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Abstract—From recent decades, the phenomenon of 
globalization is affecting the business model of companies, 
evolving into a global market that seeks to reduce costs, 
increase productivity and competitive advantage. The 
companies engaged in software development are no strangers 
to this phenomenon, and also being adapted to develop the 
software in a distributed way at different development teams 
scattered around the world. This is known as Global Software 
Development (GSD). This software development paradigm 
introduces a number of advantages for companies that follow 
it, but also introduces a number of difficulties and challenges 
associated with geographical, temporal and socio-cultural 
distances. One of the major difficulties appears in the 
Knowledge and Decisions Management as in GSD information 
comes from many different sources, which makes its 
management, storage and reuse very complicated. In order to 
mitigate some of these challenges, we have developed a tool to 
support the decisions management made in software projects, 
in the context of global development. Therefore, the system 
enables the creation, storage, retrieval and transmission of 
decisions tackled in a software project, carried out in a 
delocalized way. In addition, the tool allows project managers 
manage the information of software projects and the most 
important value is that it also provides techniques to reuse the 
decisions taken in previous projects into new projects with 
similar characteristics. 

Keywords—Decision, Knowledge Management, GSD, 
Software Project. 

I.  INTRODUCTION 
One problem that takes place in Global Software 

Development (GSD) is about how companies from different 
locations can create, organize and manage their 
organizational knowledge. This knowledge is an essential 
resource as companies can innovate and be competitive. In 
the companies involved in software development sector, 
much of its organizational knowledge is composed for 
decisions made during the development life cycle of 
software, such as design decisions, decisions of project 
analysis, etc..., which often are not documented properly or 
these are documented by a development team in a concrete 
site but the rest of the sites do not know that this 
documentation exists. Thus, after it is difficult reuse this 
knowledge [1, 2]. 

On the other hand, nowadays there is a tendency to use 
the method Rationale [3-5], which provides the mechanisms 
to capture and represent the decisions taken at any stage of 
life cycle of software development projects. Therefore, 
Rationale makes the generation, storage and representation 
of decisions and their reasoning easier. Because of it we 
propose to use Rationale in GSD. Moreover, another 
important aspect to consider in Knowledge Management is 
that decisions taken and stored by the method Rationale in 
projects, can be retrieved and reused in other projects with 
similar characteristics. To do this, we propose to use Case-
Based Reasoning (CBR) [6, 7], which can provide solutions 
to different problems based on past experiences. 

Therefore, our work focuses on avoiding some of the 
challenges of knowledge and decision management in the 
context of GSD, where the information comes from many 
sources, in different formats and sometimes in different 
languages. These facts make difficult to know the decisions 
taken in software projects and reuse of previous lessons 
learnt [1, 8, 9]. 

 Thus, in this paper a tool designed to make easier to 
share and take decisions it is described.  Moreover,  it was 
attempted to foster the reuse of "lessons learned" that appear 
in this new form of delocalized development [10, 11].  The 
need of this tool was born within a research project where 
we are collaborating: the ORIGIN project (IDI-2010043 (1-
5)) in which five companies and two universities are 
involved. In this project we are researching about methods 
and tools useful for GSD. 

One of the companies which operate in eleven countries, 
was concerned about its problems documenting and sharing 
information about its projects, and proposed the creation of 
this tool. Therefore, DPMTool is the consequence of the 
requirements proposed by this multinational company 
whose name is omitted by privacy issues. 

The remainder of the paper is structured as follows: In 
section II, we explain the problems about Knowledge 
Management in GSD. Then, in section III and IV, the 
concepts of Design Rationale and CBR are respectively 
described. In V and VI sections, DPMTool, the tool for 
decisions management in GSD projects is presented. 
Finally, conclusions and future work are addressed in the 
final section. 

