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Abstract. With the aim of pushing innovation through information and
communication technology in the agri-business field, working closely with
farmers is essential. It is especially important to systematically capture their
knowledge in order to analyze, propose and design innovation artifacts (in terms
of software applications). In this article, we use Scenarios to capture the
knowledge of the experts that is elicited in early meetings previous to the
definition of requirements. At those early stages, there are many uncertainties, and
we are particularly interested in decision support. Thus, we propose an extension
of the Scenarios for dealing with uncertainties. Scenarios are described in natural
language, and it is very important to have an unbiased vocabulary. We
complement Scenarios with a specific glossary, the Language Extended Lexicon
that is also extended to decision support. According to V-model life cycle, every
stage has a testing related stage. Thus, we also propose a set of rules to derive tests
from the Scenarios. Summing up, we propose (i) an extension to Scenarios and the
Language Extended Lexicon templates, (ii) a set of rules to derive tests, and (iii)
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an application to support the proposed technique. We have applied the proposed
approach in a couple of case studies and we are confident that the results are
promising. Nevertheless, we need to perform a further exhaustive validation.
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1 Introduction
Agricultural processes are complex by nature because they rely on
unpredictable conditions as weather or market demand, as well as human
decision on biased opinions and incomplete information. Many people
participate in the processes, usually with different objectives, background,
experience and level of studies. Thus, it is hard to obtain a complete and
accurate understanding of the whole process. This is the motivation of the
RUC-APS project [9], a European funding project dealing with Enhancing
and implementing Knowledge based ICT solutions within high Risk and
Uncertain Conditions for Agriculture Production Systems.
Requirements engineering is one of the most important stages in
software development. Errors made at this stage can cost up to 200 times
to repair if they are discovered when the software is delivered to the client.
There are two approaches to elicit requirements: classic and agile. Use
Cases are a widely used tool to describe software requirements in a
classical approach. There are different templates with different level of
detail to use according to the definition of the requirements. Nevertheless,
when the definition of requirements is vague, agile methods use User
Stories to discover the requirements in an iterative and incremental way
while the software application is developed.
In both cases, with classic and agile development, the client should have
a clear idea of the role of the technology and a vision about the software
artifact that he needs. Although the requirements of the software are
mainly described during the requirements engineering phase, there are
some early meetings previous to the requirements stage to discuss needs,
wishes and expectation. In these meetings, the objectives and boundaries
of the software application are defined. Following these definitions, the
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requirements engineering stage can be performed to analyze and describe
requirements (either with Use Cases or User Stories for example).
It is important to have tools to capture the information of the early
meetings. Moreover, when stakeholders are not aware of how technology
can help, it is necessary to support them. In this case, the IT team needs to
learn about the domain and make proposals about innovation. We have
been participating in the RUC-APS project with the aim of providing
innovation in information and communication technology (ICT) to
agriculture. In this period we have learned that agriculture is a field with
no much integration with ICT. And it is a field with many uncertainties.
Some uncertainties are related to decision that farmers have to take and
once taken, it cannot be changed. For example, the conducting system of
the plants is related to make plants go upward or go down (as a bush). It
should be defined before planting because both conducting systems need
different distance between the plants. After the decisions made, it cannot
be changed. Another decision is the training system to use. If it is decided
that the plants go upward, some string is needed to help the plant to go
upward. Besides a string, others elements can be used. Each element has
different advantages and disadvantages. Then, the pruning system
establishes how to cut the plant in order to allow it to go upward or down.
All these decisions are related among them. Nevertheless, it is quite
impossible to evaluate the impact of one decision on another. So, the
decision has to be made one by one in a progressive process.
Others uncertainties are related to everyday situations that should be
evaluated to react in consequence. For example, the temperature
monitoring of a greenhouse must be set in order to keep it constant. We
have seen that both types of uncertainties are captured in early meetings.
Specifically, we are interested in innovation in Decision Support Systems,
that is, to take a decision on the first type of uncertainties. Nevertheless,
we also consider the second type of uncertainties.
In this article, we propose to capture the knowledge obtained from early
meetings through Scenarios. We present an extension to the Scenarios to
deal with uncertainty. We also propose to complement the description of
the Scenarios with a particular glossary, the Language Extended Lexicon
(LEL). An unbiased language is very important to understand the
scenarios. We also propose an extension to the LEL to deal with
uncertainty in order to capture business knowledge through Scenarios and
complement them with LEL. According to the V-model development life
cycle, the product obtained in each step (requirements, design, and
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codification) should be tested. Thus, we also propose a set of rules to
automatically generate tests from Scenarios. We propose a set of rules to
derive tests from Scenarios (only from Scenarios, not from LEL) in order
to fulfill with the V-model. These tests derived from Scenarios should be
used as input to design tests for the requirements.
The paper is organized in the following way. Section 2 introduces LEL
and Task/Method models we use in this work. Section 3 details our
contributions , i.e. a process to capture Scenarios and LEL, as well as the
extensions to the Scenarios and the LEL to deal with uncertainty. Section 3
also presents the rules to derive tests from Scenarios using the task/method
model as the specification. Finally, Section 4 discusses some conclusions.

