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Abstract

Nowadays, a wide percentage of organizations lack
adequate Information System Architecture (ISA),
causing a gap between their Information System
(IS) and the Information Technology (IT) which
not only leads to a poor allocation of resources
(both machines and humans) but also to a deficient
support of business processes. This problem is also
seen up to a certain extent at the Portuguese Air
Force, where the data recorded on the Aircraft
Technical Log and Aircraft Journey Log necessary
to perform any flight are not adequately supported
by the informational system, as the process of data
insertion is present but only restricted to a manual,
and ineffective, way. Therefore, this work intends
to carry on research the main features of these
activities and, from that, outline an IS Architecture,
based on the concept of the Electronic Flight Bag,
that allows the alignment of the technology with
the information system and, consequently, provide
a much better support for the Air Force activities,
improving self-awareness, decreasing processing time
and probability of error.

Keywords: Information Systems Architec-
ture, Business Process Re-Engineering, Elec-
tronic Flight Bag, Portuguese Air Force, Self-
Awareness, Efficiency

1 Introduction

Aircraft operation of both civilian and military
nature requires the control and record of data,
before, during and after each flight. This data can
either be operational, like the number of hours flown
or the number of landings, or maintenance tasks
such as scheduled inspections, refuels or defects.
At the Portuguese Air Force, the operational and
maintenance data are recorded in the Flight Report
Model (Form 1M) and in the Aircraft Technical Log
(ATL) (2M and 3M).

Some of these forms are being used since 1981
and, since then, more recent aircraft models were
introduced to the Air Force fleet, raising new
requirements in terms of data to be recorded.
Furthermore, both the data recorded in the Flight
Report Model and in the ATL, must be manually in-
serted into the Sistema Integrado de Apoio à Gestão
da Força Aérea (SIAGFA) system, an in-house made
Information Technology (IT) platform that sup-
ports the Air Force processes and activities, and that
is composed by several modules, as shown in figure 1.

In addition, the Portuguese Air Force also per-
ceives difficulties during activities regarding mission
planning, as it is essential to verify if each crew
member complies to a set of qualifications - that can
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Figure 1: PtAF System

range from a minimum of flight hours to any specific,
theoretical exam - in order to be able to mann a
specific aircraft model or take part in a specific type
of mission. It is, then, necessary to have reliable and
up-to-date information on the qualifications of each
person which, currently, is difficult to assure.

This paradigm leads to a set of issues that can be
identified and, if possible, eliminated:

1. Task duplication caused by the need to write
the exact and the same information twice, firstly
in paper, and then in the IT platform.

2. Inconsistent data transfer between paper
and the IT platform, due to the lack of align-
ment between both formats.

3. Inability to register qualifications, in a
cohesive way, as the current business processes
(and paper models) aren’t adequate to such
reality.

4. Redundancy and waste of time, as one takes
much more time that what is optimally needed
to perform the activity.

To contribute for a better planing and understand
the organization as a whole, we propose to use Infor-
mation System Architecture (ISA) concepts such as
information and business processes and combine
them with the principles of the Electronic Flight
Bag (EFB) that, despite the need to follow a set of
restraints, its aimed at enhancing the visibility and
control of its user. Through them, it will be possible
to re-engineer the related business processes, in order

better suit the needs and objectives and, to develop
a new ISA for the air operations, thus allowing a
better alignment between business processes and
IT, an overall improvement in efficiency and also
in the systemic visibility and control over the
organization operations.

This document is structured in following way:
section 1 specifies the context of the research and
identifies the problem. Section 2 establishes the
research method to guide this work. Then, section 3
will present the objectives of the solution. Section
4 presents the most relevant related work on this
domain. After that, section 5 describes and analyses
the proposed solution. Section 6 describes the
development of the functional prototype. Section
6 presents the validation of the work and section 7
concludes.