DPMTool: A Tool for Decisions Management in Distributed Software Projects
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II. PROBLEMS OF KNOWLEDGE MANAGEMENT IN GSD 
Knowledge Management (KM) is a process to create, 

capture, store, search, retrieve, share, transfer and 
disseminate existing knowledge within an organization, to 
increase it and prevent its loss and under-utilization [12-17]. 

The following sections discuss the challenges in each of 
the four processes that make up the KM. 

A. Knowledge Generation  
Organizational knowledge creation involves creating 

new knowledge, or replacing certain files with new 
knowledge. This new knowledge is obtained though social 
collaborations and interactions, and though cognitive 
process itself of each employee [18]. 

In GSD, this process of creating new knowledge is more 
complicated than in co-located development as the 
information comes from many sources and locations, with 
different formats and in different languages [2, 9].Therefore, 
it is often difficult to generate new information consistently 
and avoiding duplication. Another problem that arises is 
related to the socialization process, which is very convenient 
for knowledge creation [17]. However, in GSD socialization 
is more complicated as face-to-face communication is not 
common and the interactions are via software applications. 

B. Storage and retrieval of Knowledge 
The storage and recovery of knowledge is closely linked 

with the above process. As mentioned, in GSD there are 
multiple sources of knowledge and, at the same time, there 
are several sites that store and use this knowledge. It is 
difficult to create a global and common knowledge base to 
all those organizations involved in GSD, due to the 
multitude of existing information and formats (videos, 
documents, business processes, etc...) [19]. 

Attempting to mitigate the problems of these KM 
processes, there is a tendency to use the approach Design 
Rationale [20, 21]. It is used to indicate which kind of 
information is generated and stored, thus providing a 
concrete type with a common and consistent format. By this 
way, the teams that work in GSD, can create, store and 
retrieve this knowledge, for later application. The concept of 
Rationale will be explained in section III. 

C. Distribution of Knowledge 
One of the main goals of KM is to detect what 

knowledge can be reused by the companies, so they can be 
more competitive in the context of globalization. The 
distribution of knowledge occurs primarily through 
processes of socialization, where a group of individuals, 
usually with common interests, share knowledge and try to 
learn and solve problems together [22]. 

In GSD, this process is complicated because of the 
challenges that appear in the communication. The reason of 
that is that communication tools may not always be 
available and can prevent or make the transmission of 
knowledge difficult. In addition, owing to socio-cultural 
differences, this process of knowledge sharing is more 
difficult to perform, because such knowledge can be 

interpreted in a different way in each country, moreover, 
there are language barriers and misunderstandings can arise 
[8, 9]. 

D. Application of Knowledge 
There are also difficulties applying the knowledge 

retrieved, because of all the problems already discussed. We 
can emphasize the lack of consensus in applying this 
knowledge, because of the different ways of managing and 
using knowledge in the different organizations involved in 
GSD. Moreover, each organization could have its own 
business processes and management [23]. 

In order to help in these processes and to reuse lessons 
learnt and decisions took in other projects, we propose to 
use CBR which will be explained in Section IV. 

III. DESIGN RATIONALE 
Design Rationale is a method for capturing, representing 

and maintaining records about decisions made by members 
of a team developing a software project [24, 25]. This 
method can be applied at any stage of the development life 
cycle. 

Thus, a design rationale is the explicit listing of 
decisions made during a design process, and the reasons 
why those decisions were made. Its primary goal is to 
support designers by providing a means to record and 
communicate the argumentation and reasoning behind the 
design process. Therefore, it should include [24, 25]. 

• the reasons behind a design decision, 

• the justification for it, 

• the other alternatives considered, 

• the trade offs evaluated, 

• the argumentation that led to the decision. 

This approach of Rationale is proposed as a possible 
solution for problems of knowledge management in GSD, 
which we discussed above.  In this case, the decisions made 
in the development of a software project are the knowledge 
which will be generated, stored, transmitted, and reused by 
using DPMTool. Thus, the different organizations, involved 
in the global development of software projects, can use the 
same type of information, stored in a common and 
consistent way. 

