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The problem of multi-criteria or multi-objective intercropping crop planning makes it vital
to consider all related factors under the constraints that will produce the highest revenue
and minimum cost. Principles of intercropping elements including soil type, plant area,
plant diseases, planting and harvesting time and economics factors (e.g. price, cost) are
some of the factors in making decisions. Intercropping is important in the situation such as
during inability to harvest main crops, co-cultivation to increase productivity, or even to
increase extra revenue. Therefore, the decision-making system requires a wise decision
support system, which can advise farmers on economics matters. In this article, we present
the decision support system (DSS) model framework for planting rubber with intercropping
by a hybrid approach using ontology-based knowledge consuming rule concepts and
relationships for intercropping with integrated multi-objectives optimization to recommend
the crop to be planted and the suitable proportion of planting areas or planting co-suited
to the rubber plantation of farmers. This approach could be applied as a guideline for

another field, such as production problems or other resource allocation issues.

1. Introduction

This paper is an extension of the original work which was
presented in 2016 at the International Computer Science and
Engineering Conference (ICSEC) [1]. This article explains in more
detail about the Research Framework and Research Methodology.

The agriculture in Thailand comprises of 45.84 million acres
or 35.7% of area of the country where 25.9% of households are
farmers with an average 7.76 acres per person. These farmers are
divided into 79.1% monoculture farmers and another 19.9%
integrated farming. Other main agricultural activities in Thailand
are livestock production, fish or other important aquatic animal
raising or salt ponds [2].

Recently, the weather uncertainty and low price of the
agricultural products especially hits the monoculture farmer
severely. This can be seen in rubber planting (rubber is a major
Thailand economic crops), where the rubber price affected the
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farmers. In 2015, the rubber prices dropped 20.1% as compared to
the previous year which made export of rubber drop by THB
52,000 million (21.4% decrease) [3].

Southern Thailand is the main producer of rubber in Thailand,
and 70% of the labor in this region are rubber farmers in
monoculture. The farmers have been impacted from this terrible
situation where their income in 2015 has declined THB 33,000
million (or 17.7 %) as compared to on the previous year. As a
result, this decline has raised the household’s average debt from
THB 134,893 per household in 2013 to THB 153,144 in the first
half of 2015. Findings from the Bank for Agriculture and
Cooperative shows that the farmers were giving some signal that
their income is unsustainable for them to pay the bills normally due
to the fluctuation of rubber’s price since 2014 and many of them
decided to uproot their rubber trees and preferred to plant other
more profitable crops. In this condition, monoculture farming
might not be the possible answer although the economic return was
high, at the same time, the risk is still there when the price
fluctuates by the market [4].
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Due to that, it is unwise to stay in the type of farming approach
which only concentrates on one single type of crop. One solution
is to introduce or convert single monoculture into poly or
intercropping farming system. In a general sense, intercropping is
a planting system that uses a multiple cropping system with at least
two or more crops planted in the same field/plot during a growing
season [5]. In this regard, intercropping is a potential alternative
for a sustainable way for the farmers to overcome the above-
mentioned problem by reducing risks of product price fluctuation,
pathogens or insect attacks [6]. At the same time, the Thailand
government have made a lot of effort to support this idea of
intercropping system.

To clarify this idea, we have organized the information in
figure 1 to make understandable our proposed concept to assist the
farmer in this specific region or it might be applied or adopted in
many other area. The interconnectedness of this model is based on
the previous works that are discussed fully in Section 2. The
proposed concept of integrating the overall concept framework and
evaluation is discussed precisely in Sections 3 and 4 and we
conclude our idea in Section 5.

2. Related Work
2.1. DSS for Intercropping

Many DSS for intercropping planning used mathematical
models or are model-driven to solve this problem such as Linear
Programming (LP) [7], Analytic Hierarchy process (AHP),
Technique for Order Preference by Similarity to Ideal Solution
(TOPSIS) or Simple additive weighting (SAW) [8] , or hybrid
technique e.g. AHP and TOPSIS[9]. Nevertheless, that approach
will provide just an answer to a priority of alternatives and does
not answer about living space to grow. For example, the
proportion of main crop and secondary crops and the calculations
in this area, considering the distance between the plants and the
second plants as well as the principles of the intercrop. After the
system recommends a suitable priority for particular co-planting
of plants, the farmers need to determine the specific area of use in
order to figure out a maximum overall return. Such types of
calculation may not result in an answer with maximum income
under their restricted resources, and hence their opportunity of
profit making is lost with not including the extraction of
knowledge from experts to optimize knowledge management and
decision-making.

