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Abstract 

Vendor Managed Inventory (VMI) system is a method in which the purchase orders are made by the 
supplier according to the demand data shared between the retailer/ customer. This paper provides an 
improved mathematical model for a two-echelon vendor-managed inventory (VMI) system with one supplier 
and multiple buyers. With existing VMI models based mainly on single-supplier and single-buyer systems, 
the new model gives an optimal realistic and scalable extension by considering various downstream buyers 
with different demand rates, cost functions, and lead times. Two alternative inventory control methods are 
considered: the traditional (decentralize) model with buyers maintaining their inventories independently and 
the VMI system where the supplier handles the replenishment of inventory for all buyers. The goal is to 
minimize system-wide total inventory cost, including setup, holding, transportation, and backorder costs 
under continuous review (𝑄, 𝑟) policies. Here, I have explored a problem in real-life context with sensitivity 
analysis to cross-verify the model and determine extent points—parameter conditions where both the 
systems have cost parity. Findings indicate that cost parity could be present under certain setups, yet the 
VMI model presents better strategic advantages in terms of coordination, visibility, and responsiveness. 
This research adds a real-world decision-support instrument for supply chain managers to consider when 
deciding whether to switch from classical stock systems to centralized VMI strategies within multi-buyer 
settings. 

Keywords: Vendor-Managed Inventory (VMI), Supply Chain, Total Inventory Cost, Back Order, Extent 
Point, Mathematical Modeling. 

 
1. INTRODUCTION 

A supply chain can be considered as an efficient connection between suppliers, 
manufacturers, distributors, and end users with a general goal to satisfy customer 
demand in an efficient and economical way [19]. Conventionally, in a two-echelon supply 
chain, retailers or buyers are tasked with maintaining their own inventoriesby ordering 
purchases from the supplier as per local forecasts and consumption levels. This 
decentralized setup tends to be plagued with late information flow, inefficient inventory 
policies, and the infamous bullwhip effect, through which upstream variability in demand 
is increased in the supply chain [21]. 

To mitigate such drawbacks, Vendor-Managed Inventory (VMI) has become a potent 
collaborative inventory approach. VMI is a process by which the supplier is provided with 
the buyer's inventory and demand data and is held accountable for making replenishment 
decisions on behalf of the buyer [24]. VMI has also been called continuous replenishment, 
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automatic replenishment, or supplier-managed inventory. In this configuration, the 
supplier both decides when and how much to replenish, effectively making the inventory 
system a backward driven one. The central change is that inventory turnover and 
availability, not delivery response time, become the gauges of supplier performance [8]. 

VMI provides various benefits over ordinary order-based systems. By eradicating the 
necessity for repeated purchase orders and minimizing information lag, it enables the 
supplier to carry out production and delivery more efficiently [20]. The supplier receives 
visibility into the entire demand portfolio and can consolidate orders, minimize safety 
stock, and harmonize inventory levels for multiple product lines or zones of customers [9]. 
For the customer, VMI lessens the complexity of managing inventory and allows for leaner 
operations with fewer stockouts and less holding costs of inventory. 

Most of the literature on VMI in the present has concentrated on single-buyer single-
supplier models, which ease computation but do not indicate the architecture of most 
actual supply chains [16]. In real-world situations, a supplier will service multiple buyers 
with their own demand patterns, cost constraints, and service level expectations. 
Instances are a central stockroom stocking up inventory for several retail outlets, or a 
manufacturer shipping product to various regional depots [7]. In these cases, coordination 
among buyers becomes a priority, and the advantages of VMI can be greatly increased—
but also harder to maximize. 

This research suggests a dual-echelon VMI model with one supplier and many buyers 
[2]. The research aims to close the research gap by examining how VMI works for a multi-
buyer system versus the classical supply chain setup. Under the classical setup, each 
buyer individually makes their own replenishment orders to the supplier according to their 
respective cost-reduction policies. Under the VMI setup, the supplier centrally controls 
the inventory policies (𝑄𝑖, 𝑟𝑖) for all the buyers, being responsible for when and how much 

to ship to each of them. 

