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Abstract: Under the assumptions of complete sharing of information between organizational departments and
the presence of an independent decision making authority for the entire supply chain, previous supply chain
research highlights centrally controlled models. Due to information privacy, most of the facilities in the supply
chain are functionally centralized in exercise. Collaboration between these functional units is most important for
responding to rapid changes in customer requirements and for resolving conflicts. Intelligent Agent Systems
have been shown to be effective in achieving collaboration and effective communication in the environment of
distributed decision making. In this paper, intelligent agents are proposed and validated Reducing cost of a
decentralized distribution planning process for development for multiple echelons, multiple products and
multiple intervals.

Keywords: Smart Operatives, Intelligent Agents, Multi Echelon Supplychain, Decentralized Production
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1. Introduction

The supply chain has a direct influence on any business enterprise's success. Effective decision-making in the
supply chain has several difficulties [1]. Researchers have proposed different supply chain models and
methodologies with the assumption that decisions are taken by an independent authority with respect to the
global supply chain goal[2]. Most of the supply chain installations, however, are functionally decentralized[3].
Due to the data privacy of each entity, there is incomplete information sharing between facilities. Collaboration
between these functional units is the most important act in response to rapid changes in customer requirements
and conflict resolution [4 — 6] Intelligent Agent Systems (IAS) have been shown to be effective in areas refers to
an interaction between distributed systems, which include different ideologies. [7]. A intelligent agent is a
software application capable of managing its own judgement and acting on either basis of its analysis of its
situation to achieve its goals and objectives[8, 9]. An agent must exhibit three important general characteristics:
autonomy, adaptation and cooperation. Figure 1 shows an intelligent agent and its environment [10-13]. 1AS
comprise a number of intelligent agents, every agent endeavor for maximizing its own usefulness while
coordinating with added agents for achieving their objectives [14]. IAS is widely applied to concurrent
engineering, manufacturing planning [15], scheduling and control, manufacturing enterprise integration and
supply chain etc.
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Figure 1. Schematic Network of Intelligent Agent
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2. Literature Review

For effective and efficient supply chain decisions, researchers have suggested different models and
methodologies, and modelling approaches range from mathematical, game statistics and research analysis to
modelling and simulation of systems. Numerous analytical optimization models are designed to reduce costs or
improve sustainability. Syarif et al (1) used a spanning tree-based Genetic Algorithm (GA) To explore the
alternative of opening services and the specification of the circulation network to meet client needs at the lowest
cost. Park[2] suggested a heuristic method to demonstrate the efficacy of an integrated planning approach to
output delivery over a decoupled approach in a circulation system of two-stage. Kumanan et al. [3] contrasted
GA and Particle Swarm Optimization efficiency for a three-stage distribution network model with a view to
minimizing total cost. Performance measures were often seen as a complement to cost analysis like delivery
reliability, delivery lead time, versatility, quality and responsiveness. Chan et al.[4] In order to solve the supply
chain distribution network problem As performance measures, with operating costs, distribution periods and
utilization ratio, analytical hierarchy processes were merged with GA. Altiparmak et al.[5] supplied Nonlinear
mixed integer programming and GA (Genetic Algorithm) with cost, availability fill rate and focus usage ratio,
for supply chain design. A multifaceted optimization algorithm to plan the distribution of bi-criteria was
proposed by Prasanna Venkatesan and Kumanan [6] in the supply chain.

Analytical optimization models have been shown to be effective in a number of cases, although they are still
too simple to be used functionally for a complex supply chain encompassing uncertain and diverse behavior
patterns. On the other hand, simulation models can capture realistic characteristics of the supply chain supported
that the designer can integrate these attributes throughout the simulation model efficiently. [7]. Kumanan et al.
[8] proposed a GA and a spreadsheet based simulation to model and analyze supply chain distribution problem
under demand fluctuation. A review of the work on supply chain simulation is presented by Terzi and Cavalieri
(9). Lim et al. [10] developed a simulation model to analyze the production-distribution plan for a time variant
customer demand [16]. Centralized models are emphasized in the past research with the assumption of complete
information sharing among functional units [17]. In practice most of the facilities in supply chain are functionally
decentralized due to information privacy [18 - 20].

Collaborative agents have the benefits of maintaining collaborative decision-making and resolving conflicts
in a variety of business activities or categories. In many fields of research, which include industrial production,
engineering and computer applications, a very appropriate research of the acceptance of agents has been
documented as well as illustrated. A review of multi agent supply-chain has been reported by Tian and Tianfield
[21-25, 37-38]. Utilizing the agents in collaboration the decentralized production distribution planning was
proposed by Jung and Jeong [12]. A constraint network along with agent technology to coordinate the supply
chain and GA for searching demand ordering quantity is proposed by Liang and Hung [26, 29-31]. In this paper
intelligent agents are proposed and validated for a multi echelon, multi product and multiple periods
decentralized production distribution planning system with the objective of minimizing the cost [27, 28, 32-36].