[10] presented an integrated DSS for intercropping by using a
rule-based expert system as a model. This method can be extended
to cover more decision criteria to cost the cropping. The objective
of the work is to manage cropping activities for improved crop
production. However, approaches ignore important features due to
the paper not offering price statistics for the decision. This factor
is necessary for planning crops. [11] showed the model-based
support by using evolutionary algorithms to solve multi-objective
optimization and design of mixed farming systems aimed to
maximize the operating profit and organic matter balance, and to
minimize the labor requirement and soil nitrogen losses. [12]
presented the goal programming for rubber plantation
intercropping with tea trees. The purpose of this work is
management of rubber plantation yield before getting a return for
seven years.
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Figure 1 Summary of approach for DSS-Intercropping

However, literature reviews to analyze approaches in the
DSS cannot ignore the knowledge-driven decisions, sometimes
generically called expert systems or recommender systems
because knowledge-driven DSSs might use artificial intelligence
and/or some of the statistical inference technologies to suggest or
recommend actions to managers. These systems have knowledge
codified to provide specialized problem-solving assistance [13].
Especially in agriculture, the farmers who succeed in farming
collect long-standing experiences. The knowledge has been tested
through experimentation and theory and then becomes tacit
knowledge which is necessary to be maintained and adopted in a
knowledge-base for a decision [14, 15].

Therefore, the challenge is to design an ontology in the field of
mixed intercropping which refers to the practice handbook of
planting and a rule base from domain experts. The system can
suggest the plants that grow well together in the suitable areas in a
format that can be processed by a computer program. It focuses on
knowledge sharing and reuse and sends related parameters about
plants that suggest related plants from the recommender engine to
calculate multi-objective optimization programming in order to
give the answers which can support the intercropping decision
supporting system for an individual agriculture.

2.2 Ontology-knowledge base for DSS

Ontology is a structured establishment and knowledge
representation in knowledge management system or acts as a tool
similar to that system whose indices were used to manage and
access the subject of the question using controlled vocabularies
comprising vocabularies, terms, syntax and certain rules based on
making use of appropriate word patterns [16]. The results of using
an ontology-based illustration of the important data structure of a
DSS are the distinguishable state from what happened in the past
with DSS as closed systems, the primary ontologies' objective are
to determine proportionated domain models and knowledge from
a variety of sources. Also, some of the inference stages of the DSS
can be carried out using state-of-the-art logical reasoning
performance, as rule logic providers or justification providers [17].
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Advantages of ontologies include seeming well suited to an
evolutionary approach to domain knowledge and requirements
specification [18] in contrast to traditional knowledge-based
approaches, e.g. formal specification languages. Requirements
management and traceability can be supported by ontologies.
Semi-formal or informal approaches provide no logical formalism
or model theory compared to automated validation and consistency
checking which are considered as a potential benefit. Finally, the
formal specification may be a prerequisite to realizing model-
driven design and implementation approaches [19].

Deciding to intercrop does not focus on finding answers to the
income or economics alone but it must be based on the principles
of integrated crop plants to reduce disease risk and the suitability
of the area under the constraints of farmers. Therefore, this
research uses ontology-based knowledge for driving DSS and
providing the type of plant and design optimization model for
calculating the answer for maximum income. This phase uses
knowledge acquisition and ontology modeling for ontology design
and experiments for economic design modeling.

Ontology-based knowledge representation that allows
information sharing, reuse and collaboration on design and
obsolescence issues across different organizations provides the
basis for decision-making in an intercropping selection and
presents concepts, relationships, and instances. To establish a
comprehensive knowledge representation scheme, an ontology
that can serve as the backbone of the needed information model is
required [20].

