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Abstract

In order to overcome defects in existing ASCTS ( Agricultural Supply Chain Traceability System, a new traceability system based on

Multi-Agent System (MAS) is put forward. By qualitative method, | analyze problems of application of Agent technology in tracing quality of agricul-
tural products. Physical model is built for this system and structure of traceability system is determined. Finally, algorithm is presented for major en-
tities. From analysis of algorithm, it is proved that this system has some reference value in improving breadth and depth of product traceability.
Key words Multi-Agent System, Agricultural product supply chain, ASCTS, Agricultural product security, China

The Agricultural Supply Chain Traceability System
(ASCTS) refers to the system in which relevant information is
recorded in the production, processing and circulation of agri-
cultural products, to make consumers get to know compositions
and origin of products, and in case of quality problem, enterpri-
ses (organizations or institutions) can rapidly define ranges of
product, provide relevant record to confirm the traceability
depth, and determine the time, place, traceable unit and liable
entity of quality problem of agricultural products, to provide ba-
sis for solving problem.

Currently, most mature ASCTSs adopt bar code or Radio
Frequency Identification ( RFID) technology. They collect,
store and transmit information of the entire supply chain of agri-
cultural products, and store the information relevant to agricul-
tural products in bar codes or RFID tags. Yang Xinting et al.
developed the process coded quality traceability system for ag-
uaculture products''’. Zeng Liancheng et al. stored traceability
information of agricultural product production by UFH RFID
tags, and achieved the trace of agricultural products without the
help of network'®’. In the above two cases, production informa-
tion of agricultural products is identified through codes. For
trace of processing, transportation, and sales, enterprises
have to inquire through the original purchase and shipping re-
cords, which is good in tracing efficiency of production of agri-
cultural products. However, since the storage capacity of RFID
tags is limited, when tracing agricultural products, the system
will only trace the relevant links, and it will fail to diagnose infor-
mation of other links. If the supply chain is too huge, it certainly
will lead to efficiency reduction of the entire traceability system.
When problem occurs in other links of supply chain, such trace-
ability mechanism will fail to satisfy the requirement. Then, it
needs a technology to integrate many technologies, to diag-
nose according to change of environment, and automatically
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adjust and make policy according to system target to achieve
traceability of agricultural products, and Agent technology just
has such ability. Every node of ASCTS is independent and in-
tegrated together as per tracing demand and task of supply
chain, to jointly complete specific targets. Since the tasks
change with demands, the network rapidly recombines along
with tasks. It is a typical distributed system. Using Agent tech-
nology, it is able to make the entire system highly reconfigu-
rable. Here, Multi-Agent technology is applied into Agricultural
Supply Chain Traceability System, to have a preliminary study
on the model and realization method of this system.

1 Application of Agent technology in
ASCTS

Up until now, the research of ASCTS is mainly relied on
bar code or radio frequency technology to carry out quality trac-
ing of agricultural products. There are few researches of Agent
technology directly applied in ASCTS. Only few scholars put
forward this idea. Ma Yong et al. discussed Agent-based
ASCTS mechanism, controlled the nodal information in supply
chain from the source. They collected information of all links
through arranging place of production, purchase, sale, and cir-
culation Agent, and then gathered to information detection
Agent, which filters the collected information as per tracing
tasks to obtain required information'’. For application of Agent
technology in ASCTS, major researches are carried out on in-
formation coordination of supply chain. loannis Manikas pointed
out that an efficient traceability system must be provided with
proper rules to collect and store huge information in each phase
of the supply chain, and to realize traceability of food supply
chain through building a model™. Moises Resende-Filho put
forward a principal-agent model for investigating traceability
system’s incentives on food safety. His research shows that
more reliable traceability system will restrict suppliers’ acts to
enhance the food safety’®’. Wang Shiging et al. used Multi-
agent technology to build model and simulate for supply chain
system of manufacturing industry. Their system model can ob-
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jectively describe complex system actions of supply chain and
have higher efficiency and stability®’. Zhang Qing et al. carried
out model building and simulation for information coordination of
production and policy making in the supply chain made up of
single supplier, single manufacturer and single seller. The re-
sults prove that this Agent system is feasible in providing policy
support for managers'”’. Zhang Zhiyong et al. researched the
information coordination mechanism of cold chain logistics sys-
tem. They established an MAS-based three level Agent struc-
tural model, which adopts Multi-agent system to have a global
coordination and a centralized control of every node. This sys-
tem features high robustness and stability'®’. Han Rendong et
al. put forward a simulation and model building method based
on Multi-agent technology according to such characteristics as
complexity and unstability of military logistics system. At the
same time of manifesting logistics flow, this model also reflects
dynamic feature of system™’.

