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Abstract. Software system deployment describes the activities associated with ensuring that
a software system is available for its end users. Every company, regardless of its size, requires
an efficient and effective software system deployment process to ensure the customer will accept
the system software successfully. Small and Medium Enterprises (SMEs) often operate on
limited resources and with strict time constraints, and need to improve their processes. For this
reason, the existing proposals for deployment processes are not usually useful for SMEs. This
fact led us to propose DepProMod (Deployment Process Model) to help SMEs to execute the
deployment process of software systems in a systematized and controlled manner. The initial
version of DepProMod has subprocesses, activities and tasks defined in addition to a capability-
level architecture which allow its implementation in a step-by-step manner. This paper presents
the results of a case study we carried out in order to examine the feasibility of the
implementation of the initial version of DepProMod in a real environment with the purpose of
refining it (if necessary) and completing it. We worked with the deployment process
documentation of the “Company creation” module of a management system of advertising
agencies for Latin America, in a software development SME in Argentina, to analyze the
information requirements of the deployment procesgs and thus move towards the design of
templates. In addition, a set of good practice recommendations was designed, not only for the
deployment process but also for the rest of the company's software processes.

Keywords: Software Processes, Software System Deployment Process Model, Case
Study.

1 Introduction

Small an Medium Enterprises (SMEs) need efficient and effective software
engineering solutions. But the proper implementation of software engineering
techniques is a difficult task for SMEs as they often operate on limited resources and
with strict time constraints [1]. For this type of organizations, it is crucial to improve
their processes and work methods because they account for the highest percentage of
software development companies all over the world [2].
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Deployment is a crucial process of the software development life cycle because its
result will determine whether the client successfully accepts, or not, the software
system that has been delivered. There are automation solutions to improve the last
stages of the life cycle [3], among which we can mention new techniques/practices
such as DevOps [4] and Continuous Deployment [5] in the context of agile
methodologies. Google, Amazon, Netflix, LinkedIn, Facebook, and Spotify are some
examples of successful companies whose DevOps practices have been reported and
disclosed in IT books, blogs and events [6]. These emerging solutions are not viable
for a large number of SMEs due to the lack of human resources and infrastructure that
would allow them to adopt such solutions.

Before starting the design of the model, a systematic mapping study of the literature
(SMS) was perfomed in order to review the state of the art and identify models,
methodologies or methods which might serve as a guide for SMEs when deploying
software systems [7]. As a result of the SMS, two process models were identified
which could guide SMEs during the deployment process. Such models have the
limitation that they delegate the responsibility of making decisions on a series of
deployment-related aspects to the organizations that apply them. These aspects include
tasks, artifacts, techniques, methods, tools and role definitions. This delegated
responsibility potentially hinders the application of these models in SMEs since this
type of organizations require more detailed and descriptive processes and, therefore,
more easily appliable. In order to supplement the SMS, with the purpose of gathering
evidence on the current state of the software system deloployment process practice in
SMEs in Argentina, a survey-based exploratory study was conducted [8]. The results
of the survey confirmed the need for a software system deployment process model
which helps SMEs to conduct deployments in a systematized manner by means of: a)
the execution of well-defined activities and tasks, b) the use of guiding templates, ¢)
the assignment of specific roles which possess the necessary competences to execute
the deployment, and d) the use of tools to automate some of the process activities in
order speed up the process.

All of the above considerations led us to define the objective of our long-term
research, which is to propose a holistic software system deployment process model to
help SMEs execute the deploymemt process of software systems in a systematized and
controlled manner. Our preliminary version of the model was called Model of a
Computer Systems Implantation Process (MoProIMP) [9], but since it was not
compatible with the international terminology or with the methodologies that refer to
this phase of the software development life cycle, we decided to rename it to
DepProMod (Deployment Process Model) and this acronym will be used hereinafter
for the entire paper. DepProMod was developed to respond to the software system
deployment process problem in SMEs in Argentina, although the feasibility of
extending it to the international context will be studied later.

The preliminary version of DepProMod has subprocesses, activities and tasks. Our
model differs from the existing proposals in its way of application; it allows SMEs to
execute it in a step-by-step manner because its architecture is based on the capability
levels of the CMMI-DEV standard [10]. The advantage of this application modality is
the increased quality of the deployment process as well as the growth and
improvement of the knowledge of the human resources of the SMEs. Since the
DepProMod structure includes subprocesses, activities and management tasks for the
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deployment process based on [11], it provides SMEs with more stabilized work
methods. Another advantage is that it can be coupled with the development
methodology used by the SME.

