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Abstract
In order to support and facilitate the monitoring and evaluation (M&E) of the integrated food and energy production 

in Cuba, BiomaSoft was designed, a computer system for the M&E of integrated food and energy production in Cuban 
municipalities. The objective of this paper is to provide a description of the main aspects in the implementation and 
development of such system, for which its use cases are textually described and the specific design class diagrams for 
each one are provided. As a whole, the detailed aspects show the way in which the different actors should interact with 
the BiomaSoft system, tailor-designed for the support of M&E. Likewise, all the compiled information allowed to design 
and construct a robust database, capable of supporting the large quantity of information the system should manipulate; 
and also to reach a deep understanding of the functioning and capacities of the system, for their later display.
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Introduction
The utilization of renewable energy sources, 

with emphasis on liquid and gaseous as well as sol-
id biofuels has currently reached high development 
worldwide (FAO, 2008; IEA, 2013; IRENA, 2014). 
In Cuba in the last five years, advances have been 
achieved too in the development of these biofuels 
(MINEM, 2014; Suárez et al., 2014), in order to 
contribute to food security, energy sustainability 
and environmental sustainability at local scale.

The international project «Biomass as 
renewable energy source for Cuban rural areas 
(BIOMAS-CUBA)», funded by the Swiss Devel-
opment and Cooperation Agency (SDC) and led 
by the Research Station Indio Hatuey, in six Cuban 
provinces, contributes to this purpose. This project 
develops experiences for the integrated and sustain-
able food and energy production that needs to be 
monitored and evaluated, which can be favored by 
a software program that facilitates and automatiz-
es all the complex process of information manage-
ment.

With that objective diverse computer systems 
for project monitoring, control and/or evalua-
tion were studied, such as the ones developed by 

Pellerin et al. (2013), Acebes et al. (2014) and Haz-
ir (2015), but they are focused on computerization 
projects and designed for developed countries. For 
such reason, the authors decided to tailor-design, 
develop and implement BiomaSoft, a computer sys-
tem to support the M&E of the integrated food and 
energy production, which does not have anteced-
ents in Cuba.

The goal of this paper is to provide a descrip-
tion of the software development process that took 
place in the implementation of the system1.

Methodology

Description of the BiomaSoft system for 
M&E

From the functional and non-functional 
requirements, the use case diagram of the system, 
the actors and its general description, and following 
the work flow of the Rational Unified Process 
(RUP) methodology, provided and described in part 
I (Quevedo and Suárez, 2015), all the functionality 
of BiomaSoft is displayed in three main use cases: 
«Managing system data», «Managing direction 
strategies» and «Managing follow-up records». 

1Part I of this paper approached the analysis and conceptualization of the environment, the need for the system was identified, and 
the main aspects of its design were provided: characterization of the tools and technologies used, the models and diagrams.
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Below a detailed description of each one of them, as 
well as their specific design class diagram, derived 
from the generic BiomaSoft Design Class Diagram 
(Quevedo and Suárez, 2015), is provided, through a 
scheme that responds to the methodology used. This 
delineation will be useful for a better understanding 
of the system functioning, and to establish clearly 
who interacts with it and how they do it.

Use case Managing system data
Table 1 shows the basic aspects of the textual 

description of the use case Managing system data. 
The identifier of the use case, the actors who in-
teract with it, a brief summary of its functioning, 
the priority it will receive by the system, and the 

conditions that should be fulfilled after the use case 
has been needed and satisfactorily used, are thus 
grouped.

The «Normal flow of events», that is, the perfor-
mance of the system in response to a request by the ac-
tor or user, is shown in table 2. Thus, each action of the 
actor, in successive order, and the respective response 
of the system to each one of them are listed. A proto-
type of graphic interface which allows to visualize the 
aspect the system will have and the actions the actor 
could perform is also presented, in the specific section 
of the use case Managing system data.

Table 3 shows the section that allows to elimi-
nate a datum from the system. Associated to the 
Normal flow of events, it is a continuation of the list 

Table 2. Normal flow of events

Normal flow of events
Actor’s action System response

1. The actor accesses the functionality Managing system data.

1.1 The systems lists the stored data 
(mark D), besides the options to elimi-
nate (mark C), edit (mark B) and add a 
datum (mark A).

