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ABSTRACT

The motivation to bring out the nutritional knowledgement into human’s health control leads
us to approach “Ontology-based Nutrition Planning Assistance System (ONPAS)”. ONPAS aims to
be one assistance system that can help the humanity to maintain their health by achieving the optimal
nutritional status. Optimal nutritional status can be achieved by appropriate balancing the nutrient
intake with the nutrient requirement. ONPAS will suggest daily menu as nutrient intake that balancing
the daily calorie needs as nutrient requirement of person. Ontology as the foundation of the new web
technology is used to construct ONPAS into a Semantic Web application. The fundamental of
Ontology is the conceptualization of knowledge in the real world’s domain. Ontology makes the data
and information in ONPAS can be published in the common vocabulary and ready for inference. As
an assistance system, ONPAS also provides recommendation support to give more proactive function.
This recommendation support is dedicated for specifying and categorizing the suggested nutritional
menu. Furthermore, fuzzy concept is brought in ontology to handle the fuzziness value for selecting
the appropriate recommendation. As the result, ONPAS is implemented to provide optimal nutritional
solution for personal daily health control; such as calorie need information, appropriate menu
recommendation, suitable weight management program and appropriate menu table creation to
support the optimal nutrient intake.
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Chapter 1

Introduction

1.1 Background and Motivation

Ontology is an explicit specification of a conceptualization {1]. It can be used to explain
about a concept in some domains, properties and attributes, and roles. Ontology has been proved to
be very useful in sharing concepts across applications in an unambiguous way and also conceived as
a good mechanism to describe the shareable and common understanding in a domain concept. This
statement is strengthened by Jason Cardoso in {2]. Figure 1.1 shows the reasons and percentage for

the application usage of ontology according to Jason Cardoso’s study.

Semantic Web is getting popular and performs information in the web with semantic
(meaning). Ontology is one of Semantic Web development methodology. By using the ontology in
the Semantic Web, users can take the advantages of the following two features: (i) data is published
using common vocabulary and grammar; and (ii) the semantic description of data is preserved in

ontologies and ready for inference [3].

To share common understanting of the etrusture of
Information among people or software agants

To enabls reuse of domain knowledge 8.3

69.9

To make domaln assumptions expllcit 38.9

To analyzn domain knovwdadge 342

To separate domaln knowlsdge 289
from operational knowlsdge

Other 124
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Figure 1.1 Reasons and percentage of ontology application [2].



An individual’s nutritional status reflects the degree to which physiologic needs for
nutrients are being met. Figure 1.2 shows optimal nutritional status achieved when the nutrient
intake and the nutrient requirements is balanced. When adequate nutrients are consumed to support
the physical situation of the human body and any increased metabolic demands, the person develops
an optimal nutritional status. This status promotes growth and development, maintains general
health, supports activities of daily living, and helps protect the body from disease and illness [4]).
States of nutritional deficiency or excess occur when the nutrient intake is not balanced with

specific requirements for optimal health [4].

Society should know what they have to eat in order to develop an optimal nutritional status
by knowing the nutrient that they need. By taking the ontology method in the Semantic Web
application and also the nutrient domain with its issue, an ontology based system is developed in
this research. The system name is Ontology-based Nutrition Planning Assistance System (ONPAS).
ONPAS is developed to assist the society to get the daily nutritional menu which is suitable for
them. By giving the suitable daily menu with a balanced nutrient, ONPAS can be one way to help

the society to maintain their healthiness.
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Figure 1.2 Optimal nutritional status viewed as

a balance between nutrient intake and nutrient requirements [4].



A system that was integrated with recommendation support had shown the ability to
provide a more personalized and proactive functions [5]. ONPAS also gives a recommendation
support by adding preference into the suggestion. This recommendation support uses a fuzzy
ontology concept. Fuzzy ontology concept is used to bring out the vague and imprecise value

handling in the ordinary ontology concept. Fuzzy ontology concept is also used to make the

recommendation to be more specific.
1.2 Objective and Scope of Research

The goal of this research is to propose and build the prototype of an Ontology-based
Nutrition Planning Assistance System (ONPAS) as a health control system. This system takes the
nutrition domain and the problem mentioned in the background and motivation. ONPAS is built
using ontology method and it is built as a Semantic Web application. ONPAS Semantic Web is

developed to be able to support the following items:

- Provides daily calorie needs information for a user. The user will be requested to fill
some personal data information.

- Provides menu suggestion which is daily menu to the user regarding to the user’s daily
calorie needs.

- Provides menu recommendation to the user if the user prefers to get recommendation
from their menu suggestion.

- Provides weight management program for user by balancing the daily calorie needs.
This program will be available when the weight of a user is in abnormal condition.

- Provides nutritional menu creation feature. User can make his/her own nutritional
menu regarding to their daily calorie needs.

- Provides a feature to make a nutritional menu table as a collection of daily menu for

maximum 7 days in a table.



The food database that is used in this system is limited to the Thai food database as the case
study for prototype of ONPAS. The information of the food is taken from ASEAN Food
Composition Tables [6] and Thai Food Composition Tables [7]. These two composition tables

contains of nutrient detail of Thai food and dish.
1.3 Research Methodology

The methodology to do this research is regarded to the procedure shown in Figure 1.2.
Accordingly, there are 4 steps in developing ONPAS Semantic Web application as shown in Figure

1.3; those are analysis, design, development and testing.

Analysis is the first step to run this research. The domain analysis and the requirement
analysis are covered in this step. As mentioned in the previous sub chapter, ONPAS will take

nutrition domain and it is built to assist the society especially in getting appropriate daily menu.

The second step is design. In this step, ONPAS components are designed starting from the

system architecture, ontology design, and finally the algorithm of each function in ONPAS.

The third step is development process which comes after designing all off the ONPAS
components. Applying in the Semantic Web by using programming languages and also supporting

framework will do this development process.

The last step is testing, This step is needed to test ONPAS and fix the problem and bug

which are found.

1. Analysis I:_> 2. Design (:> 3. Developtment |:> 4. Testing

Figure 1.3 Research methodology.



1.4 Thesis Outline
This thesis is organized as follows:

Chapter 2 gives all of literature review which is used to run the research. Daily nutrient
needs are one of the most importance literatures. This chapter also explains about Semantic Web
and the ontology. These two things are the core of the system development method. Another thing
that is necessary to be explained is the Jena ontology framework and the concept of fuzzy logic and
fuzzy ontology. All of the review will give most of the knowledge to develop ONPAS.

Chapter 3 shows the system design and development. This chapter covers the concept and
application design of ONPAS. Start from the general system architecture, ontology design, until the
Semantic Web application design. There is also the detail information of the program flow. The
ONPAS Semantic Web will is categorized into 4 modules. The modules are Personal Data
Calculation modules, Menu Suggestion and Recommendation modules, Menu and Dish Creation
modules and User and Admin module. This chapter explains the details of each module. The
description, the function and the development design of the module is described.

Chapter 4 contains of the ONPAS Semantic Web application implementation in general.
This chapter also shows the detail implementation in each module. Start from the use of the
ontology framework until the final result of each function. Finally, there is a system evaluation
which includes evaluation in research objective, and evaluation in ONPAS Semantic Web.

Chapter S is conclusions of the research and future work that includes the suggestions to

develop this system to be a better system and more useable system.



Chapter 2

Literature Review

2.1 Daily Nutrition Need

2.1.1 Energy Requirement

The energy requirement of an individual, in a state of desirable equilibrium, is equal to the
energy expenditure. In some clinical situations, where an improvement in nutritional status may be
advisable, the energy requirement may be set at a higher level than the energy expenditure in order
to produce, temporarily, a positive energy balance [8]. One of the methodologies to measure daily
energy expenditure is by multiplying Basal Metabolic Rate (BMR) with Activity Factor (4F) which
will be dependent on the degree and duration of physical activity or Physical Activity Level (PAL)
[8]. The daily energy expenditure will be represented as Total Energy Expenditure (TEE) and (2.1)

is the equation to calculate TEE.

TEE = BMR x AF (2.1

TEE  :Total Energy Expenditure (kcal/day),
BMR  : Basal Metabolic Rate (kcal/day),
AF : Activity Factor.

The report from the 1985 Food and Agriculture Organization (FAO) / World Health
Organization (WHO) / United Nations University (UNU) expert consultation used a set of equations
derived mostly from studies in Western Europe and North America which is Schofield equation to
calculate BMR based on human’s age [9]. The Basal Metabolic Rate is the minimum rate at which
the body uses energy at complete rest. The BMR equations described in Table 2.1 were derived by
using linear regression models. The statistical data of calorie need versus human’s weight was
randomly collected and plotted in accordance with the range of their ages. The least-mean-square-
error and curve fitting technique were introduced in order to define the most appropriate linear

equation that can represent the relation between BMR versus human’s weight. The equation to be



defined is BMR = aWW + b where W is the variable of human’s weight, a is slope and b is BMR-
intercept. Curve fitting using ﬁxﬁt degree polynomial was processed by which the equation BMR =
aW £ b would best fit to given data point. As the conclusion, the optimal values of a and b were
obtained related to the range of human’s ages and gender as shown in Table 2.1. For instance, a 20
years old man will use the fourth equation in the Table 2.1 which is (15.057 x W) + 692.2 to
calculate his BMR and change the W variable with his weight in kilogram.

Activity Factor (4F) is a factor used in the equation to determine energy needs that takes
into consideration. In every range of age activity factor would be categorized in different level and

value. [8] and [9] will be the reference to describe the activity factor in each age category.

The activity factor for children and adolescents was studied with doubly-labeled water,
heart rate monitoring and time allocation. Table 2.2 shows different AF allocation for different age
in children and adolescents with different level of activities. The level of activities such as light,

moderate and heavy is depended on their physical lifestyle.

Table 2.1 Equations for Estimating BMR from Body Weight (#) in kilogram

Age (Years) BMR: kcal/day

<3 (59.512 x W) -30.4
3-9.9 (22.706 x W) + 504.3

g 10-17.9 (17.686 x W)+ 658.2
= 18-29.9 (15.057 x W) + 692.2
30-59.9 (11472 x W) +873.1
=60 (11.711 x W) + 587.7

<3 (58.317 x W) - 31.1
3-9.9 (20315 x W) +485.9
2 10-17.9 (13.384 x W) + 692.6
E’ 18-29.9 (14.818 x W) + 486.6
30-59.9 (8.126 x W) + 845.6

=60 (9.082 x W) + 658.5




Children and adolescents with light physical lifestyles are children and adolescents who
every day spend several hours at school or in sedentary occupations; do not practise physical sports
regularly; generally use motor vehicles for transportation; and spend most leisure time in activities
that require little physical effort, such as watching television, reading, using computers or playing

without much body displacement.

Children and adolescents with heavy lifestyles that are more active than average, are
children and adolescents who every day walk long distances or use bicycles for transportation;
engage in high energy-demanding occupations, or perform high energy-demanding chores for
several hours each day; and/or practise sports or exercise that demand a high level of physical effort

for several hours, several days of the week.

Children and adolescents with habitual physical activity that is more strenuous than the
examples given for a light lifestyle, but not as demanding as the examples for vigorous lifestyle,

would qualify in the category of average or moderate physically active lifestyles.

As an example, 10 years old boy that has a light physical activity will be given the AF
value that is equal to 1.54. This AF value and the BMR value resulted from the equation shown in

Table 2.1 are then used to calculate the 7EE of the boy by using equation (2.1).

Table 2.2 Activity Factor of Children and Adolescents

Age (years) Sex Light Moderate Heavy
1-5 Male, Female 1.44 1.61 -
6-13 Male 1.54 1.75 1.96
14-18 Male 1.60 1.82 2.04
6-13 Female 1.48 1.68 1.88
14-18 Female 1.46 1.66 1.86

The FAO/WHO/UNU Expert Consultation suggested the average daily physical activity of

adults whose occupational work is classified as light, moderate, and heavy. It is shown in Table 2.3.



Adult people with light activity are people who have occupations that do not demand much
physical effort, are not required to walk long distances, generally use motor vehicles for
transportation, do not participate in sports regularly, and spend most of their leisure time sitting or
standing, with little body displacement (e.g. talking, reading, watching television, listening to the

radio, using computers).

People with moderate lifestyle are people that occupations that are not strenuous in terms of
energy demands, but involve more energy expenditure than that described for light or sedentary
lifestyles. Alternatively, they can be people with sedentary occupations who regularly spend a
certain amount of time in moderate to vigorous physical activities, during either the obligatory or

the discretionary part of their daily routine.

People with heavy lifestyle are people that engage regularly in strenuous work or in
strenuous leisure activities for several hours. Examples are women with non-sedentary occupations
who swim or dance an average of two hours each day, or non-mechanized agricultural labourers
who work with a machete, hoe or axe for several hours daily and walk long distances over rugged

terrains, often carrying heavy loads.

As an example, 25 years old man that has a moderate physical activity will be given the AF
value that is equal to 1.78. This AF value and the BMR value resulted from the equation shown in

Table 2.1 are then used to calculate the TEE of the man by using equation (2.1).

Table 2.3 Activity Factor of Adult (18 — 64 years)

Light Moderate Heavy
Male 1.55 1.78 2.10
Female 1.56 1.64 1.82
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The AF for older individuals was studied form older people in the mean ages of 64-74
years. Goran&Poehlman (1992), Roberts et al (1993), and Pannemans& Westerterp (1995) study
using the doubly labeled water method result the average AF for older individuals which is shown in

Table 2.4.

Table 2.4 Activity Factor of Older Individuals

Male Female

1.77 1.71

2.1.2 Population Nutrient Intake Goals

Population nutrient intake goals represent the population average intake that is judged to be
consistent with the maintenance of health in a population. Health is marked as a low prevalence of
diet-related diseases in the population. Seldom there is a single “‘best value’® for such a goal.
Instead, consistent with the concept of a safe range of nutrient intakes for individuals, there is often
a range of population averages that would be consistent with the maintenance of health. If existing
population averages fall outside this range, or trends in intake suggest that the population average

will move outside the range, health concerns are likely to arise [4].

The population nutrient intake goals for consideration establish dietary recommendations
for the prevention of diet-related chronic diseases. The recommendations are presented in Table 2.5
and created by the WHO [10]. These nutrient intake recommendations are expressed in numerical
terms and focus in the energy-supplying macronutrients. The proportion of calorie and the weight of
each macronutrient are 4 kilocalories for 1 gram carbohydrate, 4 kilocalories for 1 gram protein and
9 kilocalories for 1 gram of fat [4].

Table 2.5 Ranges of Population Nutrient Intake Goals

Dietary Factor Goal (% of total energy)
Total Fat 15-30%
Total Carbohydrate 55-15%
Protein 10-15%
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2.1.3 Body Mass Index (BMI)

The Body Mass Index (BMI) is the body composition according to the relationship between
weight and height {11]. The body cdmposition number from BMI shows the body fatness. BMI for

adult can be evaluated by equation (2.2).

_ weight(kg)

" height*(m?) 22)

BMI status of a person basically divided as underweight, normal and overweight. Table 2.6

gives the detail classification of person’s weight based on BMI calculation.

Table 2.6 Classification of Weight based on BMI [10]

Classification BMI (kg/mz)
Underweight <18.5
Normal 18.5-24.9
Overweight >25.0

- Pre-obese 25.0-29.9
- Obese class I 30.0-34.9
- Obese Class II 35.0-39.9
- Obese Class III > 40.0

By knowing the BMI status, a person can do some weight management by modifying the
total of food that is consumed. People can gain or lose 0.5-1 kg of body weight in a week by
increasing or decreasing 500-1000 kilocalories in a day from the total daily calories [12]. The range
of body weight balance is the safest but slow way to manage body weight from food consumption.

Extreme diet can effect in one’s health to nutrient deficiencies and psychological disturbance [13].
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2.2 Semantic Web
2.2.1 Web Evolution

The first Web (assumed as Web 1.0) has changed the world. It connects people in different

places and share many kinds of information around the world.

The second wave of the Web, Web 2.0, has more active than the first generation of Web. It
is not only share the information but give the ability to interact more. The interaction in the Web
world is not only between the user and the information itself, but also the user and other user. This

growth enables social network, blogging and also web services in the Web technology.

Web 3.0, the Semantic Web, is the third major wave of the Web. In this era, real world
knowledge is mapped in the Web. By mapping the real world knowledge, the 3" generation of the
web shows more semantic (meaningful) information rather than just ordinary information based on

syntax.

Figure 2.1 shows the evolution of the Web technology. We can see the clear progression of
technology from the Personal Computing era, to the first Web 1.0 of pages and documents, to the

Web 2.0 era of social networking, and to the Web 3.0 era of the Semantic Web and data networking.
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Figure 2.1 The evolution of Web technology [14].
2.2.2 Semantic Web Definition

A definition for the Semantic Web begins with defining semantic. That is what John H. et
al firstly said to define of the Semantic Web on their book [15]. They give a great explanation

regarding to the definition of Semantic Web that is stated, in brief, below.

Semantic simply means meaning. Meaning enables a more effective use of the data.
Meaning is usually unavailable in the information. The meaning of information can be achieved by
giving more complex programming instruction. Semantics give a keyword symbol useful meaning
through the establishment of relationships. By adding relationships between information it will
expose semantics. The formal standards of grammar and language help incorporate meaning, or
semantics. As this contextual web of grammar rules and language terms expands through

relationships, the semantics are further enriched.
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The Semantic Web is simply a web of data described and linked in ways to establish
context or semantics that adhere to defined grammar and language constructs. The Semantic Web
addresses semantics through standardized connections to related information. This includes labeling
data unique and addressable. The flexibility of a web form enables connections to all the necessary
information, including logic rules. Semantic Web applications typically use many ontologies, each

chosen for a required information area.