This paper presents the results of a case study we carried out in order to examine the
feasibility of the implementation of the preliminary version of DepProMod in a real
environment with the purpose of refining it (if necessary) and completing it. We
worked with the deployment process documentation of the “Company creation”
module of a management system of advertising agencies for Latin America, in a
software development SME in Argentina to analyze the information requirements of
the deployment process and thus move towards the design of templates.

The paper is organized as follows: Section 2 presents an overview of the
DepProMod. The case study design and results are presented in Section 3 and, finally,
our conclusions and proposals for future work are set out in Section 4.

2 Overview of DepProMod

The preliminary version of DepProMod has a life cycle model that adopts the 5
PMIBOK process groups [11]. These groups are: Initiating, Planning, Executing,
Monitoring and Controlling and Closing. The reason for this choice is that PMIBOK is
a globally recognized standard for use in the software industry. Each of these processes
in DepProMod is called a “subprocess”.

For the definition of the activities of DepProMod, a set of processes of the ISO /
IEC / IEEE 12207 standard [12] were considered. The processes extracted from the
standard are the technical management processes: risk management, configuration
management, project management, and other technical processes: verification and
validation. In our model, these processes are called “activities”. At the “tasks” level,
the model adopts a group of tasks proposed in the Metrica v3 [13] methodology as it is
considered one of the most complete methodologies at the level of the tasks that are
executed in the deployment process and those used in Spain and Latin America. In
addition, a series of activities proposed in the “transition” technical process of the ISO
/TIEC /IEEE 12207 standard [12] were considered.

In order to implement the model in a step-by-step manner, three of the capability
levels were adopted from the CMMI-DEV standard [10]. These levels are: level 1 =
Done, level 2 = Managed and level 3 = Defined. Level 0 = Incomplete was not
considered since it means the non-completion or partial completion of that process in
the organization. These levels were analyzed and defined at a granularity level of the
tasks considered in the model. The choice to consider capability levels rather than
maturity levels is due to the fact that not all software development companies have
reached maturity levels 4 and 5. This tiered architecture offers the advantage that
software development companies can implement it in a step-by-step manner and, as
they manage to stabilize the process at one level and achieve the necessary knowledge
for its implementation, they can scale it to the next level.

The process pattern used for the representation model is the one proposed in the
Competisoft model [14], since it is a process improvement model for Ibero American
software industry SMEs with some adaptations to the needs of the DepProMod
definition.
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3 Case Study Description

In this section, we present the detailed description of the case study, following the
guidelines proposed in [15, 16].

3.1 Case study design and research questions

The main goal of our case study is to examine the feasibility of the implementation of
the DepProMod preliminary version in a real environment with the purpose of refining
it (if necessary) and completing it. This case study is of an exploratory type [16]
because it makes it possible to find out what is happening in the deployment process,
seeking new points of view and generating ideas and hypotheses for our research. We
worked with the documentation of the deployment process of the “Company creation”
module of a management system for advertising agencies for Latin America to analyze
the information requirements for the software system deployment process and thus
move forward towards the design of the templates necessary for our model. We believe
the case study is suitable because we wish to find the information requirements of the
software system deployment process.

To achieve our goal, we posed the following research questions (RQ):

RQI: Is it necessary to refine the model to adapt it to the existing needs in the
industrial context?

Through this question, we sought to obtain the information needs for the execution
of the tasks carried out by the consulting company in the deployment process to
compare them with our model in order to refine it and complete it.

RQ?2: Was the implementation of the model useful for the company?

With this question we tried to determine how the consulting company can
strengthen its software system deployment process. For this purpose, we will provide a
set of specific recommendations for the process as well as Software Engineering
practices in general.

This a single embedded case study [16] according the classification of Yin (2002)
with the following characteristics:

e Context: although our model arose in response to the need for SMEs to improve
and stabilize their software system deployment process, the case study that we had
available involved an SME (55 employees), located in Argentina, which offers
consulting products and services. This company uses a development methodology
with an iterative-incremental life cycle model, with the conventional stages:
Analysis and Design, Construction, Testing and Implementation. In each stage,
product/s-artifact/s are built to continue with the next stage. They also incorporate
some practices of agile methodologies such as extreme programming (XP), pair
programming. The first author of this work had access to the company's facilities
and project documentation subject to an agreement not to disclose the company's
name as well as a commitment to inform about the findings and recommendations
to be considered.

e Case: deployment of the “Company creation” module (in a new country) of the
management system of advertising agencies for Latin America.This module
corresponds to a management system called “T&C” that has the following
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modules: customers, suppliers, accounting, treasury, administration and
parameters (module where master entities are created and the system is
configured), expense reports and security. The module “Company creation” of the
T&C management system that was implemented contains the following global
features: creation of the company in the system and preparation of initial
information and parameters to operate it. The features in detail are: upload the
general data of the company, enter the provinces or states, create the divisions,
upload the people master file, upload the suppliers master file, upload the clients /
brands / products / projects master file, set up holidays, set up working days,
create departments, create hierarchies, create work groups, assign modules to
groups, create and assign administrative functions to people, assign people to work
groups, assign menu options to the employees, assign clients to work groups, fill
the parameters module with information, enter the accounts plan with its
respective additional information.

e  Unit of analysis: deployment documentation of the "Company creation" module of
the advertising agency management system called “T&C”.