2 Research Method

As this research is mainly focused on informations
systems and information systems architectures, it’s
important do adopt a method that is well suited to
guide this type of researches, as the Design Science
Research Method (DSRM), which is a more re-
search oriented method, composed by a set of guide-
lines and principles to guide a research study [1].

According to [2], DSRM is also more prone to
deliver concrete applications, in contrast to the
more widely accepted interpretive research methods
in which the resulting research outputs are mostly
explanatory and, it could be argued, that sometimes
not applicable to the problems encountered. Such
method requires, then, the production of new
and innovative artifacts to address the specified
problem [1]. The application and use of such arti-
facts will then help to understand and, if possible,
improve the target object that, in this case, is an ISA.

Considering each step:
1. Identify Problem and Motivate (Sections

1 & 4) should establish a specific problem and
the value that a solution may bring. Further-
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more is should also encompass the relevant liter-
ature;

2. Define Objectives of a Solution (Section 3)
should define what is the goal of the solution in
order to solve the identified problem;

3. Design & Development (Sections 5 & 6)
should establish and build the mentioned arti-
facts, in this case to address the lack of align-
ment and support to the business layer. This
phase will be guided both by the EAP method
proposed by Spewak (in order to develop the new
ISA) and by a Business Process Re-engineering
(BPR) method, to guide the the re-engineering
phase of the business processes.

4. Demonstration (Section 5 & 6) presents the
application of the solution to the PtAF data reg-
istration domain.

5. Evaluation (Section 7) should present the val-
idation the artifact considering its utility and ef-
ficiency. To validate the proposed solution we
will consider the following metrics: time to ex-
ecute the business processes, information accu-
racy (discrepancy with the reality) and informa-
tion standardization.

6. Communication (The dissertation, this
document and submitted poster on the
Centeris ’12 Conference) should reflect the
communication of this thesis problem impor-
tance and the proposed solution to researchers
and other audiences.

3 Contributions

The purpose of this research is to provide an analysis
of the application of an ISA principles and concepts
to the EFB domain in order to capture what benefits
may arise from such association. Therefore, and tak-
ing into consideration this primitive, the objective is
to provide the following contributions:

1. Establish the concrete benefits that the applica-
tion of the ISA principles to a new (complex)
domain, as it often happens, theory doesn’t eas-
ily translate into practice. This domain (which
regards, in this research, the PtAF) needs to be

unfolded into three key areas, considering the
context of the EFB: import of data, handling of
data and export of data. Figure 2 illustrates the
concept.

2. Development of an architectural artifact (based
on the EFB), which aims at providing a systemic
view over the ISA state and allows its monitoring
(of its information entities, their relations and
information that each one holds). Furthermore,
through such mechanism it will should also be
possible to validate, systemically and continu-
ously, the ISA, according to a set of determined
”rules” (similar to business rules).

3. Test the applicability of the ISA principles not
only to the PtAF domain but also to the fairly
recent EFB domain, considering all the restric-
tions and constraints present in this context.

Figure 2: The three key areas on the data registration
process viewed from the EFB domain

4 Related Work

4.1 Information Systems Architecture

An Information Systems Architecture is a valuable
asset to the - continuous - process of aligning the
business layer with the information systems, thus
leading to a normalized, transparent and control-
lable environment, where strategies are actually
implemented and objectives achieved. Nowadays,
technology is one of the most important drivers and
is constantly evolving, which leads to an environment
with an high degree of complexity and chaos that,
according to [3], should be dealt with through En-
terprise Architecture, and in this specific case, ISA.
Indeed, an architecture delivers a taxonomy, as ex-
plained by [4], that allows to relate concepts from the
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real word with concepts from the information system.

