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Abstract - A supply chain is a key definition in logistics. The
supply chain is a set of logistics system nodes that is linearly
ordered by the material, information or financial flow in order
to analyze or synthesize a specific set of logistic functions and
(or) costs. Multi-agent systems are suitable for the domains
that involve interactions between different people or
organizations with different (possibly conflicting) goals and
proprietary information. They view the supply chain as a set
of intelligent agents, each responsible for one or more activities
in the supply chain. The ontology, in turn, describes the
domain area and becomes a mechanism to aid in
understanding and analyzing the information flow between
agents. The use of ontologies for multi-agent system provides
the following benefits: the ontology enables knowledge
structuring and sharing, increases the reliability of agent
system and provides the basis for the interaction between the
agents. This paper proposes a method of multi-agent system
application for supply chain node cooperation and shows the
interaction between agents inside one of the supply chain
nodes — manufacturer node.
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|. INTRODUCTION

A supply chain is a key definition in logistics. The supply
chain is a set of logistics system nodes that is linearly
ordered by the material, information or financial flow in
order to analyze or synthesize a specific set of logistic
functions and (or) costs. Supply chain reflects the entire
product path, starting from acquisition of raw materials and
their transformation into finished product to its delivery to
the end consumer. This path passes through raw material
suppliers, manufacturers, logistics centers, warehouses,
brokers, transport companies, wholesalers, retailers and
others [1].

Supply chain management involves the following stages:
planning, procurement, production, delivery and return. It
has its own processes, problems and solutions at each stage
[2].

The procurement and inventory management tasks are to
analyze residues in storage, and analyze sales by customer
group, sales in the previous period and the seasonality in the
past, order placement, matching the quantity and terms with
suppliers, the implementation of movement of goods
between warehouses, and distribution of flows of goods in
warehouses. It provides timely and sufficient saturation of
commodities in stock in order to avoid situations of
overstock (excess inventory), and out-of-stock (lack of
goods in warehouses).

Multi-agent systems are suitable for the domains that
involve interactions between different people or
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organizations with different (possibly conflicting) goals and
proprietary information. It views the supply chain as a set of
intelligent agents, each responsible for one or more
activities in the supply chain.

“An agent is anything that can be viewed as perceiving
its environment through sensors and acting upon that
environment through effectors” [3].

This paper proposes to use software agents that have
knowledge about the functioning of the environment that
allows them to make decisions in case of changes in
parameters of functional environment. The classification of
agents is presented in [3, 4].

A set of autonomous agents in multi-agent systems acts
in the interests of different users and agents interact with
each other in the process of solving tasks, sharing
information, performing tasks and achieving common
goals. The ability to negotiate is the unique feature of
agents that distinguishes them from other software.

The ontology, in turn, describes the domain area and
represents a mechanism to assist in understanding and
analyzing the information flow between agents. The use of
ontologies for multi-agent system provides the following
benefits: the knowledge structuring, its sharing, increases
the reliability of agent system and provides the basis for the
interaction between the agents.

A model consisting of a set of agents is offered for
electronic supply chain management in [5]. Its processes
can be divided into sub-processes, where each agent is
responsible for a particular sub-process. It is possible to
implement all features in one single agent, but a set of
agents is the best solution. Agents use the ontology to
understand the domain area and communicate with each
other.

A multi-agent system is proposed in [6] as a set of
intelligent software agents where each agent is responsible
for one or more actions in the supply chain related to the
problem of steel pipe production. Agents interact with each
other in planning and carrying out their functions.

The agent-oriented approach is considered for supply
chain management in [7]. The carried out supply chain
activities are distributed among agents, thereby improving
the quality of supply chain management.

The authors note the importance of communication
between agents, through which the quality of decisions can
be improved, and the uncertainty avoided. The distribution
of functions of the supply chain into a set of agents makes
the system decentralized; thus making the whole system
determined by the individual behaviour of each agent. The
process of communication between agents in one company,
in turn, has not been described in the publications yet.
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This paper proposes a method of multi-agent system The proposed multi-agent system consists of a
application for supply chain node negotiation, as well as the CrystalBuyer ~ Agent, Procurement and Inventory

negotiation between agents inside one of the supply chain
nodes — manufacturer node. The domain area of the system
is the microchip assembly line. It consists of manufacturer
node, crystal supplier node and microchip buyer node.

The paper is organized as follows: Section 2 presents the
proposed method, Section 3 shows the multi-agent system
architecture, Section 4 addresses multi-agent system
construction, Section 5 provides multi-agent system
implementation and Section 6 discusses the results.

