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Highlights of this paper
® The aims of this article are to establish the fact that networking among supply chain agents
enhances the performance of the system.

® The study has adopted an agent-based architecture for analyzing the networking effect of the
supply chain on an agricultural supply chain platform from an emerging economy.

®  The research benefits the unorganized sector to gain rationality in income distribution in an
underdeveloped society.

1. INTRODUCTION

The world economy has been experiencing a revolutionary structural change in the output market in terms of
commercialization of subsistence agriculture. Conversion of an agricultural barter subsistence system into a
commercial one underlines the importance of the existence of today’s well-structured agricultural supply chain. The
agricultural supply chain contains a set of vertically connected transactions that include a transformation of raw
material to the delivery of a complete product. Christopher (1998) mentioned that the vertical interconnections in
the supply chain involve resource allocation and flow of information between sequential production activities.
Barney and Clark (2007) extended the importance of value creation of Porter’s Value Chain Analysis from the
limitation of within a boundary of a firm to cross the boundaries of different firms. Further literature (Stuart et al,
1998) explains the necessity of promoting the exchange of knowledge between the suppliers.

Importance of connectivity between the different participants of an agricultural supply chain has become a
primary focus to the researchers, since the performance of the supply chain is constrained by certain hidden cost,
primarily, in the form of transaction cost. While executing a trading activity, it is essential to judge the viability
and the profitability of a prospective transaction by collecting and processing the information about the trading
partner in addition to the product (Coase, 1937; Williamson, 1975). Hobbs (1996) captured the concept of
transaction cost under three distinct components, namely, information cost, negotiating cost, and monitoring or
enforcement cost. Firms incur information cost to search for their trading item, the product price, and to look for a
proper trading partner. Negotiation cost is incurred toward managerial and legal aspects of the deal, while
monitoring cost is incurred to ensure the implementation of the deal as per the contractual agreement.

Research focuses on the impact of a decline in transaction cost on efficiency of an organization or a market
system (Gurbaxani and Whang, 1991). A few studies (Malone and Rockart, 1991; Clemons and Row, 1992) have
tried to show how a contraction in transaction cost can save the direct cost, in addition to some other indirect cost
such as agency cost and monitoring cost which the organizations incur to execute the whole process. Further
literature shows that (Wilson, 1996) the need for the cooperation among the agents in the chain to reduce these
costs improves the uncertainty in the market and for efficient production of the required and desired products

through higher levels of interaction and collaboration.

1.1. Problem Statement

This study concentrates on identifying and analyzing the transaction cost in the agricultural supply chain. The
goal is to show how the efficiency of the system could be improved with a decrease in transaction cost. The
theoretical aspects of the proposed transaction cost analysis using an agent-based system are explained. It also
explains how the networking of information among agents helps in improving efficiency. The transactions among
the farmers (producers) and the intermediary agents are of specific interest of the study. The study proposes that by
networking the farmers, asymmetry in information could be reduced in an agricultural supply chain, leading to a
decline in transaction cost, and thereby increasing the efficiency in the system. The research stems from the fact

that the net price that the farmers receive and the increase in the net price that the end customer pay have a
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significant wedge. The research also proves that the farmers are the only ones in the supply chain who add value to

the product in terms of production and therefore should attain better benefits in terms of the net price they receive.

2. LITERATURE REVIEW
This section is divided into three subsections. Section 2.1 describes the structure of the agricultural supply
chain system; section 2.2 introduces an agent-based system in brief, while section 2.3 lays the foundation to

construct an agent-based system on the agricultural supply chain.

2.1. Agricultural Supply Chain

Most of the industries view the supply chain as a common practice in conceptualizing the consumer products
and services. Linus (2002) said that there has been increasing interest in the agricultural supply chain due to two
important reasons. They are industrialization (Boehlje, 1994; Blank, 1998) of agriculture and the uncertainty
associated with the variations in product quality and safety. Some of the other factors include globalization and
competition among various trading partners, changing consumer demand, and consumption patterns. The
variation in the quality and magnitude of the agricultural supply environment introduces uncertainty in the supply
of goods and safe products to the end user. As a result, the transaction cost that includes the negotiation cost,
information, and monitoring has increased in addition to the quality and safety of the product (Linus, 2002).