3. Improvised Formulation of Distribution Network
A decentralized two-step distribution network is a linear optimization problem with the aim of reducing the
total cost as shown in figure 2. Total cost includes cost of production and cost of distribution.
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Figure 2. Decentralized Production Distribution Network [37]
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3.1 Expectations

Demand driven distribution network.

Numbers of plants, warehouses are known.

Lacking or backorder is not permissible.

The cost of production unit will not transform with quantity produced.
The cost of delivery will not transform with the quantity delivered

Manufacturing plants can produce the same product with equal quality and features.

Indices

No. of plants ie {1,2,...A}

No. of warehouses je {1,2,...B}
No. of clients ke{1,2,...C}

No. of time period te{1,2,...M}
No. of products pe {1,2,...Q}

3.2 Constraints

Ueip
Chpjt
Capiit
Capikt
Cupkt
Cmpit
Chpit
Cupit

Request from client “k” for product “p” over a period of time “t”

Max. production capacity of plant “I” during period “t”

Warehouse inventory handling capacity “j” for product “p” during the period of time “t”
Whole available inventory capacity for plant “I”” in period “t”

Desired production quantity for product “p” at plant “I” in period “t”

Rate of utilization of production capacity per unit of product “p” in plant <I”
Warehouse utilization rate per unit of product “p” in plant

Inventory unit holding cost for product “p” at warehouse “j” during period “t”

Actual cost of transport for product “p” from plant to warehouse “j” during period “t”
Transportation cost for product “p” from warehouse; to customer “k” in period “t”
Product p Customer Zone “k” unfulfilled penalty costs in period “t”

Unit production cost for product “p” at plant “I”” in period “t”

Unit inventory holding cost for product “p” at plant “I” in period “t”

System unsatisfied penalty costs for the required quantity from the distribution agent at plant “I” for

product “p” in period “t”

3.3 Variable Quantity

Qpit
Qrpit
Qhnpit
Qupit
Qhpjt
Qudpjkt
Qupkt

Qupit

Production amount for plant | product p in period t.

Production amount needed (desired) for product p at plant I during period t

Product p inventory in plant i during period t

Product quantity transmission from plant | to warehouse j during period t

Product p inventory quantity in warehouse j in time t

quantity of transport for the product p of the warehouse;

unaccomplished product p request quantity at client k in period t

unaccomplished amount for product p at plant I in time t against both the requested amount
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Here is a mathematical model for distribution is given below.
Fd (X) = Zp.j.t thjt X Cdpijt + Zp.i.j.t deijt X Cdpijt + Zp.j.k.t>< Cdpjkt + Zp.k.t Qupkt X Cupkt (1)

subject to
Yipijt Qapije = Dipe — Quipe VK, D, t 2
Yipjit Qnpjt—1 + Zpije Qnpjt = Lpjie Qnpje T Lpjijee Qapjie ()
Zp.j.t thjt = Zp-i-t ijt (4)
Zp.j.t thjt = Zp-i-t ijt ®)
Ypijie Qapije < Die Fie (6)
Qpit,Qrpit,deijt,thjt,dejkte"O (7)

Equation (1) minimizes the total distribution cost. Constraint (2) represents the restriction on total distribution
quantity. Inventory balance is shown in equation (3). Equations (4) (5) and (6) represent the capacity constraint
for warehouses and plants. Non-negativity constraints are represented in equation (7).

Mathematical model for production is shown below.

fn(x0) = Xt Qpit X Conpie + Lpit Crpie X Chpie + Xip.e Qupit X Cuipt (8)

Zp,i,t thit—l + Zp,i,t Qpit = Zp,i,t Qrpjt + Zp,i,t thit - Zp.i.t Qupit 9)
Subject to

Yt Qpic < Fir (10)

Yt Qnpie < Eit (11)

Qpit, Qnpit, Qapijt, Qupir,e"0 (12)

Equation (8) minimizes the total production cost. Constraint (9) represents the inventory balance for plants.
Equations (10) and (11) represent the capacity constraint for plants. Non-negativity constraints are represented in
equation (12).

