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Abstract — Ontology application is widely used for different
purposes and areas. This paper presents the difference between
taxonomy and ontology, the steps of ontology development and
an example of ontology development for raw materials
management. Raw materials management is a process that is
considered to be part of the overall supply chain management
process and focuses on the tasks of securing the highest quality
materials at the lowest rates possible, while also working within
the company structure to make sure those materials provide the
best possible benefit within the production process.
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. INTRODUCTION

Raw materials management is a process that is considered
to be part of the general process of supply chain management,
and focuses on solving the problems of providing high quality
materials at the lowest rates possible, as well as working in the
company in order to ensure that these materials provide the
best advantage in the production process. Raw materials
management begins with the acquisition and evaluation of the
raw materials, goes through the use of these materials in the
production process, and even includes evaluating the amount
of waste that is present when these materials are produced into
the finished product [1].

The task of raw materials management begins with the
assessment and selection of the materials needed to produce
the finished product. The manager devotes time and effort in
order to find the right materials, using the company's resources
to ensure that they have the appropriate level of quality, and
then takes action to purchase the materials in the amounts
desired [1].

As part of the purchasing process, the manager also
attempts to reach an agreement in the best price possible of
raw materials for the use in the production process. Here, the
focus of raw materials management moves from the task of
finding the right materials and focuses on the use of
contractual arrangements complete with a reduced price or
volume purchase pricing in order to make sure that the
company has an appropriate supply of the right materials for
the maintenance of operation [1].

The process of raw materials management is ongoing. At all
times, the efforts to provide the proper quality level of raw
materials and for the most competitive prices is in progress,
this allows the manager to find new suppliers, and possibly to
save the company more money on the front end. Always be
aware of the options open to the company to provide the
necessary materials for production purposes, the business can

minimize any disruptions in the production that could happen
if the usual seller is suddenly unable to meet the demand for
some reason [1].

There are some reasons why the development of ontology is
needed:

e to share common understanding of the structure of
information among people or software agents;
to enable reuse of domain knowledge;
to make domain assumptions explicit;
to separate domain knowledge from the operational
knowledge;
to analyze domain knowledge [2].

Il. PROBLEM STATEMENT

The field of microelectronics on the example of the
company for the production of chips is studied in this paper.
Chip production requires timely saturation of crystals in a raw
material warehouse. The order of crystals is made by a
purchasing department manager right now by telephone, fax
and e-mail.

In order to achieve maximum utilization of production
capacity and minimize storage and procurement costs, it was
decided to use a new method of raw material procurement.
The system must meet the following requirements:

1. to ensure continuous production of chips;

2. to perform the analysis of production and sales of chips
in order to plan the subsequent production orders and ensure
timely delivery of the missing elements.

To ensure continuous production of chips, it is required to
make timely coordination between the supplier and the
customer of the name and the quantity of component parts, as
well as price and delivery time.

I1l. PROPOSED METHOD

Multi-agent systems are widely used for problems of supply
chain management, in particular for the raw materials
management task. One of the features of multi-agent system is
that it offers a decentralized system. Global behavior of the
whole system is determined by the individual behavior of a
family of agents who follow their own rules of behavior, exist
in a shared environment and interact with the environment and
other agents. This makes a multi-agent software system most
appropriate for the task. Agents use a common ontology or
taxonomy for negotiating, thus allowing agents to understand
the substance of the negotiations (Fig. 1).
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A query message with aspect A
Source Agent Ontology Target Agent

An answer message with agpect A

Fig. 1. Agent cooperation using a common ontology.

The implementation of the proposed method requires:
1. the development of an ontology or taxonomy;
2. agent system creation.

A. Taxonomy vs. Ontology

It was necessary to clearly define a taxonomy and ontology
and understand whether it would be enough to use the
taxonomy for the task.

Taxonomy — a set of concepts presented in a hierarchical
structure, covering the domain area. As a rule, the concepts are
arranged in a relationship “IS-A”, focusing on the wide to
narrow concept, and implies the inheritance of class
characteristics of its superclass.

Ontology — a set of concepts and relationships that represent
a wide range of knowledge of domain area. In addition to the
relationship “IS-A” it has an unlimited number of
relationships between concepts, as well as properties with their
restrictions and values and logical inference support [3].

