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The Simulators of Software Development Projeds based on d/namic models have suppased a significant

advancein front of the traditional techniques of estimate. These simulators enable to know the evolution o
a projed before, during and after the exeaution d the same one. But its use in the estimate of the projed
before beginning the exeaution, has been braked by the grea number of attributes of the projead that it is
necessry to know previously. In this paper are presented the improvements that have been added to the
simulator developed in our department to fadlit ate the use of them, and a hew improvement obtained when
using madine leaning and fuzzy logic techniques with the databases generated by the simulator. In this last
case, the projed manager can know, in function d the dedsions that he takes, the level of exeaution d the

projed objedives.

1. INTRODUCTION

In last yeas, the gopeaance of the dynamic models
for Software Projeds (SP) and of potent ssimulation
environments (Stella, Vensim, iThink, Powersim,
etc.), has fadlitated the @gpeaance of the
denominated Sdtware Projeds Smulator (SPS),
that provides the caability to simulate the behaviour
of such projeds. These simulators fadlit ates to the
managers of projeds to experiment with different
management palicies with a null cost, so that the
dedsionstaken are & corred as possble.

Therefore, a SPS allowsto carry out a

1. A priori Anaysis of the projed: Simulation of
the projed, before beginning the development
process under different management poalicies
and/or different initial estimates of resources
and under the use of different development
technologies.

2. Post-mortem analysis of the projed: Simulation
of projeds that have concluded already, in those
it's interesting to know how the obtained results
could have been improved.

3. Projed monitoring: Simulation of the projed
during the development process to adapt the
projed estimations to the red evolution of the
same one.

The SPS allows us to respond to questions of the
type: “What will it happen if?" before beginning,
“What is it happening?’ during the exeaution and
“What would happened if?" once it has concluded
(Figure 1).
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Figure 1. Posgbiliti es of software projeds
simulators

Theintuitive and natural idea ontained in a dynamic
model for SP, is that the evolution of the projed and
therefore the atainment of the goals, depends of: the
initial estimate of the necessry resources to cary
out the projed, the management policies that are
applied and certain aspeds related with the own
development organisation (level of maturity,
experience environmental aspeds, €tc).

The gpeaance, therefore, of the SPS it has meant a
significant advance in the management and estimate
of projeds. Even this way, these simulators present
an important inconvenience that have braked their
use (to company level): the numbers of parameters
(of the projed and the development organisation)
that should be known previously.

One of our first works was centered in the
development of a SPS (Ramos 1998 that alows to
simulate the behaviour of a projed using half of
attributes that the model that appeas in (Abdel
1991). But we found an additiona problem, common
to the processthat bea's the dedsions making in any
projed: the diversty and simultaneity of
management policies, and fadors that influence on
the development process That is, which is the
appropriate ombination of the dtributes, to oktain
some @ncrete objedives. The machine leaning
techniques allowed us to corred the previous
problem (Ramos 1999. These techniques, applied to
the databases that the SPS generates, provide to the
projed manager information about the management
palicies that he has to apply to get the objedives that
previously, has established. In this paper, we present
a step more in the way of improving the use of the
SPS: the gplication of machine leaning and fuzzy
logic techniques.

In the following sedions are described firstly the
different contributions that have fadlitated the use,
not only acalemic but also managerial, of the SPS.
Next, is presented the information that we can

extrad when conjugating the use of a SPS with
madine leaning and fuzzy logic techniques.

2. SOFTWARE PROJECT
SIMULATORS

The basic variables that all ow to know the behaviour
of a dynamic system, and therefore the process of
software development that we model by means of
this g/stem, are defined by means of differential
equations. The system also includes a series of
attributes that allow us to study the behaviour of the
same one. These behaviors come given by the
management policies that can be gplied in the SP,
so much those related with the environment of the
projed (number of tasks, time, cost, number of
technicians, complexity of the product, etc.) as those
related with the devel opment organisation.