2 Background
This section describes the base elements used in our approach. It describes
the original template of Scenarios and LEL that we use to capture the
knowledge about business cases. And it also describes the Task/Method
model, the technique used to describe tests derived from the Scenarios
through the set of rules proposed. The topics of this section are the base for
our approach. In the next section, the original template of Scenarios and
LEL are extended to deal with business cases for the decision-making
processes in the agribusiness domain. In addition, in a further section, the
Task/Method model is used to describe the proposed rules of our approach.
2.1 Scenarios
Scenarios describe interactions between users and a future system [17]. It
is also used to understand the context of the application because they
promote the communication when there is a great variety of experts [6].
Leite [12] defines a scenario with the following attributes: (i) a title; (ii)
a goal or aim to be reached through the execution of the episodes; (iii) a
context that sets the starting point to reach the goal; (iv) the resources,
relevant physical objects or information that must be available, (v) the
actors, agents that perform the actions, and (vi) the set of episodes.
The following Scenario describes the activity of determining cultural
labors for tomato production. It is important to mention that the scenario
describes some task with uncertainty because many decisions have to be
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taken. Although people (the farmers and their leader) take the decision,
some software application can be used to support the process. Moreover,
the last episode of the scenario is related to describe the definitions arrived
according to some standard. This task can also be supported by an
application software since the application can receive the information
about the decisions, organize and present according to the standard.
Moreover, the task of writing the procedure can also be tested to assure if
the report produced by a future application satisfies or not the standard.
Listing 1. Scenario about cultural labors
Title: Determine cultural labors
Goal: Decide the conducting system, the training system and the pruning policies that
should be used
Context: Tomato production
Resources: conducting system techniques, training system techniques, pruning policies,
standard to describe procedures, procedures for the cultural labors
Actors: farmers, leader
Episodes:
The farmers and their leader decide a conducting system to use
The farmers and their leader decide a training system to use
The leader establishes the pruning policies to apply
The leader writes a procedure according to the standard describing the conducting
system, the training system, and the pruning policies