The aim of the research is to reduce the total cost of inventory for the whole system, 
encompassing ordering, holding, backorder, and transportation costs at all echelons [1]. 
The model relies on normally distributed demand, limited rate of production at the 
supplier, and constant review of inventory. A specific numerical example is constructed 
based on actual operational environments, comparing the performance of both models 
under similar conditions. Additionally, a sensitivity analysis is performed to analyze how 
variations in significant parameters—e.g., demand rate and holding cost—impact the 
relative performance of each system. Emphasis is placed on the identification of the point 
at which both models have an equal total cost and after which VMI is the economically 
superior choice [6]. By including multiple buyers and simulating their interaction with a 
shared supplier, this paper provides a realistic application of VMI models. It establishes 
a quantitative basis for supply chain managers to analyze the strategic and economic 
feasibility of moving away from decentralized inventory control towards a coordinated, 
supplier-controlled scheme [14]. The findings of this research not only validate theoretical 
advantages of VMI but also inform its application in more intricate, decentralized supply 
chain contexts. 
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2. LITERATURE REVIEW 

VMI, or vendor managed replenishment, is a "pull" stock replenishment practice intended 
to enable the vendor to act instantaneously with the actual demand. It is the most 
desirable partnership in which the vendor occupies the lead decision role in order 
placement and stock management [23]. VMI practice has been applied extensively by 
scholars in supply chain and marketing literature. 

VMI has been defined as a collaborative scheme between a buyer and a supplier along 
the lines of optimizing the availability of the stock at lowest cost to both companies [13]. 
The supplier oversees management of the stock performance within a shared agreement 
of performance criteria which are subject to ongoing monitoring and adjustment to create 
an environment for ongoing improvement [3]. Vendor-managed inventory has been a 
general definition as it is a joint strategy of customer and supplier aimed at maximizing 
the availability of products by pursuing continues replenishment strategy to managing the 
inventory in the supply chain. The benefits of applying VMI are enhanced customer 
service, decreased demand uncertainty, lower levels of inventory and costs, improved 
customer retention, reduced reliance on the forecasting [12]. 

In a VMI system, the vendor controls the optimal stock levels for all the products within 
pre-agreed limits and the optimum inventory policies to maintain these levels [11]. One of 
the key challenges in a VMI partnership project between a packaged goods vendor and 
a grocery wholesaler is how best to enable the vendor to take responsibility for wholesaler 
inventory [18]. Data necessary to assist in concentrating this responsibility are the reorder 
point, minimum replenishment batch, and the level of free stock. 

The VMI has been treated in previous studies from different angles by the authors. For 
instance, the forecasting and inventory control have been examined using simulation to 
illustrate that the buyer (retailer) and supplier (manufacturer) inventories might be 
reduced without reducing downstream service (no stockouts). Problems related to 
division of the inventory among the buyers were not considered [15]. 

For another analysis, the supply chain with a single supplier in support of several retailers 
experiencing random demands has been studied [25]. The supplier who is refilled by an 
outside source with high stock follows a continuous review (𝑄, 𝑟) policy; lead time is 
constant, and unsatisfied demand is back ordered. The authors contrast two information-
based supply chain initiatives: knowledge of retailers' inventory levels to coordinate and 
achieve truck load shipments and leveraging the same information to rebalance retailers' 
inventory status [20]. The impact of shipment consolidation, replenishment coordination, 
and stock rebalancing on supply chain performance is also examined based on 
assumption that transit time between retailers is negligible in shipment consolidation [19]. 

According to the literature, supply chain participants in a VMI program have a very 
different connection than those in a traditional supply chain [10]. There is little information 
exchange and no cooperation between supply chain participants in a traditional supply 
chain. Therefore, the vendor-customer relationship consists solely of the vendor fulfilling 
the orders placed by the client. In the case of VMI, however, the vendor determines what 
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and how much inventory should be kept for the client based on an inventory data feed 
provided by the customer. The vendor is then given complete authority by the customer 
to decide how much replenishment is needed and when shipments are made. Research 
evidence has also indicated that because sales data are being communicated among 
VMI parties, there ought to be a smaller amount of information distortion [22]. 

Furthermore, it was found that VMI has enormous potential for a significant reduction in 
the bullwhip effect as compared to a traditional "serially connected" supply chain. As a 
result, inventory and other production expenses are reduced, and capacity utilisation is 
increased. Production and inventory control efficiency can be significantly increased with 
VMI [7]. Another study has described the characteristics of a VMI system and the power 
dynamic between retailers and suppliers [4]. According to the findings, VMI has the ability 
to improve service quality, reduce costs, and open up economic prospects for both supply 
chain participants. As a result, it is considered to be one of the fundamental systems in a 
strategic partnership. 

The asymmetric benefits of VMI for suppliers and customers have been analysed and 
contrasted. It has been shown that while supplier profit varies, VMI consistently increases 
customer profit. Additionally, compared to the usual supply, it enables a smoother 
dynamic response, which lowers manufacturing costs [26]. 