2.1 Initial situation

To simulate the behaviour of a SP by means of a
SPS, the projed manager would foll ow the foll owing
steps (Figure 2):

1. Definition of the mncrete values that will take
the atributes (parameters and functions) of the
projed.

2. Simulation of the model by means of the SPS to
obtain the evolution of those variables that the
manager wish to analyze

3. Analysis of the obtained results for these
variables and chedk if this results coincide with
the goals of the projed (cost, quality, time, etc).

4. If the obtained results:

O Coincide with the goals of the projed, the
parameters will be known, and therefore the
management poalicies that will enable us to
ohtain the wanted results in the projed.

o Don't coincide with the goals of the projed,
it must be redefined again (step 1) and the
manager must repeda the previous geps.
Therefore, the projed will be simulated so
many times like be necessry until
ohtaining the wanted results.



"

Defiritionof the Softwere Project
perametersvalues Simuiation
A
No Resuits
Rs;JIts Ardyss
Gods

Yes

Figure2: Stepsinthesimulation d a Software
Projed using a SPS

Therefore, to dminish the number of times that the
projed will be simulated, the projed manager must
have a exhaustive level of knowledge of the
concrete values that will take the model parameters;
This can be quite difficult for two reasons: first,
becaise the number of parameters that contains a
dynamic model and the multiple combinations that
can exist between them, and sewmnd, becaise
frequently, the projed manager does not know the
concrete value that will take some parameters,
athough he will have a ¢ea ideaof the interval of
values where they will move. For example, the
manager doesn't passbly know if the aserage daily
manpower per staff in the projea will be of 50% or
of 24%, but he will know that it will be between a
20% and a 60%.

In the four steps described previously, only the step
2 iscaried out in an automatic way. In the rest of the
steps the projed manager must intervene.

2.2 Improvementsto theinitial
situation

The egplicdion of madine leaning tedchniques,
concretely the tod C4.5 (Quinlan 1993, allowed us
to solve the previous problem. These techniques
enable us to oktain management or dedsion rules’.
The knowledge of these management rules helps in
the dedsions making to estimate the results wanted
by the projed manager. For the obtaining of
management rules, we have @njugated the
advantages that provides the systems that learn based
on rules and the information that a dynamic model
provides for SP (cost, delivery time, quality, etc).

L we cd management rule to a set of management
policies (dedsions) that the manager takes for carrying out
the projea goals.

Also, the obtaining of management rules alows to
the projed diredor to analyze which are the most
significant management policies, to get the
objedives of the SP.

In the Figure 3 is down the process used for the
simulation of a SP and for the obtaining of these
management rules, that all ow to estimate these goals:

1. Definition of:

O Theintervals of values that can take the
attributes of the projed.

O The projed goals that the manager
wants to oltain. For example, it is
wanted that the final cost of the projed
doesn't overcome to the initial in more
than 20% and that the final time of
delivery doesn't overcome to the initial
in more than 10%.

2. Simulation of the projed by means of the SPS.
For simulating the model, the parameters take
values randomly chosen inside the interval of
values defined previoudly.

3. Automatic generation of a database. In ead
simulation a record of the database is obtained;
in these records are stored the values obtained
for the parameters and the final values of the
variables (obtained in the simulation) that
interests us to analyse (cost, time, quality, etc.).
Each register of the database represents a
posdble scenario of the projed.

4. Applicaion of macine leaning tedniques.
Taking the generated database as input, the tod
C4.5 leans examining the sample of resolved
cases, and proposing a group of rules for the
dedsion making. The C4.5 is a hierchicd
clasdsfier, that provides smi-qualitative
information.

5. Obtaining of management rules.
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Figure 3: Stepsin the simulation o aprojed using a SPS
and madine leaning techniques (Tool C4.5)



In this case, the projed manager should only cary
out the first step, where the definition of the
attributes is also fadlitated regarding the step 1
the previous wdion (figure 2); the rest of the
described stepsis carried out automaticaly

An example of management rule, obtained from the
hierarchicd treethat providesthe C4.5, can be:

"If the average daily manpower per staff is greater
than 506 and the medium time of the technicians
incorporationin the projed it is snaller than 5 dgs
and the dedication to formation it is then greater
than 3% the wanted gods will be completed”

In summary, the use of a tod for the obtaining of
management rules, allows to the projed managers to
analyze diff erent situations, when they have to define
the most appropriate management policies to
optimize the final values of certain variables for
separate or jointly.