Ontologies technology can be applied in the work of various
systems by considering the purpose of the deployment: (1)
information retrieval; (2) systems that require integration of
knowledge for a basic understanding of the knowledge domain;
(3) systems that have the need for knowledge reuse and such
systems may be defined ontologies technology to use allowing
another system to be used again by the system later. This may
define semantic information that does not have -contrary
information of semantic ontologies taken back to another system
and there is no need to explain that there is no change, such as static
domain knowledge or knowledge-based system. In particular;
ontology has recently been adopted in DSS in various application
domains [21].

Currently, ontologies are semantic knowledge management
which have been successfully implemented in DSS in various
application domains, and to determine the tasks and parameters of
some system modules [17], applied in knowledge management
[22]. However, an ontology applies in knowledge management
through the web service system, question answering [23] or DSS
[24] in planting trees. Nevertheless, that answer or knowledge is
about planting monoculture crops only and lacks a decision to
plant mixed or intercropping to maximize income while
minimizing cost in a limited farmer's resources.

2.3 Multi-Objective Optimization Methods

This section and figure 2 presents a summary approach for
Multi-Objective Optimization. There are classical methods and
Evolutionary Multi-Objective Optimization (EMO) Method [25].
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Figure 2 Some approaches for Multi-Objective Optimization

Multi-objective is a vector of constraints, objective
functions, and variables and is considered by Multi-
objective Programming Model. A reduced subset of the
feasible set exceeds all of the aspiration levels of each
objective contains a satisfactory solution a set of which
has acceptable alternatives that do not need to be non-
dominated. A final choice of a non-dominated solution
selected through decision makers’ involvement in the
information processing stage is a preferred solution [26].

€-constraint methods are those of a posteriori using
scalarization. By these methods, a multi-objective
problem will be converted into a single-objective method
and can solve the problem and obtain its solution as a
Pareto-optimal single solution.

Weighted Sum Approach is an easy method to apply to
weighted specific functionalities and then combine the
weight and objective functions to build a single objective
but the problem of using this method is if there is not
enough information, it will result in difficulty in defining
the objective weight as can be seen from the research of
[27].

Goal Programming Approach is a method that rank
evaluates a set of results which uses the stage of Multi-
Objective Goal Programming (MOGP), as can be seen
from the research of [28] which presents that this method
is well known in methodology and development of the
proposal which has efficiency in defining goals
(Multiple Goal Linear Programming-MGLP) that are
trying to deviate between various objectives. The lowest
formula is used in calculating outputs from various goals
and compares those values until it gets the best results
suitable for an allocation problem such as limited
resources management [29].

Vector Evaluation Approach is a method that defines
Fitness Assignment which is the first method that
expands the steps of Genetic Algorithms, which results
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in finding the most appropriate results for various
objectives. [30] explained the process consists of 1)
Initialization Population 2) Evaluation Objective
Function 3) Define Fitness Assignment 4) Selection of
the results from the Fitness Assignment of strings: each
result during this process will crossover. This is a process
where a right string answer which comes paired to
exchange to get the new string result and mutation to
evaluate new strength until the calculation reaches the
maximum number of answers looked for [31].

e  Pareto-based Approach: This method is used to rank the
Pareto to build relationships between the function,
purpose, and strength by using the Pareto principle to
calculate the strength. For how to configure the strength
to make this the best result, it will have more than one
possible result that could be the best answer and it will
be in the format of set, or group of the best answers
[32].

3. Conceptual Framework
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Figure 3 Research Conceptual Framework of DSS-Intercropping

The DSS for growing rubber plants is a hybrid method which
works together in two parts. The knowledge-based part uses the
process of knowledge management with ontology to obtain a
rubber plantation model and to develop an intercropping ontology
and rule base that will lead to a more intelligent recommender
system which is mixed with a multi-objective optimization model
part. It will helps to calculate and allocate each crop area to yield
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maximum yield and the lowest cost that the system will help
farmers or users make decisions as a guideline or primary
recommendations before making a decision on plantation
operation as indicated by soil, time, season, area, cost, and market
price or other critical parameters.

4. Research Methodology

The method of this work is divided into three main phases
namely, Phase I knowledge acquisition and ontology modeling,
Phase II ontology development, and Phase III optimization
modeling and system implementation. This is shown in Figure 3
and details in each phase are presented in Sections 4.1, 4.2 and
4.3, respectively.