Il. THE PROPOSED METHOD

One of the features of multi-agent system is that it offers
a decentralized system. Global behaviour of the whole
system is determined by the individual behaviour of a set of
agents who follow their own rules of behaviour, exist in a
shared environment and interact with the environment and
other agents [8]. This makes the multi-agent systems best
suited to the task.

Management Agent, Production Agent, MicrochipSeller
Agent and common ontology, and also CrystalSeller Agent
and MicrochipBuyer Agent with common ontologies with
CrystalBuyer  Agent and  MicrochipSeller  Agent
respectively (Fig. 1).

A. Description of the Proposed System’s Parts

CrystalBuyer Agent

CrystalBuyer Agent makes a request to purchase raw
materials; the agent negotiates with the CrystalSeller Agent
about the price and delivery time. The interaction between
the above-mentioned agents is through a common
CrystalTrading ontology.

Procurement and Inventory Management Agent
Procurement and Inventory Management Agent decides
when and how much raw materials to buy.

Manufacturer node’s agents
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Fig. 1. Multi-agent system’s architecture
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It possesses the knowledge of the possible minimum
reserves and of production capacity, as well as has an
algorithm for forecasting future implementations.

Production Agent

Production Agent is engaged in assembling microchips
from raw materials. The purpose of this agent is to
assemble finished products from the raw materials
according to the production technology and to transfer
them to the finished goods storage. It does not have any
knowledge about the subsequent sale of the finished
products, as well as the future order forecast. Production
Agent has lower layer agent - clean room agent, which is
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The interaction of agents with a discussion

responsible for proper performance of the premises of the
workshop.

MicrochipSeller Agent

MicrochipSeller Agent decides at what price to sell the
microchip, takes orders from MicrochipBuyer Agent and
takes care of sending the ordered goods to the buyer.

Ontology
The common ontology Crystals is used for agent
negotiation inside one node (CrystalBuyer Agent,

Procurement and Inventory Management Agent, Production
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Agent, MicrochipSeller Agent). The use of ontology may
lead to a discovery of new knowledge in the system.

The CrystalTrading and MicrochipTrading ontologies
are the basis for the cooperation between agents,
clarifying the information received in messages during
negotiations between agents.

CrystalSeller Agent and MicrochipBuyer Agent

Both of these agents are not part of the manufacturer
company, they belong to other companies. With the help
of these agents raw materials are bought and finished
products are sold. With these agents, CrystalBuyer Agent
and MicrochipSeller Agent (respectively) negotiate on the
quantity, price and delivery time of products. The
interaction of agents is based on ontologies of
CrystalTrading and MicrochipTrading, which are
common for CrystalBuyer and CrystalSeller agents -
CrystalTrading, and the  MicrochipSeller  and
MicrochipBuyer agents - MicrochipTrading.

I1l. MULTI-AGENT SYSTEM ARCHITECTURE

The roles of individual entities in supply chain are
implemented as distinct agents. Agents cooperate with each
other in order to implement system functionality.

The multi-agent system consists of heterogeneous types of
agents, which implement some functionality of the supply
chain management, called functional agents. All of them have
some understanding of system ontology and use Agent
Communication Language to start a conversation [9].

The architecture of the proposed multi-agent architecture is
depicted in Fig.2. It consists of three layers: management
layer, functional layer and lower layer. The management
layer is represented by one agent — supply chain management
agent, which initiates the multi-agent system in case of a
request occurrence from one of the nodes of the supply chain.

Management

————— Supply Chain Management Agent r— — — — — -
Layer | |
| I
| I
Functional | CrystalSeller | CrystalBuyer Production Procurement and MicrochipSeller| | [MicrochipBuyer
Layer Agent Agent Agent Inventory Agent | Agent
I Management Agent
| I
___________________ I__________________________________________________|.___________
I
| Clean Room
Lower Layer | Agent |
| I
- o __ I

Fig. 2. Multi-agent system architecture

The functional layer is represented by six agents. Four
of them are the manufacturer node agents, one of them
represents the supplier node and the last one is the retailer
node. The structure of the functional agent based on the
example of CrystalBuyer Agent is shown in Fig. 2.