Once obtained the management rules, the projed
manager will dedde what rules or rules are the
easiest of applying in function of the mncrete projed
and of the software organisation in which he is
working.

3. APPLICATION OF FUZZY
LOGIC TECHNIQUES

The @eplicdion of data mining tecniques
(clustering) and fuzzy logic, will allow usto add two
new improvements in the use of a SPS;

1. Obtaining of qualitative management rules,
that fadlit ates the interpretation of them.

2. The projed manager doesn't have to define
the results or wanted goals previoudly.

In the figure 4, are shown the stepsto oltain this new
type of rules. We can see (Step 1) how the projed
manager doesn't have to define the objedives of the
projed. In this case, an algorithm of fuzzy clustering
that provides qualitative information, processes the
database generated by the SPS.

This qualitative information that it's obtained from
the quantitative data of the projed’s attributes, is a
group of fuzzy management rulesin graphic format,
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Figure4 : Stepsin the simulation d a projed using a SPS
and fuzzy clustering

that allow to the manager to interpret the projed’s
data, in aquick and clea way.

Next, is described the used agorithm of fuzzy
clustering, and are presented the obtained results.

3.1 Description of the used algorithm

The fuzzy clustering algorithm that will be gplied to
the quantitative data obtained by the simulation of
the SP, to olktain the qualit ative management rules, is
based in the FCM agorithm (Fuzzy C-Means
Method) (Bezdek 1981). Basicdly this algorithm
tries to classfy n elements X, 0 X with 1< k<n, with
p fedures ead one, that'sto say, X 0 0P, in C fuzzy
clusters, and assgning a membership function pL_i:

Wik:X - [01]0i 1< i<C, Oki< k<n

The fuzzy clustering algorithm developed, follows
the methoddogy proposed by Sugeno and Y asukawa
(Sugeno 1993, that is applied to quantitative
databases, with an only one-output parameter.
Basicdly it consists on applying the fuzzy partition
FCM to the output parameter. Once obtained a
partition of the output space in fuzzy clusters, is
caried out a projedion of these dustersin the input
space obtaining a fuzzy set in 0", that projeded on
ead axis, assgnto ead charaderistic afuzzy set.

This methoddogy has been modified and improved,
so that it can be gplied to database with N output
variables, also provide amore complete it. The
improvements that has been added to the original
methoddogy are;

o The dgorithm can work with quantitative
databases, with N input parameters and M
output parameters




R1

R2

R3

R4

Figure5: Example of fuzzy managment rules with ore output parameter (Time)

O The different variables can be pondered,
asdgning weights to cdculate of the
distances among points of the spacethat is
being partiti oned.

O Other algorithm, to oktain the trapezes of
the graphic rules processes the obtained
fuzzy sets.

O The output given by the origina FCM
algorithm has been improved, with a
graphic interface that shows the graphs of
the management rules.

The fuzzy management rules obtained by applying to
the database generated by the SPS, the fuzzy
clustering algorithm, are represented in the following

n_tron

Min ax Min ax Min a:

Al

In this fuzzy rule, the fuzzy set assgned to eadh
attribute of the SP, is represented by a polyhedron.
In the X-axis of eat fuzzy set are represented the
values of the parameter, and in the Y-axis the duster
membership values. This fuzzy management rule can
berea asfollowing:;

If Alislow and A2 is medium or high
Then Oisvery low.

3.2 Obtained results

In the Figure 5 is $hown a set of fuzzy management
rules obtained by applying the fuzzy clustering
algorithm, described previoudy, to a quantitative
database, obtained as result from the simulation of a
projed. In this figure ae shown the fuzzy
management rules that were obtained from a
guantitative data series, with an only one-output
parameter, in this cese, the delivery time of the
projed (TIME). With this graphic representation of
the rules, the projed manager has a qualitative
information of the SP, easy to interpret, that faalit ate
him the dedsions making.