In general, the usage of Rationale in GSD could bring 
the following advantages: 

• It provides a common mechanism for capturing and 
storing the decisions made during the software life 
cycle. This is because it follows the same format 
and defines the type of information generated. 

• It makes the representation of decisions easier as it 
can be represented graphically and thus, its 
transmission. It improves the quality of future 
decisions and the communication between 
development teams. 
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• It makes the retrieval and reuse of the decisions 
easier. The reason is because the type of 
information stored is well defined. 

There are different methods for capturing information in 
Rationale [26, 27], among which we are going to use 
"Dialogue Map". It is a graph, where the nodes can 
represent a question, an idea or an argument for or against 
these ideas and questions. Thus, you can discuss a decision 
and add new alternatives and justifications at the time. This 
kind of graph is based on IBIS (Issuer-Based Information 
Systems), in which the knowledge is stored and represented 
in hierarchical way, in the form of decisions/questions and 
justifications for them. This is the method of representation 
used in DPMTool. We decided to use it because it is very 
intuitive and easy to understand and as it is a graphic the 
problems of communicating with people who does not share 
the same native language, misunderstanding, could be 
avoided or decreased. 

IV. CASE-BASED REASONING 
Closely related to the reused of knowledge management 

is the concept of Case-Based Reasoning (CBR). CBR is the 
process of solving new problems based on the solutions of 
similar past problems [28]. Therefore, CBR is a solution to 
mitigate the problems of the retrieval and application of 
knowledge in GSD. In our case the knowledge to retrieve 
and reuse are decisions made in a software project.  

Unlike other techniques and artificial intelligence 
algorithms, such as Rule-Based Reasoning and Genetic 
Algorithms, CBR is not considered as a technology but 
rather as a methodology. A methodology indicates how to 
solve problems from previous solutions stored in the 
system, but without specifying a particular technology [29]. 

CBR has been formalized for purposes of computer 
reasoning as a four-step process [29, 30]: 

• Retrieval of similar cases to the current problem. 

• Reuse a proposed solution for a similar case. 

• Revision of the proposed solution, to better suit the 
conditions of the new problem. 

• Retention of the new solution, becoming a new 
case. 

These four steps constitute the CBR methodology. Thus, 
to solve a new problem, first, you must obtain a description 
of it, measuring the similarity of the new problem with other 
previous problems stored in the system. Then, retrieving the 
solutions to these similar problems and reusing a solution of 
these cases. Finally, this new problem (with the solution 
found) is stored in the system, forming a new case. 

V. DPMTOOL 
Once described the theoretical basis of this tool we are 

going to describe it. As it was mentioned above, DPMTool 
is a tool that supports decision management in GSD 
projects. Therefore, it should allow the creation, storage, 
retrieval, transmission and reuse of decisions approached in 

a software project, developed in a delocalized environment. 
In addition, it allows managing software projects on which 
decisions are made. Thus, this tool reduces and eliminates 
some of the problems that appear in the global development, 
as it is the lack of control between development teams, as 
well as the lack of reuse of knowledge acquired by 
developing previous projects. In order to obtain the 
requirements of the tool, two resources were used: literature 
in GSD and interview with one project manager which was 
involved in the ORIGIN project mentioned previously. 

In the following section, we explain how we have 
achieved these objectives. 

VI. ACHIEVEMNT OF OBJECTIVES 
DPMTool has as main goal allowing and making easier 

decisions management in GSD, such as reusing these 
decisions for future projects. This section describes how the 
requirements were implemented. 