The fundamental building block of the Semantic Web is a statement. In the Semantic Web,
statements describe concepts, logic, restrictions, and individuals. The statements share the same

standards to enable sharing and integration, which take advantage of the semantics.

2.3 Ontology
2.3.1 Ontology Definition

Asuncion Gémez-Pérez et al. collects and describe many definitions of ontology in [16].
One of the first definitions of ontology was given by Neches and colleagues (1991) [17]. They

define an ontology as follows:

An ontology defines the basic terms and relations comprising the vocabulary of a topic
area as well as the rules for combining terms and relations to define extensions to the

vocabulary.

This descriptive definition tells us what to do to build an ontology, and gives us some
vague guidelines: this definition identifies basic terms and relations between terms, identifies rules

to combine terms, and provides the definitions of such terms and relations.
A few years later, Gruber (1993) [1] defined an ontology as follows:

An ontology is an explicit specification of a conceptualization.
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The definition stated by Gruber became the most quoted in literature and by the ontology
community. Based on Gruber’s definition, many definitions of ontology were proposed. Borst

(1997) [18] modified slightly Gruber’s definition as follows:

Ontologies are defined as a formal specification of a shared conceptualization.

Gruber’s and Borst’s definitions have been merged and explained by Studer and colleagues

(1998) [19] as follows:

An ontology is a formal, explicit specification of a shared conceptualization.
Conceptualization refers to an abstract model of some phenomenon in the world by having
identified the relevant concepts of that phenomenon. Explicit means that the type of
concepts used, and the constraints on their use are explicitly defined. Formal refers to the
Jact that the ontology should be machine-readable. Shared reflects the notion that an
ontology captures consensual knowledge, that is, it is not private of some individual, but

accepted by a group.

By knowing few descriptions about ontology above, then we can conclude that ontology is
a knowledge based mapping from a real world into a specific specification which shows the

concept, relationship and interaction between the concepts in the domain.
2.3.2 Component of Ontology

Gruber in [1] identified five kinds of components: classes, relations, functions, formal

axioms and instances.
® (Classes

Classes represent concepts, which are taken in a broad sense. Classes in the ontology are
usually organized in taxonomies through which inheritance mechanisms can be applied. For
instance, we can represent a taxonomy of shopping places (mall, minimarket, etc.) or clothing (suit,
trouser, etc.). Classes can represent abstract concepts (intentions, feelings, etc.) or specific concepts

(people, building, etc.).
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® Relations

Relations represent a type of association between concepts in the domain. They are
formally defined as any subset of a product of n sets, that is: R C C1 x C2 x ... x Cn. Ontologies
usually contain binary relations. The first argument is known as the domain of the relation, and the
second argument is the range. For instance, the binary relation Subclass-Of is used for building the

class taxonomy. The example of the taxonomy is Squid is a subclass of Water Animal.

Binary relations are sometimes used to express concept attributes (aka slots). Attributes are
usually distinguished from relations because their range is a datatype, such as string, integer, etc.,

while the range of relations is a concept.
® Functions

Functions are a special case of relations in which the n-th element of the relation is unique

for the n-1 preceding elements. This is usually expressed as: F: C1 x C2x ... x Cn-1 —> Cn.
® Formal Axioms

Formal axioms serve to model sentences that are always true. They are normally used to
represent knowledge that cannot be formally defined by the other components. In addition, formal
axioms are used to verify the consistency of the ontology itself or the consistency of the knowledge

stored in a knowledge base. Formal axioms are very useful to infer new knowledge.

Formal axioms can also be domain independent. We are now going to redefine the relation

connects in a domain independent way.
® Instance

Instances are used to represent elements or individuals in an ontology.
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2.3.3 Ontology Language

Ontology need to be expressed in the real notation. Few components that construct
ontology are XML (eXtensible Markup Language), RDF (Resource Description Framework), RDFS
(Resource Description Framework Schema) and OWL (Web Ontology Language). SPARQL will

also be explained as an RDF query language.

XML is the basis of ontology languages. Ontology languages are stored as XML form. The
most used ontology language is OWL and RDFS. Figure 2.2 shows the percentage of correspondent

that used some ontology languages. This survey was done by Jorge Cardoso in his paper [2].

758
RDF Schema

Description Logic

DAML+OIL 120
Fogic 11.8
WSML
Ontolingua/Kif

Common Logic
Semantic Net
SHOE

0 10 20 30 40 50 60 70 80
Respondents’ use {%)

Figure 2.2 Ontology languages currently used [2].

¢ XML

XML is a collection of data. It gives a flexible syntax to perform the structured document.
XML basically used to store and transport the data [20]. XML become the basic of declaring
ontology component since it can store the data and has flexibility in declaring the data. The

following script is an example of an XML data:
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<?xml version="1.0"?2>
<note>
<to>Mark</to>
<from>Lisa</from>
<heading>Reminder</heading>
<body>Don't forget me this weekend!</body>
</note>

XML constructed by binding the information using the <tags>. The <tags> always be in

pair, so there will be an open <tags> and closing </tags>.
¢ RDF

RDF represents the information in Semantic Web as a set of assertions called statement,
Statement made up of three parts: subject, predicate, and object [15]. Because of the three parts,
statement can be referred as triples. The three elements of a statement have meanings that are
analogous to their meanings in normal English grammar. The subject of a statement is the thing that

statement describes, and the predicate describes a relationship between the subject and the object.

For instance, we have these sequences of sentence:

Mark has wife named Lisa. Mark works in O Company.

Figure 2.3 is graphical representation of above information. The subject and the object are
represented as nodes. The predicates are represented as edges. The nodes of an RDF graph are the
subjects and the objects of the statements that make up the graph. There are two kinds of nodes:
resources and literals. Literals represent concrete data values like numbers or strings and cannot be
the subjects of statements, only the objects. Resources, in contrast, represent everything else, and
they can be either subjects or objects. In RDF, resources can represent anything that can be named.
A resource is, in fact, nothing but a name that represents an object, act, or concept. Resource names

take the form of Internationalized Resource Identifiers (IRI).

hasWife

O Company

worksin

Figure 2.3 Example of graph representation from statements.
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IRI provides a foundation for a data-sharing infrastructure because they all exist within a
single universal namespace. This means that every statement with a named resource as its subject
unambiguously describes that particular resource, regardless of where the statement is asserted. By

using IRI to name the resource, the resource will be unique.

Prefix is defined as a variable which contains some IRI. For instance, the following

example shows rdf as prefix from an IRI "http: //www.w3.0rg/1999/02/22-rdf~syntax-ns#":

rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"

Predicates, also called properties, represent the connections between resources; predicates

are themselves resources. Predicates also are represented as IRIs.

One special type of predicate defined by RDF is type. The rdf:type predicate is used to
group resources together. In Figure 2.4, the resource Mark is associated via the rdf:type predicate

with a resource that represents the notion of a Person.

The RDF/XML is the XML representation for RDF. The following XML is an example of
RDF/XML representation from Figure 2.3 :

<rdf:RDF

xmlns:people="http://example.com/people#"
xmlns:company="http://example.com/company/company#"
xmlns:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmlns:ext="http://example.com/ont/extension$">
<rdf:Description rdf:about="http://example.com/people#Mark”>
<ext:hasWife rdf:resource="http://example.com/people#Lisa"/>
</rdf:Description>

<rdf:Description rdf:about="http://example.com/peoplefMark”>
<ext:workslIn rdf:resource="http://example.com/company#0 Company"/>
</xrdf:Description>

</rdf:RDF>

rdf:type
People:Mark foaf.Person

Figure 2.4 Mark is designated as being the type of foaf:person.
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® RDFS

RDF Schema, RDF's vocabulary description language, is a semantic extension of RDF [21].
It provides mechanisms for describing groups of related resources and the relationships between
these resources. Resources are used to determine characteristics of other resources, such as the

domains and ranges of properties.

Two tables below present an overview of the vocabulary of RDF and RDF Schema. Table

2.7 shows the RDF classes and Table 2.8 shows the RDF properties.

Table 2.7 RDF Classes
Class name Comment
rdfs:Resource The class resource, everything.
rdfs:Literal The class of literal values, e.g. textual strings and
rdf: XML Literal integers.
rdfs:Class The class of XML literals values.
rdf:Property The class of classes.
rdfs:Datatype The class of RDF properties.
rdf:Statement The class of RDF datatypes.
rdf:Bag The class of RDF statements.
rdf:Seq The class of unordered containers.
rdf:Alt The class of ordered containers.
rdfs:Container The class of containers of alternatives.
rdfs:ContainerMembershipProperty The class of RDF containers.
The class of container membership properties, rdf:_1,
rdf:List rdf:_2, ..., all of which are sub-properties of
‘member’.
The class of RDF Lists.
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Table 2.8 RDF Properties

Property Name Comment Domain Range
rdfitype The subject is an instance of a class. rdfs:Resource | rdfs:Class
rdfs:subClassOf The subject is a subclass of a class. rdfs:Class rdfs:Class
rdfs:subPropertyOf | The subject is a subproperty of a rdf:Property rdf:Property
rdfs:domain property. rdf:Property rdfs:Class
rdfs:range A domain of the subject property. rdf:Property rdfs:Class
rdfs:label A range of the subject property. rdfs:Resource | rdfs:Literal

rdfs:comment
rdfs:member
rdf:first

rdfirest

rdfs:seeAlso

rdfs:isDefinedBy

rdf:value

rdf:subject
rdf:predicate

rdf:object

A human-readable name for the
subject.

A description of the subject resource.
A member of the subject resource.
The first item in the subject RDF list.
The rest of the subject RDF list after
the first item.

Further information about the subject
resource.

The definition of the subject resource.
Idiomatic property used for structured
values (see the RDF Primer for an
example of its usage).

The subject of the subject RDF
statement.

The predicate of the subject RDF
statement.

The object of the subject RDF

statement.

rdfs:Resource
rdfs:Resource
rdf:List
rdf:List

rdfs:Resource

rdfs:Resource

rdfs:Resource

rdf:Statement
rdf:Statement

rdf:Statement

rdfs:Literal
rdfs:Resource

rdfs:Resource

rdf:List

rdfs:Resource

rdfs:Resource

rdfs:Resource

rdfs:Resource
rdfs:Resource

rdfs:Resource
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® OWL

OWL is a vocabulary extension of RDF. OWL assigns an additional meaning to certain
RDF triples. OWL has more facilities for expressing meaning and semantics than XML, RDF, and
RDF-S, and thus OWL goes beyond these languages in its ability to represent machine interpretable

content on the Web [22].

OWL uses the ability of RDF to define the class. OWL is also uses the ability from RDFS
to make the hierarchy of class. OWL simplified the way it define the class. OWL has extension in
declaring the class. Class in OWL can be designed as a combination of logical term such as

unionOf, complementOf and intersectionOf from other class.

OWL can also define a property and provides the property with domain and range value.
Property in OWL can be a data type property like numbers and string, or can be an object property.
The property in OWL can be assigned as a symmetric, transitive, functional or inverse from other

property. OWL can also provides some value restriction to the property.

Individual in OWL can be expressed as the member of a class. Individual in OWL derived

clearly its property and its property value.
The ability of the OWL is beyond RDF. In example, by using RDFS we can:

- Declare classes, such as ‘country’, “people’ and ‘car.

- Declare that ‘teacher’ is the sub-class of ‘people’.

- Declare that ‘Indonesia’ and ‘Thailand’ is the member of ‘country’ class.

- Declare ‘has nationality’ as a property that connects ‘people’ class as domain to
‘country’ class as range.

- Declare ‘age’ as a property with ‘people’ as domain class and integer data type as the
range.

- Declare ‘Mark’ as a member of ‘Indonesia’ class and has ‘age’ value ‘25°.
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By using OWL, we also can;

- Declare that ‘country’ and ‘people’ is a disjoint class.

- Declare that ‘Indonesia’ and ‘Thailand’ as a different individual.

- Declare ‘has citizen’ as the inverse of ‘has nationality’ property.

- Declare ‘no country’ class for any ‘people’ that doesn’t has value in the ‘has

nationality’ property.

OWL is also declared as XML document. OWL is easier to use since it simplifies RDF.
The following scripts result the same value:

Written in OWL :

<owl:class rdf:ID="Country”/>

Written in RDF/XML:

<rdf: Description rdf:about="#Country">
<rdf:type rdf:resource="http://www.w3.0rg/2002/07/owl#Class"/>
<rdf: Description>

® SPARQL

SPARQL is a query language for RDF. SPARQL can be used to express queries across
diverse data sources, whether the data is stored natively as RDF or viewed as RDF via middleware.
SPARQL contains capabilities for querying required and optional graph patterns along with their
conjunctions and disjunctions. SPARQL also supports extensible value testing and constraining
queries by source RDF graph. The results of SPARQL queries can be results sets or RDF graphs
[23].

The following example is SPARQL language which query any individual (?x) which has

name ?name:

PREFIX foaf: <http://xmlns.com/foaf/0.1/>
SELECT ?name
WHERE

{ ?x foaf:name ?name }



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



This material is reserved for educational use only, not allowed for commercial use.

Forbidden to modify the content, and cite the document when use.



35

ONPAS is developed using the following tools:

a. Apache Tomcat 6.0.20 is the web server that is used by ONPAS. Tomcat server supports

the web application that is developed using JSP.

b. Java 1.6.0_17 is the SDK (Software Development Kit) for Java language. JavaServer Pages

which is the Java standard language to build web application is used to develop ONPAS.

c. MySQL database 5.0.51b with phpMyAdmin Database Manager Version 2.10.3. MySQL

database is used to store some information and data of ONPAS.

d. Jena Semantic Web framework 2.5.6 is the ontology framework which built in Java
language. Jena is used as the framework to build and manage the ontology model in
ONPAS. Jena framework can construct, add, delete, and also infer ontology by its reasoner

and its Jena rules.
e. Flock 2.5.6, a web browser, is used to test the ONPAS.

f. NetBeans IDE 6.8 is application development software which has Integrated Development

Environment. NetBeans is free and powerful builder for Java standards and platform.

g. Adobe Photoshop CS3, a graphics design software, is used to design the graphical

environment of ONPAS application.

h. Concept Draw Pro 8 is used to design the flowchart and diagram.

3.2 ONPAS Semantic Web Application Design

3.2.1 Use Case

Use case diagram of ONPAS in Figure 3.2 shows the actor who is involved in this

application. The diagram also describes the function and the privileges of each actor.
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calculate
\ daily calorie need

o

Personal Data Calculation

Module

Menu Suggestion and
Recommendation Module

i
i

Module

Menu and Dish Creation

create and edit
., daily menu

create and delete
menu table

reate, edit and delete
dish

User and Admin

Module

Figure 3.2 Use case diagram of ONPAS.

The use case diagram of ONPAS is explained in detail below.

Admin

User
(non-member)

Use Case: Ontology-based Nutrition Planner Assistance System Semantic Web Application

Use Case type: General system analysis

-
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Main actor: User, non-member User, and Admin
Actor role:

- User has privileges to use most of features in ONPAS. User can calculate his/her own
personal daily calorie needs, get daily menu suggestion, make menu table and review all of

his/her menu creation.
- A non-member User has to register at first to get the same privileges of the User.
- Admin has full privileges in ONPAS management.
Description:

The functions in ONPAS are categorized in modules. Those are Personal Data Calculation,

Menu Suggestion and Recommendation, Menu and Dish creation, and User and Admin module.

Personal Data Calculation module includes the input process of personal data and the
calculation of the daily calorie needs of user. The calculation process will be executed after the user

input all required personal data.

Menu Suggestion and Recommendation module has two main processes. The processes are
giving the daily menu suggestion and the daily menu recommendation. These processes will be

done after calculating the daily calorie needs from Personal Data Calculation module.

Menu and Dish Creation module contains some functions to create and manage dishes,

menus and menu tables.
User and Admin module is mostly an interface form for user and admin management.

3.2.2 Program Flow

ONPAS has main program flow as shown in Figure 3.3 and Figure 3.4. These two figures

represent the program flow of ONPAS as activity diagram.
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Figure 3.3 Activity diagram of ONPAS (part 1).
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Figure 3.4 Activity diagram of ONPAS (part 2).

From the starting point in the Figure 3.3, user has to log in into ONPAS at first. Next, the

user can calculate his/her personal data and get suggestion and recommendation for his/her daily

menu. The steps of the process are shown in Figure 3.3.
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Figure 3.4 continues the process from Figure 3.3. Figure 3.4 shows the steps from
recalculating personal daily calorie needs because of the weight balance program that the user

choose until creating menu and menu table.

The detail of each process will be explained in each module in the next sub chapter.

3.2.3 User Interface Design

The user interface of ONPAS is made simple but interactive. There are five components in
the user interface design depicted in Figure 3.5. The banner is located at the top of the interface as
the title or name. The content of the web will be located in the center. The content changes
dynamically depend on what part of the web that is accessed. On the left part, there is a web
navigation which contains links to main web pages in ONPAS. Admin and user menu part on the
right is used to show the navigation link to admin and user pages. Finally, the footer is used as the

place to put the signature.