3.2 Preparation for data collection

The third grade collection technique was used according to the classification proposed
in [16]. Qualitative data were collected from the documentation used in the
deployment of the "Company creation" module of the T&C management system,
which was obtained from different sources and / or repositories of the project.

In order to facilitate the preparation of the documentation to be collected, a data
collection template was defined with a coding scheme according to the template
approach mentioned in [16]. The template coding scheme is made up of a set of 5
groups, each of which coincide with the 5 subprocesses of DepProMod (Initiating,
Planning, Executing, Monitoring and Controlling, and Closing).

For each group, a series of categories and their description were defined. In Table 1,
an extract of the coding scheme is presented. The rest of the coding scheme used is
presented in the Appendix [17].

Table 1. Extract of the coding scheme for data collection.

Group Code Category Name Description
S1 — Initiating PRO: Project The project plan, software requirements and
subprocess software architecture are explored.
ORG: Organization The organization’s communication aspects,

documentation protocols and configuration
management handling are explored.

RES: Resources The organization’s human resources, the
users and technological resources are
identified.
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3.3 Analysis and interpretation of results

Since this is an exploratory study, the “Hypothesis Generation” technique was used to
analyze the data [16]. In this case study, we consider that the research could be
verifying the following:

e Based on knowing the information required in the software system deployment
process in a real context, DepProMod is refined and completed with the definition
of templates for its tasks and,

e It is possible that from the analyzed documentation, the company is provided with
a set of recommendations of good practices to improve its deployment process.

In a first instance, the drawing of conclusions from the collected data was carried
out by the first author as part of the research process of the doctoral thesis and then
agreed with the other authors, the thesis supervisors.

Two columns were added to the template designed to collect the study data. The
first, called “comments”, was used to record additional information in the analyzed
document. The second column was called “recommendations” and was used to record
recommendations for the deployment process analyzed (of the case). The information
collected and analyzed is presented in the Appendix [17].

Within the reviewed documentation, the content of the emails found in the Incident

Follow-up System (IFS) was also analyzed, since this allowed the acquisition of

information on relevant milestones of the project.

In total, twenty one documents were analyzed. The review was developed in a
systematic way, each document was associated with the defined coding, seeking
traceability of its use in the different groups defined in the coding. Each group
corresponded to the suprocess defined in our model and each category corresponded to
an aspect to consider in its subprocesses, such as: aspects of the project, the
organization, etc. This method of analysis allowed us to contrast the information needs
of a real case with our model and simultaneously reflect on good practices to
recommend to the consulting company.

3. 4 Results

Table 2 shows the traceability of the documents reviewed for each DepProMod
subprocess.

Table 2. Traceability of the documents reviewed for each DepProMod subprocess.

Documents/ Subprocesses
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Requirements procedure

Project standards

Work plan

Requirements for the installation site

Instructions to structure the submission
Installation test procedure
Acceptance test procedure

o R R

User’s manual

Smoke test instructions

Data entry instructions

Acceptance test instructions
New company application form
Installation script

Progress report

Meeting memo X
Smoke test results
Acceptance test results X

Installation completion report X

LT T T Bl B i

o

The results related to the research questions formulates for this case study are as
follows:

RQI: Is it necessary to refine the model to adapt it to the existing needs in the
industrial context?

Based on the documentation analyzed, a series of requirements were obtained to
complete the definition of DepProMod, which are presented below according to the
subprocess structure:

Subprocess 1: Initiating. Five documents were reviewed. There was incomplete or
inaccurate information which made it impossible to associate it with the deployment
tasks. From this analysis, we consider that, in our model, it is necessary to design
templates that allow the information to be documented to be unified, with a clear
objective of use, distribution and the definition of a person responsible for its creation,
modification and approval.

Subprocess 2: Planning. Six documents with the information related to this
subprocess were reviewed. There was information that could not be analyzed either
because it was not found or was incomplete. In the documentation reviewed, only the
use of two metrics, time and effort, was found. These are considered in our model
along with others, such as productivity and error rate of installation tests. In contrast to
our model, it was not possible to obtain new information because DepProMod will
contemplate more specific metrics.