A. Make easier project management 
As discussed in previous sections, in GSD the project 

management is difficult because the information comes 
from many sources in different formats. In order to reduce 
these problems, DPMTool supports the creation and 
modification of projects by commons forms to all of 
workers. These forms are about project information and they 
have several fields to fill in, such as: project's name, 
description, start and end date, budget, number of code 
lines, context of project, programming language and 
estimated hours for its development. By this way, we follow 
a common structure avoiding errors and misunderstandings. 
In addition, the tool allows assigning and modifying the 
users who work in each project. Thus, this feature makes 
user management easier to project managers because they 
have to manage only one format of project information and, 
also this format is very representative because you can know 
all the project information at a glance. 

B. Favour and Make easier decision management 
As it is difficult to manage a project in GSD, it is also 

difficult to know the decisions made in software projects. 
Thus, software developers need any mechanism to support 
decision management. DPMTool provides one mechanism 
to facilitate and encourage decisions management in 
software projects. As shown in Figure 1, a user can choose 
between three icons about a decision, following a down-top 
order: the first one is topic in order to model the subject of 
discussion. Each topic has a title and a description. Another 
is proposal; each topic is composed by proposals. A 
proposal has a title, a description and a category (this 
category can be Analysis, Design, Development or Testing).  
Each proposal is composed by responses; that is the 
meaning of the thirds icon.  A response has a title, a 
description and an argument. This argument can be 
"agree","disagree" or "neutral". In this window, a member 
can select the first tab to add a new decision, or the second 
tab to change it. 
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Figure 1.  Window for decisions management 

After creating or changing a decision, the updates will 
be reflected visually in the view of decisions (see Figure 2). 
In this view, in addition to viewing decisions, the user can 
perform other tasks for managing decisions, such as deleting 
a decision, including files as attachments, or changing the 
status of decisions (Accepted or Rejected), we talk about 
this view below. Only project managers can create and 
modify a topic, while the rest of the team members can add 
a proposal and response. 

Therefore, all team members can use common forms and 
structures, minimizing misunderstandings and ambiguities 
because of information from different sources in different 
formats. Moreover, we think that visual representation 
brings less misunderstanding problems than textual 
representation, mainly when not all the teams’ members 
have the same level of English (language usually used in 
GSD). 

Therefore, the decisions are represented in the same way 
for all development teams, making the transmission easier 
and avoiding confusions. Thus, this tool makes the 
communication between development teams easier because 
this information is represented in a quick, visual and 
unambiguous way. 

As we can see in Figure 2, the view of decisions is 
composed by the following items: 

• In the left, there is a tree which represents decisions 
of a software project by hierarchical way. Thus, 
each Topic has a series of Proposals and these, in 
turn, have a number of replies. 

• In the centre, it displays the same decisions as a 
graph. Moreover, each icon shows additional 
information such as the state of a decision: 
accepted, represented by a “tick” (Figure 3 (a)) or 
rejected (Figure 3 (b)), documents attachments 
represented as a paperclick (Figure 3 (c)). The role 
of the author who created the decision, represented 
by a man with black suit in the case of being a 
project manager (Figure 3 (d))  and his country, 
indicated with the flag of this (Figure 3 (e)). For 
example, an accepted response with an attachment 
and created by a Brazilian employee (i.e. not 
project manager) is represented as shown in Figure 
3 (f). 

 

Figure 2.  View of decisions 

• In the right, there are several panels, which show 
detailed information about the author of a decision, 
his company and his decision. Moreover, the panel 
with company information displays its 
geographical position on a map. 

Once viewed the decisions, they also can be managed 
from this viewed. To do this, you should to select a decision 
from the graph or tree, thus enabled the toolbar buttons that 
let you add a new decision as a child of the selected 
decision, modify the decision, or delete it. A decision can 
only be selected for modifying or deleting by its author, not 
by another employee. Moreover, clicking the right mouse 
button on a decision that appears in the graph, it displays a 
menu that allows you to attach a file, change the status of 
this decision or remove it. 

Finally, if while a user is viewing and managing 
decisions in this view, and another user is using the tool 
from another location and make a change on the decisions 
of the same project, the first user will be notified about the 
changes that have occurred by another user, in real time. 