2.2 Language Extended Lexicon
The Language Extended Lexicon (LEL) is a glossary used to capture and
describe the domain´s language [11]. Terms (also called symbols) are
classified into four types: Subject, Object, Verb, and State. Subjects
represent an active element that performs actions. Objects are passive
elements on which subjects perform actions. A verb is used to represent
the actions. Finally, States represent situations in which subjects and
objects can be located. A symbol is described by two attributes: (i) notion
and (ii) behavioral responses. Notion describes the symbol denotation and
explains its literal meaning. While Behavioral responses describe its
connotation, that is, the effects and consequences of the relationship
between the defined symbol and others symbols defined in the LEL [18].
The following examples describe one term of each symbol category. It
is important to remark the example in Listing 4. The verb describes the
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activity of controlling the temperature of the greenhouse. This situation
presents some uncertainty since the temperature can change and the farmer
should act in consequence in order keep it within a specific range.
Listing 2. LEL subject: farmer
Subject: Farmer
Notion: Person that grows tomatoes in a shared lot with other farmers
Behavioral responses:
The farmer participates in the determination of the cultural labors
The farmer plant the tomatoes
The farmer grows the tomatoes
The farmer control the temperature of the greenhouse
Listing 3. LEL object: greenhouse
Object: Greenhouse
Notion: Place to grow tomatoes in a controlled environment.
Behavioral responses:
The farmer plant tomatoes in a greenhouse
The farmer control the temperature of the greenhouse
Listing 4. LEL verb: Control the temperature of the greenhouse
Verb: Control the temperature of the greenhouse
Notion: Action of monitoring the temperature in order to maintain it between certain
range
Behavioral responses:
The farmers monitors the temperature
The farmers aerate the greenhouse to descend the temperature
The farmers close the windows of the greenhouse to increase the temperature
Listing 5. LEL state: Flowering
State: Flowering
Notion: Phenological state of the tomato, characterized by the appearance of leaves and
flowers.
Behavioral responses:
The tomato change to fruition state after the appearance of the first fruit.
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2.3 The Task/Method model
The Task/Method model is a knowledge modeling paradigm that considers
the reasoning as a task [19] [21]. Its main advantage is to have a
declarative form to express knowledge which can be easily processed by
tools such as execution engines [4].
A Task/Method model is composed of two sub-models: (i) the domain
model and (ii) the reasoning model. The domain model describes the
objects of the world that are used by the reasoning model. The reasoning
model describes how a task can be performed. It uses two modeling
primitives: (i) task and (ii) method.
A task is a transition between two world state families (an action) and is
defined by the following attributes: (i) name that describes the task, (ii)
par, a typified list of parameters handled by the task, (iii) objective, the
goal state of the task, (iv) method, describes one way of performing a task.
A method is characterized by the following attributes: (i) heading, the
identification of the task achieved by the method, (ii) preconditions which
must be satisfied to be able to apply the method, (iii) effects, consequences
of a successful application of the method, (iv) control, achievement order
of the subtasks, and (v) subtasks. This paper focuses on some of the
attributes described before. A full description of this modeling paradigm is
performed by Camilleri et al. in [4] [5].
We use the Task/Method model in order to describe the tests that should
be applied to the Scenarios. Then, the Task/Method model is processed by
an execution engine to finally test the Scenarios. Listing 6 shows the
example of a Task/Method model to test the scenario of determining
cultural labor described in Listing 1. The Scenarios are descriptions in
natural language, while the Task/Method model is a computer language,
that is why some changes must be done to the names. For example, while
“conducting system” is valid in a Scenario, in Task/Method should be
translated as “conductingSystem”. Moreover, Scenarios are too wide and
abstract, not all the situation can be tested. In this example, we only define
to test the method of writing the procedures in order to verify if the
description of the procedures satisfies some standard. The procedures are
definition from the decision of conducting system, training system and
pruning policies performed previously. It is important to mention that
Task/Method model is a hierarchical model, describing decompositions of
tasks using other tasks. That is why the test is finally performed in method
M14 (the fourth line in M1) of Listing 7.
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Listing 6. Method determine cultural labor
Method: M1
Task: determineCulturalLabor
Control:
Decide (farmers, leader, conductingSystem);
Decide (farmers, leader, trainingSystem);
Establish (leader, pruningPolicies);
Write
(leader,
procedures,
standard,
pruningPolicies);

conductingSystem,

trainingSystem,

Listing 7. Method write procedures according to the standard
Method: M14
Task: Write (leader, procedures, standard, conductingSystem, trainingSystem,
pruningPolicies)
Control:
message(“procedures do not conform to writing standards, stop”);
stop;