The implementation of ASCTS and enhancement of tracea-
bility, we must use many modern technological means to
achieve the optimum effect. Researches have shown that A-
gent system can be the first choice in solving complex prob-
lems, because Agent system effectively integrates many tech-
nologies. Besides, Agent also provides new research ideas
and methods for ASCTS. The above situations indicate that
most researches are still in the phase of theoretical demonstra-
tion and mainly focused on system modeling and simulation,
and the research of application of Agent technology in ASCTS
is still at the starting stage.

2 ASCTS entity model

ASCTS is a distributed system formed by such independ-
ent or semi-independent economic entities as production, pro-
cessing, delivery, distribution and retailing, etc. Here, a typi-
cal ASCTS is used as research object and establish ASCTS en-
tity model shown in Fig. 1. This system includes four entity lev-
els, namely, producer, delivery center, distributer and retailer.
We introduce several entities into each level of entity on the ba-
sis of the supply chain system in real world. The producer pro-
duces agricultural products, packages and transports products
as per orders; the delivery center collects, packages, stores
and transports agricultural products; the distributer breaks
down, stores and transports, and distributes products; and re-
tailer breaks down and sells products. In this system, each en-
tity includes many business links, and each link stores a lot of
relevant information. Batches of agricultural products derive
new batches through collection, decomposition, change, and
move, and upstream and downstream members form extremely
complicated connected relation. The material flow of this sys-
tem is single direction, and the information flow is dual direc-
tion. The dual directional information flow includes circulation
information and traceability information.

ASCTS requires that in case of product problem, it is able
to reversely trace the source and every links. Besides, once
the problem link is determined, the system can trace the flow
direction of the same batch product, so as to reduce harm to
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consumers. This simplification of modeling for ASCTS not only
can truly reflect the interaction between entities of supply chain
and each Agent, but also can reflect change of each entity in
real world through change of Agent attribute.
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3 Mechanism of MAS based ASCTS

Agricultural product supply chain can be deemed as a net-
work consisting of a group of nodes and relevant activities. The
nodes can be production, processing, delivery, distribution and
sales enterprises or departments of these enterprises participat-
ing in activities of supply chain. As to interconnection of infor-
mation system, each node of supply chain traceability system
has its own information system and each system establishes its
own system. They can not have a good interaction of informa-
tion sharing and business, while Agent technology is an effec-
tive way to realize the interconnection between heterogeneous
systems. From the point of the modular management, the en-
tire supply chain traceability system can be deemed as a unitary
big system. Each node is a module of this big system, and
each module is mutually independent but needs coordinated
work. It is unnecessary for each module to find out the way of
other modules achieve. It is only necessary to know what it can
do and how it is called. In this context, the Agent technology is
the optimum tool.

MAS based agricultural product supply chain traceability
system can be traced from end of supply chain. It is possible to
set independent MAS subsystems (including Production MAS,
Delivery MAS, Distribution MAS and Retailing MAS) of each
node in the supply chain, to keep the connection of each node,
so0 as to ensure the accuracy and timeliness of information ac-
quisition. Each MAS subsystem represents an entity node of
the supply chain, and it is a federal structural model centered
on coordinating Agent. Fig.2 is an ASCTS based on MAS, the
coordination Agent is responsible for coordinating work of local
Agent subsystem. This system controls the product information
of each entity node from the source. Each entity keeps connec-
tion through coordination Agent to achieve a dual direction
transmission of information. Besides, this system features in-
comparable advantage in interaction of each node compared
with traditional traceability system. It can realize real-time infor-
mation collection and intelligent processing, and make quality
traceability department can obtain product information in time.
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Fig.2 Structure of ASCTS based on MAS

3.1 Production MAS Agricultural product entity can be agri-
cultural production base, large scale farm, and large planting
and cultivation organizations. It realizes information manage-
ment in production process. Here, the Multi-agent system is
simplified into order management Agent, production process
Agent, and quarantine information Agent. The order manage-
ment Agent is responsible for gathering orders and arranging
packaging tasks. The production Agent takes charge of collec-
ting information of planting land, breeding, fertilizer application,
disease and insect pest prevention and control. The processing
and quarantine Agent is responsible for connecting information
of agricultural product processing, residues of pesticide, quar-
antine, and packaging, efc. The coordination Agent transmits
information of product batches to the delivery MAS, and pro-
vides basis for tracing products. When the coordination Agent
receives task of tracing certain batch or order of products, it will
analyze the tracing target, assign one or several Agent(s) to
collect relevant information, and gather the information, finally
to make the order management Agent draw the same batch of
product to circulate, so as to improve the integrity of traceability
information.

