMPLEMENTATION
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Designating  an  independent  verification  and  validation 
responsibility to the maintainer helps the maintainer to gain 
system knowledge and receive the evidence that the system 
is thoroughly tested before being handed over to the mainte-
nance organization. 

We clarify this by adding a new activity to the Maintain-
ability component (see Activity 9.1: Define the responsibil-
ities of the stakeholders involved  in the overall  maintain-
ability management in Table 1). 

B. Contract

The Contract component includes new activities suggest-
ing  that  the scope of maintenance  be defined in  the con-
tract [3]  (see  Activity 1: Describe the  scope  of  software 
maintenance in Table 6). This activity helps determine how 
much support will be provided by the maintainer [3].

At  AMIS  Software,  the  maintenance  team  and  COTS 
suppliers  take part  in  determining  the  maintenance  scope 
and  responsibilities.  They are  particularly clear  about  the 
scope and responsibilities from the COTS suppliers’ part. In 
addition,  they estimate  the  staffing  and  the  maintenance 
cost (see Activity 5: Make an estimate of the life cycle costs 
in Table 6). Here, they estimate the cost of hardware, soft-
ware and resources required to perform maintenance. But, 
they  do  not  estimate  the  effort  required  for  conducting 
maintenance. 

At  AMIS  Software,  the  maintenance  organization  or 
team is determined during the contract negotiation, (see Ac-
tivity 4: Decide who will provide maintenance in Table 6). 
It is important to designate the organization/team responsi-
ble  for  postdelivery  maintenance  during  the  predelivery 
phase. It is only then the maintenance organization will be 
able to properly plan and prepare for future maintenance. 

The above-listed activities have been added as new activi-
ties in Table 2.  They are (1) Activity C-2.3: Include in the  
contract  all  the  activities  to  be  conducted  to  maintain  
COTS components, (2) Activity C-2.4: State permissions to  
handover COTS components, if need arise, (3)  Activity C-
2.11:  Define  the  scope  of  software  maintenance,  (4) 
Activity C-2.1:  Decide  the  role  responsible  for  providing  
maintenance,  (5)  Activity C-2.5:  Make an estimate of the  
life cycle costs for maintenance, and finally (6) Activity C-
2.6: Specify the size of the staff for the maintenance.

B. Maintenance Plan

We have identified five activities, which we have placed 
in  the  Maintenance  Plan component  in Table 3. They are 
the following: 

•  Activity  for managing help desk [3]  (see  Activity 14: 
Designate a role responsible for help desk in  Table 6). 
This activity is very important  due to the fact that  it is 
not always obvious who performs the help desk activi-
ties. It  may be performed either  by developer or main-
tainer or it may be outsourced to a third party, At AMIS 
Software,  the  maintainer  is  responsible  for  managing 
help desk. 

• Activity for maintaining documentation [3] (see Activity 
15: Continuously  revise  and  update  documentation  in  
Table 6). The maintainer is responsible for system docu-
mentation at AMIS Software during maintenance phase. 
This is important  because documentation should be up-
dated with the changes made to the system.

• Activity for defining user role [3] (see Activity 16: De-
fine  the  role  of  a user  in  Table  6).  It  is  important  to 
identify users who will operate the system. This role will 
be involved in various predelivery activities and will be 
a target group for measuring user satisfaction.  At AMIS 
Software,  the  user  performs  acceptance  testing  in  the 
predelivery maintenance  phase.  This  helps  the user  to 
identify that the system is operating properly and to as-
sure that the system satisfies user requirements.   

• Activities  for  identifying  the  software  and  hardware 
needed for supporting the system [3] (see Activities 18: 
Identify software needed to support the system and 19: 
Identify hardware needed to support the system in Table 
6). Because the system will be handed over to user for 
operation  and  to maintainer  for evolution and  mainte-
nance, it is important to identify both user and maintain-
er’s needs for installation of hardware and software. At 
AMIS Software, both software and hardware required to 
support the system are identified. At AMIS Software, to 
be able to support the system, the maintainer  identifies 
Integrated Development Environment (IDE),  compilers 
and servers.