Subprocess 3: Executing. Eleven documents with information related to this
subprocess were reviewed. There was no information related to data migration because
it was the deployment of a new system module. For this subprocess, the model is
enhanced by building the following templates in the previous subprocess (planning)
which will be used in this subprocess: “deployment strategy”, “guide for site
preparation”, “installation guide”, “data migration”, “data upload”, “test
specifications”, “user acceptance testing”, “required human resources”, “required
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"’ on non

technological resources”, "competencies of the technical team", "users to be trained",

"metrics", "measurement report", "deployment risks" and “contingency plan”. Within

this process, the following templates will be designed: "end user assistance report",

"technical team assistance report" and "activity report".

Subprocess 4: Monitoring and Controlling. Two documents with information related
to this subprocess were reviewed. There was information that was not found or was
insufficient to contrast with our model. There was documentation that reflected the
monitoring of activities (work plan) and the meeting memo was also reviewed, which
includes the decisions made by the project participants. There was no information
regarding those who participated in the training activities (users, trainers and
technicians). DepProMod will incorporate two templates that allow registering of the
activities carried out as part of the "activity report" deployment that will be shared with
the client and the information from the "report of risks occurred" and the
"measurement report" is updated.

Subprocess 5: Closing. The two reviewed documents containing information related
to this subprocess, one of them is the updated deployment plan and the other contains
information of the installation activities. There was no evidence of the closing of the
training activities, the closing of the deployment team or the learned lessons.
DepProMod proposes ““ acceptance document”, “closing report” and to register lessons
learned in a a knowledge base.

RQ2: Was the implementation of the model useful for the company?

The company found the DepProMod implementation useful since we provided a
report with a set of recommendations to improve its deployment process for future
projects as well as suggestions for good Software Engineering practices in general.
These recommendations can be listed as follows:

e Use appropriate tools for the administration of the project plan, since the project
plan was managed with Excel.

e Analyze the deployment process strategy through a feasibility study.

e Expand the definition of metrics for the deployment process as well as for the rest
of the software development processes since the only metrics they use are time
and effort.

e  Define risk management and its mitigation procedure.

o Effectively delegate the activities to be carried out by the client, since the
preparation of the installation site was carried out by the client without adequate
supervision by the consulting company.

e C(Create an institutional space to share knowledge not only regarding the
deployment process, but also the rest of the processes of the software development
life cycle.

3.5 Threats to validity

To analyze the validity of the study, the factors proposed in [16] were taken into

account:

e Construct validity. Results were obtained in relation to the information needs of a
deployment process in a real context, which allowed us to answer the defined
research questions, determining their pertinence and suitability for the case.



ISBN 978-987-633-574—-4 447

e Internal validity. The documentation used belongs to a real case, a deployment of
a module of an advertising agency management system (T&C). To achieve greater
precision and validity of the studied process, the need to combine the data source
(project documentation) with another type of source, such as interviews and / or
focus group to ensure a ‘“Data (Source) Triangulation”, is recognized.
Furthermore, the collected and analyzed qualitative data could be combined with
quantitative data resulting from the project thus ensuring a “Methodological
Triangulation”.

e  External validity. The use of a single case study may limit the generalization of the
results. However, reporting on these first findings is considered necessary, as it
serves as an incentive for other researchers to replicate our study in different case
studies.

e Reliability. The study data were collected by a single researcher. Although they
were analyzed with the thesis supervisors, this can be considered a threat to the
research. To add a higher degree of reliability, it would be advisable for another
researcher to apply the template with the coding created here in another case
study.

4 Conclusions and Future work

This paper presented the results of a case study we carried out in order to examine the

feasibility of the application of the initial version of DepProMod in a real environment

with the purpose of refining it (if necessary) and completing it. After carrying out the
case study, we can conclude that:

e RQI allowed us to identify the information (stated in section 3.6.) required in the
deployment process in a real context and, given the diversity of the documentation
structure, we consider it is necessary to create templates to complete our model.
This will allow the information to be documented to be unified, with a clear
objective of use, distribution and the definition of a person responsible for its
creation, modification and approval.

e RQ2 allowed us to create a set of recommendations (presented in section 3.6.) for
the company to improve its deployment process as well as to introduce good
practices for the rest of the software project processes.

Our future work will consist of refining and completing the DepProMod in order to
allow SMEs to systematize the deployment process of their software systems and
provide detailed guidance on the subprocesses, activities, tasks, templates, roles,
techniques/practices and tools and a definition of levels so that it can be implemented
in stages. Our model can be coupled to the software development methodologies used
by these SMEs. Next, we plan to carry out case studies in Argentine software
development companies to test the usefulness of DepProMod, especially in SMEs.
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