3.2 Delivery MAS The delivery MAS consists of warehou-
sing management Agent, packaging and transport Agent, and
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shipping information Agent. The warehousing management
Agent is responsible for collecting storage position, time and
temperature, and ventilation information of product. The ship-
ping information Agent recombines the shipping documents in
the flow direction, and issues unpacking and integration orders
to packaging and transport Agent and generate new batches.
The packaging and transport Agent conducts packaging and
transport of different origins and types as per orders, mainly in-
cluding packaging material, loading and unloading information.
The coordination Agent in delivery MAS executes two tasks. One
is to transmit the product batch to downstream. The other is to
analyze the traceability task and order other Agents to collect in-
formation. At the same time, it orders the shipping information A-
gent to determine its source, so as to trace the product origin.

3.3 Distribution MAS The distribution MAS include ware-
housing management Agent, distribution information Agent,
and order management Agent, efc. The warehousing manage-
ment Agent is responsible for collecting information of quality
guarantee period, storage position, storage manner and vol-
ume of stock. The distribution information Agent takes charge
of flow direction of product sales. The order management
Agent can generate new order through warehousing information
transmitted by warehousing Agent and manage the completed
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order (record the completion time of order and product batch,
elc). The coordination Agent on one hand sends the product
batch to order management Agent. On the other hand, it de-
composes the tracing task into two subtasks: the warehousing
management Agent collects information, and the distribution in-
formation Agent determines the flow direction of the same batch
of product.
3.4 Retailing MAS Generally, there are two types of agri-
cultural product retailers. supermarket and individual peddler.
Due to self limitation, the individual peddlers have no ability to
establish an information system. Thus, in this model, they are
deemed as end of supply chain, namely, consumers. Super-
market has well established information system, excellent infor-
mation qualification, so it is able to establish Multiple Agent
system. The retailing MAS includes warehousing management
Agent, order management Agent (both are the same as that of
distribution entity ), sales information Agent ( responsible for
collecting information of sales time and quantity of products).
The coordination Agent is responsible for coordinating Agent
subsystems in completing routine works and tracing tasks.
Multi-agent based ASCTS is mainly to collect information
and diagnose problem, and communicate with coordination
Agent of each entity node through a global Agent.

4  Agricultural product tracing algorithm
based on message/dialogue communica-

tion mechanism

The message/dialogue communication is the basis for re-
alizing flexible and complex coordination strategy. Each Agent
exchanges messages with specified protocol to establish com-
munication and coordination mechanism'™® . The transmission
Agent sends specific message to another Agent. If this Agent is
not the corresponding one, it can not read this message. This
mechanism is introduced to agricultural product supply chain
traceability system to achieve Agent communication between
entities. In addition, apart from receiving product tracing task,
the coordination Agent in each entity ( except starting end of
supply chain) , it is possible to trace the flow direction. Through
this system, it not only can trace the product from source to
end for diagnosis, including production, processing, packa-
ging, transport and warehousing, efc. For products with prob-
lem determined, it is able to trace from the problem link to
downstream links, collect information of flow direction of this
batch of products, to prevent harm spreading. Take the retai-
ling MAS and delivery MAS as examples, the algorithm of MAS
subsystems are introduced as follows:
4.1 Tracing algorithm of retailing MAS

(1) The traceability system assigns tracing task, transmits
the task to retailer ( suppose the batch of traced product as bn,
the task is M, the product batch of traced product is cn, the
traced task is N, the same below).

(2) The retailer coordination Agent analyzes the task. In
case of M, it executes (3); in case of N, it executes (5).

(8) The warehousing Agent collects storage information of
bn and sends it to traceability system, the communication

Agent of which takes the information to upstream diagnosis
module. In case of no problem source, it will continue to issue
tracing order to retailer, the coordination Agent of retailer sends
the tracing task to coordination Agent of distributor according to
upstream distributor information provided by order Agent, then
the algorithm completes.

(4) If the determined problem link is retailer, it will send
tracing task.

(5) The coordination Agent actuates sales information
Agent to collect sales information of cn. At the same time, the
stock Agent also collects stock information of ¢n and sends to
traceability system. Then, the algorithm completes.

4.2 Tracing algorithm of delivery MAS

(1) The coordination Agent receives the task. In case of
M, it executes (2); in case of N, it executes (4).