2. The actor selects one of the listed data (mark L) and accesses one of 
its respective options. The options are the following:
• Eliminate datum (mark C): see section Eliminate project datum.
• Edit datum (mark B): see section Edit project datum.
• New datum (mark A): see section New project datum.

Table 1. Basic aspects of the use case Managing the system data

Use case Managing system data
Actors System administrator

Summary

The use case starts when the system administrator wants to modify certain values of 
some datum of an already existing project, eliminate a specific one from the list, or add 
a new one. The system confirms the introduced data, updates the initially shown project 
data list and ends the use case.

Priority Critical
Post-conditions The project data information was updated in the system.
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of each action of the actor and the respective sys-
tem response, after the actor previously accessed 
the option Eliminate datum (see table 2).

The section that allows to edit a system datum 
is described in table 4. It is a continuation of the list 
of each action of the actor and the respective sys-
tem response, after the actor previously accessed 
the option Edit datum, as described by the normal 
flow of events (see table 2).

Table 5 shows the section which allows to add 
a new datum to the system. Associated to the Nor-
mal flow of events, it is a continuation of the list of 
each action of the actor and the respective system 
response, after the actor previously accessed the 
option New datum (see table 2).

In case that during the Normal flow of events of 
these above-described sections the system verifies 

an error in the introduced data, an alternative flow 
is taken up to prevent damage in the manipulated 
data and report to the user. Table 6 describes an al-
ternative flow for edition or addition, in the face of 
an unexpected event.

Design class diagram
The design class diagram (fig. 1) is based on the 

one proposed by Quevedo and Suárez (2015), but 
focused on the use case Managing system data –a 
similar diagram is shown for the other two use cas-
es–. This diagram allows to organize, as proposed 
by the architectural pattern Model View Controller 
(MVC), the classes and components used in such use 
case. This facilitates structuring the components, ac-
cording to Reenskaug et al. (1995), Jacobson et al. 
(1999) and ISO/IEC (2014), as shown below:

Table 3. Section Eliminate system datum

Section Eliminate system datum

Actor’s action System response
2.1. - The system shows an operation confirmation message.

3.-The actor confirms the elimination of 
the datum from the system (mark M).  3.1. - The system eliminates the datum.

Table 4. Section Edit system datum

Section Edit system datum
Actor’s action System response

The system shows a basis form (mark N) for the 
modification of the system datum information.

The actor introduces the desired changes to the system 
datum information in the basis form (mark N) and accesses 
the option Save (mark O).

The system verifies the introduced changes.
The system saves the introduced changes.
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Model: composed by the ORM (Object Rela-
tional Mapping) Doctrine, used by the framework 
(Symfony) for data management and processing.

Controller: composed by a frontal controller Ges-
tionarProyecto.php, in charge of receiving requests 
(generally URL) and, using the Symfony components 
(package that encapsulates the framework functioning), 
determining the module Actions and the action it should 
invoke, in order to respond to the received request.

View: composed by files with suffix success (Listar-
DatosSuccess, NuevoDatoSuccess, and EditarDatoSuc-
cess), in charge, along with the Layout, of adhering the 
results of the actions, later used by the frontal controller to 
construct the client pages GestionarDatosIndex, which are 
the ones that will be ultimately shown to the user.

Use case Managing direction strategies

Textual description of the use case
Table 7 shows a textual description of the use 

case Managing direction strategies. The use case 

identifier, the actors who interact with it, a brief 
summary of its functionality, the priority it will re-
ceive by the system, and the conditions that should 
be fulfilled when the use case has ended, are grou-
ped.

The normal flow of events is shown in table 8; 
thus, each action of the actor, and the respective 
system response to each of them, is listed consec-
utively. A prototype of graphic interface which 
visualizes the aspect the system will have and the 
actions the actor could perform are also provided, 
specifically in the use case Managing direction 
strategies.

The section which allows to eliminate a direc-
tion strategy is described in table 9. It is a continu-
ation of the list of each action of the actor and the 
respective system response, after the actor previ-
ously accessed the option eliminate strategy, as de-
scribed by the normal flow of events (table 8).