4. Development of Software

The research framework is being developed on the Matlab platform. Two collaborative agents are considered
in the proposed methodology. Distribution Agent (DA) and Production Agent; (PA). Figure 3 illustrates the
operating principle of the two collaborative agents. The main purpose of DA is to generate a distribution plan for
products from plants to customer areas through the warehouse and to give the PA the required quantity of
production. The function of PA is to generate a production plan for the plants to satisfy the customer demands
and communicate the feasible production quantity to the DA. Within the suggested solution, the DA begins with
a distribution plan that assumes never-ending plant production capability, and then calculates the desired output
quantity, which is fed to the PA as input. Figure 4 Schematic flow diagram of work flow of intelligent agents

The PA uses the real constraining details (e.g. plant capacity, unit cost of output, etc.) and the expected
production quantity from the DA to create a plan of production. If the PA's produced production plan fails to
meet a DA requirement, the PA will communicate the potential production quantity taking into account existing
capability of production, and after that the DA will reconstruct the possible plan of distribution considering the
PA's potential production quantity. Such iterations of planning carry on unless no planning difference is there
between the PA and the DA, meaning that the PA fully meets the required quantity of input from the DA. As far
as PA and DA are concerned, cooperation between two agents is required for improving the consistency of the
solution and for making procedures work before the conditions for stopping are met.
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Figure 4. Schematic Flow Diagram of Work Flow of Intelligent Agents
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5. Numerical and Probabilistic lllustration for A Decentralized Supply Chain

A plan for the distribution of the minimum cost of production for a decentralized supply chain network is to
be developed. A limited supply chain is believed to have a single colour, one warehouse and one customer. Three
separate items (A, B, and C) may be ordered by each user for six periods of time. Simulated consumer demand
data is shown in Table 1 for three different items. Production cost, inventory handling cost, penalty cost and the
distribution costs are shown in table 2.

Table 1. Demand of product for Six Time Period
Period Products
A B C
300 400 500
150 430 100
500 340 350
200 220 250
700 450 350
30 120 600

o0 WN -

In comparison to the requested amount, both PA and DA require penalty costs for amounts that are
unfulfilled. Table 3 shows the capacity-related data. The utilization rates at the plant and warehouse shall be
presumed as 1.

Table 2. lllustrative Example on Cost Details for Per Unit

Cost per unit per period (INR) Product
X Y Z
Production cost at plant 20 15 20
Inventory holding cost at plant 4 4 4
Penalty cost at plant 15 18 20
Distribution cost from 12 14 14

T
7/7465 plant to warehouse

Inventory holding cost at warehouse 1 2 1
Distribution cost from warehouse to customer 28 20 30
Penalty cost at warehouse 25 32 34

Table 3. lllustrative Example on Plant and Capacity of Warehouse

Warehouse and Plant Capacity Units
Inventory Holding capacity for pant 300
Production capacity for plant 500
Inventory holding capacity for warehouse 400
Min. inventory in a plant 40
Min. inventory in a warehouse 40

A production-distribution plan starting with the DA begins with the planned decentralized preparation, and
computational iteration is performed until the termination situation is fulfilled. The terminating condition may be
said to be satisfied if the PA meets the entire necessary (desired) output quantity from the DA. At each stage a
production-distribution plan is generated till the stage when the minimum cost is reached and the corresponding
plan gives the optimal plan for each period. In this example, the production distribution plan is obtained after
seventh iteration. The planning results obtained during 7th iteration are shown in the tables 4 and table 5 for
period 1 and 6.

Table 4. Plan of Production Distribution for Period 1

Decision variables Products

A B C
Qhpit 30 30 30
Qupit 150 30 30
Qdpikt 160 0 0
Qupit 80 400 500
Quit 200 50 50
Qhpit 30 30 30
Qupkt 0 0 0
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Table 5. Plan of Production Distribution for Period 6
Decision variable quantity Products

A B C
Qnpit 30 30 30
Qupijt 30 150 75
Qupjkt 30 150 65
Qupit 0 400 746
Quit 30 150 150
Qnpit 30 30 30
Qupkt 0 0 0

Table 6. Computational Outcomes by Projected Method
Repetitions  Distribution cost (Dc) Production Cost (Pc) Total cost (Tc)

1 155200 61660 234350
2 164200 54069 215690
3 166350 42580 188000
4 167270 30000 185450
5 148650 20080 172150
6 160110 17649 176329
7 169520 16000 175230

Table 6 displays the overall costs incurred during the iterations. As iteration continues, the cumulative cost
decreases steadily. With iterations, the distribution cost increases as the output cost decreases. That's because of
the DC-PC negotiation process. DC begins with the presumption that the unit's output potential is never-ending
since the DC primarily obtains the perfect plan of distribution without taking into account the unit of production.

After the first planning iteration, DC will regenerate the delivery plan with potential output input from the
PC. The desired production volume for the PC derived from DC can be estimated by adding the transport
volumes between the plant and the warehouse. The agent based approach is much realistic compared to the
centralized modelling approach that assumes ideal communication among entities.

6. Conclusions

Throughout this project, the two-stage decentralized distribution network of production is modelled upon as a
linear problem of optimization in order to reduce the entire expense. Intelligent agents are recommended, by
collaboration and negotiation, to achieve the minimum cost package. Using simulated data, the performance of
the proposed method is checked. The next task is to integrate a few more stock, purchase and demand forecasting
agents and to introduce more agent features.
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