(2) The warehousing Agent collects storage information of
bn. The packaging Agent collects packaging information. The
coordination Agent gathers and filters information, and sends
the information to traceability for diagnosis. If no problem
source is found, it will issue an order to coordination Agent of
producer to continue to trace, then the algorithm finishes.

(8) If the problem link is determined, the shipping Agent
will determine the flow direction of cn (or the downstream enti-
ty), and issue the tracing task. (4) The shipping Agent and
packaging Agent determine flow direction of cn, and transmit
tracing task to the downward entity.

Since distribution MAS and retailing MAS algorithms are
similar, while the tracing algorithm for product origin is relatively
simple, so here we omit this part.

5 Conclusions

As a developing technology, Agent technology is becoming
more and more mature in the application of traffic control and
e-commerce. The utilization of Agent technology in agricultural
product supply chain traceability system is a new research di-
rection. It makes the tracing of agricultural products changing to
intelligent one, expanding depth and accuracy of traceability,
and will provide certain theoretical and practical values for en-
suring quality safety of agricultural products. Since there are a
great variety of agricultural products, many agricultural product
supply chain systems are not quite identical. Therefore, the re-
search of agricultural product supply chain traceability system
under MAS theory should be based on existing traceability sys-
tem. To truly implement agricultural product quality tracing, it re-
quires support of enterprises, government and competent authori-
ties, and consumers. Besides, it is required to provide powerful
support in social system. Furthermore, relevant researches are
just starting. The next work is to build models and conduct simu-
lation test for the system, and to constantly make improvement.
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rise, increasing the daily consumption expenditure of urban res-
idents, but farmers complain that they do not make money and
get more benefits, the main reason of which is that at present,
the cost of circulation in China is too high, and distributors and
retailers get excessive profits, generating a phenomenon of
"the two ends vociferating but the middle end laughing" .
Therefore, first, we should establish modern agricultural circu-
lation system, accelerate the infrastructure building of circula-
tion of agricultural products, open up the green channel for ag-
ricultural products, abolish all kinds of unreasonable charges,
integrate the existing transportation resources of roads, rail-
ways, ports and so on, coordinate interest relations of all re-
gions, and reduce the circulation costs of agricultural products
to the extreme. Second, we should strengthen the supply chain
management in the circulation process of agricultural products,
establish modern digital information-based and technology-
based distribution system of agricultural products, promote effi-
ciency of processing, refrigeration, storage, transportation, and
distribution, and effectively reduce natural and man-made loss
rate of agricultural products in circulation links after production.
3.3 Better organize agricultural cooperation and strength-
en farmers’ market price game ability Through the estab-
lishment of various types of agricultural cooperative organiza-
tions, we are to change the existing decentralized, small-scale,
and non-organization state of agricultural production, organize
farmers, connect small rural households and big supermarkets,
promote farmers’ market price bargaining and negotiating power,
and reduce the risk losses arising from information asymmetry
and irresistible power of agricultural production. In the mean
time, the government should encourage and support rural co-
operative organizations, offer preferential policies for rural co-
operative organizations in the process of self-built distribution
channels, guide the farmers to build direct marketing connec-
tion of terminal supermarket, simplify and shorten the circula-
tion link, and reduce distribution costs, so that farmers fully en-
joy the returns brought by the circulation appreciation of agricul-
tural products, and the farmers organized truly become market
game subject with competitiveness, to promote healthy and
rapid development of agriculture.

3.4 \Vigorously promote agricultural technology, rein-
force agricultural technology training and reduce reliance
of agricultural production on labour forces At present, a
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large number of young labour forces in rural areas flow out, and
supply and demand contradiction of agricultural labour is in-
creasingly prominent. We should vigorously promote agricultur-
al science and technology, change the extensive mode of pro-
duction that China’s agriculture excessively depends on inputs
of labour forces, and rely on agricultural technology to change
agricultural growth mode. Through the development of voca-
tional education, adult education and a variety of short-term
trainings, we should improve farmers’ agricultural professional
skills, fully use agricultural technical schools and other agricul-
tural training resources as well as modern information network,
disseminate information of agricultural technology, organize sci-
entific and technological personnel to go to rural areas to impart
scientific knowledge, carry out various forms of popular culture
and education, science and technology popularization activi-
ties, improve the quality of agricultural workers, and improve
technological content in agricultural products. We should truly
realize taking science and technology as the first agricultural
productivity, improve agricultural productivity, gradually change
the status quo of " eating dependent on the weather, farming
dependent on human" , achieve stable and continuous increase
in farmers’ income, change the status of urban-rural dual struc-
ture, and achieve balanced regional development.
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