According to [4], ISA is commonly segmented into
Information Architecture, Application Architecture
and Technology Architecture. Nonetheless, and con-
sidering the scope of this research, which also ad-
dresses the higher levels of the organization (specifi-
cally its processes), we will also focus on process ar-
chitecture:

• Process Architecture
• Information Architecture
• Application Architecture

Despite the improvements that these sub-models
may provide, they must not exist as standalone tools,
as it is vital to constantly guarantee the alignment
between all three architectures, as illustrated on fig-
ure 3. The alignment is crucial in order to assure
a global coherence1 between the architectures and
an effective support and implementation throughout
the different layers (business, application and tech-
nology). Only then one can provide a better business
support and an overall cost reduction regarding IT.

Figure 3: Alignments between architectures [5]

4.2 Business Process Re-Engineering

BPR is yet a fairly recent area2, so a consensual
definition of the approach / methodology is yet
to be established. According to [6], BPR is ”the
fundamental rethinking and radical redesign of
business processes to achieve dramatic improvements

1And, besides that, enhance activity automation and infor-
mation management

2As it was primarily enabled by advancements made on IT,
which allowed a greater degree of support to business processes.

in critical, contemporary measures of performance
such as cost, quality, service, speed”. [7], on the
other hand, define BPR as the ”concurrent redesign
of processes, organizations, and their supporting
information systems to achieve radical improvement
in time , cost, quality and customers’ regard for the
company’s products and services”. Both definitions,
despite some differences, express the radical nature
of BPR and the change that it should bring.

As there is not yet an accepted definition for BPR,
there isn’t, also, a standard method that describes
the re-engineering process. [8] define an high-level
framework:

1. Define business processes and their internal or
external customers;

2. Identify opportunities for both radical and incre-
mental business improvements through the iden-
tification of non-value added activities and re-
moval of any waste and inefficiency;

3. Implement improvements through a combination
of IT and good working practices, thus leading
to a concrete organization change;

4. Establish a monitoring system to ensure contin-
uous improvement of the redesigned processes;

5. Analyse the importance of top management,
leadership, training and reward systems and
their role to BPR;

4.3 Electronic Flight Bag

The Electronic Flight Bag (EFB) is seen as the
electronic replacement of the usual pilot’s
flight bag, a bag which contains all the documen-
tation used by the pilot, from manuals to checklists,
and that can easily weight above 11 kg [9], which
translates the practicality that the EFB may bring:
more portability and even more storage capacity.

The EFB technology is currently being used by
a wide range of aeronautical companies with the
main objective of completely replace paper on the
cabin. Furthermore, the EFB can also serve other nu-
merous purposes like check-lists and weather in real
time.
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Figure 4: Electronic Flight Bag (Class 3) main menu
display. Image from [12]

The device is categorized into different classes, by
the FAA [5], both for the hardware (class 1, 2 and
3) and the software (type A, B and C) for increased
complexity, functionality and compliance to guide-
lines and certifications. The EFB concept (class 1,
type A) should bring substantial advantages to this
research and to the PtAF, both as powerful enabler
to a process of business process re-engineering (BPR)
and as an conceptual artifact capable of capturing the
state of a given system.

5 Proposed Solution

This chapter presents the development of the new
ISA, which followed the EAP method. It required,
then, the analysis of the current ISA for the ATL in
order to capture the root of its flaws and allow, con-
sequently, the development of the new ISA to correct
said flaws. From that analysis, it will be possible to
develop and propose a new architecture, based on the
concepts introduced on chapter 4, that manages to:

• Provide adequate alignment with the business
layer, through a proper support from the appli-
cation level.

• Improve information accuracy and standardiza-
tion.

• Meet the diverse needs of the Portuguese Air
Force (PtAF).

5.1 Architectural Artifact

The proposed artifact aims at providing a mechanism
to capture, view, control and validate the state of a
given orchestration, architecture or system, after a
set of pre defined business or architectural rules, as
figure 5 illustrates. Through this artifact, from now
on called ”Control/Validation Artifact”, it would be
possible to enhance the control over the ISA and
the execution of the business operation. Additionally
it would lead to an increase the accuracy and
standardization of the information and the IS
architecture that support such business.

