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Abstract. Estimates of task duration or the amount of resources needed
in software projects are often very inaccurate. To avoid this problem,
project management must be effective and dynamic, that is, being proac-
tive rather than reactive. Among the tasks needed in this approach, re-
assigning resources, hiring new personnel or adapting estimates to new
situations can be found. We propose a tool to help decision making in
project management offering a real time simulation of the project team
behavior, the interaction with the project tasks and the project metrics.
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1 Introduction

Now, more than ever, organizations want to develop products and services in an
optimal, fast and inexpensive way. At the same time, in the 21st century high
technology sector, almost every organization has found itself developing products
and services of increasing complexity. The problems these organizations face
nowadays need solutions that require the involvement of the entire company
and an integration approach. Effective management of organizations assets is
essential for business success.

CMMI (Capability Maturity Model Integration) consists of best practices for
the development and maintenance activities of products and services [1]. CMMI
can be used as: a) a best practice collection in process improvement activities,
b) a framework to prioritize and organize activities, c) a support to coordi-
nate multidisciplinary activities to properly build a product and/or d) a way
to align improvement process goals with organization business goals. In order
to support the design and execution of the Specific Practices (SP) described in
CMMI Project Planning (PP) and Project Monitoring and Control (PMC) pro-
cess areas we propose a simulation tool which may be used by the management
of an organization as a decision making assistant in critical situations during
the execution of a software project. SIM4CMM has been validated using the
data from the International Software Benchmarking Standard Group (ISBSG)
v. 10 project repository [2]. Before using it in a software organization it is always
necessary to calibrate SIM4CMM according to the organization’s historical data.
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2 Goals

SIM4CMM is a tool that simulates the life cycle of a software project enabling
users to experiment with different scenarios customizing the parameters of the
project as well as the decisions made in a particular situation. The main goal of
SIM4CMM is to help in decision making in project management before making
decisions in the real world. To make this possible SIM4CMM obtains the esti-
mated metrics for the project and shows graphically the whole process of the
project step by step. SIM4CMM supports the following actions: a) Optimize the
number of resources used in a project maximizing the profit margin of the or-
ganization, b) Simulate different resources allocation strategies, c) Simulate the
project with different life cycles and d) Allow the simulation of risk management
politics and the implementation of corrective actions.

The potential users of SIM4CMM are Project Managers in software compa-
nies and organizations. However, this tool could be used in higher strategy levels
since future versions would include new CMMI areas in order to achieve higher
CMMI levels. SIM4CMM could also be used in academic field as a training tool
for future Project Managers or in higher university courses.

3 Design & Development

The main contribution of SIM4CMM consists in using a multiparadigm simu-
lation model integrating discrete event and agent-based simulation approaches
to model concrete parts of the development process in software projects. Both
project coding and project testing processes have been simulated by agent-based
models, thus obtaining a more realistic vision and a much more accurate esti-
mation when modeling the project team behavior from the point of view of the
people involved. This model supports the specific practices of the PP and PMC
CMMI process areas emphasizing schedule fixing, effort estimation, adequate life
cycle election, project total cost estimation and resources number needed to de-
velop the project. The model implementation and the simulation runs have been
performed using AnylogicTMsimulation software. The model logic is written in
Java and the databases have been designed and implemented using MySQL.

As stated before, the project teams have been modeled using the agent-based
paradigm. Every member of the team is an agent and has a set of descriptive
parameters. These agents interact with tasks contributing to their completion
taking into account agent parameters. For example, one programmer can be
a better team worker than another, therefore his productivity may be higher.
The parameters used to model an agent follows: a) Team Work Influence, b)
Adaptation, c) Proactivity, d) Commitment, e) Programming Language Skills
and f) Development Methodology Proficiency. SIM4CMM allows to study the
effects of different types of resource allocation strategies within the coding and
testing processes. Two strategies are analyzed: a) While there are idle resources,
they are assigned to new tasks of the pending tasks set, and b) While there are
idle resources, determine if a task needs an extra support in order to finish on
time. If so, assign the resource to the running task.
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In order to support the Specific Practices described in CMMI PMC process
area, an inspection team can be simulated in order to detect early errors in
code and design tasks. The Project Manager can evaluate the pros and cons of
using the inspection process in the project from the information obtained after
simulation. To do this, the user must provide the values for some input param-
eters such as: Inspection Effort (Effort made by Inspection Team), Inspection
Efficiency (Ratio of efficiency of inspectors), Rework Effort (Rate associated
to solve errors, measured in hours), Error Generation Density, Final Rework
Penalty (Penalty associated to redo tasks in final project phases), etc.

