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 

Abstract: Technology has shrunk the global markets and 

information is accessible very quickly and effortlessly. Business 

organizations world over concentrate on their production systems 

to improve the quality of the end product, well distribute the 

product and optimize cost of resources. Transportation cost, 

inventory carrying cost and shortage costs constitute the major 

costs in cost of distribution. A competent supply chain always 

strives to manufacture the right quantity of end products and hold 

a minimum inventory across the entire supply chain. In 

thecurrent paper, a five echelon supply chain model is developed 

and it is optimized using particle swarm intelligence algorithm. 

Index Terms: Particle swarm intelligence algorithm, Supply 

chain management. 

I. INTRODUCTION 

Evolution of internet technologies has shrunk the world and 

info is open and accessible very easily. Business 

organizations (BO) globally are experiencing stiff 

competition within an industry. Companies are drifting from 

customer satisfaction to customer delight by enhancing 

product quality and incorporating unique customizable 

product features. Cost of raw material, labor, power and other 

manufacturing inputs are rather open, so BOs concentrate on 

process improvement to optimize resource utilization and its 

associated cost. Cost of distribution (COD) usually ranges 

from 2.9 % to 8.9% of sales value, which majorly includes 

transportation of raw material, components, work-in-progress 

and finished goods, carrying cost of excess inventory in the 

supply chain (SC) and shortage cost [1]. In recent years, 

countries world over are emphasizing on industries and 

society to adopt technology that yield green manufacturing 

systems. Sustainability of green technology is so much 

wrapped around financials of an individual BO, which again 

points towards efficient utilization of resources. Inventory is a 

current asset figuring in the balance sheet; inventory helps 

improve business volume and bottom line of BO, but all this 

when maintained at optimal levels. High inventory levels 

among members of SC erodes the profit as interest on locked 

up capital, opportunity of capital not being able to use 

elsewhere, maintenance of inventory, and other related costs 

[2]. Whereas a low inventory, results in shortage of product to 

sales, dent in the goodwill or brand image, perception of 
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customer towards the retailer and brand and the like. Optimal 

inventory calls for a very well-established communication 

among members of SC. Transportation cost account for 71% 

of COD apart from impacting the environment. Industry and 

researchers are continuously working towards developing 

models to minimize the emission from fossil fuel used by 

transportation sector [3]. This paper aims developing a model 

that strikes a balance among transportation cost (TC), 

inventory carrying cost (CC) and shortage cost (ShC) by 

employing vehicles of varying capacity to manage optimal 

inventory in the SC. 

II. LITERATURE SURVEY 

Swift changes in environment, technology and market has 

warranted BO to maximize the performance of all the member 

of SC rather than an individual member.  To mitigate this 

situation, SC members ought to establish strong long term 

relationship to leverage information and resources. Which 

results in minimizing and sharing risks [4], reduce product 

development cost, reduce logistics cost, improve productivity, 

reduce inventory across SC, access scarce resources, improve 

quality and lot more. Internet based information and 

communication technology has helped to share real time info 

among members of SC to optimally use the resources and 

value creation [5]. SC policy is very crucial for success of any 

BO. Well defined SC objective(s) ought to lead the SC 

approach, which forms the fundamental driver of tactical 

decision making and align all individual goals to the 

organizations’ [6]. Strategic decision must be imbibed into 

the SC right in the initial stage, with both internal and external 

customer satisfaction as the core objective [7]. Cost of 

distribution (COD) and time to supply are most frequently 

used performance evaluation metrics of a SC model [8]. COD 

is the collection of transportation cost, inventory carrying cost 

and shortage cost. Primary objective of any SC is 

minimization of all associated costs; which is the result of low 

or optimal inventory level retained through all echelons [9]. 