The ontology is used for this task solving, not a taxonomy,
because the taxonomy involves only the relationship of class-
superclass, and in this task, there are such relations as
consists_of, has_proper_base linking classes together. The

other types of relationships are wused, such as
employees_position, documents_name, order_status and
others.

B. Ontology Development Step by Step

Ontology is a formal, explicit specification of a shared
conceptualization [4].
Formally, an ontology can be defined [5] as the tuple (1).

O=(C,H,IR,P,A), 1)

where

C — the set of entities of the ontology - concepts;

H — the set of taxonomic relationships between concepts,
which define a concept hierarchy;

I — the set of relationships between ontology elements and
its instances.

R — the set of ontology relationships that are neither
“kind_of” nor “is_a”;

P — the set of properties of ontology classes;

A — the set of axioms [5].

The development of an ontology consists of:

1. definition of classes or concepts in the ontology;

2. location of classes in the taxonomic hierarchy (a
subclass — superclass) if this possibility exists;

3. properties and a description of the allowed values of
these properties;
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4. identifying the restrictions of property values;
5. instances.

If it is determined that there is no suitable
taxonomy/ontology, its development begins with definitions of
key concepts used to express the necessary knowledge for a
particular business (commercial) activities.

List of concepts for this task: crystal, plate, the number of
crystals on the plate, appropriate base, crystal size, the quality
of the plate, defect, valid, the coefficient of the output
production of the plate, the production, the order of the plate,
the return of plate, price, discount, delivery time, number of
plates, currency, total cost, document, contract, invoice,
specification, license, order status, seller, buyer, buy, sell,
exchange, return, contractors, etc.

The next step is the definition of the class hierarchy, (see
Table 1). Describing terms and concepts, it is necessary to use
the following rule:

If class A is a superclass of class B, then every instance of
class B is an instance of class A.

TABLE |
CLASS HIERARCHY OF INITIAL ONTOLOGY
Class Subclass
Crystal
Plate
Document
Invoice
Contract
License
Specification
Order
Base
Company
Buyer_company
Seller_company
Employees
Seller_employees
Buyer_employees
Money

The definition of the properties of classes is the next step in
the development of the ontology. Properties of the class are a
distinctive type of information for different instances of the
same class.

The domain area’s terms have already been allocated in the
classes; most of the remaining terms are likely to be the
properties of these classes. It is needed to determine which
class it describes for each property in the list. These properties
become slots attached to classes.

The class “Crystal” has the following properties: name of
the crystal, crystal size, appropriate base (the relationship
between the classes “Crystal” and “Base”). The class “Plate”
has following properties: plate name, consists of (the
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relationship between the classes “Plate” and “Crystal”),
coefficient of the output plate, quality of the plate, cost of the
plate. The class “Documents” — document name, serial
number of the document, participants of document; subclass
invoice, contract, license, specification inherit in these
properties. The class “Company” has the following properties:
company’s name, company’s address, has employees. The
property of the class “Base” — name of the base. Class
“Employees” has the following properties: name, surname,
personal identity number, position, works for. The class
“Order” has the following properties: order’s number, order’s
contact person, order’s status.

The next step is defining facets of the slots. The slots may
have various facets, which describe the type of value, allowed
values, the number of values and other properties of the slot.
For example, the value of crystal’s name property is one
string, i. e., crystal’s name is a slot with value type “String”.
Appropriate base slot as values may be instances of the class
“Base” and plate’s value slot has type “Float”. Numbered slots
determine the specific list of allowed values for the slot. For
example, we can establish that plate’s quality slot can take one
of two possible values: valid or defect. Numbered slots in
Protégé are of type “Symbol”.

Last step is the creation of instances [6].