Figure 5: The EFB as a validation tool

In the context of this research the validation ar-
tifact gains even greater relevance as it can be even
materialized into a physical device (please refer to
chapter 6) which will even add more practicality and
control.

Furthermore, and taking into consideration the re-
quirements that an EFB should comply to, an ”EFB-
based” ISA would result in an increase in informa-
tion accuracy, as the data that would be inserted into
the Information System (IS) would be submitted to
a greater degree of control and validation (e.g. the
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selection of a type of fuel would be restricted to pre-
determined table of value, therefore preventing the
insertion of unknown data).

The implementation of the control artifact is
obviously not restricted to this specific context. Due
to its low degree of specificness the artifact can
be transported to other realities and still deliver
its advantages. A city council, per example, has
(or should have) an IS architecture to support its
business processes. If an control artifact would
be present, it would be possible to systemically
control and overview the different work flows and
orchestrations (both inside the city council and with
the citizens) in a more accurate way. Once again,
adequate validation mechanisms would also allow to
verify if the business rules (for instance, maximum
waiting times for certain requests or user profiles to
access certain types of information) and keep the
validity and correctness of the IS architecture.

5.2 IS Architecture To-Be

The future architecture should allow more dynamism
and provide a greater focus on the aircraft itself, as
the core entity of the architecture. However, it is
also essential to take into consideration the environ-
ment in which the aircraft is inserted, i.e., the current
mission and the assigned crew. Furthermore, and
as was mentioned when introducing this chapter, it is
essential that the future ISA takes into consideration
the aircraft state (its configuration, adapted accord-
ing to the nature of each mission), this is, all the rel-
evant aircraft parts, and the required information
for each one.

In order to achieve this goal, and as was mentioned
previously, we choose to combine the principles of
the ISA with the concept of the Electronic Flight
Bag (EFB), explained in chapter 6. The EFB is
commonly seen, and used, as a portable electronic
device that is capable of carrying all the information
that usually is in a paper format (e.g. the paper
modes that the PtAF currently uses), which not only
eases the transportation of such information as also
leads to increases in performance. These benefits
alone would certainly be a welcome change in the

PtAF, however it wouldn’t be enough to solve the
identified architectural issues, particularly regarding
the alignment problems and resulting lack of support
to the business layer.

The IS architecture To-Be proposes updates to its
three domains:

• Business Processes: we propose the re-
engineering of some of the business processes (re-
curring to the BPR methodology explained in
section 4 which are less suited to the needs of
the PtAF and the purpose of this architecture. A
new business process, shown in figure 6 now han-
dles the registration of all data (both operational
and maintenance related (as there aren’t, now,
unique paper models for each of the contexts)
and the report of qualifications. Both the main-
tenance business processes (inspection and main-
tenance intervention) were also re-engineered in
order to accommodate the changes made in the
information structure and the common informa-
tion system.

Figure 6: Data Registration - IS Architecture To-Be

• Information Structure: The updated structure
proposes the elimination of the three entities re-
lated with the three paper models, as the only
contemplated information that would be better
allocated in other information entities. Besides
that, the two entities regarding the two types of
anomalies were merged into a single one. This
new entity, named EFB, delivers its value has an
aggregation node between the three main con-
cepts (aircraft, mission and crew) and support
the data registration forms.

• Applications: The third point of the alignment
triangle was also updated, especially in the ser-
vices that support the re-engineered business
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processes. After the specification of each entity,
the services allow the definition of the logic be-
hind each state transition, through the definition
of how the access to each entity is performed.
Through the specification of new services we aim
at creating an adequate support and automation
to each business process thus guaranteeing that
the necessary data is handed (and handled) in
accordance to its necessities.