Table 10 shows the section that allows to edit a 
direction strategy. Associated to the normal flow of 

Table 5. Section Add new system datum.

Section New system datum
Actor’s action System response

2.1. The system shows a basis form (mark N) for the introduction 
of the new datum information.

3. The actor introduces the information and 
selects the option Save (mark O)

3.1 The system verifies the introduced data.
3.2 The system saves the introduced data.

           Table 6. Alternative flow for the edition or addition of a system datum

Alternative flow
Actor’s action System response

3.2(a). If the data introduced are incorrect the system cancels the 
operation and shows a message reporting it.
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events, it is a continuation of the list of each action 
of the actor and the respective system response, after 
the actor accessed the option Edit strategy (see table 8).

The section that allows to add a new direction 
strategy is described in table 11. It is a continuation 
of the list of each action of the actor and the respec-
tive response of the system, after the actor accessed 
the new strategy option, as described by the normal 
fl ow of events (table 8).

Table 12 describes the alternative fl ow for the 
edition or addition, in the face of an unexpected 
event, in case that during the normal fl ow of events 
of the above-described sections the system verifi es 
some error, to prevent damage in the manipulated 
data and report to the user.
Design class diagram

Figure 2 shows the design class diagram, which 
is based on the one proposed by Quevedo and 

Table 7. Basic aspects of the use case Managing direction strategies

Use case Managing direction strategies.
Actors System administrator and project leader.

Summary
The use case starts when the actor wants to modify certain values of some already 
existing direction strategy, eliminate a specifi c one of the list, or add a new one. The 
system confi rms the introduced data, updates the initially shown list of strategies and 
ends the use case.

Priority Critical

Post-conditions The information of the direction strategies in the system was updated.
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Table 8. Normal flow of events

Normal flow of events
Actor’s action System response

The actor accesses the functionality Managing 
direction strategies.

The system lists the stored strategies (mark D2), besides 
the options to eliminate (mark C2), edit (mark B2) and 
add a strategy (mark A2).

The actor selects one of the listed strategies (mark L2) 
and accesses one of its respective options, which are the 
following:
Eliminate strategy (mark C2): see section Elimi-
nate direction strategy.
Edit strategy (mark B2): see section Edit direction 
strategy.
New strategy (mark A2): see section New direction 
strategy.

Table 9. Section Eliminate direction strategy

Section Eliminate direction strategy
Actor’s action System response

 The system shows an operation confirmation message.
The actor confirms the elimination of the direction 
strategy (mark M) The system eliminates the direction strategy.

Suárez (2015) and is focused on the use case Mana-
ging direction strategies.

Use case Managing follow-up records
Textual description of the use case

Table 13 shows the basic aspects of the textual 
description of the use case Managing follow-up re-

cords. The use case identifier, the actors who inte-
ract with it, a brief summary of it, the priority it will 
receive and the conditions that should be fulfilled 
after the use case has been used.

The normal flow of events describes the perfor-
mance of the system in response to a request of the 
user (table 14). Thus, each action of the actor and 
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Table 10. Section Edit direction strategy

Section Edit direction strategy

Actors’ action System response
The system shows a basis form (mark N2), 
for the modification of the direction strategy 
information.

The actor introduces the desired changes to the direction 
strategy information in the basis form (mark N2) and 
accesses the option Save (mark O2).

The system verifies the introduced changes.
The system saves the introduced changes.

Table 11. Section Add new direction strategy

Section Add new direction strategy

Actor’s action System response
2.1. The system shows a basis form (mark N2) for the 
introduction of the new direction strategy information.

3.- The actor introduces the information and se-
lects the option Save (mark O2).

The system verifies the introduced data.
3.2. The system saves the introduced data.

Table 12. Alternative flow for the edition or addition of a direction strategy

Alternative flow
Actor’s action System response

3.2(a) If the introduced data are incorrect, the system 
cancels the operation and shows a message reporting it.

the respective response of the system to each one 
of them are listed; a prototype of graphic interface 
which visualizes the aspect the system will have 
and the actions the actor could carry out in the use 
case Managing follow-up records, is also shown.