An agricultural supply chain consists of all activities which involve production, distribution, and delivery of
goods to the customers. The supply chain transforms the raw materials into the delivery of final product to the
consumer, and every step required for the production and other processes are linked in the supply chain. A typical
structure of an agricultural supply chain in India exhibits a vertical connectivity between farmers, traders,
commission agents, wholesalers, retailers, and the end customers. Therefore, the study considers a supply chain, in
which farmer produces and sells the products to the traders. The traders, in turn, with a margin seek the
commission agents through whom the products reach the wholesalers. The retailers, after obtaining the goods from
the wholesalers, sell their products to the end customers. Each immediate trading partner in the chain incurs a cost
and therefore sets a margin for the profits. The agricultural supply chain and distribution is a combination of such
several functions and similar services. Figure 1 depicts the vertically connected agricultural supply chain, which

would be referred hereafter in the study as “reference” chain.

2.2. Agent-Based Systems

Agent-based systems are part of multiagent systems, a branch of distributed artificial intelligence that has attained
popularity in the recent decade. Agent-based systems deal with the systems with multiple entities called agents that
interact in a domain. Literature shows several definition of an agent. Wooldrigde (1999) defined an agent as “a
computer system, that is situated in some environment, and that is capable of taking actions autonomously in this
environment in order to meet its design objectives.” These group of heterogeneous agents situated in an
environment learn, react, and adapt to the change in environment. These systems deal with the behavior
management in collections of such independent agents. Each agent works toward accomplishing its own individual
goal while contributing to the global task to be achieved by the group of agents. Therefore, agents are required to
coordinate their skills, knowledge, goals, and plans to accomplish a global problem. Agent-based systems are open,
decentralized, and distributed systems operating with a group of such autonomous and independent agents (Russell

and Norvig, 1995; Bond and Gasser, 1998).
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2.8. Agent-Based Modeling in Agricultural Supply Chain

Agent-based models andsimulations (ABMSs) differ from the traditional modeling approaches. ABMSs are
being used for modeling social, organization, and individual behaviors that involve cooperation and collaboration,
decision-making, group behavior, and evolving a structure (Russell and Norvig, 1995; Bond and Gasser, 1998). The
need for agent-based modeling was well-explained by Charles et al. (2006). They statedthat the need for agent-based
systems is due to large complex systems that require different procedures other than the traditional approaches.
Also, availability of large data due to improved communication systems requires better processing. Hence, the data
are split into modules and further into micro-modules for processing. Therefore, the systems require strong

computational abilities to handle the data.

Table-1. Similarity between agent-based systems and agricultural supply chain.

Agent-based systems

Agricultural supply chain

Decentralized systems
Agents have individual goals

Decentralized
Agricultural agents have individual tasks

Agents have a global goal to achieve All agents in the supply chain have a global task of
delivery from raw material to product

Agents communicate with each other Supply chain agents are connected

Agents have skills such as coordination, Each agent possess such skills

communication, intelligence

Agents  possess  different  attributes  and Every agent in the supply chain possess different
characteristics attributes and characteristics

Agents are distributed in an environment All agents in the supply chain are distributed in the

physical space

Farmers
> Farmer’s price
Traders
> Add 23% cost
> Add 5% cost
Wholesalers
> Add 50% cost
Retailers
> Add 75% cost
Customers
Figure-1.Agents in the vertical agricultural supply chain in India.

Source: Investment information and credit rating agency (2001); Amit et al. (2005).
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Agent-based systems form a good platform to implement the agricultural supply chain due to several
similarities. The similaritieshold good for any supply chain in general;however, Table 1 provides the similarities in
the agricultural supply chain and the agent-based systems, since agricultural chain is the interest of the author’s
study. An agricultural supply chain is a decentralized system where each trading partner has a goal to resolve. In
addition to the independent task they might perform, there is a need for cooperation among the trading partners
and need to collaborate to accomplish their goals. There is also a need for network and transformation of
information among the partners to complete the supply chain. Agent systems possess similar characteristics such
as decentralized control, individual and common goals, and adaptability to the environment with unique agent

properties. Therefore, it is possible to apply agent-based systems to resolve issues in the agricultural supply chain.

3. RESEARCH METHODOLOGY
The objective of the agent-based model is to maximize the efficiency of an agricultural supply chain by

reducing the incremental cost parameters.To establish a metric to measure the efficiency of the system, the whole

supply chain activities is divided into three categories:

e Value addition (VA)- These involve operations that create or add useable value to the product, that is, these
include transformation of raw materials into semi-finished or finished product. Typically, in the agricultural
supply chain, the farmers are the only agents who carry out these activities.

e  Non-value addition (NVA)- NVA activities may be referred to those activities which do not add any useable
value to the product, but incur extra cost, waiting time, doubling handling,wastages,and so on in the process.
Hence, this stands to be eliminated completely.

e Necessary but non-value addition (NNVA)-This includes the operational costs that do not add value to the
product in terms of quality and content;however, it stands necessary under the operating procedure. Example
of NNV A includes traveling long distance in acquiring or delivering products, stocking inventories in surplus,
and so on.