Optimal or minimum inventory ease costs and surfaces out 

any hidden problems at very early period of time. SC 

develops a clear understanding and helps serve better the 

dynamic changing requirements and demands of customer 

[10]. SC members ougth to be more swift and reliable to 

satisfy end user demands which is usually at the lowest 

echelon. This will warrant an 

open and transparent intra and 

inter departmental 
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communication.  [1]. Just-in-time production system adopted 

by many companies is a remarkable illustration of reliable SC 

which helped reduce the CC. TC at initial stages would seem 

high, to maintain a low inventory levels across all echelons 

but is justifiable with the benefits and would continuously 

optimize in long term [11]. In current scenario, industries are 

using the resources optimally for cost computation and 

enhancing its profit margins. [12]. Researchers working on 

resource optimization deploy various evolutionary algorithms 

that mimic nature. Particle swarm intelligence optimization 

(PSO) is an evolutionary algorithm developed by Eberhart 

and Kennedy in 1995 that mimics the behavior of swarm of 

birds or school of fish. Sathish Kumar et al. (2018) developed 

a three echelon SCM using goal programming and used PSO 

to optimize the resources [14]. PSO explores and exploits the 

solution space thoroughly very efficiently that it is usually 

employed to solve problems of complex nature [13]. PSO 

works on its own cognitive behavior and shared social 

behavior of swarm.  

III. PROBLEM DEFINITION AND SC MODEL 

Advent of internet technology has made the costing of 

products more transparent. Rich information available to 

customer has made them rational in their decisions and is not 

willing to pay more. Costing is one major area that companies 

often try breaking their own benchmark. Current study 

consists of a five echelon SC model consisting of component 

or assembly or sub-assembly supplier, end product 

manufacturing plant, warehouse, distributor and retailer.  

Transportation of components, assemblies, sub-assemblies 

and end product between the members of SC is facilitated by a 

third party logistic service provider (3PLSP).   3PLSP 

maintains three types of vehicles with varying capacities in 

terms of consignment load. Cost reduction can be achieved by 

matching the vehicle capacity with the consignment load and 

cancelling trips with consignment loads less than 75% 

capacity of vehicle. Excess inventory attracts holding or 

carrying cost and cost of capital, but holding fewer 

inventories runs the risk of stock-out situation and its related 

cost. This model handles varied demand scenarios and in each 

scenario, it optimizes these costs.   

IV. OPTIMIZATION OF MULTI-OBJECTIVE FIVE 

ECHELON SC ARCHITECTURE USING PSO 

ALGORITHMS 

A. Intro to PSO algorithm 

Particle swarm optimization (PSO) is an evolutionary 

algorithm mimicking school of fish randomly searching for 

food. PSO is initialized with a random number of particles to 

search the entire solution space. First part in the equation 1, is 

the product of velocity of 
thn  particle and inertia weight of 

the same particle. A large inertia weight ensures particles to 

widely explore the solution space and a smaller one confines 

the particle to a local solution space. Second part of the same 

equation, represents the cognitive part, which orients the 
thn  

particle towards the best previous position it had held in 

earlier iterations. Third component represents the social part, 

where the particle n orients towards the best previous 

positions held by any of the particle of the swarm in the earlier 

iterations. Constants C1 and C2 are the learning factors and 

can take a maximum value of 2. In the initial iterations, 

learning factors of both cognitive and social component are 

maintained at lower levels because it would not have explored 

the solution space enough to identify bestP  and bestG .  

B. Linearly decreasing inertia weight particle swarm 

optimization algorithm equations (LDIW-PSO) 
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C. Global – local best inertia weight particle swarm 

optimization algorithm equations (GLBIW-PSO) 
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D. Mathematical Model 

pscX ,,  Quantity of component ' c' supplied by supplier ' 

s' to plant ' p' 

svRn ,  Rent for vehicle ''v  used to transport parts from 

supplier '' s  

eTOQ  Total order quantity of end product ''e  

oeCO ,  Confirmed order of end product  ''e  by OEM 

''o  

eFD  Forecasted demand of end product  ''e  

peDem ,  Demand of end product ''e  from plant ' p' 

peCap ,  Capacity of plant ' p' to manufacture end product 

''e  

cWt  Weight of a unit of component ' c' 

svV ,  Vehicle ''v  used to transport components from 

supplier '' s  

svB ,  Boolean variable if vehicle of type ''v  is used to 

transport components from supplier '' s  
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svLP ,  Load penalty for vehicle of type ''v  is used to 

transport components from supplier '' s  

wpeY ,,  Quantity of end product ''e  supplied from plant ' 