5.3 Analysis

Figure 1 represents a CRUD matrix which illustrates
the relation between business processes and informa-
tion entities. After the development of this new ar-
chitecture, it is now possible to distinguish three sys-
tems: mission (green), anomaly management (yel-
low) and aircraft (blue).

6 EFB Prototype

The development of the prototype is based on the
Java programming language, being the current initial
target device a laptop. As the prototype context is
heavily based on the proposed architecture, its class
layout is fairly similar to the information structure of
the proposed ISA, thus leading to a better coupling
between both. The most prominent differences rely
primarily on the necessity to develop new classes to
handle the graphical interface.

As the prototype is to communicate it other PtAF
systems (namely the two, previously introduced,
SIAGFA modules, that handle the operational and
maintenance data) it was also necessary to establish
a communication protocol between both. For that
we choose to adopt a protocol based on eXtensive
Markup Languange (XML), due to its portability and
ease of use.

As previously mentioned, one of the major
objectives of the prototype was to facilitate the
introduction or modification of some aspects without
the need to modify the code. Therefore, one of the
defined XML files (the meta file) carries program-
matic tables, i.e., tables that define, in accordance
with a number of factors, what information should

Figure 7: Main Interface of the Developed Prototype

the prototype display. Currently, this programma-
bility is established to two different areas: aircraft
type and qualifications.

In order to assure its airworthiness and safety it
will be necessary to comply to a number or requisites
such as (the full extent of this list may be consulted
in the [13]):

• Consistent and intuitive interface, which should
be compatible with other systems.

• Feedback should be provided to the user when
user input is accepted.

• Data entry screening should be made at the ear-
liest moment possible.

7 Validation

The validation of the proposed solution, contribu-
tions and objectives will be divided into in two dif-
ferent aspects: business process efficiency and infor-
mation accuracy.

7.1 Business Process Efficiency

One of the major goals of the proposed ISA is to
provide a better support to the business processes
that regard data re-engineering. For that, some mea-
sures are proposed: re-engineering of the business
processes, reformulation of the information structure
and update of the application layer. With that in
mind, validation tests were executed in order to al-
low us to compare the time necessary to complete
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Table 1: CRUD Matrix - IS Architecture To-Be

the data registration business process with the cur-
rent ISA and with the proposed one.

After the execution of the tests for both the current
ISA (paper models) and the proposed ISA (functional
prototype) we captured the average times shown in
table 2 which demonstrate a gain of over 53% in
the time that takes to complete the business process
which is, in our perspective, an important an valuable
improvement.

Table 2: Times required to execute the business process.

7.2 Information Accuracy

Taking into consideration the guidelines [13] for the
development of the functional prototype, it is also ex-
pected that the proposed ISA improves the accuracy
of the information handling in this domain. Such im-
provements are delivered by an increased control on
data insertion is now possible recurring to the capa-
bilities of the functional prototype. It is now possible
to control the accuracy of the data, both actively (fill-
ing fields a-priori and offer tabulated values)and re-
actively (by cross checking the fields). Table 3 shows

the amount of fields that may be subjected to this
kind of control, both actively or reactively.

Table 3: Percentage of controlled fields

Through the testing made it was possible to fully
understand the advantages that the proposed ISA
should provide. Both the improvements in time and
information accuracy are proof that the application
of ISA principles to the domain of the Air Force (and
coupled with the context of the EFB) can bring no-
ticeable improvements to the PtAF.

8 Conclusion

Despite the significant improvements that the pro-
posed solution offer there were, however, some as-
pects that we were unable to achieve, mostly regard-
ing the design, demonstration and evaluation phases
of the DSR method:

• Design & Development. The produced arti-
facts didn’t fully meet the expectations due to
the fact that we were unable to implement, in a
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cohesive and complete way, the principles, req-
uisites and guidelines associated with the EFB,
which consequently lead to the development of
an artifact that wasn’t completely aligned with
the global PtAF architecture. Besides that,it
wasn’t also possible to fully implement the reg-
istration of qualifications as the information re-
garding this subject wasn’t made available in
time.