From the above discussion, it is clear that farmers, being the only vehicle to carry out the VA activities, should

receive the maximum share of the final price paid by the customers. Alternatively, we say that:

st 1)

Vi+F

where Pr = farmer’s price, Pr = retailer’s price, and P; = price of any #hagent.

This research argues that the efficiency of an agricultural supply chain should be measured by the farmer’s
share in the final price; that is, the higher the share a farmer receives for every dollar that the retailer receives for

his product, the greater the efficiency. If 1 measures the efficiency of the system, the objective of this study is to

maximize:

Pr
"=,
3.1. Definition of Agents and Their Characteristics
This study has considered a five-tier agricultural supply chain. Each member of the supply chain is considered
as an agent,and each member contains multiple agents. An agricultural supply chain consists of farmer agent (F),

trader agent (T), commission agents (C), wholesaler agents (W), retailer agents (R), and the customer. All the
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agents, except farmers and customers, are termed as intermediary agents. The location information for the agents
is provided by the agent vectors. Each agent has different goals in the supply chain. The goal of the framer agent is
to produce the product and sell it to the immediate trading partner. The goal of the trading agent is to sell the
product to the immediate partner, namely, the commission agent who in turn passes the product to the wholesaler.
The retailer purchases the products from the wholesaler and sells them to the customer. The global goal of all the
agents in the supply chain is to provide the product to the end customer. Each agent has the characteristics of
mobility and can adapt to the environment, and hence undergoes a dynamic process. Farmer is the producer who
converts the raw material into product. All the agents add a cost parameter to the price of the farmer.

Farmers carry the products to the traderswho add a cost parameter “a” to the price of the product. Each
tradersells the product to a commaission agentafter adding “B” to his cost andthe wholesaler adds “y” who sells it to the
retailer. The retailer also adds his additional cost parameter “3” before the product reaches the end customer.
However, the supply chain, considered under the study, gets terminated once the product reaches the

retailer.Hence, the retailer’s additional cost parameter is not included here.

3.2. Efficiency Model

The model defines the agents in the supply chain as upstream and downstream agents, according to the
direction of flow of the process. The process is initiated from the farmers to the customers as shown in Figure 1.
For example, the trader is the downstream agent to the farmer and the trader is also the upstream agent to the

commission agent and so on. The model further defines the price in terms of the upstream and downstream agents.

Upstream Agent = i »| Downstream Agent = j

Incurs additional cost &

Transaction cost
Figure 2. Agricultural supply chain in terms of upstream and downstream agents.

From Figure 2, we derive the price of the product for each agent.

Pi=F+ Cc{ddl + C%c ()

Here, Cuu is the additional cost incurred by the f agent,C+c represents the transaction cost by the j" agent, and
Cua + Cre measures the total incremental cost. Equation 2 states that every time goods flow from an upstream
agent to a downstream one, the latter agent incurs an inventory cost, material handling cost which is referred as
“additional cost.” Over and above the additional cost, they also incur transaction cost in terms of searching cost,
negotiation cost, and transportation cost. We define the searching cost (S.)as a function of searching time (.S.) which
is in turn a function ofopportunity cost of labor searching for a trading partner (C), opportunity cost of working
capital (C:), and wastage due to delay (C.). Transportation cost (7%) is defined as the cost incurred due to the

distance travelled by the agent to procure the product. The above two cost functions are given by Equations 3 and

4, respectively. Negotiation cost is assumed to be constant across all the agents.

Se = f1(S)(3)
whereS; = C; + C. + C,,
T. = f2(x,y) )
Here, f;= Euclidean distance, and zxand yare the location coordinates of the agents in the environment. The total

incremental cost is alternatively framed as follows:
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—P

P,
I . o0o<acx<1

P, =P; +aP; .....(5); where a =

i
Hereafter, the agents will be denoted as follows: farmer agent = F,trader agent = T,commission agent =
C,wholesaler agent = W, andretailer agent = R. Furthermore, let P; be the price of /hagent (i = farmer, trader,
commission agent, wholesaler,and retailer); the prices of each agent are determined applying the above concept in
Equation 5 of price fixation with respect to their respective downstream agent. The price equations for all agents

are given in Equation 6—13.