4.1. Phase I: Knowledge Acquisition and Ontology Modeling

This research is information to extract knowledge and expert
knowledge for decision making and decision criteria and a variety
of organizations. The Ministry of Agriculture and Cooperatives of
Thailand is the main organization for promoting agriculture. It
was split into several entities with different responsibilities. In
addition, certain information is required from other ministries.
These are summarized as the sources of data for research purposes
to support farmers for intercropping shown in Table 1.

Table 1 Summarized the sources of data to support decision making for
intercropping

Organization Type of information

Department of Agricultural providing:
Extention - Knowledge and media for cropping
- Disease and pets

Office of Agricultural - Sale Price Statistic per kg (THB)
Economic - Cost per square meters (THB)

- Productivity per square meters (kg.)
Royal Irrigation Department ~ The water situation and rainfall statistics.

Land Development
Department

Soil information each province

Provincial Agriculture
Oftfice

Advising agriculture in each province for
intercropping.

Farmer who are success in
intercropping

The information about intercropping from
experience.

Knowledge Acquisition

In this section, the knowledge acquisition approach was a
combination of text analysis and expert interview approach [33].
The study included three steps:

e Concept and domain knowledge. Identified using
secondary resource document analysis e.g. electronic
resources, journal, or book. Based on intercropping
system principles, in this research merely three factors:
spacing, cultivation period, plant disease will be
employed as important factors. Selection of factors are
also consistent with research that had been performed by
a summary of factors from previous research and from the
selection of sub rubber plantations booking to pursue an
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alternative career at the Department of Agricultural
Extension, Ministry of Agriculture and Cooperatives,
Thailand which recommended considering the use of tree
age criteria. In addition, due to time constraints of
performing this research data some important related
factors are already sufficiently provided and the high cost
of extension of the research to other less important or less
prioritized topics and the selection is based on
recommendations provided by plant production experts.
The selected factors are soil, spacing, time, and diseases.
Spacing is important as individual plants require a
different area for growth of root, and size of branching.
These factors are expected to produce a significant impact
on light, water and mineral resource use of plants. Time is
a critical factor as well, and a proper arrangement or
organization of short-term and long-term co-planted
plants will cause an increased use and rate of light, and
mineral resource for plants compared to single cropping
that is usually suitable for some particular seasons and
period of harvesting so as to generate constant revenue
throughout the year. Even though mixing or intercropping
may not produce complete immunity to related plants, as
some diseases can destroy more than one type of plant in
one single invasion, a selection of proper but different
plants that usually can’t be destroyed by the same diseases
will much reduce a destruction rate of disease destruction.
However, economic factors including price and cost need
to be involved because the decisions affect production
rates[8].

e Interview with experts who are in the areas of
intercropping. Two groups classify the population and
sample: (1) government agency officials obliged to
provide agriculture information, and (2) farmers
successful in intercropping. Purposive sampling from the
population is used because they have to choose from the
expertise of experienced farmers in the agricultural field
and the knowledge and experience of rubber farmers in
the province. So the experts came from two groups, the
first group were five state employees from five agencies
of the Ministry of Agriculture and Cooperatives. As
depicted in Table 1, this is an agency that provides
information related to agricultural extension which has a
direct duty to provide advice on cropping for local farmers,
and Group 2 are three farmers who have specialized and
succeeded in intercropping in rubber plantations. After
that drafting knowledge classification was categorized by
evaluating the data types and characteristics of the data
using a hierarchical clustering of intercropping system
terms. Questions to ask are open-ended questions to
extract knowledge of intercropping cultivation. The
criterion for selecting a plant to plant with rubber are the
age range of tree and plants suitable for growing any plant
with the same plant disease, the risk of damage to the main
crops or rubber trees. Then the draft knowledge domain is
summarized to be verified in the next step.

e Knowledge domain and concept is summarized and
results reconfirmed with the experts. Consider the
appropriateness of the criteria and concepts that are

WWwWw.astesj.com

included in the manual and from expert interviews. Then
reconfirm from experts by the focus group method.