TABLE Il
CLASSES, PROPERTIES AND INSTANCES OF ONTOLOGY
Class Property Instances

Crystal, Plate, Crystals_quantity, Contract  145-
Document, Invoice, appropriate_base, 14/1,  Invoice
Contract, License, crystal_size, plate_quality, | 14-10,
Specification, Base output_coefficient, ABCTrade,
for Crystal, order_status, currency, | Waleo, Crystal
Company, name, surname, address, | Bi005, Base
Buyer_Company, crystal_name, 301.8, Plate
Seller_Company, order_number, consists_of, | HOO05R,
Employees, company_name, etc Armands
Buyer_Employees, Elksnis, Order
Seller_Employees, 14/10
Money

Horizontal links

The horizontal links [7] are properties or relations, which
link individuals or classes that are not in hierarchical
relationships. To create the horizontal links, the logical
properties were used with one or more arguments. Examples
of logical property are the following:

1) “Plate consists of crystals”, where plate and crystal are
arguments, consists of — a property;

2) “Elksnis works for ABCTrade”, where Elksnis and
ABCTrade are arguments, works for — a property;

3) “Plate has a certain number of crystals” where plate is an
argument, has a certain number of crystals — a property.

C. Ontology Development in Protégé

Domain area’s ontology development and editing are
implemented in Protégé ontology editor, see Fig. 2. See [2],
[8], [9] as a guide of building ontology in Protégé.

Class Hierarchy Slot Hierarchy
(THING B company_name
[= CEYSTEM-CLASS B conszists_of
v Caoncept B order_number
Agent B order_status
> Aoentdction B output_coefficient
AlD addrezzes
Ease B appropriate_basze
Crystal B haze_name
Money B crystal_characteristics
v Document B crystal_name
Contract B crystal_price
Licence B crystal_gquantity
Ireoice B crystal_size
Specification B plate_guality
v Company B has_action
Seller _Company B has_state
Buyer_Company I item
Plste el
v Employees B price

Fig. 2. Ontology development in Protégé ontology editor.

D. The Agent-based System Development

The proposed agent-based system consists of two agents —
Seller Agent and Buyer Agent. Buyer Agent orders for the
purchase of raw materials, negotiates with the Seller Agent for
price and delivery time. The interaction between the agents is
via a common knowledge ontology. For the interaction
software, agents use the knowledge ontology Ontology,
common to the agents involved in the negotiations.
Negotiation requires knowledge of the size of the crystals, the
possible bases and knowledge of the possible alternatives.

1 i Buyer Agent
Seller & gent I

H b e e e e e e = 1
recuest E‘ ANSWEY

\ £
>
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Selfer DF

Fig. 3. Agent system with two agents and a common ontology.

The following infrastructure was used for constructing the
system: Java and JADE - platform in which agents exist and
interact, it gives agents the basic services necessary to their
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existence, Protégé ontology editor for ontology development,
Ontology Bean Generator to convert the domain ontology in
JADE classes, MySQL for database support, Apache Ant to
compile the code and NetBeans IDE as an integrated
development environment. For the interaction of the agents
ACL messages was used [10].

To implement the model, the following steps were taken:

1) domain ontology constructed and presented in a form
suitable for use in JADE;

2) multi-agent  system
environment.

constructed in the JADE

IV. PROPOSED METHOD APPLICATION

Purchase of the crystals before the application of
methodologies is presented in Fig. 4.

7S X A

Manufacturer Buyer Seller
1: Crystals are needed
2: Send request
3: Send offer
<
4: Send confirmation
g

5. Send crystals

& Get crystals ‘

Fig. 4. Communication between buyer and seller managers in case of crystal
requirement in raw material warehouse.

Production department needs crystals for chip assembly.
Therefore, it is necessary to purchase crystals. Buyer manager
sends a request to the seller manager by phone, by e-mail and-
/-or fax. Request is received by a seller manager and the offer
with price, quantity and the time of delivery is dispatched by
e-mail and-/-or fax. Offer is received by a seller manager and
the confirmation is sent to the offer by e-mail and-/-or fax.
Confirmation is received by the seller manager and requested
crystals are sent to the buyer manager. Invoice is sent inside
the parcel, and also by e-mail and-/-or fax. The
communication between the buyer and seller ends.

The purchase of crystals using the proposed method is
presented in the following steps:

1. Seller agent and buyer agent use the same ontology for
cooperation. It starts when raw material for chip production is
needed. Buyer agent fulfills the user Profile ontology [11],
[12] and it becomes an instance of domain ontology [11], [13].