BANNER
ADMIN
WEB and
NAVIGATION CONTENT USER
MENU
FOOTER

Figure 3.5 User interface design of ONPAS.
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3.3 Personal Data Calculation Module

3.3.1 Module’s Description

Personal Data Calculation module has the following functions and usages:

a. Input personal data. By showing the user interface in the form, user is asked to fill
personal data. The user personal data is used to calculate his/her daily calorie needs by
using equation (2.1). In equation (2.1), TEE comes from the multiplication of BMR and
AF. BMR can be achieved if the user provides the information of gender, age and
weight. AF can be gotten by knowing the activity and the gender of the user. The
height of user is needed to know his/her BMI and BMI status. The name of the user will
be the compulsory information that must be added too, and the system provides the

user’s name automatically from the user’s data in the database.

b. Calculate the daily calorie need. The calculating process will be run after user fill all
needed information (personal data). The daily calorie needs calculation will give the
Activity Factor value by inferring the activity of the user. The next step is BMR
calculation and finally the TEE will be gotten. All of calculation results will be shown

in the web page after calculation processes.

c. Calculate BMI and offer weight balance program. The BMI equation in the literature
review (chapter 2) is the calculation for adult only (age > 18 years). If an adult ask the
system to do the calculation, the system also gives additional information regarding to
his/her BMI value and the BMT status such as underweight, normal and overweight. If
abnormal BMI status is shown, user can select a weight balance program to gain or lose

some weight, and then the system will recalculate the daily calorie needs of the user.

The personal data will be stored in the OWL file. Each user has his/her personal data file.
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3.3.2 Module’s Program Flow

The program flow of Personal Data Calculation module is depicted in Figure 3.6. It starts
from input the personal data, infers Activity Factor value, calculates Basal Metabolic Rate,
calculates Total Energy Expenditure and finally shows the personal data and calculation result.

Especially for adult, there will be BMI calculation and weight balance program will be offered if

BMT is abnormal.

Infer Calculate ™ Calculate ’ Show ;

t % E \“‘—‘ > 4 £
Inpu g:trasonal Activity Factor J=—Basal Metabolic Total Energy g personal data and kE
S SR 2L '~ “Expendiure g5\ calculation result 4§

Stk Al

Calculate b
Body Mass Index &

s
G
1..
Ee

e adhn il

Offer weight .
balance program

Adult user only

Figure 3.6 Personal Data Calculation module program flow.

3.3.3 Personal Data Calculation Ontology

Personal Data Ontology is the ontology of user’s personal data. This ontology is
importance to keep the information of personal data so that the system can infer a new property and

calculate the daily calorie needs of a user. Figure 3.7 shows the ontology of Personal Data

Calculation module.

Person class is categorized into six subclasses based on the person’s age. This
categorization is based on the Schofield BMR equations. The categorization is also applied in
Activity class, since the AF value is different in each group of people based on age. The

classification is explained in chapter 2.
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Figure 3.7 Personal Data Calculation ontology.

The ontology graphs in Figure 3.7 shows the relationship of concept to another concept. It
consists of all factors for daily calorie needs calculation. This ontology graph performs a triplet in
each node which is connected by each property (relation). For instance, there is Person class with

property hashge and property value an Age. Person is the subject, hashAge is the predicate and the

value of Age is the object.



Person Will have hasActivityFactor property after the infer AF value process. This
process will infer an asserted property, which is hasActivityFactor, after the reasoner executes
the knowledge base that is made. The knowledge base matches the type of activity and the gender
that a person have with the ontology model that is made. In short, if the gender of a person is male,

then the AF value will be taken from the property value of hasMaleActivityFactor.

When a user picks a weight balance program, the system will recalculate the TEE of the
user. The result of the new TEE (balanced TEE) will not be stored as the property value of
hasTotalEnergyExpenditure property. The balanced TEE will be stored in the personal data

ontology as the property value of hasBalancedTotalEnergyExpenditure property.

3.4 Menu Suggestion and Recommendation Module

3.4.1 Module’s Description

Menu Suggestion and Recommendation module has two main usages; suggest menu and

recommend menu.

Suggested menu is a daily menu which has the same rounded total calorie as the rounded
person’s total daily calorie needs (TEE). The total calorie of a daily menu and a person’s TEE hay
float data type. The system round the total calorie of menu the person’s TEE by 100 to make it
easier but do not make large differences. The suggested menu is filtered by the person’s abstinence.
Abstinence is food item which are prohibited for a person to eat. It can be in the case of allergy or

another prohibition rules.

Menu recommendation feature from this module will be categorized in three kinds; Menu
recommendation based on rate, vote and price, Menu recommendation based on taste, and Menu
recommendation based on favorite items. These three recommendation features will be explained in

details on subchapter 3.4.5, 3.4.6 and 3.4.7 respectively.
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3.4.2 Menu Suggestion Ontology

Menu Suggestion ontology has two main classes; Person and Menu. The design of Menu
Suggestion ontology is shown in Figure 3.8. In the Pexrson class, there is a property that has not
been mentioned before in the Personal Data Calculation ontology. The property is hasRbstinence.
hasAbstinence is used in the menu suggestion process. This property contains the prohibited food
items of the user. Menu class has two importance properties which will be used in the inference
process to suggest some menus to the user. hasCalorie property contains the information of total

calorie that a menu has, and hasMenuItem property mentions all items which is contained in the

menu.

There are two asserted properties in this ontology. hasProhibitedMenuforAbistinence
and hasMenu is created by inferring some knowledge bases. The knowledge bases that infer these

two asserted properties will be explained in subchapter 3.4.3.

Q : Concept

------ +» : Property

o e i 0t A ke e = e o e |

If a person has balanced TEE
from weight balance program

Balanced
Total Energy
Expenditure

—— - - —» : Asserted Property

———— —— : Subdlass of

Total

\ z
L Ry p— (o), \
Expenditure has TotalEnergyExpenditure \ "
1
4 \ hasMenu 1
! \ '
1 ]
hasProhibihedMenuforAbstinence( ’
\ 4
\ , ’ ,I

- -

Figure 3.8 Menu Suggestion ontology.
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3.4.3 Knowledge Base of Menu Suggestion

There are two main ideas of giving the menu suggestion. The first one is suggesting daily
menu which has the same total calorie with the user’s daily calorie needs. The other is filtering the
suggested menu from the first idea regarding to the user’s abstinence. The second idea will separate

the menu which contains food item that is prohibited for the user.

The representation in if-clause sentences for these two ideas gives more understanding

explanations. The two clauses are:

- If person x has Total Energy Expenditure y kilocalorie (kcal) and menu z has total calorie y
keal then person x has suggested menu z,
- If person r has abstinence in s and menu t contains of s then person r is prohibited to have

menu t.

X, ¥, z, T, s, and t are variables. These two if-clauses will be the knowledge bases to
suggest menu for the user. When that knowledge is inferred by the reasoner, these two clauses will
produce two new asserted properties; hasMenu and hasProhibitedMenuforAbstinence

respectively.

3.4.4 Menu Recommendation Idea

A system that is integrated with recommendation support can provide a more personalized
and proactive functions. Therefore, ONPAS has a recommendation feature to support the decision

processes. The main idea is to give the user more specific daily menu from his/her suggested menu.

Figure 3.9 shows the idea to make recommendation feature in ONPAS. A person will get
suggested menu from menu suggestion process. There will be so many menus suggested by the
process. Therefore, recommendation processes give more preference to the person to get more
specific menu. ONPAS has three categories in giving recommendation. The three categories are
menu recommendation based on rate, vote and price, menu recommendation based on taste and

menu recommendation based on favorite item. These three recommendation categories can be
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combined each other to get more and more specific menu which is preferred by the user. The
complete explanation and concept of these three recommendation categories will be described on

subchapter 3.4.5, 3.4.6 and 3.4.7 respectively.

menu
suggestion
1

[mecu] [menu] (menu] [menu] [menu] fmenu] {menu) [menu] [menu] [menu] [;]

Y
1. Recommendation based 2. Recommendation based 3.Recommendation based
on Rate, Vote and Price on Taste on Favorite Item

Vool Voo ool
[menu] [menu] [menu] M [ﬂ] M M {menu] [menu] {menu)

getrecommendedmenu | menu m
recommendation

Figure 3.9 Menu recommendation idea.

3.4.5 Menu Recommendation based on Rate, Vote and Price

Three factors that will be involved in the recommendation are rate, vote and price. These
three factors are belong to Menu class. The rate of menu means the point that menus get from user
appreciations. The user gives appreciation to a certain menu by giving rating score to the menu. The
vote of menu is the total amount of rate which is given by the user. The price of menu is the value

of average amount of money to make a certain menu.

Menu recommendation based on rate, vote and price uses the method of fuzzy ontology.
Fuzzy ontology method is used since ONPAS is an ontology-based system and fuzzy logic is
needed in this recommendation feature. There are three factors in this recommendation feature.
Rate, vote and price factors will have membership degree level. There will be knowledge based
rules to obtain the final recommendation value. Fuzzy concept is suitable to bring rate, vote and

price factors into relation and results the value of recommendation.

The following explanation will describe the component of this menu recommendation.
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a. Ontology of menu recommendation based on rate, vote and price.

As mentioned before, this recommendation uses the fuzzy ontology method. Figure 3.10
shows the fuzzy ontology design of menu recommendation based on rate, vote and price. There are
three new concepts; Rate, Vote and Price. The fuzzy value of vote and Rate will be categorized
to Low and High. The fuzzy value of price will be categorized to Cheap and Expensive. All fuzzy
value will have membership degree (md) value which has range value [0-1]. The membership

degree value shows that the fuzzy concept is applied in the ontology.

Q : Concept

—————— : Property
—) :Valueof

has Rate
has Vote® ~
has Menu
s ras Pnoe
N — e - \ \
hasReoommendedMenu

md [0,1) :V ; md [0,1)

Figure 3.10 Ontology of menu recommendation based on rate, vote and price.

b. Value calculation of Rate, Vote and Price.

The way to get the value of Rate is by using the five stars rate, i.e. 0, 1, 2, 3, 4 and 5 stars,
which will equal to assigned md value, 0.0, 0.2, 0.4, 0.6, 0.8 and 1.0, respectively. The value of
Rate in a menu is the average md value. The vote means how many user give votes (appreciation)
for a menu, but the value of vote class in a menu is the total amount of vote that a menu has
divided by total amount of vote that all suggested menu have. The calculation of Rate and vote is
shown in (3.1) and (3.2) respectively as given below. Finally, the cost or price of the menu will be

used as the value of Price.
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zsla,.(O.Z)i
Rate ==0— 3.1
5
2.4
Vote=— (3.2)

a, is the amount of i star(s) in a suggested menu, a 4 is the amount of i star(s) in suggested

menu j, and n is the amount of suggested menu.

¢. Fuzzy ontology sets

Figure 3.11 shows the trapezium type membership function which is used to define the md
of Price, Rate and Vote. The x-axis is the concept’s real value of Price, Rate and Vote. The y-
axis is the md of fuzzy set. ... fopensives fiows a0d Sy, are the membership functions for cheap price,
expensive ;;x'ice, low rate or low vote and high rate or high vote, respectively. Variable a and b in
Siveap 34 foqpengive are the limitation value of cheap and expensive price. Variable a and b in f; , and

Juign @re the limitation value of low and high in rate and vote.

Variable a and b are declared as the basis of rate, vote and price membership degree
function. These bases can be changed by Admin in the administration area of ONPAS Semantic

Web.

Ontology is constructed as triplets. It does not have any feature to define md directly yet. It
can only define the concept, property and property value as the subject, predicate and object. Fuzzy
ontology functions will be declared by putting the property value along with the property, and make
the md as the property value. For example, a fuzzy ontology function f{Menu20004, price) =
(cheap, 0.7) means that the individual Menu20004 has hasCheapPrice property with property

value equal to 0.7 and this value is the md of cheap.
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d. Fuzzy rules

Menu recommendation based on rate, vote and price needs some fuzzy rules to get the

value of recommendation. Table 3.1 shows eight fuzzy rules which are used. AND operator is used

in every rule. The way to specify the rules from Table 3.1 can be explained as follows. For example,

Fuzzy Rule No.8 declares that high recommendation is given to menu if the menu has high vote,

high rate and cheap price.

Table 3.1 Fuzzy Rules for Menu Recommendation based on Rate, Vote and Price

FuzzyRuleNo. | 1|2 (3|4 |56 |7 8
Rate L|L|{LJL{H|{H|{H| H
Vote HYH{L|L{L|L{H| H
Price E[{CIE|C|E|C|E C

Recommendation LOW MEDIUM | HIGH

*L :Low, H: High,C:

Cheap, E : Expensive
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e. Defuzzification

Defuzzification process is needed to get the crisp value of recommendation. We use a
singleton function for total recommendation value defuzzification as shown in Figure 3.12. The
degree of recommendation is divided into three degrees; low (20 points), medium (50 points) and

high (80 points).

Calculating Total Recommendation Value (TRV) can be done by weighted average
calculation in equation (3.3). The equation needs the result of low, medium and high

recommendation value from evaluating fuzzy rules.

The recommended menu based on rate, vote and price is a menu which has TRV equals or
more than x. x is a variable defined by the Admin as the border or limitation. The value of x can be

changed by the Admin from the administration area in ONPAS Semantic Web.

TRY = (Irvx 20)+(mrvx50)+(hrvx 80) (3.3)
Irv+mrv+hrv

TRV  :Total Recommendation Value,

Irv : low recommendation value ,
mry : medium recommendation value,
hrv : high recommendation value.
medium high
§ 1 low
(o]
Q
O
2
L
[
[0
e
£
-8
0
20 50 80 100

total recommendation value

Figure 3.12 Defuzzification function of total menu recommendation points.
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3.4.6 Menu Recommendation based on Taste

The second menu recommendation is based on taste only. The ontology design of the
recommendation is shown in Figure 3.13. Taste class has five kinds of value which also has a
membership degree (md) in each value. The five kinds of value are Sweet, Bitter, Salty, Sour
and spicy. Fuzzy concept and linguistic fuzzy value model is used. By defining md in taste, the
recommendation gives more precise result, since a very spicy menu is different from a little bit

spicy menu.

Taste’s md can be assigned directly by putting some values. For example, Menu20004 has
very sweet taste. Based on fuzzy value’s modeling in Table 2.10, the function can be written as
follows, f{Menu20004 taste) = (sweet,0.8). This recommendation process does not need a fuzzy

rules and defuzzification because it only depends on one factor; taste.

Tolerance value is added when querying menu with preferred taste. It extends the query. It
also can give more choices even if there is no menu which has Taste’s md exactly matches with

user’s request.

Q : Concept

------ : Property
——) :Valueof
—— = -~ 9 :Asserted Property

has Menu has Taste

\\——

hasRecommendedMenu

Figure 3.13 Ontology of menu recommendation based on taste.
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3.4.7 Menu Recommendation based on Favorite Item

A user could have some favorite food items when picking 2 menu. The recommendation
process will give the person some recommended menu based on his/her favorite items. When
suggested menu of the user has the same food item with the user’s favorite item, the menu will be

recommended to the person. In the if-clause sentence it will be:

If person x has favorite item y and menu z has food item y then person x will have recommended

menu z.

X, v, and z is variables.

N ~ \— - -
hasRecommendedMenu !
)

has Men
~7

'
'

hasFavoriteltem ’
/
7 ae®
-5 (\\S{@
rd - 5«
Food item -7 x®
O : Concept

...... : Property
— ) :Valkeof

—= == :Asserted Property

Figure 3.14 Ontology of menu recommendation based on favorite item.
3.5 Menu and Dish Creation Module

3.5.1 Module’s Description

Menu and Dish Creation module has three main functions. The creation of menu, menu

table and dish will be covered in this module.
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The menu is composed from breakfast, lunch, dinner and additional snack and beverages
for one day. Menu table is the collection of menu. Menu table can contains one to, seven days of
daily menus. The dish is a particular item of prepared food. The creation of menu and dish are
involving the food item. Food item is food ingredient or groceries. The kinds and taxonomy of food

item will be explained in subchapter 3.5.2.

A menu can be created in two ways. The first is by collecting and composing dishes from
the dish database in ONPAS. The second way is by filling all food information to construct one
whole daily menu manually. The second way needs some exact literatures to make the right
composition. In ONPAS, the second method can be done only by the user which has an
administrator privileges, but for the first method, any registered user can use it. The detail of the
menu creation process can be seen in subchapter 3.5.3. The information of menu which is stored in

the database will be explained in subchapter 3.5.4.

A menu table can be created in two ways. The first is by taking user’s suggested menu and
the second one is by composing user’s own daily menu in one to seven days by picking some
dishes. All registered user can make a menu table. A menu table is limited to 7 days but user can
have many more menu tables (depends on the database capacity). The detail of the menu table
creation process can be seen in subchapter 3.5.5. The information of menu table which is stored in

the database will be explained in subchapter 3.5.6.

The dishes can be only made by the administrator. A dish is made by filling complete
information of dishes regarding to the scientific food composition table. The detail of the dish
creation process can be seen in subchapter 3.5.7. The information of dish which is stored in the

database will be explained in subchapter 3.5.8.

User has different privileges with Admin. Table 3.2 shows the User and Admin privileges
in Menu and Dish Creation module. Admin has full access in every part of module. User has
limitation in creating menu. User can create menu from dish only and can edit the menu that User

created only. In menu table creation, Admin and User have the same right to create menu table but
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they have different privileges in deleting the menu table. User can delete menu table that User

created only. User has no right in creating, editing or deleting dish.

Table 3.2 User and Admin Privileges in Menu and Dish Creation Module

Menu Menu Table Dish
User C* E* C,D* -
Admin C,ED C,D C,E,D

C : Create, E : Edit, D : Delete, * : limited

3.5.2 Food Item Ontology

The foods and the dishes that are used by ONPAS as the study cases are Thai foods and
dishes. The database of Thai food and dish is taken from ASEAN Food Composition Tables [6] and
Thai Food Composition Tables [7]. ASEAN Food Composition Tables and Thai Food Composition
Tables are made by Institute of Nutrition, Mahidol University, Thailand. These references contain

complete nutrition information of Thai food and dishes, including the macronutrient.

The Thai food and dish name in ASEAN Food Composition Tables and Thai Food
Composition Tables are originally written in Thai. The Thai name will be translated to phonetic
alphabet when stored in the database. The http://www.thai-language.com/dict website has a tool to

convert Thai characters into phonetic alphabet.