Ontology Modeling

Identifying terms of related information is required for the
design of ontologies for intercropping which starts from defining
the scope of knowledge about intercropping. A combination
method is then used for the system to classify the terms into
classes and hierarchy of class levels of ontology. Important
concepts are sequenced first e.g. the selecting crops principle. For
instance, requirements of co-planting plants in terms of disease
and insect, soil, and these co-planting plants harvesting time
should be overlapped to help farmers have a continuous or
relatively constant revenue throughout a year. Then each class
qualification is identified including heritage of classes
consideration and defining conditions for qualification of a class.
For example, classes types of qualifications are identified. The
tool to build knowledge modeling is CmapTools. CmapTools
collaboration and publishing features are used widely for sharing
and representing all knowledge domains including organizing
information, brainstorming and knowledge management.

4.2. Phase II: Ontology Development and the Evaluation
Ontology Development

The ontology life cycle has seven steps [34] but: “there is no
one way or methodology for developing ontologies and ontology
development is necessarily an iterative process.” Ontology
development should be based on application objectives, data
characteristic, information system rules and context and future
reuse feasibility [35]. The intercropping ontology will be
developed using a top-down approach. This is a way to start with
the concept of a generic domain which starts with the most
common definitions based on concepts in the domain and take that
expertise to be guidelines and define a specific concept. For
example, starting by creating a class for the general idea of
cropping. Then, create a subclass in that class and go to the bottom
of the ontology structure which are instances or data, followed by
the modeling:

e  Setting the scope and the top level domain classes. To
define scope and the top level domain classes it is
defined in the field of intercropping and this ontology is
used to make decisions in intercropping. It helps answer
questions such as “What are characteristic of plants that
can grow with rubber plantation?”, “Which season is an
appropriate season to plant?”, “What is the cost and
output per square meter?”, and “What is the total
revenue and cost?”  Knowledge-based ontology
development uses the ontology editor. Several software
platforms and application interfaces (APIs) have been
developed to support the Semantic Web vision of
making machine-readable content available on the web
to permit automatic creation and use of OWL and RDF.
Currently there are many tools for ontologies editors
such as Protégé, OntoEdit, OILDd, Hozo. However,
Protégé is an open-source platform developed by
Stanford University and is a kind of popular tool for
ontology editor. Protégé is plug-in architecture that can
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be adapted to build both simple and complex ontology-
based applications. Developers can integrate to output
of Protégé with rule systems or other problem solvers to
construct a wide range of intelligent systems [36].

e Identify terms or concept and defining the class and
class hierarchy. Create Is-a, Part-of and attribute-of
relation. Examples of important terms or concepts in
this work are such as economic crops, soil, water, plant
diseases, seasons, etc. Define relationship between
concept types Is-A such as rubber is an economic plant.
For Part-of relationship, for example, the address of the
farmer consists of district, etc. Then define the
properties of Concept (Term) such as rubber is a species,
type of soil suitable for planting, plant diseases, yield
per rai (3000 m?), price etc. There are two types of
intrinsic property such as variation, appropriate soil type,
planting period, plant disease, and 2 extrinsic properties
such as cost and price.

e Creating data instances and ontology mapping.
Recommender engine requires a rule engine to construct
and additional criterion [37] applied JENA and
SPARQL for developing the backend of this component
[38].

Ontology evaluation

Assessment of ontology in this work is through clarity,
completeness, consistency, and correctness criteria by ontology
development experts. Based on an ontology evaluation by an
expert also known as assessment by humans it can evaluate all 6
levels including lexical, taxonomy, semantic relations, application,
syntactic, and design. When compared to Gold Standard,
application-based, and data-driven evaluation [39] and the
number of experts to use for validity, [40] advised a minimum of
three experts, on the other hand indicated that more than ten was
probably unnecessary [41]. Therefore, in evaluating the ontology
in this research, it employs three developers with three to five
years ontology experience. This step provided evaluation in terms
of the concepts, and relationships related to the intercropping
system and includes an accuracy evaluation of rules, a concept of
result calculation, screening of cultivated plants suitable for a
particular area as farmer requests and screening of co-planting
plants are assessed by three experts by a comparison between
system results and results obtained by experts’ presented
recommendation. Then it is improved before using an
optimization model to calculate economic factor in the next step.