2. Cooperation begins with the buyer agent’s call for
proposal (CFP) in the JADE environment. Seller Agent
receives a call for proposal for the Buyer Agent with a detailed
description of his order. Seller Agent offers to buy the batch
from the warehouse. The offer (PROPOSE) is sent with the
price, quantity and the time of delivery to the Buyer Agent via
the JADE environment.
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3. The offer (PROPOSE) is received.

Confirmation (ACCEPT-PROPOSAL) is sent to Seller
Agent via the JADE environment.

4. Confirmation is received.

Requested crystals are dispatched to the buyer. Invoice is
sent in the parcel. Electronic invoice is dispatched to Buyer
Agent (INFORM) (see Fig. 5).

Interaction between agents is suspended until a new request
from the Buyer Agent.
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Fig. 5. Agent system with two agents and a common ontology.

V. CONCLUSION AND FUTURE RESEARCH

Ontology is widely used in different problem areas. Multi-
agent system uses ontology for agent collaboration. Before
ontology can be used, the development of it is needed. This
paper presents a detailed description of ontological knowledge
model development.

For this study, a multi-agent system was built for the raw
materials management task. Implementation of the model in
the software environment JADE has demonstrated the
interaction of two agents from different parts of the supply
chain. To match the name, quantity and price of crystals,
agents use ACL messages, in which the domain ontology is a
means of structuring knowledge and used for the sharing of
knowledge between software agents. The effectiveness of a
multi-agent system is proved by precision execution of tasks,
quick and timely response to changes in the environment, and
the lack of human factors. The study has shown that for the
approval of purchase of crystals between the supplier and the
customer has been spent just a few seconds using multi-agent
system. If a question of time is not relevant, it is possible to
the Buyer Agent to bargain and get a better price.

The effectiveness of ontology application in an agent
system can be measured by ontology evaluation techniques,
which is a future research topic.
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Darja Plinere, Arkadijs Borisovs. Ontologiska zinasanu modela izstrade izejvielu parvaldibas uzdevumam

Saja raksta ir detalizati aprakstita ontologiska zinasanu modela izstrade. Ontologija plasi tiek izmantota dazadas jomas. Saja raksta tiek piedavati ontologijas
izstrades soli izejvielu parvaldibas uzdevumam. Izejvielu parvaldibas uzdevums ir piegades kédes kopiga procesa sastavdala, kas koncentréjas uz tadiem
uzdevumiem k@ augstakas kvalitates materiala sagade par iesp&ami zemako cenu, taja pasa laika darbojas kompanijas struktiiras ietvaros, lai parliecinatos, ka Sie
materiali nodro3ina vislabako labumu raZo$anas ietvaros. Saja darba tiek pétiti — pre¢u nosaukumi, daudzums un vienoganas starp klientu un piegadataju par
piegades laiku. Uzdevuma risinaSanai tika nolemts pielietot multi-agentu sistému un izmantot ontologiju ka sazinas kanalu. Ontologija ir sazinas kanals starp
agentiem, kas lauj kopigi izmantot zinaSanas un piedava vienadu izpratni par vinu sarunu butibu. Lai izmantotu ontologiju, ta ir jaizveido. Ontologija ir
priekSmeta apgabala formalais att€lojums, ta aprakstiSanai ir savi likumi. Dotajam uzdevumam tika izstradats ontologiskais zinasanu modelis, ka arT raksta ir
paradita atSkiriba starp taksonomiju un ontologiju. Agentu sistémas talakai ontologijas izmantoSanai, ontologijas izstrade tika veikta ontologiju redaktora
Protégé, péc tam ta tika parveidota JADE ontologijas klasés, izmantojot Ontology Bean Generator. Agentu sistéma, konstruéta JADE vidg, paradija mijiedarbibu
starp diviem agentiem un atrada uzdevuma risinajumu. Piedavatas pieejas efektivitati nodrosina izpildes precizitate, savlaiciga reagé$ana uz vides izmainam un
cilvéka faktora trikums. Ja laika faktors nav svarigs, ir iesp&jams organiz&t konkursu vai izsoli.