Pr = Pp + Coyq + Cle (6)
PTZPF+(XPF (7)
P = Pr+ Coya + Cic ®
P.=Pr+ B Pr(9)
P, —P
where f = ¢ T
Pr

Py = P. + CY 4 + CI-(10)
Py = Pc +yPc(11)

Py — Pe
Pc

Pr = Py + Ciaq + Cc(12)
Py = Py + 6Py (13)

Px — Py
Py

where y =

where 0 =
From Equations 7, 9, 11,and 13, we have,
Pr= 1+ 90+ y)(A+ B[+ a) Pp ....which implies

Pr_ 1 _
Pr 1+ 9A+A+pHA+a)

n (14)

Clearly,
Pr
n = a< las0 < a,B,y,0<1

Here, N measures the cost efficiency of the whole agricultural supply chain; the higher the value of7, the lesser
the cost incurred by the supply chain. The study scrutinizes that if the agents are networked within their own
group or across the groups, the efficiency of the system is improved. Considering the case of networking of the
farmer agents, which is the focus of this study, the price of the farmer agent is defined as follows. Each farmer agent
has a minimum price P.:and a maximum price P..; they share their maximum prices with the traders. If the farmers
are not networked, the traders take the advantage of lack of information among the farmer agents and determine
the minimum of all the maximum prices quoted by all the farmers. The non- networked price of the farmer, P,
can be defined as follows:

Phyw = min(max P{); ...Vx, k = No. of farmers (15)
If the farmers are not networked, a farmer, K, may be a loser if P'xvv< min (P":), where P": is the price of farmer

K.However, if the farmers are horizontally networked on a common platform, the information regarding both
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minimum and maximum prices are available to all the farmers. Therefore, the farmer dictates the final price to the
trader. Let P"wbe the networked price which is defined as follows:
PEy, = max (min PF); ...Vg, k = No.of farmers (16)

Due to networking, now all the farmers gain since P'v»> min (P ).

3.3. Agent Network

The study assumes that the intermediary agents in the agricultural supply chain are networked vertically. It is
assumed that each trader is connected to a commission agent. Each commission agent is connected to the
wholesaler and the wholesaler is connected to the retailer. The connection between two agents involves a possible
mutual transaction in terms of physical transportation of the goods, communication, and coordinating capabilities.
The agent environment is typically the physical supply chain that involves various agents, processes, and attributes.
Agents also adapt to such changing parameters. The study analyses that if the agents are networked either within
their own agent group or among different agent groups, the efficiency of the system is improved. Therefore, this
research designs a network system where all agents are connected through a blackboard architecture that provides
location information about the other agents in the network. The emphasis of the study is to show the networking
effect of the farmers.

Horizontally networked farmers: The networking of the farmers is done in a horizontal manner and is
termed as cooperativemodel. By horizontal network, we mean to use the blackboard among the farmer agents who
belong to the same group of agents. The network connection between the farmer and the immediate trader agent
still remains vertical. In this blackboard architecture, all farmer agents have the access to the blackboard and the
access is limited to the use of the farmer agents among themselves. However, the information provided on the
blackboard is the minimum and maximum prices of the all the famer agents. It is assumed that all the farmer agents
have the same unit price for accessing the blackboard. Hence, the information access cost is assumed to be a
constant for all the farmer agents. An information matrix acts as the blackboard that is modeled as an agent
network. An example of the farmer’s network is shown in Figure 3a.

Vertically connected intermediary agents: Figure 8b shows the networked intermediary agents. Here, the
networking represented is among the group of agents connected vertically which is termed as collaborative model.
For example, if the agents considered are traders, the network in Figure 3b shows how traders are networked by
the blackboard architecture. The information provided is the location of each agent with respect to the other in the
physical environment. The location is defined by the z and y coordinates, and the distance is calculated by the

Euclidean norm.