4.3. Phase III: Optimization Modeling and Implementation
Optimization Modeling

After creating the ontology-based knowledge to introduce
crops that can be planted with major crops suited to an area by
intercropping we will get parameters for design models and
import data into the model including data from the database in the
recommender system such as the type of crop, prices, and cost and
input data from users consisting of: name, address, size of area,
cost, and start of planting.
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Because this problem is one of resource allocation which are
land and cost the mathematical model used to solve this limited
resource allocation problem, decision variables are objective
functions or the limitations of the model. Each decision variable
is often multiplied by a constant and then added as a function,
objective or equation or inequality of constraints. These variables
have a linear relationship. The models in this characteristic are
called Linear models such as x; and x; instead of the 1% and 2™
crop where z represents the profit or revenue from the sale of both
crops. There are three main components: Decision variable,
Objectives, and Constraints. A detailed explanation of the
objective function and the constraints of the proposed model are
given in the following sections.

e Decision Variables

From the problem, it is found that the farmers have to choose
intercrop plants that fit their own space and resources. Therefore,
the decision variable is what economic crops are suitable to grow
with rubber trees and how much of the planted area will produce
the highest yield and lowest cost. The calculation model contains
two parts: Part 1 Data is added to the user's planting area of
intercropping, identifying the district to determine the type of soil
from the Land Development Department, the size of the area
measured in square meters. Secondly one must determine which
information is stored in the data set. This includes production per
square meter, price (THB / kg.), cost per square meter, and the
number of days it takes to grow. The result of this calculation, a
multi-objective optimization model, is shown in the background
of each type of crop, illustrating the potential highest income and
lowest total cost.

e  Create the Objectives and Constraints

Intercropping has several objectives to prevent pests, adding
nutrients to increase productivity, mulch, help increase revenue
before harvesting main crops, etc. [42]. However, [43] has studied
factors of decision making for multiple crops or new theory
farming practices of farmers in north-eastern, Thailand. It was
found that the main factors that affected the changing behavior of
decision making or the selection of crop system was the price or
income and that most farmers' problems are capital, plant diseases
and lacking irrigation. This is in line with the study by [44] which
presented the factors affecting the decision to change the use of
land or change the crops of farmers Thailand were revenue and
costs. The problem is caused by the risk of price of output and the
problems caused by the monoculture as mentioned above. Helping
farmers get the highest annual income with lowest cost was the
objective of this research through focusing on the allocation of
space to grow various crops to increase revenue. Maximizing plant
cultivation income and minimizing cost is the purpose of the
model.

Many variables are used to calculate incomes for listed types
of plantings as follows: particular productivity per square meter
(m?), sale price / kilogram (calculated as local currency as Thai
currency), planting period starting from initial cultivation until
harvested and cultivation period (month), area (m?), related
expenditure or production cost is calculated as sum of cost the
individual productivity types (kilogram) multiplied by cultivation
area (m?). Constraints include size of the total area of the farm,
where the number of plants will be not be equal to one. The
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prototype consists of Decision Variable, Objective Function, and
Constraints.

e Developing Model and Validation Solution

Multi-Objective Programming (MOP) is formulated with the
objective of maximizing economic values obtained from an
intercropping system as well as minimizing its cost. The optimal
levels for various decisions regarding seeding and harvesting time
periods and cultivation areas are determined by solving the MOP.
The tool used in the test model is MATLAB.

MATLAB is a proprietary fourth-generation programming
language developed by MathWorks and MATLAB provides a
multi-paradigm numerical computing environment allowing C,
C++, Java, Fortran and Python interfacing, user interface creation,
algorithms implementation, data and function plotting and
manipulations of matrices and offers tools for application
development, visualization capabilities, data analysis and high-
performance numerical computation [45].