VIII. ANALYSIS OF COMPARISON

When  comparing  the  EM 3 activities  with  their  corre-
spondences at AMIS Software, we have realized that AMIS 
Software follows the EM 3 : Predelivery/Prerelease model. 
This  may  be  clearly seen by following the tick offs for 
each activity in Tables I-V. Below, we reason on their simi-
larities and differences for each of the components. 

A.Maintainability

Regarding  the  activities  in  the  Maintainability compo-
nent,  AMIS Software organization follows the majority of 
them. However, they do not continuously revise the defini-
tion of maintainability (the quality in AMIS Software’s par-
lance). Neither do they create any organizational maintain-
ability  model nor  do they revise it  on a  continuous basis. 
This  fact,  however,  does not  make us  change  the  model. 
Even if AMIS Software has not explicitly defined any mod-
el of maintainability, they still have an implicit model im-
plemented in form of  guidelines for developing system ar-
chitecture and for writing code.  This motivates us for keep-
ing this activity in our model. 

During the comparison, data maintainability was pointed 
out to be of pivotal importance. It constitutes an operational 

  

Fig. 4.  Components of the extended EM3 Model 
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profile against  which one evaluates system reliability. Due 
to its volatility, it is extremely difficult to manage. 

We agree that management of data maintainability is an 
important activity.  However, we do not specifically suggest 
any particular activity for managing data maintainability in 
our model. According to us, data maintainability is an in-
herent  component  of an  overall  maintainability which  in-
cludes maintainability of code, data,  design,  requirements, 
user manuals, testing, documentation and the like. Howev-
er, we update our model with two new features: (1) the fact 
that data maintainability and operational profiles should be 
continuously maintained in close collaboration with the user 
organization, and (2) the fact that the acquirer is an impor-
tant  actor  in  the  maintainability management.  These fea-
tures are covered by the activity: Activity M 9.1 Define the  
responsibilities of the stakeholders involved in the overall  
maintainability management (see Table 1). 

Finally,  AMIS  Software  does  not  create  any  explicit 
maintainability  plans.  However,  it  does  it  informally  by 
identifying maintainability attributes for various system lev-
els.  Hence, we conclude that  this  activity is  partially per-
formed by AMIS Software. 

B. Contract

Regarding  the  activities  in  the  Contract component, 
AMIS Software follows the majority of them. However they 
do not permit the maintainer to have insight into and to in-
fluence the development  process .This,  however,  does not 
make  us  remove them  from  the  model.  We believe  that 
these activities are pivotal for assuring that maintainer will 
stay involved in  following  the  development  process.  It  is 
their only way of securing future maintenance. 

During the comparison, we have observed that the  EM 3 

Contract component does not manage the issues regarding 
the COTS components. First, it does not include the activi-
ties regarding their future maintenance. Second, it does not 
guard  the maintainer  from the situations  when the COTS 
supplier  no  longer  wishes  to  supply the  components.  To 
remedy this, we suggest two new activities. The first activity 
suggests that  the contract  include activities to conduct the 
maintenance  of  COTS  components  (see  Activity  C-2.3: 
Include in the contract all the activities to be conducted to  
maintain COTS components in Table 2 ). This activity helps 
the maintainer to integrate and reuse the COTS components 
in the system. 

The second new activity suggests  that  contract  clearly 
specify that the COTS suppliers transfer the COTS compo-
nents to the maintenance organization in case when they no 
longer  wish  to  support  them  (see  Activity  C-2.4:  State  
permissions  to  handover  COTS components  in  case   the  
supplier quits the contract in Table 2 ). 

C.Maintenance Plan

Regarding the Maintenance Plan component, all the EM3 

Maintenance  Plan activities are performed at  AMIS Soft-
ware. However, two important  issues have been discovered 
as  missing  during  our  comparison.  First,  regarding  the 
COTS components,  their  suppliers  should also participate 
in  the  development  of  a  maintenance  plan.  Second,  the 

maintenance  plan  should be continuously revised and  up-
dated during the system lifecycle.  