The taxonomy of the food item refers to ASEAN Food Composition Tables. Food item is
categorized into 13 classes as shown in Figure 3.15. The categorization refers to the type of the food
item. In each class there are many kinds of food items which are declared as the subclasses. Figure

3.16 shows the complete taxonomy. ONPAS uses the taxonomy as the detail of food item

categorization.
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Figure 3.15 Classes of Food Item ontology.
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Figure 3.16 Subclasses of Food Item ontology.
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3.5.3 Program Flow of Menu Creation

Creating a menu can be done in two ways as seen in Figure 3.17. User has the privileges
only to create menu from dish. The program flow or the steps that User has to do to create menu can
be seen in Figure 3.17 point number 1. Set nutrition composition of dish steps when creating menu
means that the creator should set the weight composition of each dish so that the macronutrient
composition is balanced. Regarding to the balanced macronutrient composition, Admin is assumed
to know exactly the composition when fills all information to create menu by the second way that is
shown Figure 3.17.

[ 1. Menu creation from dish ]

Calculate daily
calorie need 2

[ 2. Menu creation by filling data directly ]
Loginas % 0 to add menu. ave the menuin g,
administrator g in admin page g database @&

Figure 3.17 Program flow of menu creation.

Set hutrition
composition
__ofdish

Pick some ™
dishes to make E _
___menu

Add additiona .
infformation  E-
S Jothe menu

Save the menuin %
database

il all required
information of E
the menu &

3.5.4 Database Design of Menu

All of menu in ONPAS are stored in ‘menu’ table of ONPAS database. There are 14 fields
in the table. Figure 3.18 shows the ‘menu’ table field and the data type in each field. ‘menu_id’ field
contains the id of the menu. The id will be unique for each menu. ‘menu_name’ field stores the
name of the menu. ‘menu_calorie’ field contains the total calorie of a menu. ‘menu_main_item’
field consists of food items in the menu and ‘menu_item’ contains all detail information of the menu
including the weight composition of each dish. ‘menu_rate’, ‘menu_vote’ and ‘menu_price’ fields
store menu’s rate, amount of vote in a menu and the price of menu respectively. These three fields
are used by menu recommendation module to give recommendation based on rate, vote and price.
‘menu_deg_sweet’, ‘menu_deg_bitter’, ‘menu_deg_salty’, ‘menu_deg_sour’, ‘menu_deg_salty’
fields contain of membership degree value for sweet, bitter, salty, sour, and spicy taste respectively.

Finally, the ‘menu_creator” field is a field that filled by the name of menu’s creator.
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Field Type
menu id tinyint(10)
imiehufnamg  varhaiase)
menu_calorie float

metuprice . foat,

menu_main_item varchar(1024)
;35 G 2

a4 o

",lt'[e[ﬁu El :.::(tETxI!, ..T

ménu_deg_sweet float

Pk T I T st
) itter.- 1float’ i
B Bruan, AT “Camt e !

_deg_sally

‘ menu_deg_spicy

5, e Tl

“float
int{11)
Jmeéfu creator’s. varchar(50)

Figure 3.18 Database design of menu.

3.5.5 Program Flow of Menu Table Creation

Creating menu table or collection of daily menu for maximum 7 days is basically started
with daily calorie needs calculation. There are two sources in making menu table as seen.in Figure
3.19. The first source is from the suggested menu and the second one is from the dish database.
When the source for making the menu table is from the suggested menu, user has to pick the

suggest menu preference.

[ 1. Menu table creation from suggested menu }

Calculate daily
calorie need

Pick amount of };
days [1-7)

Pick suggested

Get suggested %
menu for 1-7 days

menu

Pick dishes to Add additionat
make menu for E E: information

Pick amount of ¥,
days [1-7] - 4 o the table

g5 i

Figure 3.19 Program flow of menu table creation.
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3.5.6 Database of Menu Table

Menu table database consists of 5 fields as shown in Figure 3.20. A menu table will have
the unique id which is stored in ‘menutable_id’ field. ‘menutable_name’ field keeps the name of the
menu table. ‘menu_creator_id’ becomes an importance field since it stores the creator id. The
system needs this information to differentiate the menu tables based on its creator.
‘menutable_detail’ stores all detail information of the menu in 1-7 days. When the data is shown in
the web page, it is divided in each day menu. ‘menutable_date_created’ is also an important data

that stored the creation date of menu table.

Field - Tvpe.
menutable id tinyint(10)
menutable_creator_id  tinylnt(10)

;gﬁegptabléjqetail : . Pongtex:

menutable_date_created timestamp

Figure 3.20 Database design of menu table.

3.5.7 Program Flow of Dish Creation

The creation of dish can only be done by the Admin. The program flow will be start by
login in ONPAS as an Admin. The next step is to go to add dish page, fill required information and

save it. The graph of the flow is depicted in Figure 3.21.

Loginas % /Go to add dish Fil al required Save the dishin }
administrator g& "\ in admin page g of the dish database

Figure 3.21 Program flow of dish creation.
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3.5.8 Database Design of Dish

Dish information will be stored in the database with 10 kinds of data. Figure 3.22 shows the

10 fields in the dish table database. ‘dish_id’ keeps the unique id of every dish. ‘dish_name’
contains of dish name. ‘dish_weight’ field keeps the weight composition basis of the dish. The next
four fields consist of the dish nutrient data. ‘dish_calorie’ keeps the total calorie of the dish at the
weight composition basis. ‘dish_carbohydrate’, ‘dish_fat’ and “dish_protein’ keep the information
of how many grams of carbohydrate, fat and protein respectively. ‘dish_item’ field consists of food
items that are available in the dish. Finally, the ‘dish_info’ keeps the additional information of the
dish. ‘dish_category’ contains of the category of dish. The category choice is already predefined.
The categorization refers to [6]. The categories are:

- Cereal

- Egg

- Fish and Seafood

-  Meat

- Soup

- Vegetable

- Desserts and Snacks

- Drink and Beverages

- Field: © Type
dish {4 tinyint(10)
tdishii) . fvarchar(26)..
dish_weight  foal

dish_caiiig .+ " pfioat
dish_carbohydrate float

dish_fa " fipat
dish_protein float
dish_category  Varchar(128)
dish_tem " varchar(1024)
dish_info Jtext

Figure 3.22 Database design of dish.
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3.6 User and Admin Module

3.6.1 Module’s Description

User and Admin module covers information and data management regarding to the

privileges of three actors; User, non-member User and Admin.

Non-member User has the lowest privileges in the ONPAS. Non-member User has to
register so that they can access Personal Data Calculation module, Menu Suggestion and Menu
Recommendation module and few features in Menu and Dish Creation module. The detail of User

registration is explained in subchapter 3.6.2.

A registered User has privileges in the Personal Data Calculation module, Menu Suggestion
and Menu Recommendation module and few features in Menu and Dish Creation module. ONPAS
provides the User with user page. The user page of a User can be accessed by log in into the system.
The user page provides the last data calculation from Personal Data Calculation module and the list

of menu and menu table that the user ever created.

Admin has the full privileges in the admin page. The admin page provides all lists of dish
and menu. Admin has full privileges to add, edit or delete the dish and menu. Admin also has

privileges in changing the basis value in fuzzy calculation for menu recommendation feature.

3.6.2 User Registration

User registration is a process which needed by non-member User to have the User’s
privileges. Non-member User can register by going to the registration page and filling all of the
required information. All required information will be kept in the database. The database design of

user is depicted in Figure 3.23.
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-Field Type

yser id tinyint(3)
-4sér-naynis  -varchar(25),
user_pass van:har(25).

user_fullitame  varchar(512)
user_emzﬁ varchar(256)
user_deorée varchar(50)

Figure 3.23 Database design of user.

‘user_id’ field keeps the unique id of the user. ‘user_name’ is the username that is used to
login into ONPAS Semantic Web. The username cannot be same as other users. The system
automatically checks it if a new User doing the registration. The password of a user will be kept in
the ‘user_pass’ field. ‘user_fullname’, ‘user_email’ and ‘user_detail’ keep the full name of the user,
the email of the user and additional detail of the user respectively. ‘user_degree’ field keeps the
priority of the user. Generally this field will give a ‘user’ priority to the new user. There is another
priority which is ‘admin’. This degree refers to the Admin. This priority can be only obtained by
filling manually in the database. Only the super administrator which has the full access in the

ONPAS database server can give this priority.
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4.1.1 Personal Data Calculation Module

Personal Data Calculation module’s program flow is started by inputting personal data
information. The GUI form is made using HTML, Java and JavaScript language. Figure 4.2 depicts
the GUI form screenshot. The left part of the form is the personal data form and the right part is the

daily menu suggestion preference form.

The form’s field, from the name until the activity, is the usual form fields. The checkbox
list field of the food item which acts as food abstinence of a user is created differently. The
checkbox list of the food abstinence is made from the Food Item ontology using SPARQL query.

Firstly, the ontology model of food item is read by using the script follows:

OntModel m = ModelFactory.createOntologyModel(); //creating ontology model
m.read("file:fooditem.owl"); //load Food Item ontology from .owl file

//create model in RDF to infer SPARQL
Model data = FileManager.get().loadModel ("fooditem.owl");

The next step is taking the root classes of the ontology of the food item by the following script:

ExtendedIterator category = m.listHierarchyRootClasses():;

The category name is taken one by one, and then SPARQL query is executed to get the
subclasses of each category. The SPARQL query script is started with declaring the PREFIX of
OWL, RDF and the URI of food item. The following script is shown the process of taking out each

category and its subclasses excluding the script to print them out:

while(category.hasNext()) {
OntResource mp = (OntResource)category.next(); //get category resource
..... //print out the category of food item
//SPRRQL query for taking the subclasses of each food item category
String queryString = ("PREFIX owl: <http://www.w3.0rg/2002/07/owl#>"+
"PREFIX rdfs: <http://www.w3.0rg/2000/01/rdf-schema#>"+
"PREFIX fooditem: <http://hatta.web.id/fooditem.owl#>"+
"SELECT ?c WHERE { ?c rdfs:subClassOf

fooditem:"+mp.getURI().replace ("http://hatta.web.id/fooditem.owl#",
"l')+" }
ORDER BY ?c" );
Query query = QueryFactory.create(queryString):;
QueryExecution qe = QueryExecutionFactory.create(query, data);
com.hp.hpl.jena.query.ResultSet results = ge.execSelect():
while(results.hasNext(}) (
QuerySolution row = (QuerySolution)results.next();
RDFNode object = row.get("c"):;
..... //print out the subclasses of each category
} ge.close(}); }
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Daily Menu - Form
Attention |

® In order to get suggestad menu, you have to pick "Gat Suggestad Menu® from preferance box.
Othervise, you vill hava to create daily menu by your own,
® Fill all required (*) fiald.

Personal Data

Preference
Member ID : 2 I” Get Suggested Menu
Name : [Dhomas Hatta Fudholi . I~ Get Recommendsd Menu
(how to get?)
Gender : lMule 'I .
I~ pick Favorite Item(s)
AgB : |23 year(s) *

I" choose Preferad Tasts
Height: 170 com*

Weight: 152 kg *
Activity : lmoderute vI .

(don't know which one to choosa?)
Food Abstinence (prohibited) :

Meat Other Animals and Products :J
I Baef

= Chicken

r Duck

r Frog

V Pork

Fruits and Products
r Apple .|
r Bananas

I Aot =~

Submit & Calculate |

Figure 4.2 Personal data and daily menu form.

Calculating the daily calorie needs from the personal data that already inputted by the user
will be explained next. Creating prefix and reading the ontology model is needed to know the

ontology design. The following script is used to read the ONPAS ontology model which is stored in

‘dailymenu.owl’:

String dailymenuURI = "http://www.hatta.web.id/dailymenu.owl#";
PrintUtil.registerPrefix("dailymenu", dailymenuURI) ;

OntModel m’ = ModelFactory. createOntologyModel () ;
m.read("file:D:/NetBeansProj ects/DailyMenu/web/data/dailymenu.owl");



66

The next step is creating an individual. The new individual is the user as a Person in the
Personal Data Calculation ontology. The Person class in the Personal Data Calculation ontology is
categorized into six subclasses. The way to make an individual in each category is the same. The
following script is used to create a new individual that is categorized to a Person with has an age

range 18 to 29:

if (personAge>=18 & personAge<30) {
OntClass person = m.getOntClass(dailymenuURI+"Age_18-29");
Individual p = m.createIndividual (dailymenuURI+personName,person):}

The other personal data information that will be stored is the gender, age, height, weight
and person’s abstinence. Each of information has different data type. The gender will be stored as a
string. Age, height, weight and abstinence will be stored as an integer, float, float and string
respectively. The way to store those data is the same. The following script is Jena framework API

representation to store the gender of a person:

DatatypeProperty hasGender = m.getDatatypeProperty(dailymenuURI+"hasGender™);
Literal pg = m.createTypedLiteral (personGender, XSDDatatype.XSDstring);
Statement gender = m.createStatement(p, hasGender, pg):

m.add (gender) ;

Each user has his/her own OWL file to store his/her personal data and personal data
calculation. The example of the OWL file name is ‘dailymenu-2.owl’. The number 2 on the OWL

file name is the user’s ID. The following script is the way to store the data into the person’s OWL

file:

String output_filename = "dailymenu-"+session.getAttribute("user_id")+".owl";
m.write(new PrintWriter (new FileOutputStream(output_filename)));

User must choose the level of their activity. There are three kinds of level; light, moderate
and heavy. For an elderly there will be one general activity factor. In each category level of activity
and each gender contains different value of activity factor. The value in each category level and
gender is already defined and stored in the main ontology model in ‘dailymenu.owl’. To infer the

activity factor, the following script is executed:

Resource configuration = m.createResource();
configuration.addProperty(ReasonerVocabulary.PROPruleMode, "hybrid");

configuration.addProperty (ReasonerVocabulary.PROPruleSet, "dailymenu-
calculation.rules");
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Reasoner reasoner =
GenericRuleReasonerFactory.thelnstance().create (configuration);

Model data = FileManager.get().loadModel ("dailymenu-
"+session.getAttribute ("user_id")+".owl");
InfModel infmodel = ModelFactory.createlnfModel (reasoner, data);

‘dailymenu-calculation.rules’ is a file that stores Jena rules to infer the activity factor value to the

user. The following script is one of Jena rules that gives an activity factor value for a male person:

fhasMaleActivityFactor:

(?p dailymenu:hasGender "Male")

(?p dailymenu:hasActivity ?a)

(?a dailymenu:hasMaleActivityFactor ?af)
-> (?p dailymenu:hasActivityFactor ?af))

BMR, TEE and BMI (for adult only) are calculated using the ordinary calculation script.

All of the data and calculation result is kept in the person’s OWL file. The following XML

script is an example of OWL representation for the personal data:

<rdf:Description rdf:about="http://www.hatta.web.id/dailymenu.owl#Dhomas Hatta
Fudholi">

<hasHeight
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float”>170</hasHeight>

<hasBMI rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">17.99</hasBMI>

<hasActivity rdf:resource="http://www.hatta.web.id/dailymenu.owl#Moderate Al8-
A63"/>

<hasAbstinence
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Pork</hasAbstinence>
<hasTEE rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int">2600</hasTEE>
<hasWeight
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">52</hasWeight>

<rdf:type rdf:resource="http://www.hatta.web.id/dailymenu.owl#Age_18-29"/>
<hasGender
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Male</hasGender>
<hasBMIStatus
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string”>Underweight</hasBMIStat
us>

<hasActivityFactor
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">1.78</hasActivityFactor>
<hasBasalMetabolicRate
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">1475.16</hasBasalMetabol
icRate>

<hashge rdf:datatype="http://www.w3.0rg/2001/XMLSchema#int">23</hasAge>
<hasTotalEnergyExpenditure
rdf:datatype="http://www.w3.0rqg/2001/XMLSchema#float">2625.78</hasTotalEnergyE
xpenditure>

</rdf:Description>
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The result will be shown afterward. Figure 4.3 shows the example of calculation result which is
located in the right side of the table. It also recapitulates person’s personal data in the left side.
When a person takes weight balance program, there will be recalculation process to add or subtract

the daily calorie needs. Figure 4.4 demonstrates the example of recalculation result table.

Daily Menu - Result

Personal Data Data Calculation
Name : Dhomas Hatta Fudholi Activity Factor : 1.78
Gender : Male Basal Metabolic Rate : 1475.16 kcal
Age : 23 year(s) Total Energy Expenditure : 2625.78 kcal
Height : 170 cm
Waeight : 52 kg BMI :17.99
Activity : moderate BMI Status : Underweight
Abstinence : Pork

Woeight Balance Program :

lAddU.Skg/Week V|

Submit & ReCalculats |

Figure 4.3 Calculation result.

Daily Menu - Weight Balance Program - Result

Personal Data Data Calculation
Name : Dhomas Hatta Fudholi Activity Factor : 1.78
Gender : Mala Basal Metabolic Rate : 1475.16 kcal
Age : 23 year(s) Total Energy Expenditure (balanced) : 3125.78 kcal
Height : 170 cm
Weight : 52 kg BMI : 17.99
Activity : moderats BMI Status : Underweight
Abstinence : Pork
Weight Balance Program : AddD.5kg/week

Figure 4.4 Recalculation result of weight balance program.

4.1.2 Menu Suggestion and Recommendation Module

User can choose to get menu suggestion and menu recommendation by picking the
preference in the personal data and daily menu form that is shown in Figure 4.2. There will be one
option to get the suggested menu and three options of menu recommendation. Figure 4.5 shows the
preference detail in the daily menu form. To get the menu recommendation, user needs to get the
menu suggestion at first. Therefore, when the user picks the menu recommendation option, menu

suggestion option is automatically picked.
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Preference

W Get Suggested Menu

M Get Recommended Menu
(how to gat?)