3
| “ Reasoning

Communication

Ontology

v
Other Agents

Fig. 3. CrystalBuyer Agent’s structure

The lower layer is represented by one agent — Clean
Room Agent (see Fig.4). It cooperates with only one
agent in this system — Production Agent. Clean Room
Agent is visible to workers in the workshop; it uses its
sensors for defining proper performance in workshops
because of a strict standard on the quantity of dust per one

m2.
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Fig. 4. Clean Room Agent’s structure
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IV. SuPPLY CHAIN CONSTRUCTION

For the construction of the supply chain the following
infrastructure was used: Java and JADE - a platform in which
agents exist and interact, it gives to agents the basic services
necessary for their existence, Protégé and Ontology Bean
Generator to create a domain ontology and to transform it
into JADE classes, MySQL to support the database, Apache
Ant to compile the code, NetBeans IDE as Integrated
Development Environment, ACL messages to transfer
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information, share knowledge and negotiate with each
other using FIPA negotiation protocols.

For the system implementation, the following steps
were done:

1) three ontologies for the domain areas were
constructed and represented in forms suitable for use in
JADE;

2) A multi-agent system was constructed in the JADE
environment.

V. SUPPLY CHAIN IMPLEMENTATION

Agents of the manufacturer company are cooperating
with each other during all the period of time in order to
assemble microchips (see Fig.5.):

1) The procurement and inventory management agent
decides when and how to launch microchips
(communication with the Assembler Agent);

2) The Assembler Agent initiates the assembly of
microchips, and also requests from the Clean Room Agent
to confirm proper performance of the premises of the
workshop (communication with the agent clean room).

The CrystalSeller or MicrochipBuyer agents take part
in this system if:

1) a request is received from CrystalBuyer to buy
crystals in case of the deficiency of crystals in raw
material stock for the production process in the planned

period:

Step 1. The Procurement and Inventory Management
Agent triggers the management layer agent.

Step 2. The management layer agent triggers the multi-
agent system initialization.

Step 3. The CrystalBuyer Agent looks for a cooperation
partner.

Step 4. As soon as the potential seller becomes known, the
CrystalBuyer Agent will negotiate with the CrystalSeller
Agent directly and find the most suitable one for its own
interests: negotiates about the price, quantity and delivery
time of the crystals.

The CrystalBuyer agent starts negotiation by sending a
Call for proposals (CFP) message to other agent. After
several rounds of conversation in which proposals and
counter-proposals are exchanged, negotiation between two
agents will end when one side accepts or rejects the other
side’s proposal.

2) a request is received from MicrochipBuyer Agent to buy
microchips from MicrochipSeller Agent.

In this case, the MicrochipBuyer Agent negotiates with the
MicrochipSeller Agent about the price, quantity and delivery
time of microchips to buyer.

Communication of agents from different supply chain
nodes is postponed until the next request.
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Fig. 5. Screenshot of JADE, negotiation of agents
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Darja Plinere, Arkadijs Borisovs. Parrunas bazéta daudzagentu sistéma piegades kédes vadibai

Piegades ké&de ir viens no galvenajiem jédzieniem logistika. Piegades kéde - logistikas sistémas mezglu kopa, kas ir lineari sakartota péc materiala, informacijas
vai finan$u plismas ar specifisku logistikas funkciju un (vai) izmaksu analizes vai sintézes noliku. Daudzagentu sistémas ir piemérotas jomas, kas ietver sevi
mijiedarbibu starp dazadiem cilvékiem vai organizacijam, ar dazadiem (iesp&ams, pretrunigiem) mérkiem un pieejamo informaciju. Daudzagentu sistéma
uzskata piegades kedi par intelektualu agentu kolektivu, kur katrs no agentiem ir atbildigs par vienu vai vairakam darbibam piegades kéde. Savukart ontologija,
kas apraksta priekSmeta apgabalu, ir mehanisms, lai palidzétu saprast un analizét informacijas plismu starp agentiem. Ontologijas izmantoSana daudzagentu
sistémas sniedz $adas priekSrocibas: ta Jauj strukturét zinasanas, kopigi pielietot tas, palielina agentu sistémas uzticamibu, ka arT nodro§ina pamatu mijiedarbibai
starp agentiem. Saja publikacija tick piedavata daudzagentu sistémas pielieto$anas metode sazinai starp dazadiem mezgliem piegades k&de, un parada
mijiedarbibu starp agentiem viena no piegades kedes mezgliem - raZo$anas mezgla. Piegades kédes konstruéSanai tika izmantota sekojoSa infrastruktiira: Java un
JADE - platforma, kura agenti eksisté un mijiedarbojas, ta piedava agentiem bazes servisus, kas nepiecieSami agentu eksistéSanai, Protégé un Ontology Bean
Generator - priekSmeta apgabala ontologijas izveido$anai un to parveidoSanai JADE klasés, MySQL - datu bazes atbalstiSanai, Apache Ant - programmas koda
kompilesanai, NetBeans IDE — ka integréta izstrades vide, ACL zinojumi informacijas parraidei, zinaSanu koplieto$anai un mijiedarbibai starp agentiem,
izmantojot FIPA protokolus.