Blackboard

N Farmers Blackboard

Agent 3

N Agents

min and max : 7
i Location info

price

Agent 4

(a) (b)

Figure-3. Blackboard architecture for the farmers’ network and all other intermediary agents.
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3.4. Agent Methods
Asymmetry of information within and across the agents distributes the wealth in an uneven manner, which

ultimately leads to a lower level of efficiency in a supply chain process. Therefore, the agent-based algorithm has
been simulated in two different scenarios. The first scenario considers the farmers in horizontal groups (cooperative
model) and the second one considers the intermediary agents in vertically connected groups (collaborative model)
to examine the impact of networking on the efficiency. Under the first scenario of horizontal famer groups, the
study has shown that dissemination of information among the farmers brings the maximum benefit to them
through their strong bargaining power over the traders. As a result, they fetch a better price in the market, which
increases the value of7, and thereby the system experiences an improved efficiency. Under the second method of
collaboration, where the agents are vertically connected, knowledge obtained through the network about other
agents and their activities reduce the transaction cost of all the intermediary agents. As a result, the intermediary
agents add lesser incremental cost in their respective prices. This, in turn, makes the final price, the price set and
offered by retailers to customers, highly competitive, leading to a greater efficiency.

The agent program implements the following methods to perform the above-mentioned tasks. All the methods
are generic, so that all the agents can use the methods in the system. The following are the methods used by the
agents in the program:

e Initialize ( ) initializes the required parameters such as the agents, environment, initial prices, location
information of the agents, search threshold and timer, and incremental cost parameter of the reference chain.

e Farm price () calculates the minimum and maximum prices of the farmer agents.

e Distance () finds the distance among agents by Euclidean distance measure. Here, the agents can find the
distance between all the intermediary agents.

e  Search_time () is used to calculate the searching time for each agent to find the time taken to find other agent.
This would involve the time required to search for the respective agent within the chosen search threshold.
The search time is also expected to vary depending on the search threshold. The higher the search threshold,
the lesser the search time and hence the transaction cost. The searching cost is calculated by the unit price per
unit time.

e B_board () is the blackboard through which intermediary agents can transact the location information among
the intermediary agents. An information matrix acts as the blackboard that is modeled as an agent network
through which the agent’s information is made available. For the farmer agents, the B_board contains the
information about the minimum and maximum prices of all the farmers.

e  Effc () calculates the efficiency of the entire supply chain in terms of incremental cost parameters.

e inter_price ( ) uses the reference incremental cost parameters and determines the basic price of the farmers. It
also calculates the total cost of the product through the entire supply chain. This includes the negotiation cost,
additional cost, and transaction cost. Transaction cost involves the transportation cost that calculates distance

taken to reach the other agent. Each agent incurs a cost per unit distance travelled.

4. RESULTS AND DISCUSSION

The simulation studies the impact of network on the agents’ system in an agricultural supply chain. The agents
are randomly distributed in an environment of nxn, where nrepresents the dimension of the environment. The
environment represents the physical space where agents are involved. The agents are identified by the index, 1-5,
starting from the farmer to the retailer. We assume the blackboard as the agent network. The experiment was

conducted in two steps, namely, horizontally connected famers (cooperative model) and vertically connected
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intermediaries (collaborative agent’s model). The cooperative agent theory discusses the farmer’s price when they

are non-networked and the effect of networking on the price quoted by the farmers to the trading agent. The results

show that

e  Horizontally non-networked famers: When farmers are not networked, the price is determined by the trading
agent; the price is therefore the minimum of the maximum price quoted by all the farmers. Here, the benefit is
achieved by the trading agent.

e  Horizontally networked famers (cooperative model): When farmers are networked, the farmers have perfect
knowledge about their own price and therefore enjoy the bargaining power over the trading agents. And now,
the price quoted by the farmer is the maximum of all the minimum prices of all the farmers. Here, farmers get

the benefit of deciding the price to provide to the trader.

Table-2. Results of the cooperative agent theory.

Farmers Min.price Max.price
F, F

F1 104 118
F2 109 180
F3 127 177
F4 103 138

F5 131 144
Non-networked 118

P = min (max(F,))
Networked 131

P = max(min(F,))

Table 2 shows the selected prices before and after networking. As shown in Table 2, the farmers could quote a
maximum price among themselves to gain the benefit. This is possible because of the blackboard that acts as the
network to the farmers. The network enables the farmer to quote a maximum price and reap the benefits. Equations
15 and 16 proposed in our model under section 3.1 are evidenced by our simulation results. Table 2 shows that the
farmer’s non-networked price is 118, which is the minimum of all the maximum prices quoted by the farmers. The
market price set at 118 clearly brings the losses to farmers I8 and 5 whose minimum prices are 127 and 131,
respectively. The above result shows the networked price is determined at 131, which is the maximum of all
minimum prices. Therefore, no farmer loses in terms of their minimum prices. Figure 4 compares the non-
networked and networked prices of the farmers and all the agents. From the plot, it is clear that the networked
farmer’s price is higher than the non-networked famer’s price.