Table 15 shows the section that allows to eliminate 
a follow-up record. Linked to the normal flow of events, 
it is a continuation of the list of each action of the actor 
and the respective response of the system, after the ac-
tor accessed the option Eliminate record (table 14).



232  Pastos y Forrajes, Vol. 40, No. 3, July-September, 225-235, 2017 /  Julio Ramiro Quevedo-Benki

Table 13. Basic aspects of the use case Managing follow-up records

Use case Managing the follow-up records.
Actors System administrator, project leader and person responsible for monitoring.

Summary
The use case is started when the actor wants to modify certain values of an already existing 
follow-up record, eliminate a specifi c one from the list, or add a new one. The system 
confi rms the introduced data, updates the initially shown list and ends the use case.

Priority Critical

Post-conditions The information of the follow-up records was updated in the system.

The section that allows to edit a follow-up record 
is shown in table 16. It is a continuation of the list of 
each action of the actor and the respective system re-
sponse, after the option Edit record described in the 
normal fl ow of events (table 14) was accessed.

The section that allows to add a new follow-up 
record (table 17) is associated to the normal fl ow of 
events and is a continuation of the list of each action of 
the actor and the respective system response, after the 
actor accessed the option New record (see table 14).

In case that during the normal fl ow of events of 
these sections the system verifi ed some error, an al-

ternative fl ow (table 6) is taken up, to prevent dam-
age in the manipulated data and report to the user.

Design class diagram
The design class diagram of the system (fi g. 

3) is based on the one proposed by Quevedo and 
Suárez (2015), but focused on the use case Mana-
ging follow-up record.

Conclusions
With the different defi nitions, concepts, enti-

ties and their relations, it was shown who interacts 
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Table 14. Normal fl ow of events

Normal fl ow of events
Actors’ action System response

The actor accesses the functionality Managing fol-
low-up records.

1.2.-The system lists the follow-up records (mark D3), 
besides the options to eliminate (mark C3), edit (mark B3) 
and add a record (mark A3).

The actor selects one of the listed records (mark L3) 
and accesses one of its respective options:
• Eliminate Record (mark C3): see section Eliminate 

follow-up record.
• Edit Record (mark B3): see section Edit follow-up 

record.
• New record (mark A3): see section New follow-up 

record.

Table 15. Section Eliminate follow-up record

Section Eliminate follow-up record
Actor’s action System response

2.1.-The system shows an operation confi rmation message.
3.-The actor confi rms the elimination of the fol-
low-up record (mark M). 3.1.-The system eliminates the follow-up record.

with BiomaSoft (project managers and monitoring 
and evaluation specialists at national and local le-
vel) and how they do it.

The construction, presentation and analysis 
of the diagrams, models and descriptions shown 
allowed to design and construct a robust database, 

capable of supporting the large amount of informa-
tion that the system must manipulate.

Likewise, a tool was obtained to support the 
monitoring and evaluation of the integrated food and 
energy production; and a better understanding of the 
physical and logical distribution of such production 
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Table 16. Section Edit follow-up record

Section Edit follow-up record

Actor’s action System response
2.1.-The system shows a basis form (mark N3), for the 
modifi cation of the follow-up record information.

3.- The actor introduces the desired changes to 
the follow-up record information in the basis form 
(mark N3) and accesses the option Save (mark O3).

3.1.-The system verifi es the introduced changes.
3.2.-The system saves the introduced changes.

Table 17. Section Add new follow-up record

Section Add new follow-up record
Actor’s action System response

2.1.-The system shows a basis form (mark N3) for 
the introduction of the new follow-up record infor-
mation.

3.-The actor introduces the information and 
selects the option Save (mark O3).

3.1.-The system verifi es the introduced data.
3.2.-The system saves the introduced data.

       Table 18. Alternative fl ow for the addition or addition of a follow-up record

Alternative fl ow
Actor’s action System response

3.2(a) If the introduced data are incorrect, the system 
shows a message reporting it.

was achieved, which allowed to reach a deep understan-
ding of its functioning and capacities, for its later display.
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