• Demonstration. As mentioned above, the de-
veloped artifact doesn’t full meet the required
guidelines and requirements of the EFB. There-
fore, its demonstration its possible (it even pro-
duced quality results as shown in 7 but not
fully applicable, as future work is needed in order
to assure the proper that the necessary require-
ments are met.

• Evaluation. Once again due to the impossibil-
ity to meet all the initial requirements, we were
also unable to perform a full and extensive eval-
uation on the proposed artifacts.

Although unable to meet some of the expectations,
we were still able to make significant progress and ac-
complish some of the scientific contributions that
were initially defined, not only for the PtAF but also
to the general scientific community:

• Establish what advantages may arise from
the application of the ISA principles to
a new domain such as the PtAF. Through
the partial (as we were unable to apply it in its
fully extend) of the EFB principles we were also
able to address the three key aspects of the data
registration ISA (download of the informa-
tion, handling of the information and up-
load of the information). The development
and application of proposed solution allowed us,
then, to understand that, even in through partial
use, significant contributions on the efficiency
of the business processes, information ac-
curacy and general self-awareness can be
achieved. On a more scientific context:

– We are now able to assert that the ISA
(and its principles) is, in fact, appli-
cable to this domain and is able to of-

fer substantial benefits such as the im-
provement in accuracy and efficiency
and self-awareness as the validation
tests showed.

– There were, however, some difficulties felt
during the development of the research
mainly due to the high degree of certi-
fications and restrictions in which this
domain operates, which obviously slows
down the improvement process.

– The ISA principles (when considering
this domain) should then be updated
in order to meet the high degree of
certification and security needed (e.g.
data should only be accessible to the a spe-
cific set of actor / developed applications
should comply with the established certifi-
cations and guidelines).

• Development of an architectural artifact
based on the EFB. As mentioned earlier, the
developed artifact (which is then realized by the
functional prototype) doesn’t fully meet the re-
strictions and requirements that an EFB device
should comply to. However, even then, we con-
cluded that significant improvements were made:
besides those mentioned in the previous point,
this prototype as also the potential to offer an
improvement to the control and visibility over
the relevant entities such as the aircraft, the mis-
sion or the crew member.

• Test the applicability of the ISA princi-
ples not only to the PtAF domain but also
to the fairly recent EFB domain, consid-
ering all the restrictions and constraints
present in this context. Due to the lack of
alignment and compliance with the EFB prin-
ciples and due to the imposed time constraints,
as mentioned earlier, we were unable to accom-
plish this last contribution. Despite the develop-
ment of the functional prototype, the airworthi-
ness and safety requirments weren’t fully meet
which, in it’s turn, prevented us to capture what
benefits could, in fact, be gained from the appli-
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cation of the ISA principles to a context domi-
nated by constraints and guidelines.

Regarding the technical domain of the re-
search as despite the inability,as stated previously,
to achieve some of the objectives proposed by the the
PtAF, there were substantial improvements made:

1. There is now a model of the ISA that supports
the operational domain (both current and to-be)
and the establishment of the relations between
the ISA and the models, specifically through a
file that identifies the attributes and relations of
both;

2. There is now a software for the functional pro-
totype (both for information handling and qual-
ifications monitoring), which can and should be
improved in the future and that can act as an
important enabler to future work and research;

3. Tests were executed to validate the work and
important lessons regarding future work to be
developed were learned;

4. There is now a greater degree of situational-
awareness at the PtAF;

For future research on this domain, it would be
interesting to see a further development of the ap-
plication of the EFB principles and guidelines. Fur-
thermore, it would also be valuable to accomplish
the full support towards the qualifications issue, as
the PtAF wanted. Finally, and as mentioned previ-
ously, the application of the proposed principles and
artifacts to different ISAs would possibly lead to a
better understanding of what benefits may be taken
from such domain.
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