To materialize the results of this observation, we suggest 
two new activities. . The first observation is already imple-
mented in the Activity MP.2:  Set up the maintenance plan 
in Table 3 by complementing it  with the role of Supplier. 
The  second  one  is  implemented  with  the  Activity MP-4: 
Continuously  revise  and  update  the  maintenance  plan  
during the life cycle of the system in Table 3) suggesting to 
continuously update the maintenance plan  during  the sys-
tem  lifecycle.  This  activity  is  important  because  systems 
evolve  due  to  changes  in  both  software  and  hardware. 
Hence, it is necessary to update the maintenance plan with 
regards to these new changes.

B. Education 

Regarding the activities in the Education component, the 
AMIS Software organization follows the majority of them. 
However, they do not develop any general  education plan. 
Instead,  they provide  guidelines  for  developing  education 
plan which in this case corresponds to a general  education 
plan. Hence, we may claim that this activity is partially im-
plemented at AMIS Software. 

Our comparison has resulted in one new addition and one 
clarification. The addition designates a role responsible for 
realizing the education and training (see Activity E-3: Des-
ignate  a  role  responsible  for  providing  education  and  
training in Table 4) . The clarification concerns the fact that 
planning for education and training should be conducted on 
a continuous basis. The clarification is put into Table 4. It is 
marked by adding a new word Continuously in Activity E-
2: Continuously develop a  general educational plan . 

C.Evaluation

Regarding  the activities  in  the  Evaluation components, 
AMIS Software performs them all. However, the evaluation 
is only performed for large-scale projects at AMIS Software. 
   

D.Missing component

During the comparison, we have observed that two com-
ponents are missing. These are (1) Deployment Preparation 
and (2) Acceptance Testing . They are presented in this sec-
tion. 

I. Deployment Preparation

An important issue at AMIS Software is to setup environ-
ments at user and maintainer  sites and to formulate proce-
dures for setting them up. The procedures concern installa-
tion of software and hardware platforms and system config-
urations. All this is done by a separate installation team. 

EM3 does not include any component for preparing for in-
stallation and deployment. For this reason, we suggest one 
component  which  we call  Deployment  Preparation.  This 
component covers all the preparation activities to set up sys-
tem environments  on  both  user  site  and  maintainer  sites. 
These activities are presented in Table 7. 

II. Acceptance Testing 

User acceptance testing is particularly very important at 
AMIS Software. The user conducts acceptance testing of the 
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system using the operational profiles that must be validated 
upfront. 

Acceptance testing component is missing in EM 3 model. 
For this reason, we suggest that a new Acceptance Testing 
component  be included as a part  of  EM 3  model shown in 
Figure  4.  This  component  includes the  activities essential 
for conducting test procedures, designation of a role respon-
sible for performing  them on the developer and user sites 
(see Activities T1-2 in Table 8), and the activities to vali-
date the data  maintainability of  the  system (see Activity 
T-3 in Table 8).

IX. FINAL REMARKS

In  this  paper  we  have  evaluated  the  EM3:  Predeli-
very/Prerelease model  at  AMIS Software.  We have com-
pared the  EM3 model activities with their  correspondences 
at AMIS Software.

We conclude that  AMIS Software follows all  the  EM3’s 
five  components,  the  majority  of  their  activities  and  the 
roles. This provides evidence that  EM 3 is realistic in  the 
AMIS Software’s context and that  it  appropriately reflects 
the predelivery maintenance model.

Predelivery  maintenance  activities  directly  impact  the 
successful transition (handover) of software from develop-
ment  team  to  the  team  responsible  for  post  deployment 
maintenance.  Therefore,  predelivery  maintenance  phase 
should include preparation activities for deploying software 
system on user  as well  as  maintainer  site.  Organization’s 
definition  and  understanding  of maintenance  phenomena 
also plays  a  vital  role  on  the  activities  performed  during 
predelivery maintenance phase.

So far, the  EM3 model has been evaluated and extended 
only within a handful of software organizations [1]. Many 
more evaluations and extensions need be done. Due to the 
fact  that  few software organizations  deal  with predelivery 
maintenance, we sincerely hope that we will be able to find 
more companies that will provide platform for our future re-
search. 
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