4 Usage Example

The user can easily simulate a project using the Graphical User Interface (GUI)
partially depicted in Figure 1. In the first place, the database of the simula-
tion tool must contain all the information related to the tasks being developed
during the project as well as the information about agents and specific project
data (size, budget, schedule, etc). Since we are done with this step, we can confi-
gure the simulation parameters for the particular situation or project. The main
control parameters are: a) Life Cycle, b) Resources Allocation Stategy and c)
Inspection Process Enablement. Once we start the simulation, the GUI will show
the following information: a) Clock, showing simulation date and time, b) Real-
Time project metrics, c) Development Team Status, d) Testing Team Status, e)
Effort charts, f) Project Sequence and g) Project evolution over time. The user
can vary the time step in order to run the simulation faster or slower depending
on the current project phase or user interest. When the simulation ends the user
obtains the following metrics referring to the simulated project: a) Estimated
cost of the project, b) Estimated completion time, c) Estimated profit margin
(the result of substracting direct costs of the project to the economic benefits
obtained) and d) Estimated number of defects obtained. Also the effort distri-
bution of the project is presented graphically and numerically in order to study
the effect of the strategies selected and decisions made during simulation.

5 Conclusions and Future Work

In this paper we present a simulation based tool to help project management
in CMMI organizations as well as achieving process improvement. Specifically,
a multiparadigm simulation model in the realm of CMMI PP and PMC process
areas has been developed in order to support the specific practices of the areas
aforementioned. This has been done by simulating the development process of a
project from planning to deployment starting from project information known
by the organization which has been modeled.

As a future work, we aim to simulate different alternatives in particular
process area construction in order to determine which one fits better to the
organization, study the process behavior over time and offer simulation-support
for CMMI Level 4 process areas building and quantitative project management.
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Fig. 1. Project Management Decision Making Tool GUI
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Abstract.  La adaptación de procesos es una tarea crucial. Sin embargo, no es 
sencillo hacer cambios de forma ad-hoc dentro de un proceso y esperar que sea 
correcto y consistente. Cualquier organización se enfrenta continuamente a este 
reto cuando lleva a cabo sus proyectos de acuerdo a sus modelos de procesos 
teniendo en cuenta las características de cada proyecto. Como resultado, se ob-
tienen versiones del modelo de procesos que cada vez es menos manejable ante 
los múltiples cambios realizados de forma ad-hoc. La solución pasa por dotar a 
los procesos software de mecanismos adecuados para la adaptación sistemática 
y además aprovechar el conocimiento obtenido en cada adaptación para mejorar 
el propio modelo de procesos. Con todo ello en este artículo se presenta el ciclo 
SPRINTT para la institucionalización de procesos software que promueve la 
adaptación y estandarización de variantes y el paradigma de Procesos Ricos en 
Variantes (VRP) en el que se basa. El paradigma integra la variabilidad dentro 
de los procesos, para adaptarlos según cada proyecto, de manera sencilla y con-
sistente. La propuesta se ha aplicado en un caso de estudio para la definición de 
procesos adaptables de Desarrollo Global de Software. Finalmente se propone 
extender este enfoque a nivel de contexto para vincular cambios en la organiza-
ción y variaciones dentro de un proceso rico en variantes. 

Keywords: Adaptación de procesos, Variabilidad, Procesos ricos en variantes, 
Rationale Management 

1 Introducción 

Tal como establece Fuggetta [1], la calidad del software depende de la capacidad de 
los procesos de desarrollo y mantenimiento, desde entonces no han sido pocas las 
iniciativas enfocadas en proporcionar modelos de procesos “capaces” para garantizar 
la calidad del software durante su desarrollo. Estos esfuerzos se han materializado en 
propuestas como CMMI, ISO 12207, que aunque incluyen las mejores prácticas, de-
bido a la genericidad propia de los estándares, no reflejan la realidad específica de la 
organización en la que se quiere implantar. 
De acuerdo con la Teoría de la Evolución, en la naturaleza sólo sobreviven aquellos 
seres vivos que incluyen mutaciones que les hace adaptarse mejor al medio. Siguien-
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