C. Make easier distribution of new information 
In the software development, there are necessary 

mechanisms to help the communication between workers of 
a development team. Therefore, this tool has mechanisms 
for synchronous and asynchronous communication, making 
communication between users of distributed development 
teams easier. As for asynchronous communication, the tool 
generates alerts when there has been any change on the 
decisions of a project. This alert is automatic and the user 
can check the alerts in an interface similar to an inbox of e-
mails. By other hand, as for synchronous communication, 
when the client makes any request above management 
decisions, the server notifies to the rest of connected 
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partners this change. Thus, the clients can see this change 
visually in real time. 

D. Make easier the reuse of information 
In the development of projects it is important to reuse 

the "learned lessons" [10, 11], but this is very difficult in 
GSD. To solve this problem, DPMTool uses CBR to 
compare projects and retrieve and reuse decisions from 
similar projects. As we talked about it above, this technique 
is focused on solving new problems based on the solutions 
of similar past problems. For this search of similar past 
problems, first you should select a search algorithm and set 
the parameters involved in these algorithms. 

Thus, the window to set CBR, it is composed by the 
following items: 

• Algorithm: selected algorithm to search in CBR. 
The algorithm can be NN (Nearest Neighbour) o 
Euclidean Distance. 

• K: number of similar projects to be recovered. If it 
is empty, recovering all completed projects that 
exist in the system. 

• List of attributes that make up a project and are 
used to calculate the similarity between projects 
such as budget, number of lines, programming 
language, etc. 

• The type of function applied to compare each pair 
of attributes among projects. The functions 
available are: 
- Equal: It is used to compare if the value of two 

attributes of two projects is the same. 
- Threshold: This function calculates the similarity 

of two attributes (numeric or date type) making 
the difference between the values of those 
attributes and checking that is smaller than a 
threshold. 

- Difference: It calculates the similarity based on 
the difference between the values of a pair of 
attributes, whether numerical, dates or string 
type. In this last case, the similarity is 1 if the 
strings are equal, and 0 if not. 

- Weight: This value is between 0.0 and 1.0. It is 
the weight that each attribute is given in the final 
calculation of the similarity between projects. 
Thus, a weight equal to 0.0 means that this 
attribute is ignored in the calculation, while a 
weight of 1.0 means that the attribute is 
considered very important to calculate the 
similarity.  

After that, DPMTool displays the project data recovered, 
employees who work on it, the decisions made in the project 
and the percentage of similarity respect to the draft that 
began with the search.  Moreover, it is possible to navigate 
between the different projects found. In addition, the 
decisions can be filtered by status (Open, Accepted or 
Rejected), and it is also possible to store project information 
as a PDF or XML file. Thus, information and project 
decisions can be reused in an initial project similar to this 
one. 

 
Figure 3.  Icons of DPMTool 

E. Make easier sharing knowledge 
Because each co-worker is dislocated in a different 

place, it is necessary for workers to be able to share their 
information between them, and this information should be 
in a common format. This tool can export information above 
decisions and projects to XML files. In addition, it can 
generate PDF reports and statistical graphics. Thus, project 
managers can keep track on the project and all its associated 
information. In addition, this tool helps to project managers 
because it can generate several reports and graphs in a 
simple and visual way. 

VII. CONCLUSIONS AND FUTURE WORK 
This paper describes a tool which has been implemented 

to solve some of the typical problems that take place in 
GSD.  The main goal when designing this tool was to 
support the decisions management made in software 
development. Thus, DPMTool can create, store, retrieve and 
transmit decisions tackled in a software project. Other 
features have also been added to improve communication 
and coordination. 

As future work we are planning to add new features in 
the description of the cases of CBR. These features will be 
related to the settings of the project, for instance time 
overlap among the different sites, degree of cultural 
difference among team members and level of knowledge 
about common language. In order to make a quantitative 
estimation of this factors the proposal by Aranda et al. will 
be used [31]. 
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