W Pick Favorite Item(s)

Fruits and Products =
W apple
r Banana
I burtan
r Qrape
r Guava
r Langsat
™ Litchi

r Longan
r Mango

l L

M Choose Prefered Taste

Prefered Taste : lSweet 'l
Taste Intensity : lVery 'I

Figure 4.5 Daily menu form’s preference for menu suggestion and recommendation.

The next explanations are the system implementation and result for the menu suggestion

and followed by the system implementation and result for the menu recommendation.
a. Menu Suggestion

The main idea of giving suggestion of menu is to suggest a daily menu that has a total
calorie value balance with one's daily calorie needs. In other case, a person has some abstinence of
food. The ONPAS will separate the menu that is suggested to a person when the menu has the same
items with the abstinence of a person. Some rules are needed to infer the suggested menu to a
person. The rules will be stored as ‘dailymenu-suggestion.rules’ file in ONPAS. The Jena rules of
menu suggestion that is generated will be dependent whether a person has food abstinence or not.
The following Jena rule is a rule that is generated when a person does not have any food abstinence:
fthasMenu:

(?p dailymenu:hasTEE ?tee)

(?m dailymenu:hasCalorie ?tee)
-> (?p dailymenu:hasMenu ?m)}
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If a person has some food abstinence, the rule will be more complicated since the system
will separate and taking out the menu that is prohibited to a person. Besides inferring hasMenu
property to a person, the rules will also inferring hasProhibitedMenuforAbstinence property.

The following Jena rules are the rules to suggest menu and separate the prohibited menu:

[hasProhibitedMenuforAbstinence:

(?p dailymenu:hasTEE ?tee;)

(?m dailymenu:hasCalorie Z?tee)

(?p dailymenu:hasAbstinence Z?abs)

(?m dailymenu:hasMenultem ?abs)

-> (?p dailymenu:hasProhibitedMenuforAbstinence ?m)]
[hasMenu:

(?p dailymenu:hasTEE ?tee)

(?m dailymenu:hasCalorie ?tee)

(?p dailymenu:hasAbstinence ?abs)

noValue (?m dailymenu:hasMenultem ?abs)

noValue (?p dailymenu:hasProhibitedMenuforAbstinence ?m)
-> (?p dailymenu:hasMenu ?m)]

?p represent a person and ?m is the menu. novalue is a built-in function in Jena rules that act as a
negation. novalue in the Jena rules above takes an important part to exclude the menu which is

prohibited for a person.

The suggested menu and the prohibited menu are also kept in the user’s OWL file. The
following XML script is an example of an OWL from hasMenu and

hasProhibitedMenuforAbstinence properties.

<hasMenu rdf:resource="http://www.hatta.web.id/dailymenu.owl#Menu-2600-50"/>
<hasMenu rdf:resource="http://www.hatta.web.id/dailymenu.owl#Menu-2600-38"/>
<hasMenu rdf:resource="http://www.hatta.web.id/dailymenu.owl#Menu-2600-48"/>
<hasProhibitedMenuforAbstinence
rdf:resource="http://www.hatta.web.id/dailymenu.owl#HaT Menu 2"/>

ONPAS uses the following two SPARQL query to take out the suggested menu and the

menu that is prohibited:

PREFIX dailymenuURI: <http://www.hatta.web.id/dailymenu.owl#>

SELECT ?p ?m WHERE { ?p dailymenuURI:hasMenu ?m } ORDER BY ?m

PREFIX dailymenuURI: <http://www.hatta.web.id/dailymenu.owl#>

SELECT ?p ?m WHERE { ?p dailymenuURI:hasProhibitedMenuforAbstinence 2?m } ORDER
BY ?m

Figure 4.6 shows the screenshot of giving menu suggestion to the user. The suggested
menu is listed below the personal data calculation result. The prohibited menu is listed in the bottom

of the list. To show that the prohibited menu algorithm works, on the right side of the figure, the
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detail of a menu shows that the menu contains the user’s food item abstinence. The detail of the

menu can be shown by clicking a certain menu in the suggestion list.

Daily Menu - Result

Personal Data Data Calculation

Name : Dhomas Hatta Fudhofi Activity Factor : 1.78

Gender : Male Basal Matabolic Rate : 1475,16 kcal

Age : 23 year(s) Total Enargy Expenditure : 2625.78 keal
Height : 170 cm

Weight : 52 kg 8MI 117,99 Menu Detail
Activity : moderate BMI Status : Underweight

Abstinance : Pork Name : HaT Menu 2

Weight Balance Program: | .. . u
Add0 Skoeek Total Catorles : 2630 keal

Submit & ReCalculate Manu Detad :

bplaa dook uy, thaawt.

Daily Menu Suggestion chaa sal nohm khahn ma wasn

M IU-£0UU-+D Gluay khai

Menu-2600-46 khaao tohm

Menu-2600-47 %hal gai, dtoon

Menu-2600-48 Lanch

Menu-2600-49

Menu-2600-50 belaa gao, neung

my Menu 1 farang

my Menu 2 22 fase sai nchm )

today menu 1 khaaa muu thaswt |

today menu 2 khal gai, jazo |
Dinner !

Prohibited Menu :

bplas ja la mat daam, neung
khaao raat gai phat bai ga phrao
khai gai, khai dazeng

_________ — naam sohm

thooriian cha nee

Additiena! Saacks and Beverages
$ap bpa roht

B BEUEB ONPEHES UZHEH §
g

Menu main Ingredient(s) :

Catfish, Tea, Banana, Rice, Porridge, Egg_hen, Grouper, Guava, Coffes, Pork, Black_pomired,
Holy_besd, Chicken, Juics, Orangs, Durian, Pinsapple

Figure 4.6 Menu suggestion result example.

b. Menu recommendation based on rate, vote and price.

Menu recommendation based on rate, vote and price is the first recommendation option in
the daily menu form’s preference (Figure 4.5). The way to get the value of rate, vote and price is
explained in chapter 3. Figure 4.7 shows the screenshot of detail data of rate, vote and price in a
menu that is located in the bottom of menu’s detail. If 2 menu does not have the detail of these three

values, the recommendation value of this menu will not be calculated and will not be recommended

to a person.
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The next step is to get the fuzzy value of rate, vote and price. The fuzzy value of high rate

low rate, high vote, low vote, cheap price and expensive price are achieved by evaluating the value
of rate, vote and price on its membership degree function as shown in Figure 3.11. The membership
degree function is a trapezium type function. There are two variable that is need to be filled in each
function; a and b. The value of a and b can be assigned in the administration area, as shown in

Figure 4.8,

Menu Detail
Name : Menu-2600-01
Creator 1 admin

Total Calories : 2630 kcal

Menu Detail :

Weight{gr)
Breakfast
bplaa dook uy, thacwt 25
chaa sai nohm khohn ma waan 300
Additional Snacks and Beverages
sap bpa roht 200

Menu's main ingredients :

Catfish, Tea, Banana, Rice, Porridge, Egy_hen, Grouper, Guava, Coffee, Pork, Black_pomfred,
Holy_basil, Chicken, Juice, Orange, Durian, Pineapple

Prico (approx.) : 64 THB
Taste degree - [ Sweet : 0.03 | Bitter : 0.58 | Salty : 0.75 | Sour : 0.43 { Salty : 0.75 }
Rate this menu :

Ok 1k 2% 3% 4% S%
raf 1 0 = totally unlike , 3 = totaly ke
Rating Score [0-1) : 0.393333
Total Votes: 30

Figure 4.7 Detail of a menu that in the rate, vote, price and taste degree data.

Menu Recommendation BASE

Most/High Recommended Meau besed on Rate, Vote and Price >>

Cheap Limk : [Zitl—_

Expensive Limit : ﬁr

HighRate Limit [0.60 - 1.00}: 0.7
Low Rate Limit [0.00 - 1.00] : [02

High Vote Limit (in percentage [%)) : |25 »

Low Vote Limit (in percantage [%]) : [13_— %

Total Recommendation Vakse Uimit for Most Recommended Menu {1-100) : 750
Sava I

Figure 4.8 Administration area of base value

in menu recommendation based on rate, vote and price.
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After evaluating the real value of rate, vote and price, some new properties is assigned to
the detail of the menu. hasHighRate, hasLowRate, hasHighVote, hasLowVote, hasCheapDegree
and hasExpensiveDegree properties are already defined in the ‘dailymenu.owl’. All of these
properties will be assigned in the menu and filled with the md value. These properties have md of
high rate, low rate, high vote, low rate, cheap price and expensive price respectively. The following
script is the example of filling hasCheapDegree property in menu with the float data type value of

vaniable cheap_degree2 and add it to the ontology model which is declared as variable m4:

Individual menu = m3.getIndividual (dailymenuURI+menus) :

DatatypeProperty hasCheapDegree =
m3.getDatatypeProperty(dailymenuURI+"hasCheapDegree");

Literal cheapDegree = m3.createTypedLiteral (cheap degree2,
XSDDatatype.XSDfloat) ;

com.hp.hpl. jena.rdf.model.Statement menuCheapDegree = m3.createStatement (menu,
hasCheapDegree, cheapDegree);

m4 .add (menuCheapDegree) ;

The other properties values are assigned using the similar way.

Fuzzy rules used in this recommendation process are shown in Table 3.1. There are eight
fuzzy rules. The Jena rules to represent all of eight fuzzy rules will be generated if the first option of
menu recommendation is picked. The Jena rules that are generated use min built-in function. min
built-in function in Jena rule statement takes the minimum value from the second and the third

variable and put the minimum value in the first variable. All of the rules use AND operator. The

AND operator takes the minimum value of the statement in the rules.

The following Jena rules represent the eight fuzzy rules and results the value of low
recommendation, medium recommendation and high recommendation that will be used in

defuzzification process:

{hasLowRecommendationValue:

(?p dailymenu:hasMenu ?m)

(?m dailymenu:hasCheapDegree ?2c)

(?m dailymenu:hasExpensiveDegree ?e)
(?m dailymenu:hasLowRate ?1lr)

(?m dailymenu:hasLowVote ?1lv)

(?m dailymenu:hasHighVote ?hv)
min(?c, ?e, ?min)

min{?min, ?1r, ?min2)
min(?min2, ?1v, 2min3)
min{?min3, ?hv, ?2min{4)

-> (?m dailymenu:hasLowRecommendationValue ?mind4)]
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[hasMediumRecommendationValue:

(?p dailymenu:hasMenu ?m)

(?m dailymenu:hasCheapDegree ?c)

(?m dailymenu:hasExpensiveDegree ?e)

(?m dailymenu:hasHighRate ?hr)

(?m dailymenu:hasLowVote ?1v)

(?m dailymenu:hasHighVote ?hv)

min(?c, ?e, ?2min)

min(?min, ?hr, ?2min2)

min(?min2, ?1v, 2min3)

min(?min3, ?hv, 2min4)

~> (?m dailymenu:hasMediumRecommendationValue ?mind4))
{hasHighRecommendationValue:

(?p dailymenu:hasMenu ?2m)

(?m dailymenu:hasCheapDegree 2c)

(?m dailymenu:hasHighRate ?hr)

(?m dailymenu:hasHighVote ?hv)

min(?¢c, ?2hr, ?2min)

min(?min, ?hv, 2min2)

=> (?m dailymenu:hasHighRecommendationValue ?min2)}

Low recommendation value, medium recommendation value and high recommendation
value of a menu will be stored in hasLowRecommendationValue,
hasMediumRecommendationValue, and hasHighRecommendationValue properties, respectively.
These three values hold important role in deffuzification process. Figure 3.12 shows the
defuzzification function for the menu recommendation based on rate, vote and price and equation

(3.3) is the weight average calculation for defuzzification. This calculation is done by the general

arithmetic algorithm in JSP.

The recommended menu is the menu that has TRV equal or more than the limit value that is
assigned. The limit value can be assigned in the administration area. Person will have a new
asserted property which is hasRecommendedMenu in the end of the process. The following Jena rule

is generated to give menu recommendation:

[hasRecommendedMenu:

(?p dailymenu:hasMenu ?m)

(?m dailymenu:hasTotalRecommendationValue 2trv)
greaterThan (?trv 75)

-> (?p dailymenu:hasRecommendedMenu ?m)}
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greatherThan in Jena rules above is a Jena rules built-in function that is used to check whether
variable 2trv has the value greater than 75. ?p represents the person and 2m represents the menu.
2trv is the total recommendation value of a menu. The final recommended menu result is listed
below the daily menu suggestion as demonstrated in Figure 4.9. The following XML is the detail
information of the menu in OWL when the menu recommendation based on rate, vote and price is

executed:

<rdf:Description rdf:about="http://www.hatta.web.id/dailymenu.owl#Menu-2600~
02">

<rdf:type rdf:resource="http://www.hatta.web.id/dailymenu.owl#Menu"/>
<hasCalorie

rdf :datatype="http://www.w3.0rg/2001/XMLSchema#int">2600</hasCalorie>
<hasTotalRecommendationValue
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">80.0</hasTotalRecommenda
tionValue>

<hasHighRecommendationValue
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">0.45882352</hasHighRecom
mendationValue>

<hasHighVote

rdf :datatype="http://www.w3.0rg/2001/XMLSchema#float">1.0</hasHighVote>
<hasMediumRecommendationValue
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#ifloat">0.0</hasMediumRecommenda
tionValue>

<hasLowRate
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">0.432558</hasLowRate>
<hasExpensiveDegree
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">0.54117647</hasExpensive
Degree>

<hasLowRecommendationValue
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float”>0.0</hasLowRecommendatio
nValue>

<hasLowVote
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">0.0</hasLowVote>
<hasHighRate
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">0.56744197</hasHighRate>
<hasMenultem
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Mushroom</hasMenuItem>
<hasCheapDegree
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">0.45882352</hasCheapDegr
ee>

</rdf:Description>
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Daily Menu Suggestion

Menu-2600-49 -
Menu-2600-50

my Menu 1

my Menu 2

today menu 1

today menu 2

Recommended Menu ;

Menu-2600-02 J
Menu-2600-03
Menu-2600-11
Menu-2600-12
Menu-2600-13 ~]|

Figure 4.9 Menu recommendation result list.
¢. Menu recommendation based on taste.

Taste will be the only one factor that is used in this recommendation process. There are five
kinds of taste; sweet, bitter, salty, sour, and spicy. Menus that have the information in the
membership degree of each taste will be included when a person preferred to get a recommendation

based on taste. The detail of each taste degree can be seen in Figure 4.7.

In the menu recommendation preference that is shown in Figure 4.5, a person needs to
select the taste that they prefer and the intensity of the taste. The intensity of the taste is the fuzzy
linguistic value. The linguistic value can be administered in the administration area by the
administrator. Admin not only can edit the linguistic value and its precise value but also can add
new linguistic value and delete linguistic value. Figure 4.10 is the administration page of the menu
recommendation based on taste. The other base value that can be administered is the tolerance value

of the membership degree of taste.
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Menu Recommendation BASE

<< Recommended Menu based on Taste >>

<< add linguistic fuzzy value >>

Tasta intensity fuzzy value list :

Linguistic Precise

little 0.2 edit delete
enough 0.4 adit delete
moderately 0.6 wdit defete
very 0.8 adit defute
totally 1 edit delete

<< add linguistic fuzzy value >>

Tolerance Value : ]0.05
Save I

Figure 4.10 Menu recommendation based on taste administration area.

Each membership degree value of each taste in a menu will be assigned as properties value
for five menu’s properties in ontology. Those properties are hasSweetTaste, hasBitterTaste,
hasSaltyTaste, hasSourTaste, hasSpicyTaste. The following XML script is an example of

OWL that stores those five properties:

<rdf:Description rdf:about="http://www.hatta.web.id/dailymenu.owl#Menu-2600-
11">

<hasSpicyTaste
rdf:datatype="http://www.w3.0rg/2001/XMLSchemaf#float">0.59</hasSpicyTaste>
<hasSourTaste

rdf :datatype="http://www.w3.0rg/2001/XMLSchema#float">0.02</hasSourTaste>
<hasSaltyTaste

rdf :datatype="http://www.w3.0rg/2001/XMLSchema#float”>0.59</hasSaltyTaste>
<hasBitterTaste

rdf :datatype="http://www.w3.0rg/2001/XMLSchema#float”">0.34</hasBitterTaste>
<hasSweetTaste
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float"”>0.79</hasSweetTaste>
<rdf:type rdf:resource="http://www.hatta.web.id/dailymenu.owl#Menu"/>
<hasCalorie

rdf :datatype="http://www.w3.0rg/2001/XMLSchema#int">2600</hasCalorie>
</rdf:Description>

To give the recommendation there will be a Jena rule that is generated. The following Jena
rule is the rule to give recommendation based on taste with the preferred taste that is very sweet

with tolerance value equal to 0.05:
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[hasRecommendedMenu:

(?p dailymenu:hasMenu ?m)

(?m dailymenu:hasSweetTaste ?t)
greaterThan (?t 0.749)

lessThan(?t 0.851)

-> (?p dailymenu:hasRecommendedMenu ?m) ]

?p is the person and ?m is the menu. 2t is the membership degree of sweet taste. As seen in Figure
4.9, the tolerance value is assigned in 0.05 and the linguistic value of very has the precise value 0.8
so the rules are generated to take the sweet taste menu with the degree greater than 0.749 and lower

than 0.851.

d. Menu recommendation based on favorite item.