The solution allows one to find an answer within the set area
of the possible answers, to find a minimum or maximum of each
function simultaneously. The result or best answer consists of m
objectives and decision variables as you can see in Equation 1
written as general equations as:

Minimize (or maximize): {f; (x), f2(x), -, frn(x)} (1
where x is a vector of decision variables
fi (x) is objective function, where i=1,2, ..., m

Therefore, patterns of solving multi-objective optimization
function is finding x vector solutions within m constraints as
shown in Inequality 2 or within m constraints as shown in
Equation 3 that determines the possible solution area. This defines
a set of possible solutions.

gix)<0,i=12,...m ©)
hi(x)=0,i=12,..,m 3)
£, Max--Min

Pareto front

_

Figure 4 Pareto front of multi-objective functions f; (Max) and /2 (Min)

[46] define the term Pareto Dominance and appropriate answer
Pareto Optimality as seen below:
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Definition 1: Pareto dominance: A given vector u=
(ui, ..., uy) if and only if u is partially less than v. As can be seen
in Equation 4:

ViE {1, ...,m}, Uu; < vi/\EIiE {1, ...,m}:ui < Vi (4)

Where in the above equation u and v are defined.
Subsequently, there will also be some instances where u is
greater than v.

“Definition 2: Pareto optimality: A solution x,, € [a, b]
is said to be Pareto-optimal if and only if there is no x,, € u for
which v=f{x,)=(v,, ... ,vi) dominates u=f(x,)=(ui, ... ,um).

Pareto-optimal solutions are also called efficient, non-
dominate, and non-inferior solutions. The corresponding objective
vectors are simply called non-dominated. The set of all non-
dominate vectors is known as the non-dominated set, or the
tradeoff surface of the problem.”

Implementation and System Evaluation

This stage includes coding and testing, installation and
training and the final step is system evaluation. Knowledge-driven
DSS uses a knowledge base extracted from the tacit knowledge of
expert domain which makes the knowledge base available for
interaction with decision makers by the structure of the Multi-
Objective Optimization model and the overall evaluation system.
It is rule based to integrate with the data found in the system
database and the decision maker's input to get the answer in
planning rubber plantations.

e Checking to confirm the accuracy of recommender
engine the introduction of intercropping planted with
rubber. Using Ontology-based knowledge includes
validation of agricultural information, agricultural
economics, and the accuracy of the rule base. According
to the principle of rubber plantation, using ontology-
based knowledge in intercropping the ontology of the
rubber plantation created consists of two parts: part 1,
the agricultural and agricultural economics data is the
data of each economic crop such as harvesting season,
harvesting Planting Period Planting Cost from data
obtained from the public sector with reliable data storage
and statistics and the experts in cropping are evaluating
the validity of the criteria and parameters used in the
model and rule based trust and knowledge validation
mappings [47] by ontology development experts and
intercropping experts. The validation solution by Mean
Absolute Error (MAE) is used to calculate the rating
difference between the actual and the predicted ratings.

MAE = -3y, = 9i] = =X, lei] ®)

where:
AE = |ej| = |y; — 9l
Actual = y;
Predicted = J;

e The data collection using a triangulation method was
conducted by literature review, expert validation and
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review, and user evaluation. The user evaluation focused
on decision makers or users focused on decision makers’
satisfaction. In order to evaluate overall satisfaction of
DSS, the users were officers at various levels of the
agricultural extension office such as provincial or district
level from 23 districts. Thus, sampling of choice was
multi-stage mixed random sampling and selection and
the sampling was conducted by division of the sample
into district level and purposive selection was made by
officers who are responsible for giving related advice
and recommendation. Statistics used in this case are
mean X and standard deviation (s.d.).

5. Conclusion and Future Work

Ontology-based knowledge and multi-objective optimization
programming to drive a decision support system for intercropping
is based on constraint factors from an individual farmer for
illustrating maximum income. The research methodology is
divided into three phases as follows: (1) knowledge acquisition
and ontology modeling. This methodology is based on
knowledge*s extraction from experts or specialists due to the fact
of long experience based knowledge; (2) ontology development
and recommender system is a creation of ontology as it is
designed as well as a preparation of instance and ontology
mapping as rules governing intercropping and evaluation and
assessment of ontology; and the last stage is (3) design of multi-
objective programming in order to obtain the answers of what
types of plants should be planted, the proportion of each co-
planting plants, overall generated revenue and production cost.
The future work is knowledge acquisition and ontology modeling
which is an important step to collect knowledge from experts and
published papers issued by Department of Agriculture Extension,
Ministry of Agriculture and Agricultural Co-operatives before
being used for developing ontology at Phase II.
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