Jlapobs Ilnunepe, Apkaauii Bopucos. IlocTpoenne oHTOTOTHYECKOH MOI€e/H 3HAHMIA /IS 3a/1a4i YIIPABJIEeHHS MAaTePHAJIBLHBIMHU pecypcaMu

B naHHOW cTaThe NETaNM3UPOBAHHO OINUCHIBACTCS IOCTPOCHHE OHTOJIOTHMYECKOH Mozenu 3HaHHH. OHTOJNOTHMM IIMPOKO INPUMEHSIOTCS JUIS PasiIHYHBIX
IPeIMEeTHBIX o0nacTeil. B maHHOI cTaThe NpEeACTaBIEHO MOIIArOBOE IOCTPOSHHE OHTOJIOTUHM HAa IPHMEpEe 3aJadll YIPaBIICHHS MaTePHAIBHBIMH pecypcamu
IpeanpusaTus. 3amada ynpaBieHHUsS MaTepUalbHBIMU PECypcaMu MpEINpUsTHs SBISETCS 4acThio OOIIEro mpoliecca YIpaBlICHHs LENOYKaMU IIOCTaBOK U
KOHIIEHTPUPYETCS Ha PEIIeHHH IpoOiaeM obecriedeHHs! BEICOKOTO KadecTBa MaTepHaIoB, IT0 BO3MOKHOCTH, IO caMbIM HH3KHM IieHaM. B To jxe Bpemst pabora
BeJIeTCS U BHYTPH CTPYKTYPHI KOMITAaHUH, YTOOBI YOSIUTHCS, YTO 3TH MaTepralbl 00eCIIeuNBa0T HAWIYYIIYyIO BEIFONY B paMKaX IIPOM3BOACTBEHHOTO IIpoIiecca.
B namHoit paboTe HccaemyeTcsl COrIacoBaHHE MEXKAY 3aKa3uyHKOM M MOCTaBIIMKOM HAaMMEHOBAHMS, KOJIMYECTBA U BPEMEHM IOCTAaBKHU 3aKasa. [l pemieHus
MIOCTaBJICHHON 3aJjauil PEIICHO IPHMEHHTh MHOT0-areHTHYIO CHCTEMY H MICIIOJIb30BAaTh OHTOJIOTHIO B KadecTBe KaHasia oOmieHnst. OHTOJIOTHS SIBIISIETCS] KaHATIOM
CBSI3H MEXIy areHTaMH M MO3BOJISIET COBMECTHO HCIOJIB30BAaTh 3HAHUS W MMETh ONMHAKOBOE NOHMMAaHHE O CYTH HMX HEeperoBopoB. /ISl MCIIONB30BaHUS
OHTOJIOTHU HEOOXOAUMO ee MOCTpouTh. OHTONIOTHA — 3T0 (opMalbHOE MpeCcTaBlIeHUe IPEeAMETHON 00JacTH, U CYHIECTBYIOT IIpaBHia Il ee omucanus. s
JTAaHHOW 3aJauyl IIOCTPOEeHA OHTOJIOTMYeCKas MOJENb 3HAHWM, a TakKe B CTaThe IOKa3aHa pasHHUIA MEXTy TaKCOHOMHEHW M oHToiormed. J[ims nmampHeiimero
HCTIONB30BAHNS OHTOJIOTUH areHTHOH CHCTEMOH, TIOCTPOCHIE OHTOJIOTUH BBIITOJIHEHO B PEAKTOPe OHTONIOTHi Protégé, 3aTtemM oHTONOTHS OBLIA Ipe0Opa3oBaHa B
JADE xnaccel ¢ momonipto Ontology Bean Generator. AreHtHast cuctema, peanuzoBanHas B cpene JADE, npogeMoHCTpupoBaia B3auMOIEHCTBUE MEKTY ABYMS
areHTaMH Pa3HBIX YacTeil IleNy II0CTaBOK M Halllla pellieHHe MOCTaBIeHHOH 3amadn. D((EeKTHBHOCT NMPUMEHESHHs MPEUIOKEHHOTO MOAXO0a IO0Ka3bIBAeTCs
TOYHOCTBIO BEITIOJHEHHS, CBOEBPEMEHHBIM OTBETOM Ha HM3MEHEHHE CpeIbl W OTCYTCTBHEM delloBedeckoro (axropa. Ecim BpeMeHHOH (akTop He BaKeH,
CTaHOBUTCS] BO3MOXKHBIM OPTaHU30BaTh KOHKYPC MM ayKIIMOH.
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