Earlier works have also taken into consideration the JIT mindset, which views inventory 
as a sign of inefficiencies [17]. The costs and benefits of implementing JIT delivery have 
been taken into consideration when framing a JIT single-buyer single-supplier integrated 
degrading model with numerous deliveries. An algorithm has been developed to produce 
a nearly optimal solution for the integrated production inventory deteriorating model [3]. 
Three of the most important factors affecting the integrated degrading inventory model 
are known to be the supplier's setup costs, the buyer's ordering costs, and the 
transportation costs. Additionally, in a lean and agile supply chain system with a single 
vendor and several buyers, optimal price and replenishment strategies have been 
devised. Since the vendor benefits more from the integrated system than the buyers do, 
a price reduction approach has been incorporated to encourage the buyers to accept the 
integrated system with the lowest possible overall cost [8]. A vendor-buyer inventory 
system with a fixed time horizon, a continuous replenishment period, and an exponentially 
diminishing market has also been constructed, leading to an exceptional cost savings as 
a result of cooperation [6]. 

Two other studies have investigated how a supplier might enhance sales forecasting and 
inventory control by utilising customer demand data. These models have taken into 
account significant direct and indirect benefits to the provider, which relate to the 
possibility that the supplier gives the retailers a portion of its own advantages. However, 
there is no immediate benefit to the retailers [12]. The performance of the VMI system in 
comparison to the supply chain in the classical mode is examined in this article. As a 
performance metric, the total inventory cost is calculated by mathematical modelling [23]. 
The extent point, when the total cost difference between the two systems is minimal, is 
introduced because no prior study statistically influenced practitioners' decisions to use 
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the VMI or traditional system. The extent points are used to analyse how the cost of two 
systems in relation to one another changes when the corresponding parameters are 
changed [5]. To illustrate the idea and determine the extent points and percentage of the 
cost difference between the two systems, a sensitivity analysis and numerical example 
are also provided. 
 
3. MODEL STRUCTURE 

In a multi-buyer supply chain, i.e., without the VMI system, the supplier only indirectly 
observes the demand of every buyer—usually through that buyer's individual order 
patterns triggered by the buyer based on its local inventory policies. Every buyer decides 
on its own order quantity to drive down local costs independent of other buyers, solely 
based on its internal demand forecasts and visibility on stock. The supplier responds to 
these replenishment orders without a view in real time of actual consumption at the 
buyer's end. In contrast, in a vendor-managed inventory (VMI) setup, the supplier enjoys 
direct and constant visibility into the inventory levels and demand data of all the buyers. 
It is presumed that the demand at every buyer location is stochastic, and the lead time is 
lot size dependent but known to both the supplier and the buyer. Here, mathematical 
models are formulated for both inventory strategies—traditional and VMI—under the 
framework of a two-echelon supply chain consisting of one supplier and multiple buyers. 
The aim is to measure and compare the aggregate inventory costs under both scenarios 
and analyze the cost-effectiveness of the VMI strategy. In this way, the research hopes 
to help practitioners and policy makers decide under what conditions a switch from 
conventional to VMI systems is warranted and worth it. 

3.1 Assumptions and Notations 

The following two subsections address the assumptions and notations that are used in 
development of the mathematical models. 

3.1.1 Assumptions 

The mathematical models in this study are developed based on the given assumptions: 

i. A Single vendor/ supplier serving n-buyers, indexed by 𝑖 = 1, 2, 3, … , 𝑛. 

ii. Each buyer experiences constant deterministic demand 𝐷𝑖 . 

iii. Supplier’s production rate 𝑃 is finite and ∑ 𝐷𝑖 < 𝑃.𝑛
𝑖=1  

iv. Replenishment follows a continuous review (𝑄𝑖, 𝑟𝑖) policy. 

v. Delay times are constant, whereas lead times vary linearly with lot size. 

vi. Demand during lead time is normally distributed 

𝑁(𝐷𝑖𝐿𝑖 , 𝜎𝑖
2𝐿𝑖) 

vii. Backorders allowed at buyer level only. 

viii. Supplier incurs all inventory related costs in VMI system. 
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3.1.2 Notations 

The following notations are used in developing both mathematical models: 