p' to warehouse ''w  

reInv ,  Inventory of end product ''e  held with retailer 

''r  

peCc ,  
Carrying cost per unit of end product ''e in plant 

'' p  per time period  

weSh ,  
Shortage cost per unit of end product ''e in  

warehouse ''w  

scQ ,  
Quantity of excess inventory of component ''c  
held with supplier '' s  

peCap ,  Capacity of plant '' p to manufacture end 

product  ''e  
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Equations (7) strive to minimize the transportation cost by 

imposing a penalty whenever a trip is underutilized. Equation 

(8) and (9) minimizes the inventory carrying cost and shortage 

cost respectively. Equations (10) to (18) ensure the demand of 

end product is distributed among the plants based on their 

capacities. Load penalty for underutilized trips are computed 

in equation (19) till (22).  Excess inventory among suppliers 

are computed in equation (23). Load penalty for underutilized 

trips from plants to warehouse is computed in equations (24) 

to (27). Inventory at plants is computed at the warehouse 

through equation (28).  Type of vehicle selection based on 

capacity of vehicle and weight of consignment to be 

transported from warehouse, is done through equations (29) 

to (32). End product inventory at warehouse is ascertained 

through equations (33) and (34). Equations (35) till (38) 

compute the load penalty for underutilized trips from 

distributor to retailer. Equation (39) and (41) ensures quantity 

of end products are within the capacities of the warehouse and 

distributor. Equations (40) and (42) compute the inventory 

levels at warehouses and distributors.  

V. RESULTS AND DISCUSSIONS 

The five echelon SC model handles the COD, which majorly 

constitutes the TC CC and ShC. The SC model is a 

multi-objective model minimizing TC, CC and ShC. Though 

all the three are visibly a minimization problem on the 

surface, they are conflicting when analyzed deeply. 

Transportation cost increases when the trips are more 

frequent, resulting in bring down the carrying cost and 

shortage cost. In similar lines, when members of SC prefer to 

carry more inventories pushing the CC high, the instance of 

members running out of product is low.  On every occasion 

when dimensions of a multi-objective problem increases, so 

as the complexity of the solution space and solutions. The SC 

model developed is optimized using LDIW and GLBIW PSO 

variants. Twenty scenarios with demand varying from 50 to 

100 units of end products were developed and TC, CC and 

ShC were determined using LDIW and GLBIW PSO variants 

to compute the inertia weight. Each demand scenario is 

replicated 10 times and the 
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Fig. 1 Visualization of Pareto front of SC Model 

 

respective best, worst, mean and standard deviation of TC, 

CC and ShC are recorded in table 1 and 2. Performance 

evaluation of the solutions obtained using LDIW and GLBIW 

are recorded in table 3. It is observed that GLBIW variant of 

PSO algorithm produced more optimal result for individual 

best solution and also for the mean of ten iterations. Inertia 

weight computed using GLBIW PSO variant orients each 

particle of the swarm towards the global best positions it has 

had till the previous iterations.  

 
 

Fig. 2 Visualization of convergence of fitness function 

 

If the SC model is scalarized, all the conflicting individual 

objectives are represented as a single objective yielding only a 

single point in the pareto optimal front. The pareto optimal 

front of a replication of a demand scenario is depicted in 

Fig.1, which offers a set of non-dominated solutions of the SC 

model. The extreme low points in the solution space are called 

the utopia points.  These utopia points represent the optimal 

minimum value of TC, CC and ShC. A pareto-optimal front 

helps to visualize the optimal trade-off between objectives to 

a problem and helps concentrate a particular region in the 

solution space.  Fig. 2 depicts the visualization of COD in 

each iteration and it could be observed the cost moves 

drastically at faster pace in the 

initial iterations and slowly 

converges to optimal value. 
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VI. CONCLUSIONS 

A five echelon SC model was developed to handle three 

objectives that minimize TC, CC and ShC. LDIW and 

GLBIW variants of PSO algorithm is used to compute the 

inertia weight that optimize the SC problem. Twenty demand 

scenarios were developed and optimized using LDIW and the 

same set of demand scenarios were handled by GLBIW 

variant of PSO algorithm. Each demand scenario is replicated 

ten times and the best of TC, CC and ShC were recorded 

along with the mean and standard deviation. A 

non-dominating pareto optimal front for an iteration of a 

demand scenario is presented to visualize the trade-off among 

possible solutions. GBLIW PSO variant produced the optimal 

results as the inertia weight influenced to include the solutions 

that are closer to globally best. 
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