3 Proposals
This section describes the contribution of this paper: (i) an extension to
Scenarios and the Language Extended Lexicon templates, and (ii) a set of
rules to derive tests from Scenarios.
We propose to capture the actual knowledge obtained from early
meetings through Scenarios. Nevertheless, it is very hard to collect domain
information in software development. Thus, the Scenarios extended by the
proposed approach help to acquire hypothetical and unclear situations, so
as to convert the Scenarios in real based and concrete Scenarios. In order
to deal with the uncertainty, we extend the Scenarios with 4 more
attributes: key decision, variables (frozen and contextual), identified risks
and factors of uncertainty. These attributes capture relevant information to
make a decision. For example “determine the conduction system” is a key
decision. In Listing 1 it was defined as part of the episodes, but in fact, this
element should be captured as a key decision. Then, the LEL is used to
complement the Scenarios, and we also proposed an extension of the LEL
to deal with uncertainty. For example, the temperature of the greenhouse is
a variable that change according to the weather conditions (its context) and
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some actions must be done to maintain it in a specific range. This
information should be captured by the LEL.
Scenarios and LEL are elements used to capture the business knowledge
in early meetings. According to the V-model, this should be done on the
top level of the V-model. Thus, in order to fulfill with the V-model, we
also propose a set of rules to derive test from Scenarios. It is important to
mention that the derivation is performed only from Scenarios, the LEL is
not considered in this paper.
Thus, we provide techniques to use in the top level of the V-model (the
business level): Scenarios (complemented with LEL) and business test
(derived from Scenarios through a set of rules). These both elements can
be used to produce the elements of the following level (requirements
level). That is, Scenarios should be used to describe requirements, and
business tests should be used to describe acceptance test.
The rest of the section is organized in the following way. First, a
collaborative process to capture the knowledge to describe Scenarios is
presented. Then, the extensions to the Scenarios and the LEL are
described. Finally, the rules to derive tests described in Task/Method
model from Scenarios are detailed.
3.1 A collaborative and iterative process to capture knowledge
This section describes an iterative and incremental process to capture the
knowledge from the stakeholders in an early stage of software definition.
In that early stage, there are many uncertainties, that is why the most
critical elements to capture are the potential decision and eventual
variabilities that should be considered.
The process begins with the definition of the Scenarios by a
multidisciplinary team. During the description of the Scenarios, it is
common that specific terms of the domain appear, that are used by the
experts of the domain but are unknown to the technical team members.
These terms should be described in the LEL. Scenarios are used to capture
multiple views and promote communication among stakeholders [6].
Moreover, a multidisciplinary team helps to obtain a broader perspective to
define scenarios.
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Scenarios
LEL

Derivation
process

Business
knowledge

Business
Testing

Acceptance
Testing

Requirements
Definition

Integration
testing

Design

Unit
Testing

Coding

Code

Fig. 1. Contribution located on the top of the V-model

It is important to state that the proposed process consists of describing
mainly Scenarios, and describe terms in the LEL only if necessary.
Traditionally, LEL is defined completely first and then Scenarios are
described [12].
Scenarios
LEL
define

define

improve

Fig. 2. Scenarios’ definition

3.2 Extensions to Scenarios and LEL
The background section describes the original proposal to describe
Scenarios and LEL. In order to support the capture of the knowledge in a
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very early stage of software definition, with many uncertainties and lack of
precision, this section describe the attributes added to Scenarios and LEL.
3.2.1 Scenarios extended to deal with uncertainty
In early meetings to discuss the incorporation of technology, it is important
to add to the Scenarios information about factors of uncertainty, that is, the
doubts that must be clarified later. We propose to add the following
attributes: (i) key decisions, (ii) variables, (iii) risks, and (vi) factors of
uncertainty.
Lupetti et al. [14] incorporate the concept of variables at an abstract
level and categorize them according to their participation in Scenario
design decisions. On the other hand, when a business process problem in
decision support system is proposed, the work of De Maio et al. [7]
stresses the importance of context-aware heterogeneous fuzzy consensus
model learning from the past executions. So, there is a need to feed and
maintain a knowledge base storing the associations between contextual
variables, key decisions, and weights for each decision maker. Based on
this reasoning, this article proposes to incorporate variables and key
decisions in the description of the Scenarios.
Some uncertainties are related to decision that farmers have to take and
once taken, it cannot be changed. For example, the conducting system
mentioned before. Others uncertainties are related to everyday situations
that should be evaluated to react in consequence. For example, the
monitoring of the temperature of a greenhouse mentioned before. The first
type of decisions are fixed when they are defined, and it makes possible to
define more specific Scenarios considering that definition. For example the
layout of the plantation can be discussed considering certain conducting
system. While the second type, depends on situation that varies according
the context.
Thus, we consider two types of variables: (i) frozen variables and (ii)
contextual variables. Frozen variables are decisions that should be taken
and they will not change from that moment. For example, the conduction
system. Contextual variables refer to a decision that should be taken very
often. For example, the monitoring of the temperature.
Both types of variables are important to decision support. People decide
about the frozen variables, thus, they need tools to support the decision.
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While contextual variables are important to design the software application
considering that it must react according to the variable.
In order to analyze the key decision, more information about the
variables is needed. Both types of variable, mainly frozen variables,
depends on risks and uncertainties. A risk is anything that could potentially
impact your plan [16]. Thus, if a frozen variable for a decision is related to
defining the growing space (indoor or outdoor), although the historical
temperature can support the decision to grow outdoor, according to the
geographical situation, there could exist the risk of unexpected low
temperature.
The uncertainty concept is closely related to risks. A risk is an event that
could potentially occur, thus, there is a measurable probability of
occurrence. For example, there is a chance of 0.15 of low temperature
during the harvest. But the factor of uncertainties is related to elements that
there is no historical information, or cannot be estimated or predicted [10].
Listing 8 describes each proposed attribute with some information
related to determine cultural labor scenario.
Listing 8. Extension to the Scenarios
Key decisions:
conduction system (How many main stems each plant will have?)
training system (How to support tomato plants off ground?)
pruning policies (When to start the pruning of stems and trusses to comply with the
conduction system decisions? How often to prune?)
Variables
Frozen: soil type, seed type, geographic area, growing space (outdoor, greenhouse)
Contextual: diurnal temperature, nocturnal temperature, natural lighting
Identified risks: unexpected climate phenomena: frost, stronger winds, flood risk, low
temperatures
Factors of uncertainty: plant disease, market demand, water pollution