For example, in the third rule we can seethat:

“T he delivery time (TIME) takes high values when
the average daily manpawer per staff in the projed
(DEDIC) is vey low, the adapgation dday of the
new technicians (ADEDE) is low, the incorporation
delay of the new technicians to the projea (INCDE)
is mediumrhigh, and the eit delay of the
unrecessary technicians in the projed (OUTDE) is
high”.

The rest of rules indicae us the intervals of values
that should take the parameters © that the
development time be very low (R1), low (R2) and
medium (R4). This kind of management rules can
also be obtained for quantitative databases with N
output variables smultaneously, so that the type of
information that is provided to the projed manager it
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is much more complete, and it will fadlitate him the
dedsions making.

As it has been commented previoudly, with the
improvements that has been caried out to the
described fuzzy clustering algorithm, we can use the
number of input attributes and output variables that
we nedl.

In the Figure 6 is $own a pair of fuzzy management
rules obtained by applying the fuzzy clustering
algorithm to a quantitative database, obtained as
result from the simulation of a projed with six
attributes and two output variables: cost and time.

For example, the second rule (R2) indicates that:

“The st takes medium values and the time takes
vey low values smultaneoudly, when the average
daily manpover per staff (DEDIC) is medium-low,
the dedication to formation (FORMAC) is medium,
the infra-estimation o the necessary dfort (INFESF)
is low, the infra-estimation o the projed size
(INFREC) is medium-low, the number of technicians
that begins the projed (INFTEC) is medium-high
and the medium time of the tednicians
incorporationin the projed (INCDE) islow” .

4. CONCLUSIONS

In this work have been shown the alvantages that
present the SPS, based on dynamic models, in front
of the traditional techniques of estimate (most of
static charader) and the inconveniences that, from
our point of view, present the use of this smulators.
These inconveniences are derived o the grea
number of attributes, so much of the projea, as of

the development organisation that previously should
be known to use the simulator.

The combined use of a SPS and of machine leaning
techniques, as the C4.5, to fadlitate the dedsions
making (by means of quantitative management rules)
in the cmplex process of software development,
allowed us to take an important step in our initial
objedive: fadlitate the use of the SPS. Working in
that way, a the moment we ae alapting and
applying fuzzy logic techniques to oktain qualitative
information about the values of the dtributes and the
obtained results, of the projed. In this case, the
projed manager leaving of the initial definition of
the intervals of values that will take the atributes, on
those that has bigger uncertainty, can know the level
of exeaution of the projed objedives.

ACKNOWLEDGMENTS

This work has been suppated by the Spanish
reseach agency CICYT under grant TIC99_ 0351

REFERENCES

Abdel-Hamid T., Madnick S., 1991 "Software
Projed Dynamics: an integrated approadh”. Prentice-
Hall.

Bezdek J.C., 1981 "Pattern Reagnition with fuzzy
objedive function algorithm". New York : Plenum
press

Quinlan J.R., 1993 "C4.5 Programs for Madine
Leaning'. Morgan Kaufmann Publ. San Francisco.

Ramos I., Ruiz M., 1998 "A Reduced Dynamic
Model to Make Estimations in the Initial Stages of a



Software Development Projed”. In: Hawkings C et
a (ed), INSPIRE Ill . Process Improvement through
Training and Education, Pp.:172-185 London.

Ramos |., Riqguelme J.C., 1999 "The Dynamic
Models for Software Development Projeds and the
Madiine Leaning Tedniques'. International
Conference on product focussed software process
improvement. Pp.: 560-574. Oulu (Finland).

Sugeno M., Yasukawa T., 1993 "A Fuzzy-Logic
Based approach to qualitative Modeing'. IEEE
Transadions on Fuzzy Systems, Vol.1.Pp.: 7-31.

Xiaohong Y uan, et al. 2000 “An applicdion of
fuzzy clustering to software quality prediction”.
Sympaosium on Appli caion-Spedfic Systems and
Software Engineering Technology, Richardson,
Texas USA. IEEE Computer Society. In press

Taghi M. Khoshgoftaa, et all. 1999 " Data mining
for predictiors of software quality”. International
Journal of Software Engineering and Knowledge
Engineeing. Forthcoming



