
 

 

Design of Multi-Echelon Supply Chain Systems to Optimize Cost and Service Levels 
 

 V Maru, Z Alsalem, and KK Krishnan 
 

Department of Industrial and Manufacturing Engineering  
Wichita State University  
Wichita, KS 67260, USA 

 
Corresponding author's Email: krishna.krishnan@wichita.edu 

 
Abstract: Primarily found basic uncertainties in the supply chain design are supply and demand, later there are many more 
uncertainties added in the literature of the field, e.g., control. For an organization there are many options available to implement 
in the area of supply chain design and uncertainty, whether to find the root cause of the uncertainty, or to reduce the risk, or to 
optimize the process to handle the uncertainty more conveniently, etc. From all these alternatives, this thesis is concentrated 
on the reduction of uncertainties by answering with the available resources. Therefore, the focus is on optimization of cost and 
service levels with proper utilization of the network echelons. There is a mathematical model presented in the paper, which is 
a mixed integer linear programming (MILP). Along with the cost reduction and service level maximization, this research is 
also directed towards variability reduction by aggregating the customer zones to reduce the volatility in service levels, and in 
turn higher service levels. The research has future scope to be explored and identified to add dynamic factors. 
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1. Introduction 

 
 In this era of manufacturing and service industry, the need to serve the end customer and to save the cost associated 
while serving the customers are two important factors. For an organization, these factors can act as trade-offs – since, higher 
the service level, higher the cost, and vice versa. Although, manufacturers target to maximize service levels, and while 
achieving the maximum service levels, manufacturers also want to reduce the supply chain cost.   This requires the effective 
design of supply chains such that it achieves these dual conflicting objectives of maximizing service levels while keeping 
supply chain costs low. Recent developments in the supply chain research suggest a necessity to link the Supply Chain Network 
(SCN) more efficiently. Concepts such as Industrial Internet of Things (IIoT), Vendor Managed Inventory (VMI), Just-In-Time 
Distribution (JITD), etc. suggest the importance of SCN functioning and operating as a single enterprise. To create an integrated 
network of the supply chain, the integration of information in the network, and utilizing that information to effectively analyze 
the SCN is necessary. Thus a holistic approach to supply chain design which can provide the actionable results is necessary for 
an effective supply chain. Supply chain design is a very important criteria of decision making for any organization. Supply 
chain design requires an organization to decide on the number of echelons within the supply chain system. Echelon refers to 
the number of stages for a product to travel between the manufacturer and the final customer. Along with the decision on the 
number of echelons, the subsequent decision is to recognize the number of entities required in a particular echelon. Entities in 
a supply chain can be defines as the number of units of each type is added in any given echelon.  For example, at the last 
echelon, 6 retailers may be assigned to be served by a given entity, a ware house, in the previous echelon.  On the other hand, 
another ware house may serve 8 entities in the last echelon.  To give a brief view on the scenario, let us assume an organization 
is operating on the chain of manufacturing plant, distribution centers, regional warehouses, and consumer retail stores. 
Therefore, the organization consists four echelons. Moreover, there is only one manufacturing plant, two distribution centers, 
four warehouses, and eight retail stores. So, in this case, the first echelon consist one entity, the second echelon consists two 
entities, and so on. 

The location of the entities within the respective echelons must be considered along with the costs of opening facilities 
at these locations. Costs associated with opening a facility can be higher or lower depending on the location. After the 
consideration of location, facility sourcing becomes a vital point for the supply chain design problem. Assigning the sourcing 
of the right distribution center to the right warehouse is important as it affects the supply chain cost and the customer service 
levels.   

Distribution strategies are decided based on whether the network is operating on a make-to-stock or make-to-order 
production methodology. Make-to-order production strategy is used in low volume industry, and make-to-stock production 
strategy is widely used in the mass production industry. Consumer goods markets, apparel industry, automobile industry etc. 
are examples of mass production industry. Because of that reason, in make-to-stock production strategy, production starts well 
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