In contrast with the prohibited menu exclusion, when the user picks some favorite items for
a recommendation, the ONPAS will recommend the menu which has the same food item. The
following Jena rule is the rule that is generated when a person picks to get menu recommendation

based on favorite item:

[hasRecommendedMenu:

(?p dailymenu:hasMenu ?m)

(?p dailymenu:hasFavoriteItem 7?fi)

(?m dailymenu:hasMenultem 2£fi)

-> (?p dailymenu:hasRecommendedMenu ?m)]

7p represents the person. 7m represents the menu and 7fi represents the food item which is

favourable by the person.

e. nu recommendation based on rate, v ri e and favorite i

Menu recommendation based on rate, vote and price, menu recommendation based on taste
and menu recommendation based on favorite item can be combined each other. The following
explanation describes the possibilities of combining all recommendation option. Figure 4.10 shows

all picked option in the preference of the menu suggestion and menu recommendation.
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Member 1D : 2

Name : [Dhomas Hetta Fudholi .

Gendar:lMab vl‘
Age:|23 year(s) *

Height: |170 em*

Weight: |52 kg *

Activity : [moderate | *
(don't know which one to choose?)

Food Abstinence (prohibited) :

’ wvnicken

r Duck _J
r Frog

M pork

Fruits and Products
™ apple

r Banana

r Durian

r Grape

r Guava

-
M Ad
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Preference

M Get Suggested Menu

W Get Recommended Menu
(how to get?)

M pick Favorite Item(s)

I buck :J
r Frog

r Pork

Fruits and Products
W apple

r Banana

r Durian

r Grape

r Guava

r Langsat

le L

W Choose Prefered Taste

Prefered Taste : ISweet v|
Taste Intensity :Iveqy v|

Figure 4.11 Personal data and daily menu form with all recommendation option is being picked.

All of properties value assignment that is done by each recommendation process is also

applied to this recommendation process. The following OWL is an example of the data that is

owned by ‘Menu-2600-11" as the result of the menu’s properties value assignment process for

recommendation:

<rdf:Description rdf:about="http://www.hatta.web.id/dailymenu.owl#Menu-2600-

117>
<hasExpensiveDegree

rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">0.2117647</hasExpensiveD

egree>
<hasLowRecommendationValue

rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">0.0</hasLowRecommendatio

nValue>
<hasHighRecommendationValue

rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">0.40888801</hasHighRecom

mendationValue>
<hasLowRate

rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">0.59111195</hasLowRate>

<hasMenultem

rdf:datatype="http://www.w3.0rg/2001/XMLSchema#string">Apple</hasMenultem>



80

<hasCheapDegree
rdf:datatype="http://www.w3.org/2001/XMLSchema#float">0.78823529</hasCheapDegr
ee>

<hasSaltyTaste
rdf:datatype="http://www.w3.org/2001/XMLSchema#float">0.59</hasSaltyTaste>
<hasCalorie
rdf:datatype="http://www.w3.org/2001/XMLSchema#int">2600</hasCalorie>
<hasLowVote
rdf:datatype="http://www.w3.0rg/2001/XMLSchema#float">0.0</hasLowVote>
<hasSweetTaste

rdf :datatype="http://www.w3.0rg/2001/XMLSchema#float">0.79</hasSweetTaste>
<hasTotalRecommendationValue
rdf:datatype="http://www.w3.org/2001/XMLSchema#float">80.0</hasTotalRecommenda
tionvValue>

<hasSourTaste
rdf:datatype="http://www.w3.org/2001/XMLSchema#float">0.02</hasSourTaste>
<hasHighRate
rdf:datatype="http://www.w3.org/2001/XMLSchema#float“>0.40888801</hasHighRate>
<hasBitterTaste

rdf :datatype="http://www.w3.0rg/2001/XMLSchema#float”>0.34</hasBitterTaste>
<rdf:type rdf :resource="http://www.hatta.web.id/dailymenu.owl#Menu"/>
<hasHighVote
rdf:datatype="http://www.w3.org/2001/XMLSchema#float“>l.0</hasHighVote>
<hasSpicyTaste

rdf :datatype="http://www.w3.0rg/2001/XMLSchema#float">0.59</hasSpicyTaste>
<hasMediumRecommendationValue
rdf:datatype="http://www.w3.org/2001/XMLSchema#float">0.0</hasMediumRecommenda
tionvalue>

</rdf:Description>

The Jena rule that is generated combines the rules from all recommendation processes. The

following Jena rule is generated when the option of recommendation is chosen as same as in Figure

4.10:

[hasRecommendedMenu:

(?p dailymenu:hasMenu ?m)

{(?m dailymenu:hasTotalRecommendationvValue ?7trv)
greaterThan (?trv 75.0)

(?p dailymenu:hasFavoriteltem ?2fi)

(?m dailymenu:hasMenultem ?fi)

(?m dailymenu:hasSweetTaste ?t)

greaterThan(?t 0.749)

lessThan(?t 0.851)

-> (?p dailymenu:hasRecommendedMenu 2m) ]

Figure 4.11 shows the result of the calculation, menu suggestion and menu
recommendation process from the input data in Figure 4.10. In Figure 4.11 there is one
recommended menu which has name ‘Menu-2600-11°. As mentioned before, ‘Menu-2600-11" that
is recommended to the user has all of requirements that the user request. It has Total
Recommendation Value equal to 80.0, has sweet taste membership degree 0.79 and has an apple in

the menu.
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Daily Menu - Result

Personal Data Data Calculation

Name : Dhomas Hatta Fudhali Activity Factor : 1.78

Gender : Male Basal Metabolic Rate : 1475.16 kcal
Age : 23 year(s) Total Energy Expenditure : 2625.78 kcal
Height : 170 cm

Weight : 52 kg BMI :17.99

Activity : moderate BMI Status : Underwsight

Abstinencs : Pork

Prefe Weight Balance Program :
reference l'_g_‘___'.

Most Recommended Menu : Yas Adle.SkgMeek

Favorite Item Apple
Praferred Taste : very Swaat Submit & ReCelculate I

Dally Menu Suggestion

Menu-2600-49 :]
Menu-2600-50

my Menu 1

my Menu 2

today menu 1

today menu 2

Recommended Menu :

Menu-2600-11

Prohibited Menu :

HaT Menu 2

Menu-2600-01 hd

Figure 4.12 The result of the calculation, menu suggestion and menu recommendation process.

4.1.3 Menu and Dish Creation Module

Menu and Dish Creation module consists of menu creation process, menu table creation

process, and dish creation process.
a. Menu creation

The creation of menu (daily menu) can be done in two ways. The first way is by filling all
of information that is needed to make one daily menu. The information should be accurate or come
from scientific literature. The first way can be only done by the administrator. The second one is by

arranging the dish from the database so that it becomes one daily menu.
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Menu creation from the literature needs all required information in the menu creation’s
form which is shown in Figure 4.13 to be filled. The information that must be filled is the name,
total calorie, menu items and the detail of the menu. The detail of the menu shows the dishes that
are inputted manually for the breakfast, lunch, dinner and additional snack for one day. The name of
a ménu cannot be the same to the existing menu in the database. Therefore, the system will check
automatically whether the name is already used. When all required field is filled then the
administrator can save it and the new menu will be shown in the menu list.

Add Menu from Literature

<< list of meanu >>

Attention | Plesse fill ALL required(*) fiald.

Name : | *

Calorie(s) :I _J keal *

Menu Items ; *

Fats and Oils
o Margerine

| Butter

3 Coconut_milk

Con

Finfish Shellfish Other Aquatic Animals and Products
O shark_fin
DCeet

D Grouper

[ S )

Price (approx.) : [:::] THB

Taste (degree) [0-1] :

sweet | | - pitter | | - satty | | - sour| | - Spicy | |
Detailed Item : *

HD[B 7 ysc|FEBEsies [frosgwh [ffortfonty [Fontsze |
A DRBBPALICEE|FEC|YyM|ealBdO=|BoR
Hadm|f Sy —QfE s |9 H=|@ | wn
o |Mlmemuac AARIITEOHIA- 218

Palit p Worde 0

Figure 4.13 Menu creation from literature form.
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4.2 System Evaluation

4.2.1 Evaluation of Research Objective

To measure the successfulness of the research, the final result of the research is then

compared by the goal of the research. The goal of this research is to build an Ontology-based

Nutrition Planning Assistance System (ONPAS) as a health control system. This system takes the

nutrition domain and built using ontology method. The following items show some functions that

are available in ONPAS:
a. Provides daily calorie needs information for a user,

The ONPAS Semantic Web has a module which is called Personal Data Calculation
module. This module provides the calculation of daily calorie needs. The user should fill
some personal data information. This module will provide the Activity Factor, Basal
Metabolic Rate, and finally the Total Energy Expenditure.

Provides menu suggestion which is daily menu to the user regarding to the user’s daily

calorie needs.
ONPAS has proved successfully to give menu suggestion which has balanced calorie with

the user’s daily calorie needs. The suggested menu is daily menus that consist of the

collection of dishes in each meal time in a day.

Provides menu recommendation to the user if the user prefers to get recommendation from
their menu suggestion.

The recommendation process is directed to give specific recommended menu from
suggested menu based on some factors. There are three kinds of menu recommendation that
are provided by ONPAS. The first is menu recommendation based on rate, vote and price.
This recommendation is aimed to give menu which has high rate, high vote but in cheap
price. The second one is recommendation based on taste. The user can pick his/her favorite
taste of food and the intensity of the taste. The last recommendation is based on the favorite
item. The user can pick some food items that is favorable to get recommended menu that

consists of the favorable items.
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d. Provides weight management program for adult by balancing the daily calorie needs.
Body Mass Index of adult user is also calculated when an adult user is getting their daily
calorie needs. When the BMT of the user is abnormal, ONPAS offers the weight balance
program to increase or decrease the weight. Personal Data Calculation module in ONPAS

is then recalculating the daily calorie needs of the user.

e. Provides menu creation feature,
User can make his/her own menu from the dish database. The dish database that is used in
this system is Thai dish database. The information of the food is taken from ASEAN Food
Composition Tables [6] and Thai Food Composition Tables [7). The menu that is made by
the user must have total calorie of menu balance with user’s daily calorie needs.

f. Provides a feature to make a menu table

ONPAS gives a feature to make a collection of daily menu in maximum 7 days (1 week).
User can have more than one menu table. This feature is created to maintain the balance of

daily menu taken by the user for maximum one week.

4.2.2 Evaluation of ONPAS Semantic Web

A web portal is a web site that collects information for a group of users that have common
interest [28]. Semantic Web portal is a web portal that developed using semantic web technologies.
ONPAS Semantic Web is also can be called a portal since it is a web and has some collections of

information in nutrition domain.

Holger Lausen et al (2005) presents evaluation scheme for Semantic Web portal in [29].
Figure 4.28 shows the scheme that is utilized for describing and evaluating Semantic Web portal. It
consists of three layers: Information Access from the user’s perspective, Information Processing

features of the portal and the Grounding Technologies.

The Information Access layer comprises features for interaction between user and the
system which are consolidated in a usability evaluation of the User Interface and in an assessment

of the portal as a web-application. The Information Processing layer covers the information item
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processing capabilities of a Semantic Web portal. For evaluation, the processing features and
realization techniques are inspected for each phase of information item workflow depicted in Figure
4.28. Additionally, collaboration features are included to expand the information exchange and
communication facilities of a Semantic Web portal. The lowest layer of the scheme encloses

technologies enabling features on the upper levels and hence is referred to as the Grounding

Technologies layer.

Information Access

+ 1]

> Creation > > Publicallon> >Organizauor> > Access > >Maimenanc>
- :T:' - e

4 4
Grounding Technologles !

—_—

ces):

Figure 4.28 Semantic Web portal layer [29].

The following description is the evaluation of ONPAS Semantic Web using the evaluation
scheme as mentioned before. The ONPAS Semantic Web evaluation is presented layer by layer in

tabular arrangement.
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General
Operating System ‘Windows, possible in Unix/Linux
Database MySQL
Document Repository [File System
Web Server Tomcat
\Applied Ontology Four different ontology
Ontology Language RDF, RDFS, and OWL

Inference Engine

Jena built-in inference engine

Data

Management

Ontology Editor Protégé
UI Technology HTML, CSS, JSP and JavaScript
Firefox 3.6, Flock 2.5, Opera 10, Safari 4, Google Chrome,
Browser Capabilities
Internet Explorer 8
System Technologies
- MySQL for raw data of menu, dish, user and some
other value,
Data Storage - OWL files to store ontology and data in ontology

which is accessible by using Jena Ontology API.

- Jena rules files to store the knowledge base rules.

Sorting & Indexing

- MySQL Query language can be used to sort the data
from MySQL database.
- SPARQL can be used to sort the information that is

extracted from ontology.

Data Transfer

- JDBC (Java Database Connectivity) for MySQL.

- Jena Framework API for Ontology stored in OWL

files.
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System System Administration (ONPAS Semantic Web server
Maintenance Security Technology  Different user role, password authentication
Semantic Web Technologies
4 different ontologies are used in ONPAS (Personal Data
Ontology Calculation ontology, Menu Suggestion ontology, Menu
Ontologies Recommendation ontology and Food Item Ontology)
Ontology Structure Ontologies are linked to several relations.

Inferencing & Reasoning

Jena built-in reasoner with Jena rules as the knowledge base

rules.

Ontology

Management

- User only creating new instance of Person class from

the main ontology model.

Editing
- Administrator creates the main model of all ontology
using Protégé ontology editor.
- User can update their own instance data in their
ontology.
Maintenance/versioning

- Administrator can change the main model of all

ontology by using ontology editor.

Ontology search for

Administrator

Not available

Standardization

RDF, RDFS, and OWL

Semantic Web Service

[Not available
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- Restricted to different user levels: administrator and registered

Creation user.
- Form-based (editing support).
ITwo level publication: private (visible for the owner and
Publication
administrator), published (to any visitor).
Organization Each user owns their ontology document that is stored as OWL file.
Access [No searching capabilities
- Registered user can only update the information in their
ontology.
Maintenance - Registered user can edit their menu and menu table creation.

- Only administrator can change the ontology model.

- Only administrator can change and delete the dish data.

Collaboration Features

INot available
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- The GUI of ONPAS Semantic Web is simple and easy to

use.
Usability
- Reference and additional instruction in each function is
also provided.
ONPAS covers the nutrition related information that includes
Coverage the nutrient intake and nutrient supplement that is realized in
balanced daily menu.
General [Maturity of - Complete for the certain objective in nutrition domain.
Assessment Implementation - Not yet used in the real world.

as Web Personalization &

Technology Collaboration

No personalization and collaboration features.

Consistency in

Information Access

Information provided is consistent since the main ontology

model used by every user is the same.

Help & Documents

Reference and some additional instruction is provided.

The evaluation has pointed out some strength and weakness as well in ONPAS Semantic

Web. The strong point is the development of ONPAS Semantic Web can cover all of objective that

explained in subchapter 4.2.1. ONPAS Semantic Web covers the objectives with an easy interaction

between the user and system. The easiness is provided from the features given in ONPAS Semantic

Web and the User Interface design of the ONPAS. Delivering the information to the user is also

becomes structured and clearly understandable. However, there are some other features that are lack

in ONPAS Semantic Web. ONPAS does not give a searching feature to search the information

inside the ontology and in the database. There is no personalization feature in the user area. ONPAS

is not yet designed to collaborate with other systems. ONPAS still can be developed and expanded

to be more interactive and useful as a health control system.



Chapter 5

Conclusion and Future Work

5.1 Conclusion and Discussion

In this thesis, a new ontology-based system is proposed and created to fulfill the motivation
in making a health control system for the human society. A system called Ontology-based Nutrition
Planning Assistance System (ONPAS) is made. ONPAS takes the nutrient as its domain. ONPAS
has achievement to develop an optimal nutritional status for the daily life of a person. The optimal
nutritional status is achieved when there is a balance making between nutrient intake and nutrient

requirement of that person (reference to Figure 1.2 in chapter 1).

The way of ONPAS in supporting the achievement on optimal nutritional status is by
comparing the daily calorie needs of person as the nutrient requirement with the nutrient intake that
should be taken. ONPAS calculates the daily calorie needs based on the TEE of person. The TEE
can be obtained by multiplying BMR and AF as seen in equation (2.1). To obtain the BMR,
Schofield equation is used. All of the calculation variables come from the personal data information.
ONPAS provides the form to be filled with personal data that is used to obtain the TEE. ONPAS
will suggest daily menu to the user as the nutrient intake. The suggested menu will have the balance
nutrient with the person need. The menu itself is designed as a daily menu with balanced

macronutrient composition.

Ontology brings the ONPAS into a Semantic Web. Semantic Web is the most advanced
web technology for now. It stays at the top of the web evolution era (reference to Figure 2.1 in
chapter 2). Ontology is used as a methodology to bring out the semantic in Semantic Web
technology. By using ontology, data is published using common vocabulary and grammar which is

triples of subject predicate and object. The data is also ready for inference [3].
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In addition of ONPAS feature, a recommendation support is provided to give more
proactive function. To be more specific in giving recommendation fuzzy concept is used. A new
concept in combining fuzzy and ontology is explained in [27]. By taking the concept of the fuzzy
ontology, ONPAS perform the real implementation of fuzzy ontology in Semantic Web

applications. The function is modified to fits triples concept of ontology. This recommendation is

intended for the suggested menu.

Another feature is given to user that wants to make menu and menu table (collection of
daily menu for maximum 7 days). This feature is supported by the database of Thai dish and food
that is taken from [6] and [7). The Thai dish and food data will be the boundaries of the food and
dish data used in this system. The creation of menu table is also supports the weight balance
program feature. Weight balance program feature from ONPAS is dedicated to an adult with
unbalanced body weight. The measurement is taken with BMI calculation. A user can increase or
deérease the weight by maximum 1 kilogram in a week regarding to the modification in food calorie
intake. Therefore, the creation of menu table can be very useful. In other occasion, hopefully, the
creation of menu table can support the nutritionist in the hospital or other health support company to

create balanced daily menu.