The second stage involves the vertically connected intermediary (collaborative model) agents. Here, all the
intermediary agents are networked. We reference Figure 1 as our basic reference chain, where the basic price of the
farmer is assumed to be 100 per unit. Here, the reference chain under consideration uses the incremental cost values
of 25%, 5%, 50%, and 75%. Therefore, the price of each agent in the chain is calculated by Equations 7, 9, 11, and13.
Figure 5 shows the prices of all the trading agents in the chain with the basic price. The plot reflects the price

increase due to the incremental cost parameters defined by each intermediary agent, before it reaches thecustomer.
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However, here, from the cooperative theory of agents, we have the non-networked and the networked prices of

farmers. Hence, the price of the intermediary agents is calculated for both the cases of P'xw and P'vw, non-

networked and networked prices of the farmer agents. Figure 6 shows the prices of all the agents in the chain for

both P"wwwand P"w. The results show the effect on the price of the intermediary agents when the farmers are

networked.
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We also measure the performance by the efficiency of the system, with and without networking the farmers.
Equation 14shows that the efficiency 7of the system is determined by the incremental cost parameters added to the
chain by the intermediary agents. Initially, we calculate the efficiency E, of the reference chain using the reference
cost parameters which is determined as 29%. Then the efficiencies of the collaborative model using the non-
networked price (E2) and networked prices (Es) of the farmers are calculated. Table 3 shows the efficiency of all the
threesystems under consideration. Figure 7 shows the efficiency of the system with a basic price E, the efficiency E,
with the non-networked farmer’s price, while intermediary agents are networked, and the efficiency Es obtained
with the networked farmer’s price. Clearly, as the value of the incremental costs of the intermediaries reduces, the
efficiency increases. This also shows that by networking, the price determined by the farmer to the trader agent

changes drastically, thereby benefiting the farmer.

Table-3. Supply chain efficiency.
Farmers Intermediate trading partners Efficiency of the system
Non-networked Networked E1=29%
Networked Non-networked E2 = 84.42%
Networked Networked E3 =92.43%

5. CONCLUSION

The purpose of this research was to study the effect of networking of agents on the efficiency of the agricultural
supply chain. The experiment was conducted in two phases. In the first phase, the farmer agents are grouped in a
horizontal chain. The farmer’s price is determined where the farmers are in a group but are not networked in terms
of information. The results clearly show that without networking, the trader decides on the farmers’ price which is
the minimumof all maximum prices quoted by all the farmers. Also the farmers, whose minimum price is lesser than
the price chosen by the trader, become the losers. Therefore, the lack of networking among farmers denies the
farmers in setting the market price for their own product.

Then, the experiment also simulates the network through blackboard architecture that provides information
regarding the price to all the farmers. On networking, the farmers stood a better chance in deciding the price that
could be made available to the trader. This price is determined as the maximum of minimum prices set by allthe
farmers. The results prove that networking not only helps the farmer to gain the decision-making power but also
the price quote to the trader. Here, due to networking, the farmer whoseminimum price is less than the quoted price
also tends to get a better price. The farmer’s networked and non-networked pricesare used to calculate the rest of
the agent’s price in the chain, and hence the efficiency is also calculated.

The second phase of the experiment deals with all other intermediary agents networked in the chain. Here,
each agent’s price is calculated with a farmer’s price along with the incremental cost parameters decided by the
respective agent. In effect, the efficiency of the agricultural supply chain is found out in terms of the incremental
costs. The study has used the incremental cost parameters used by Amit ef al. (2005) as the reference chain, and the
efficiency of the supply chain with the reference parameters is calculated and compared with the efficiency of the
proposed study.

The results prove that by networking the farmer agents, the incremental cost parameters decrease thereby
increasing the efficiency of the entire chain. In the reference chain, when the farmers are not networked, the
efficiency of the system was only 29%, while the non-networking of intermediate trading partners, coupled with
networked farmers group, showedan efficiency of 84%; however, if both farmers and other intermediate trading
partners are networked, the efficiency goes up to 92.43%. Therefore, the research reports successful results of the

impact of networking among agents on the efficiency of the chain. In future, the study can be extended to the
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analyses of the efficiency of the agent network through contract farming where the farmers could be directly
connected to the retailer. The research concludes with the importance of networking that would benefit the farmers,

the sole value adders in the chain.
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