Taking decisions (give values to frozen variables and deal with
contextual variables) is related to analyzing and balance risk and
uncertainties. From a classic point of view, it is necessary to analyze the
risk involved in the key decisions, perform a quantitative and qualitative
analysis of the uncertainties in order to make the decision [22] [23]. Of
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course, this decision could be made in different ways, but it is important to
have documented the information to analyze in order to make the decision.
That is the objective of adding these attributes to the Scenarios.
3.2.2

LEL extended to deal with contextual information

We propose to use Scenarios to capture uncertainty in order to take a
decision. That is, experts and IT team analyze the scenarios and discuss
alternatives to take a decision. Nevertheless, the uncertainty that the
scenario represent could be a cause and effect relation, with different
situations and different actions. In this case, is no need to take a decision,
because all the alternatives should be considered by the application
software. This, is another interpretation of decision making: a contextaware behavior, where relevant variables (context-features) take different
values (representing specific situation) to trigger some decisions [7]. The
context-aware behavior could present uncertainty when it is not possible to
estimate or measure one or more variables’ values. So, it is not possible to
establish which decision should be triggered [3].
Litvak et al. [13] present an extension of LEL to provide more
expressivity for Verbs (such as an action of an effect of), but, this is not
enough to represent context-aware behaviors. Fortier et al. [8] model
context-features and trigger decisions (handlers) as a first-class citizen due
to the complexity involved in this kind of applications. Using the concepts
defined in [8], this article proposes an extension to LEL that would help to
define contextual information in a common vocabulary.
The LEL originally categorizes symbols in Subject, Object, Verbs, and
States. This article proposes two new categories: Context-Feature and
Contextual Decisions. The context-feature category allows representing
each contextual feature associated to Subjects or Objects. ContextFeatures’ values could be simple values (e.g. sensed data) or more
complex elements [8]. Contextual Decision allows to represents for each
situation (defined by a context-features’ values) the list of triggered
actions. The Given-then specification [24] can be used to describe
behavioral responses for Contextual Decisions.
Let’s consider the following examples. A Context-Feature “Temperature
of greenhouse” which defines for some interval values trigger Contextual
Decisions (Listing 9). And its Contextual Decision definition “Evaluate
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Temperature Decision” (Listing 10) that determines the action to be
performed.
Listing 9. LEL Context-Feature: temperature of the greenhouse
Context-Feature: Temperature of the greenhouse
Notion: Range of temperature values measured in the greenhouse
Behavioral responses:
Value < 10 ºC, Evaluate Temperature Decision
Value between 10º C and 25º C, No Action
Value > 25º C, Evaluate Temperature Decision
Listing 10. LEL Context-decision: evaluate temperature decision
Context-decision: Evaluate temperature decision
Notion: When temperature is high or low, worker leader should be notified
Behavioral responses:
Given (Temperature of greenhouse < 10 ºC or Temperature of greenhouse > 25º C)
Then Notify to worker leader