ONPAS Semantic Web application is successfully implemented as an ontology-based and a
web-based system that fulfill the objective of this thesis. Chapter 4 shows the implementation
completeness of this system creation based of the objective mentioned in the chapter 1. ONPAS
provides daily calorie needs information, gives menu recommendation to the user, offers menu
recommendation for the user, offers a weight management program to adult user, provides menu
creation and menu table creation to support the nutrient intake from a daily menu with Thai dish and
food. Those following feature is the way of ONPAS in supporting the achievement of optimal

nutritional status.
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5.2 Future Work

The achievement of the objective mentioned in this thesis is fulfilled but there is nothing
perfect. ONPAS Semantic Web application still can be developed to be a better system since there

is still some feature is not available as evaluated.

The more concepts in nutrition domain that can be effects the nutrient intake suggestion can
be considered as the most important to do in the future. The influence of diseases and training in the
nutrient intake can be the addition in the concept for further development. It will need the

collaboration with professionals of nutrition knowledge to make this happen.

The feature of the ONPAS Semantic Web can also be improved. The mobility of person in
the real world is getting high. Therefore, the ONPAS can be developed as an agent based service

that can be obtained in every part of the word and in every mobile device.
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Abstract- The daily useful nutrition needs hecome important
Information to be given to the- society. Otcirrefice of many
nutritjon cases, such as obesity, overweight or even underweight,
shows that the society have. not been given an appropriate
information about thelr recomménded diily values. for key
natrients and also the suggestion of their dafly :menus. In this
paper, we désign ontology-based daily menu assistance system.
Asing the Indonesian food a3 a cse study. The ontology is & simple
methodology to-describe the concept of an expert system. We have
used it to model a nutrition needs domain in the information of
healtli contro] system. This methodology is used to advise the
appropriate Indonesian foad menus to anyone based on their
peisonal-diata, calories needed, activity factor, and abstinence.

I.  INTRODUCTION

States of ‘nutritional deficiency or excess occur when the
nutrient intake is not balanced with specific requirements for
-optimal health[1].

People are able to know what they have to eat in order to
develop an optimal miritional status by kmowing how much
calories they need and the suitable suggestion of their memus.

An individual’s nutritional status reflects the degree to which
pbysiologic needs for nutrients are being met. When adequate
nutrients are consumned to support the body’s ‘daily needs and
any increased metabolic demands, the person. develops an
optimal nutritional status. This status promotes growth and
dévelopmert, maintains general health,. sypports activities of
daily living, and helps protect the body from disease and
illness [1).

Sernantic web technology is applied into dajly tmemu
assistance system. One of sermntic ‘web technology is using
ontology to design and implement an expert system.. Ontology
is an explicit specification of a conceptualization [2). It
explains about a concept in some domains; properties and
atiributes, and roles (limitation)- of the concept. Ontology has
been proved to be very useful in sharing concepts across
applications in an unambiguous way and also conceived as a
good mechanism to describe the shareable and common
understanding in a domain concept. There are many researches
in healthcare and medical fields using a semantic web
technology, one of them is 3].

IIl. LITERATURE REVIBW

A Energy Requirement
The energy requirement of an individual, in a state of
desirable equilibrium, is equal o the energy expenditure. In

“This research is funded by ASEAN University Network/Soptheast Asia Engi

ing Beucation Dev

some clinical situations, where an improvement in nutritional
status may be advisable, the energy fequiremerit may be set 3t a.
higher level than the energy expenditare in order to produce,
teniporarily, a positive energy balance [4). One of the
methodologies to measure daily egergy expenditure ig by
miltiplying Basal Metabolic Rate (BMR) with Activity Factor
(AF) which will be dependent on the degree and duration of
physica] activity or Physical Activity Level (PAL) [4]. The
daily energy expenditure will be represented as Total Energy
Expenditure (TEE) and (1) is the equation to calculate TEE.

TEE=BMR x AF Q)
TEE. : Total Energy Expenditure (kcal/day),
BMR < Basal Metabolic Rate (kcal/day),
AF : Activity Factor.

The report from the 1985 Food and Agricnlture Organization
(FAQ) / World Health Organization (WHO) / United Nations
University (UNU) expert consultation used a set of equations

_derived mostly from studies in Western Europe and North

America which is Sckofield equation to calculate BMR based
on person’s age [5). The set of equations can be seen in table 1.

TABLE 1

EQUATIONS FOR ESTIMATING BMR FROM BODY WaIGHT (W')
Age (Years) BMR: kcal/day

<3 (59.512 % W) - 30.4

3-10 (22706 % W) +504.3

L2 10-18 (17686 x W)t 6582
2 18-30 (15.057 x W) + 692.2
30-60 (11472 x W) + 873.1

> 6 (IL711 x W)+ 587.7

<3 (58317 x W)-131.1

3-10 (20.315 x W) + 485.9

é 10-18 (13384 x W) + 692.6
Pid 1830 (14.818 x W) + 486.6
30-60 (8.126 x W) + 845.6

>60 (9.082 x W) + 658.5

W' is body weight in kilogram(s)

Activity Factor (4F) is a factor used in the equation to
determine energy needs that takes into consideration. In every
range of age activity factor would be categorized in different
value.

Japan International Cooperation Agency (JICA).

978-1-4244-3388-9/09/825.00 ©2009 [EEE

lopment Network (AUN/SEED-Net) project through the
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The activity factor for-children &nd adolescents was. studied
with doubly-labeled water, heart rate. monitoring and time
allocation [4). Table 11 shows different AF allocation for
different age in children and adolescents. Children and
adolescents withi light physical lifestyles are they who every
day spend several hours at schiool. and spénd most leisure time
in activities ‘that requiré lLittle physical effort. Children and
adolescents with heavy lifestyles are they who walk long
distances every day -and/or practice sports or exercises for
several hours, several days of & week. Children and adolescents
with habitual physical activity that is‘more strenuous than the
light lifestyle, but.not as demanding. os the heavy lifestyle,
would qualify in the sategory of moderale [5).

X TABLET
ACTIVITY RACTOR OF CHILDREN AND ADOLESCENTS
| Age (years) Sex Lipht Moderate Heavy
1-5 ‘Mhale, Female 1.44 1.61 -
6-13 Male 154 1.75 1.96
14-18 Male 1.60 1.82 2.04
6.13 Female 1.48 1.68 188
14-18 Featials 146 1.66 186

The FAOAVHO/UNU Esxpert Consultation suggested- the
average diily physical dctivity of adults ‘whose occupatiénal,
work ig-classified as Jight, moderate, and heavy. It is show in
table I1I [4]. Adult people with Zight activity are people who
have occupations that do not dernand much physical effort and
spend most of their leisure time sitting or standing, with little
body displacement. People with moderate lifestyle are people
that-have occupations that are not strenuous in terms of energy
demands, but involve more energy expenditure. People with
heavy lifestyle are -people that engage regularly in strenuous
work or in strenuous leisure activities for several hours {5].

TABLE T

ACTIVITY, FACTOR OF ADULT (18 - 64 YEARS)
Light Modesate Heavy
Malo 1.55 178 2.10
Femals 156 1.64 1.82

The AF for older individuals was studied form older people
in the mean ages of €474 years [4]. Goran&Poehlman (1992),
Roberts et al (1993), and Pannemans&Westerterp (1995) study
using the doubly labeled water:meihod result the average AF
“for plder individugls which is shown in Table IV.

TABLE IV

AC"VTEY FACTOR OF OLDER INDIVIDUALS
| Male l  Pemale ]
| 1.77 | 171 |

B.  Daily Menu

Menu is defined by food composition that is consumed by
someone for his/her meal in one meal time or one day.
Balanced mem is a menu which cansists of varied foods in
appropriate quantity and proportion, to fulfill the nutritional
needs of somebody [6).

To calculate a total calorie which is contained in every menu,
we use a software named NutriSurvey. This software tool is the
English version of the professional German nutrition software
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(EBISpro) which is developed by Dr. Juergen Erhardt from
Hohenheiin University, Germany. It contains all useful
functions which are typical for this kind of software Such as
nutrjent analysjs and calculation of energy requirements,
planning of diets, searching of mutrients in foods, bandling of
recipes, etc. This software can be used by every people in
various countries who have different food, because it provides
many food datgbases from dll -over the world including
Indanesidn food database that can be easily integrated. Some
researches or suryeys also use this software 1o analyze their
consumption.data, one of them is [7].

m. SYSTEM ARCRITECTURE

The daily ménu assistance framework proposed in this paper
is shown in-Fig. 1. It consists of stven modules; they are user
interface, tomcat server, information database, inference agent,
inference engine, infefence tules and the ontology itself. Firstly,
usets will input their personal-data which is needed to calculate
the energy-expehditure. Next, the system will calculate the data
to get.the appropriate information such as AF and TEE, Then,
inference rules which are ran by Jena inference engine will
give-an appropriate- menu from ihe database. Jena is a free.Java
Tramework for tuilding semantic web applications and a rule-
based inference engine.

fongi]

Figure 1. Daily menu assistance system architecture.

IV. ONTOLOGY AND APPLICATION BULLDING

The design of ontology is built in an Extensible Markup
Language (XML) file called OWL. OWL (Web Ontology
Language) is a web language which intends to interpret the
web information into the machinereadable content with
semantics,

A. Onmwlogy Design

Daily putrition ontology has four main classes as shown in
Fig. 2. They are Person, Activity, Indonesian Food Menu, and
Weight Balance Program class. Each class has its own
property which is explained below. The property of each class
is shown in Fig. 3.

Person class is divided into six subclasses regarding to the
Schofield equation. This class has few elements, which are
gender, weight, height, age, abstinence and activity.
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Abstinence is food which is prohibited for a person to eat in
case of allergy. Using these elements we can define the AF and
-TEE.so that a petson could get an appropriate menu based on
‘This/her TEE and abstinence.

IAocumus[ Persan Daty tuwmon]. [indonestan Food Menu]
LT L |

Age 30

Activily Wight Bataoce Program

Age 10:17

Age 18-28

e 3050 g0 1-8] [age 6-13] Tage14.17] [Age 12.63] [Age 64 mna azow
'Age 50 and Above

—— (Lusdsma of

Figure 2, Ontology class fordaily menu assistance.

Activity.class has five subclasses. The value of AF is specific
in every range of age and in different:gender. It fizs two values
that are stored in this class; they are male AF and female AF.

Indonesian Food Menu class has two properties ‘which are
calories and menu item. Daily ‘menu assistance system will
give an- appropriate Indonesian food menu as a final result. It
will show the menu item to the user.
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Figuse 3. Class propertics of daily menu assistance antology.

Weight Balance Program class contains functions to manage
body weight. BMI (Body Mass Index) will be calculated and
the system will give a status.whether a person has underweight,
normal weight, or overweight. A person can select one of the
programs after seeing the BMI status. The functions of this
program is gaining or losing 0.5-] kg of body weight in a week
by increasing or decreasing 500-1000 kilocalories in a day
from the total daily calories. The range of body weight balance
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is the safest but slow way to manage body weight from food
conSumption. Extreme diet can effect in. ohe’s health to
nutrient deficiencies and psychological disturbance [B]. This
class will be cansidered to give an appropriaté balanced meru.
B. Inference Rules

Sorhe inference rules are -defined to give appropriste
Iidonesian food menus for the user. The rules are defined
using Jena rules syntax sincé we use Jena as an inference
erigine. These rules and personal data will be used by inference
ehgine to define an appropriate menu for the user.

We will explain few rules of this system. They are
ActivityFactorRule, MenuRule, and ProhibitedMentuRule. We.
have 'to define the URI (Uniform Resonrce ldentifier) .in
ontology model as an identifier. Daily menu assistance
ontology uses ‘nutrition’ as variable for the URI. Getting ar
appropriate menu requires a atching method between
person’s calories needs and menu calories. Firstly we need to
calculate the TEE of a person.

[ActivityFactorRuleforMale: R1
{?p mutriion:hasGender *Male®) r2
(?p mutrition:kasd ctivity 7a) ) :<}

Pa nutritfon:hasMaledcsiig:Factor 2af) 114

S(?Pp nutrition:hasdctivityFactor ?af)]

[hasMenuRule: _ R6
(¢ nutrition:hasTEE ?tee) R7
(?mnutrition:hasCalories ?tes) R38

2 (?p nutrition:hasMents ?m)] R9

[hasProhibitedMenuRule: R10
(p mutrition:hasMenu 7m;) R1l
(?p nutrition haxA bstinence ?abs) R12
(?m nutritlon:hasMenultem 2abs) R13

3(2p nutrition:hasProhibitedMenufordbstinence ?m)] R14

Daily activities. are defined with only the category of light,
moderale and heavy. We use ActifityFactorRule to get the.
value of AF from the activity class based on the person’s
gender. ActivityFactorRule is divided into two because we
have two genders which are male and female. We only give an
example for male which is ActivityFactorforMale (R1). ?p
represents a person, 7o represents the daily average activity
(light, moderate, heavy), and ?af represents the value for AF.
Firstly, the rules make sure what gender that a person has (R2),
then look into daily average activity they have {R3), and.
finally take-out the value of AF (R4) and put it in the new
asserted property of Person class (Fig. 3) which is
hasActivityFactor (RS).

After calculating the TEE for a person, the system will
execute hasMenuRule to get an appropriate menu for the user:
by matching th¢ TEE and the total calories of menus.
hasMenuRule rule (R6) has some declaration. First, (R7)
declares that a person (*?p’) bas.property hasTEE which is.
equals to some value and stored in ‘?tee’ variable. Next, a
menu (‘?m") has value in hasCalorjes property which is the
same as the value in ‘?tee’ variable (R8). Finally, a new
asserted property hasMenu as shown in Fig. 3 which is owned
by Person class in (R9) will give an appropriate menu (*?m’)
for the user. If a weight balance program selected, the system
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will recalculate TEE with the calories addition or calories
reduction. It will give the person a pew menu in
hasMenuBalance asserted property which is-shown in Fig. 3.

When a person has an abstinence to eatkinds of foods, the
hasProhibitedMenuRule will take out the menu that has a food
in  meon  jtems which is  prohibited 1o eat.
hasProhibitedMenRule (R10) will toke information what
menus (?r) that a person (?p) has (R11). Then, it will compare
the prohibited food from a person (R12) and menu items in the
meém (R13). If it is match, the person will has a new asserted
property hasProhibitedMenuforAbstinence (R14) of a certain
medu (Fig. 3).

C. dpplication-and Result

Daily menu assistance application is a web-based semantic
application. Java Server Pages (JSP) technology used to build
this. application. The application has four main modules, they
are home page, daily menu page, reference page, and contact
page. Home page gives a brief knowledge about this
application. Daily menu page is the core of this system because
in this module we give' thie adyice of an appropriate daily menu
for'the user. Reference page gives some detail knowledge and
explanation about how to calculate TEE, BMR, BMI and slso
how to.define AF.

To use the deily menu system, user needs to fill in some
personal data such as name, gender, age, height, weight,
activity and abstinence. Fig. 4 shows an example of user
interface of personal data input end final result in giving
appropriate menus. In the example, we put a person named
‘Hatta’. He is 22 years old male. He has 170 em of height and
50 kg of weight. He has moderate activity and shrimp is his
abstinence in food. Daily menu assistance system then defines
the AF and caleulates the BMR, and TEE so that it can give an
appropriate daily menu based users calories need and his
abstinence. It also gives the BMI calculation result and status
so that user can choose whether he/she want to follow the
weight balance program. Weight bzlance program will
recalculate daily calories and menu result -for users if selected.

Daily Mcnu Advise Daily Menu Advise
Peryons) Data Rewnit

H Rato 144,05 keal
Hasne -}Hata luduhashctindyFoctos 1,78
Gencer.[iwle 2] Hatta basTotalEnacgyExprodiue 2572169 keol
Age:f2 yearis)
Heght [0 em :: ke u?_m_a Mm._mmms
weige Fo kg

Hiea hasBMI 17301037
Anl'iy:luodm > Hora has BMISaor Underoeigh
Pood Absnence - rm I———-————-—_]sx;sm"'t" Progm?

Subent Coloulote | Froceas |

Figurc 4. Example of input data and final result in giving appropriate menus.

When people want to know the detail of menu items from a
certain menu, they can click the menu name to get the menu
detail. Fig. 5 shows an example of detailed menu *‘Menu 2600
A,
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Figure 5 Example of detailed menu items of a menw.

V. CONCLUSION AND FUTURE WORKS

We have desigried and developed the daily inenu assistance
using ontology concept including the knowledge of the domain
concept and its relationships. We also have implemented it in
the semantic web application. Daily menu assistance system

‘can give in appropriate food menu based on personal .daily

calories needs. It can be one way to maintain daily healthy life.
We can expand the foods menu not only Indonesian foods
menu since Indonesian foods only the case study. Our future
work would be extending the ontology and decision factors so
that many advices can be provided. Soft computing technoltgy
can be also applied to get more precise in advice resulf.
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-Abstract—We develop a daily menun assistance-system which i
‘buili to give a suppested daily menu based on daily calories need.
1 this paper, we design a recommendation feature using fuzzy
ontology to give menu recommendation by few factors, such as
price, rate, vote and taste, since so many menus are suggested.
Protépé, SWRL (Semautic Web Rule Langnage) and SQWRL
(Semantic Query-Enhanced Web Rule Language) are used to
shgor that this feature provides user the more specific,
recommended and preferable menus. Protégé, an open-source
ontology design software, is used fto develop wmenn
Fecoaméndation ontology. SWRL I8 used to build furzy ontelogy
classes and properties mapping, and also calculations. SQWRL
pi¥forms a query {n menu recommendation results.