Hapbs Iliunep, Apkaauii Bopucos. OcHOBaHHAasi HAa NEPEroBOpPax MHOT0ATeHTHAs CHCTeMA /ISl yPAaBJICHHs LEeNsAMH NMOCTABOK

Ilens MOCTaBOK SIBISICTCST OJHUAM U3 KIIFOYEBBIX IIOHATHUIH JOTHCTUKH. L{enb MoCcTaBOK - MHOXKECTBO 3BEHBEB JIOTHCTHUECKON CHCTEMBI, JINHEHHO YIIOPSIOYeHHOS
10 MaTepHalIbHOMY, HH)OPMAIIMOHHOMY WM (PMHAHCOBOMY MOTOKY C IIEJIbIO aHAJIM3a WM CHHTE3a ONpPEeIeHHOr0 Hadopa JOTUCTHUECKUX QYHKUUH U (Mian)
3aTpaT. MHOroareHTHbIE CUCTEMBI SIBIISIOTCA MOAXOMSAIIMMH Ul OONAcTeil, KOTOpble BKIIOYAIOT B3aUMOACHCTBHS MEXIY DPa3IHYHBIMH JIOABMH HIX
OpraHu3alMsIMU C Pa3HBIMU (BO3MOXKHO, IPOTUBOPSYMBBIMH) LIEJISIMU U MMetomieiicss nHpopManueil. MHOroareHTHasi CHCTEMa pacCMaTpUBaeT Lelb HOCTaBOK
KaK KOJUICKTHB UHTEJUIEKTyaIbHBIX areHTOB, I7I¢ Ka)XKABII U3 areHTOB OTBEYAET 3a OJHO MM HECKOJbKO ACHCTBHUI IIeNH IIOCTaBOK. B CBOIO oUeperb, OHTONOTHS,
OIHCHIBAs MPEIMETHYI0 001acTh, HpEACTaBIsAeT COOOH MeXaHM3M IOMONIIM B IOHHMAaHHUM M aHanu3e HHGOPMAIMOHHOTO IOTOKA MEXKIY AareHTaMH.
Hcnonp3oBaHue OHTOJOTMHU JUII MHOTOAreHTHBIX CHCTEM MPEIOCTAaBISET CIIEAYIONIME INPEHMYIIECTBA: OHTOJIOTUS TI03BOJSET CTPYKTYpUPOBAaTh 3HAHUS,
COBMECTHO HX HCIOJIB30BaTh, YBEIMYMBACT HAIEKHOCTh AreHTHOIl CHCTEMBI M OOECIeYMBAeT OCHOBY JUIS B3aUMOJEHCTBHS MEXIy areHTamMu. B oToi
ITyONUKAINX TIPEATIOKEH METO IPHMEHEHHSI MHOTOAareHTHOH CHCTEMBI IS B3aHMOCHCTBHS MEXIy Pa3INIHBIMH 3BEHBSIMH LEIIH IOCTABOK, @ TAK)XKE IIOKA3aHO
B3aMMOJICHCTBHE areHTOB BHYTPH OJHOTO M3 3BEHBCB IIEMU IIOCTAaBOK — B 3BEHE NPOW3BOACTBA. [ MOCTPOEHHs ILENMM IMOCTABOK OblIa HCIIONb30BaHA
cnenyroutas uHdpactpykrypa: Java u JADE — mnatdopma, B KOTOpOM CYIIECTBYIOT M B3aWMOJCHCTBYIOT areHTHI, OHa IPEIOCTABISIET areHTaM Oa30BbIE
CepBUCHI, HEOOXOIUMBIE JUIs UX cyuiecTBoBaHus, Protégé u Ontology Bean Generator uisi co3qaHUsl OHTOJIOTHH MPEAMETHOI 00IacTH U ee peoOpa3oBaHus B
JADE knaccel, MySQL mst momnepsxkn 6a3bl TaHHBIX, Apache Ant juist koMmasnum nporpaMmHoro kozaa, NetBeans IDE B kadecTBe HHTErpUpPOBaHHON CpeJibl
paspabotku, ACL coobuienus mms nepenadn nHGOpPMAIHU, COBMECTHOTO HCIIOIB30BAHUS 3HAHUI U B3aHMOJCHCTBHS MEXIy areHTaMH, HCIOIb3Ys IPOTOKOJIBI
FIPA.
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