3.3. Test derivation from Scenarios
We propose five rules to derive test from the Scenarios [2]:
Rule 1. Tasks Identification: each verb in the Scenario’s episodes is
translated into a task in Task/Method model. Each Scenario title is also a
task in Task/Method model. Listing 11 shows the example.
Listing 11.
Title: Determine cultural labors Task: DetermineCulturalLabors
Episodes
The farmers and their leader decide a conducting system to use Task: Decide
The farmers and their leader decide a training system to use Task: Decide
The leader establishes the pruning policies to apply Task: Establish
The leader writes a procedure according to the standard describing the conducting
system, the training system, and the pruning policies Task: Write

Rule 2. Task’s Parameters Identification: each actor and resource
used in the episodes of a Scenario is translated into a parameter in
Task/Method model. Listing 12 shows the example.
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Listing 12.
The farmers and their leader decide a conducting system to use
Task: Decide
(farmers, leader, conductingSystem)
The farmers and their leader decide a training system to use
Task: Decide (farmers,
leader, trainingSystem)
The leader establishes the pruning policies to apply
Task: Establish (leader,
pruningPolicies)
The leader writes a procedure according to the standard describing the conducting
system, the training system, and the pruning policies
Task: Write (leader,
procedures, standard, conductingSystem, trainingSystem, pruningPolicies)

Rule 3. Episode’s method: the episodes part of a scenario is translated
by a method in Task/Method model. Listing 13 shows the example. Since
the main Scenario is translated into the method named M1, each episode of
the Scenario is translated into a method M1#.
Listing 13.
The farmers and their leader decide a conducting system to use Method: M11
The farmers and their leader decide a training system to use Method: M12
The leader establishes the pruning policies to apply Method: M13
The leader writes a procedure according to the standard describing the conducting
system, the training system, and the pruning policies Method: M14

Rule 4. The Sequence of tasks: the sequence of different lines in the
episodes part of a Scenario determines the sequence of tasks in the control
part of a Task/Method model method. The use of expressions like "then",
"after", etc... in the episodes of a Scenario determines also a sequence of
tasks in the method’s control part. Listing 14 shows the example.
Rule 5. Test Case Method: We assume that each test case (Test cases
part of scenario) corresponds to an achievement status (succeed or fail) of
the task. In a failure situation, the scenario will stop. This stop case will be
represented by a method for the next task in which the precondition field
corresponds to the test case failure. The example was shown in Listing 7.
Listing 14.
Episodes:
…
The leader establishes pruning policies
The leader writes a guide…
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Or
… The leader establishes pruning policies, then the farmers’ leader writes a guide…
Method: M1
Task: determineCulturalLabor
Control:
…
Establish (leader, pruningPolicies);
Write(leader,procedures,standard, conductingSystem, trainingSystem, pruningPolicies);

4 Conclusions
We have presented a proposal to use Scenarios at an early stage of
software development, when there are many uncertainties and the software
is not defined yet. Also, gathering knowledge from farmers can be
difficult, since they don't always organize their ideas in a way that's useful
for requirements, so the proposed extensions to Scenarios and LEL, as well
as the rules to derive tests, help acquiring information from them.
We enriched the Scenarios with some attributes that capture critical
information to help stakeholders to take a decision and perform a further
requirements definition of a software application. We complement the
Scenarios with a particular glossary, the Language Extended Lexicon that
we also extended to deal with uncertainty. According to the V-Model, in
which every software development phase has a related testing stage, we
also propose a technique to derive test from the Scenarios. Thus, we are
providing a technique to deal with uncertainty and decisions on the top
level of the V-model life cycle.
We have also built software applications to manage all the information.
A Media Wiki platform [15] is used as a repository of the Scenarios and
LEL. A semantic media Wiki extension was also added to allow the
semantic support and the creation of forms in order to make the CRUD
operations (create, retrieve, update and deleted) in a more user-friendly
way. Then, in order to provide support to the derivation of tests, the tool
relies on a Natural Language Processor Framework [20] and on a task
automation tool and administrator of configurations [1].
This work was motivated with the aim of providing decision support to
the agri-business field in the context of the RUC-APS project. Although
we have done some preliminary validation of the proposed strategy, we are
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planning to develop some pilot project in order to conduct case studies and
to obtain feedback for improvement and validation of the proposal.
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