[. INTRODUCTION

Ontology has been proved to be very usefitl in sharing
concepts across anplications in an unambiguous way and also
‘conceived as a good mechanism to describe the shareable and
common understanding in a domain concept. Ontology
supports information exchange based on semantics rather than
just syntax [1]). The view point in en individual’s outritional
stats reflects the degree to which physiologic needs for
nutrients. This status promotes growth and helps to protect the
body from discases {3]. Daily mem assistance system has been
created using ontology and takes issues in nutrients domain [2].
‘The system gives a suggestion of a balanced nutrient daily
menu based on user’s daily calories need.

A system that is integrated with recomnmendation support
can provide a more personalized and proactive functions [4].
We.design a recommendation feature to support the daily menu
assistance system's decision processes. We add rate, vote, price
and taste factars into the system. To get more precise and easy
usage of the system, the factors would be in vague form, for
example, “enough sweet food”. Fuzzy concept is used to bring
out the vague and imprecise value handling. Since the daily
meny assistance system is an ontology-based system, the fuzzy
concept will be integrated into the ontology.

Protégé is developed in Stanford Medical Informatics [5]. It
supports OWL (Web Outology Language) that intends to
intérpret the web information into machine-readable content
with semantics. SWRL, a W3C member submission [6], is an
effective representation for translating data between different
ontologies. This includes mapping of classes, properties, and
values, It also has structural transformations, unit conversions
and other calculations. SQWRL is then used o perform a
query in the menu recommendation result. SQWRL provides

978-1-4244-5016-9/09/525.00 (©2009 IEEE

SQL (Strirctured Query Language)-like operations to format
knowiedge rettieved from OWL ontology. SQWRL is defined

‘using a library of SWRL built-in that effectively tums SWRL

into a query language [7).

This paper is organized as follows. Section I gives a brief
Teview in fuzzy scts, fuzzy ontology and daily menu assistance
system. Section IIT explains the concept design of the
recommendation feature. Section IV shows experimental resukt
from the memu recommendation feature.

II.  LITERATURE REVIEW
A.  Fuzzy Sets

Silvia C. et al gave some short end compact description it
fuzzy sets [1]. Let us consider a nonempty set of objects U,
called the univetse. A fuzzy set is defined as a [0, 1]-valued
fimetion on U, f: U > {0, 1]. Given an object x € U, f{x)
represents the membership value of x to the set £ . The
definitions give a basic knowledge in how a fuzzy can handle
the vague and imprecise things with giving & degree into the
value. Defining fuzzy value can be done in two models,
linguistic and precise. Table I shows an example of defining
fuzzy value. Precise fizzy modeling is used to get a good
accuracy. The main objective using linguistic modeling is to
obtdin fuzzy value with a good interpretability.

TABLEL MODELING OF FUzzy VALUB
I Linguistic | litde | enough | moderatet
Precdse | 02 ] 04 | 06
B.  Fuzzy Ontology

A fuzzy ontology that is described by Silvia C. et al [1]1s.
an ontology extended with fuzzy values. We can assign fuzzy
ontology through the following two functions:

[ : (Concepts L Instance) * Properties > Property_Value *
[0,1], such as f{MenuA, taste) (sweet, 0.8) and

g : (Concepts L Instances) % (Properties \ Property_Value)
- [0,1], such as g(Menud, cheap)=> 0.3

Applications using fuzzy ontology can combine function f
and g using logical operation such as OR and AND. OR fuzzy
operator takes the maximum valuc and AND fuzzy operator
will take the minimum value of the related sets {8].

T very [ wtally |
1081 1.0 |

C. Daily Menu Assistance System

‘We use ontology to model a nutrition ueeds domain in the
information of health control system. This system is called the
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daily menu assistance system [2]. It was created as a semantic
‘web based spplication. It is ysed fo suggest the appropriate
daily merus to anyone baseéd on histher personal data, daily
calories need, attivity factor, and abstinence. Fig. 1 shows the
ontology “design of the daily menu assistance system. Menu
recommendations and preferences will be very: useful for the
user to choose the preferable menu because there will be so
matry menus suggested by this system.

Calorias
Manu llern

Figure 1.  Ontology design for daily menu assistance system.

Il SYSTEM AND CONCEPT DESIGN

A. Ontology Design for Menu Recommendation

Adding recomtiiendation cad give a ¥iew point to the user
in choosing mieny, We mbke two recommendation processes
MRP-1 and MRP-2. -1 is a menu recommendation
process based on mem’s rate, vote and price. MRP-2 is 2 mem
recommendgtion process based on the menu'’s taste. These two
processes can be combined if preferred. All recommendations
are calculated and compared between menus which are
suggested to the user, not'all memus stored in database.

Based on MRY-1 and MRP-2, we made the ontology design
for menu recommendation as seen inFig. 2. There are six main
cohcepts, Person, Meml, Taste; Price, Vote-and Rate. Person
hasthreé properties in Menu. hasMenu property ctontains all
menus which are saggested to the user. hasRecorenendedMenu
property is an asserted property that is given by MRP-1 and
hasPreferredMenuofTaste is an asserted property that is given
by MRP-2. Menu bas four propetties, hasTaste, hasRate,
hasVote tnd hasPrice. These four properties are used to infer
the recommendation to Person. Taste is tategorized into five
tastes; swecl, biiter, salty, sour and spicy. Price is-categorized
into two; cheap and expensive. Vofe and Rate is categorized
ioto high and low. Since it uses a fuzzy ontology, edch of
categorization contains the membership degree (md) = {0,1).

B. Menu Recommendation Process. MRP-1

The rate of menu means the point that menus get from user
appreciations. The vote of mem is the total amount of rate
which is giverr by the user. The price of menu is the value of
average.amount of money to make 4 certain memu.

1. Value Calculation of Rate, Vote and Price in MRP-1
The way 10 get the value of Rate is by using the five stars
rate, ie. 0, 1, 2, 3, 4 and 5, will equal to assign md, 0.0, 0.2,
0.4, 0.6, 0.8 and 1.0, respectively. Fofe means how many user
vote for a menu. The calculation of Rate and Vofe is shown in

(1) and (2) respectively as given below. Finally, the cost or
price of the menu.will be used as the value of Price.

Figwe2. Ontology design for menu recommendation.

Few of build-in functions in. SWRL that we use to simulate
the calcylation process in Protégé are; (i) swrlb:add (satisfied
iff the first argument is equal to the arithmetic sum of the
second argument through the last argument), (i) swrib:subtract
(satisfied iff the first argument is to the arithmetic
difference -of the second argument minus the third argument),
(iii) swrib:multiply (satisfied iff the first argument is equal to
the arittmetic product of the second argument through the last
atg\nncnt) ‘and (iv) swrib:divide. (sansﬁcd iff the first.argument
is equal 1o the arithmetic quotient of the second argument
divided by the third argument) [6].

Rule-1 shows how SWRL with its built-in functions can be
used to calculate the value of Rafte. ?m is menu, ?s0 to ?s5
represent the amount of rate in each star. Rule-1 retums a value
?tr as a value of Rate in a memmu.

_ (fa1x0.2)+ (a2%0.4)+ (a3x0.6) + (a4 x0.8) + (a5 x1 ) Y

Rate
(c0+al+ a2 + a3+ ad+aS)

Votes =T:—, v=al+al+a2+ad+ad+as @

abzmount of 0 star rate, al:amount of ] star rate, a2:amount of 2 stars rate,
a3:amount of 3 stars rate, od:zmount of 4 stars rate, aS:amounl of § stars rate,
v :amount of votesinamenu, F :amount of votes in suggesied mestus.

Rule-1:
hasOSTARratings(?m;7s0) A has]STARratings(?m,?sI) A
has2STARratings(?m,?s2) A has3STARratings(?m,?s3) A
hosdSTARrotings(?m,?s4) A has5STARratings(?m,?s5) A
swribmmultiply(?m1,751,02) A swribmultiply(?m2,252,0.4) A
swrlbamultiply(?m3,253,0.6) A swribmndtiph(?md,?54,0.3) A
swribamultiphy(?m3,?55,1.0) Aswrib:add(?add, ?m1,2m2,7m3,2m4,7mS5) A
swrib:odd(Psum, 750,251,252,753,754,755) A swrlb:dvide(?tr,?add, ?sum)
— hasTotalRatingValue(?m, ?ir)

2. Fuzzy Ontology Sets in MRP-1

Fig. 3 shows the trapezium type membership function
which is used to define the md of Price, Rate and Vote. The x-
axis is the concept’s real value of Price, Rate and Vote. The y-
axis is the md of fuzzy set. facp, fopemive, flows 2D fhign a1 the
membership functions for cheap- price, expensiye price, low
rate or Jow vote and high rate or high vote, respectively.
Variable g and & in fu.q, 204 fpenive is the limitation value of
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cheap price and expensive price. Variable g and b in fi and
Juignis the limitation value of low and high in rate and vote.

Protégé does not have any feature to'define md directly. It
can only define the concept, the property and ‘the ‘property
value, We then declare fuzzy ontology functions by potting
the property value along with-the property, and make the md
as the value, For example, AMenu20004price) = (cheap,0.7)
means that the individual Menu20004 has hasCheapPrice
property with property value equals to 0.7 and we use this
value as the md of cheap.

All of membership finctions are then built in SWRL.
Rule-2 is onc example of SWRL representation for fy., to
define the md of cheap from a certain price in a menu. ?m
represents menu and 7p is the price of menu. ?c represents
variable a and ?e represents variable . The ofher three rules
£Or foxpensives fiows a0 fhign are built in the similar way.

(® ®)

Figure 3. (a)Puzzy set membership fundtion for Price, {t)Fuzzy set
membership function for Rate and Vote.

needs the result of low; medium and high recommendation
value from evaluating fuzzy rules. Rule4 is the SWRL
representation for (3). This ryle produces total recamméndation

.value (/) for a menu (?m).
TABLE Il Fuzzy RULES N MRP-}
Forzy Rale No. 121314151617 8
Rate_ R A A
Vote HIB|L{L|JL|L]H H
Price EJCIEJCIE]C|E C
Recommendation LOW MEDIUM | HIGH
AL+ Lowy H > High, C: Choap, E : Expensive
Fuzzy Rule No.8:
IF Vote ts kigh AND Rate is.high AND Price is cheap
“THEN Recommendation is high
Rule-3:

‘hasHighRate(?m,?hr) A hasHighVote(?m,?v) A hasCheapPrice(Tm,7¢) A
swrib:lessThan OrEqual(?}, ?hv) A swrib:lessThanOrEqual(Phr, ?c)

— hasHighRécommendationVolue(?m,?hr)
hasHighRate(?m,?hr) A hasHighVole(2m,?hv) A hasCheapPrice(?m,7¢) A
swrib: Is.rﬁanOrEqualﬁlrv 7hr) A swrib:lessThanOrEqual(?hv,7c)

—+ hasHighRecomanendationVahe(?m, ?hv).
hasHighRare(?m, ?hr) A hasHighVote(?m,?hy) A hasCheapPrice{?m,?c) A

-swrib: IcsThmOrquml(?c, ?hr) Asvwrlb:lessThanOrEqual (?¢,?hv).

— b 1z°| "u?uc(?}’l,?c)

Role-2 :
hasLimitValue(Cheup,?c) A hosiMemPrice(?m,?p) Aswrib:lessThan(?p,?c)
—+ hasCheapPrice(?m,1.0)
hasLimitYalue(Cheap,?c) A hasLimitV alue(Expensive,?¢) A
hasMermuPrice(?m,?p) A swrib:greater ThanOrEqual (7p,2¢) A
swrib:lessThan(?p,?¢} Aswrlb:subtract(?r,?e,?p) A
swrib subtract(7sub,?e,?¢) Aswrib:divide(?div,?r,2sub)
— hasCheapPrice(?m,?div)
hasLimitValue(Expensive,?e) AhasMemPrice(?m,?p) A
swrib:greaterThanOrEqual(?p,?e)
—» hasCheopPrice(?m,0.0)

3. Fuzzy Rules in MRP-1

MRP-1 needs sbme fuzzy rules tb get the value of
recommendation. Table II shows eight fuzzy rules which are
used in MRP-1. We use AND operator in every rule. The way
to specify the rules from Table I can be explairied as follpws.
For example, Fuzzy Rule No.8 declares that we give high
recommendation of some mems if the menu has high vote,.
high rate and cheap price.

Rule-3 is SWRL rule languige feprejentation for Fuzzy
Rule No.8. Variable 2m is men, ?¢ is md of cheup, ?hv is md
of high vote, and 2hr represents the md of high rate in a menu.

4. Deffuzification of MRP-1
Defuzzification process is needed to get the crisp value of
recommendation. We usc a singleton finction for total
recommendation value defuzzification as shown ih Fig. 4. The
degree of recommendation is divided into three degrees; low
(20 points), medium (50 points) and high (80 points).

Calculating Total Recommendation Value (TRV) can be
done by weighted average calculation in (3). The equation

medium hgh

mombership degres

20 5
fotal recommendation yalue
Figure 4. Defuzzifition function of total menu recommendation points.
_ (lrv x20) + (mrv x50) +(hrv x80) 3)
Irv + mrv + hrv

TRV

TRV :Total Recommendation Vale, &»  : low recommendatian value,
v :medium recommendation value, frv  : high reconmmendation value,

Rule4:

thawR:m»mdnﬂnnValue(’m ) n

has Med? dationValue(Pm, 2mv) A
hmHIghRecammenda:‘onValue{’m 2hry) A

swrlb:muitiphy(?null, ?1rv,20.0)A swrib:madtiply(7mul2, ?mzy, 50.0) A

‘swrib:multiply(? nuul3, Phrv,80.0) A swelb:add(Padd], ?mill, Phad2, Pmul3) A

swilB:add(? add2,21#v, Pmerv, 2hrv) A swrlb:dvide(?4 Padd], add2) ~
—+ hesToralRecommendationValue(?m,?t)

C. Menu Recommendation Process: MRP-2

MRP-2 will take out the preferred menu based on the taste.
We also use the fuzzy concept. By defining md in taste, it will
give more precise result since a very spicy menu is different
from a little bit spicy enu. Taste’s md can be assigned

" directly by putting some values For example, Menu20004 has

very sweet taste. Based on fuzzy value’s modeling in Table I,
we can write it as follows, {Menu20004,taste) = (sweet,0.8).
MRP-2 process does not need a fuzzy rules and defuzzification
because it only depends on one factor, taste. Tolerance value is
added when querying menu with preferred taste. It extends the
query. It also can give more choices even if there is no menu
which has Tasfe’s md exactly matches with user’s request.
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IV. EXPERIMENTAL RESULT

A. Examples of Data Calculation

We take 50 sample menus data which is given to a person
with random value of price, vote, rate and taste for simulation
of MRP-1 and MRP-2. We calculated these sample data and
resulting TRV and membership-degree of taste. Fig. 5 shows
the distribution of TRV in 50 sample menus. The x-axis is the
range value of TR¥ and the y-axis is total count number or the
amount of menus. Fig. 5 shows that the amount of menus
which bas TRV range from 80 to 82 points is 17 menus. Fig.6.
shows the random membership degrees of sweet taste which
are.given to 50 sample nrenus.
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Figure 5. TRV distribution with 50 sample data.
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Figure 6. Sweet membership degree of 50 sample menus.,
B. Query Example

We design query example using SQWRL in Protégé to be
the final step to get recommended menus from MRP-1 and
MRP-2.

Query-Rule 1 represents the query via process MRP-1. 1t
takes out strongly recommended menus (?m) that is suggested
to a person(?p). We assign “strongly recommended™ to the
menu which has TRV(?1rv) equal or more than 80.0. Fig. 7 is
the result of the query and shows information that person
Person_ONE has 17 menus which has TRV point equals to
80.0 or more.

Query-Rule 2 represents the query via process MRP-2.
We use a linguistic fuzzy value according to Table I. This
query takes out the menu {?m) from a person (?p) which is in
a preferred taste. In this case, we will take a very sweet taste
(?d) menu with tolerance value (?r) equals to 0.05. The result
shows very sweet menus which have md of sweet taste in the
range of 0.75 — 0.85. Fig. 8(a) is the query result in Protégé’s
SQWRL Query Tab.

User can use these two processes, MRP-1 and MRP-2, at
once and get the result as shown in Fig. 8(b), by combining
Query-Rule 1 and Query-Rule 2.

Query-Rule 2 :
hasMenu(7p,?m) A hasSweetTaste(?m.?s) A hasValue(very,?d) A
hasValue(tolerance, 21} A swrlb:subtract(?sub.2d,?() A
swrib:add(?add,?d,?t} Aswrib:greaterThanOrEqual(?s,?sub) A
swrib:lessThanOrEqual(?s,?add)

— sqwri:select(?p,2m,?s)

Query-Rule 1:
hasMenu(?p,?m) A kasTotalRecommendationValue(?m, ?trv) A
swrib:greaterThanOrEqual(?trv, 80.0)

— squrl:select(?p, ?m, 2trv)

(a) ®)
Figure 8. (a) Query result for Query-Rule 2, (b) Query result from combining
Query-Rule 1 and Query-Rule 2,

V. CONCLUSIONAND FUTURE WORKS

Designing menn recommendation feature makes daily menu
assistance system has more factors as consideration to suggest
menus by giving the most recommended menus and the
preferred menu based on taste. Since fuzzy ontology can use a
vague concept, it i3 the best way to handle the
recommendation feature factors. By using fuzzy ontology
concept, the recommendation processes can be more precise
and specific in giving the recommended and preferred menu.
Protégé, SWRL and SQWRL can be used as tools to design a
fuzzy ontology and perform recommendation query.

Our future work is to apply these menu recommendation
feature into the daily menu assistance system as a semantic
web application and expands the web services into agent-
based daily menu assistance mobile services.
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