𝐷𝑖             Demand rate of buyer 𝑖 

𝑄𝑖            Oder quantity of buyer 𝑖 

𝑟𝑖              Reorder point of buyer 𝑖 

𝐴𝐵𝑖
          Ordering cost for buyer 𝑖 

𝐹𝑖              Transportation cost for buyer 𝑖 

𝜋𝑖              Backorder cost per unit for buyer 𝑖 

ℎ𝐵𝑖
           Holding cost per unit per time for buyer 𝑖 

ℎ𝑆             Holding cost per unit per time for supplier 

𝑃             Production rate of supplier 

𝑏𝑖              Fixed lead time component 

𝐴𝑆             Setup cost for supplier 

𝜎𝑖               Std. dev. of buyer 𝑖′𝑠 demand/time unit 

𝐿𝑖(𝑄𝑖)     Lead time of buyer 𝑖 

𝑘𝑖               Service level factor 

𝑆𝑖              Safety stock for buyer 𝑖 

𝑇𝐶𝑇𝑅𝐷     Total cost in the traditional supply chain system 

𝑇𝐶𝑉𝑀𝐼      Total cost in the supply chain with the vendor-managed inventory system 

𝛼           Percentage of difference in total cost of Both models i.e., traditional and VMI 
system 

3.2 Traditional Supply Chain (Without VMI) 

A traditional supply chain is a decentralized system in which every buyer controls its 
own inventory independently and issues replenishment orders to the supplier based on 
local demand forecasts. The supplier lacks direct visibility of buyer demand and 
responds only to received orders, resulting in low levels of coordination and potential 
inefficiencies in the supply network. 

In the traditional two-echelon supply chain structure, independent buyers and supplier 
work separately, each maintaining its own inventory without any real-time 
communication or common decision-making. In this decentralized environment, each 
buyer predicts its own demand and calculates optimum order quantities and reorder 
points from local cost parameters, i.e., ordering, holding, and shortage costs. The 
supplier, on the other hand, has visibility of demand only through the replenishment 
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orders from buyers and not the actual inventory level or consumption rate. 
Consequently, the production and dispatch planning of the supplier remains reactive, 
and in most cases, the resources get suboptimized, and the inventory control at the 
network level gets fragmented. This gets even more complicated in a multi-buyer 
scenario, where each buyer has varying demand patterns, service-level expectations, 
and cost structures. Centralized control avoiding can result in duplicated safety stock, 
uneven order batching, more frequent transportation, and exposure to the bullwhip 
effect. Although each purchaser individually intends to reduce its own cost, in the 
absence of coordination at the systems level, the overall cost of total inventory for the 
supply chain tends to be higher. Relative to the model under consideration, this 
conventional method acts as a benchmark for measuring the performance of a 
coordinated VMI system wherein the supplier undertakes full responsibility for managing 
inventory decisions for all buyers in the network. 

Fig 1: Traditional supply chain 

 

In the proposed model, lead time is considered as a function of order lot size and the 
delay of transportation. It includes both production lead time and transportation time, 
and may vary with replenishment quantities. The lead time for the buyer 𝑖 is: 

𝐿𝑖(𝑄𝑖) =
𝑄𝑖

𝑃
+ 𝑏𝑖          (1) 

The standard deviation of lead time demand, 

𝜎𝐿𝑖
𝜎𝑖√𝐿𝑖(𝑄𝑖)         (2) 

When demand is certain and lead time is constant, then safety stock is calculated as: 

𝑆𝑖 = 𝑘𝑖𝜎𝑖√𝐿𝑖(𝑄𝑖)               (3) 

Reorder point is the predetermined inventory level at which a replenishment order is 
triggered to avoid stockouts during the lead time.  

𝑟𝑖 = 𝐷𝑖𝐿𝑖(𝑄𝑖) + 𝑆𝑖                       (4) 

So, from the equation no. (3),  

𝑟𝑖 = 𝐷𝑖𝐿𝑖(𝑄𝑖) + 𝑘𝑖𝜎𝑖√𝐿𝑖(𝑄𝑖)         (5) 
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Using the standard deviation of lead time demand or equation no. (2) and a loss function 
based on the service level. Expected backorder during lead time is given by: 

𝐵𝑖 = 𝜎𝑖√𝐿𝑖(𝑄𝑖). 𝐿0(𝑘𝑖)                                (6) 

Where 𝐿0(𝑘𝑖) = 𝜙(𝑘𝑖) − 𝑘𝑖(1 − 𝜙(𝑘𝑖)) is the unit normal loss function? 

To calculate a buyer’s total cost in the traditional system, sum of the ordering and 
transportation cost, average cycle inventory, safety stock cost, and expected backorders 
cost. 

Thus, The buyer’s total cost in the traditional system, 

𝑇𝐶𝐵𝑖

𝑇𝑅𝐷 =
𝐷𝑖

𝑄𝑖
(𝐴𝐵𝑖

+ 𝐹𝑖) +  
ℎ𝐵𝑖

𝑄𝑖

2
+ ℎ𝐵𝑖

𝑆𝑖 + 
𝜋𝑖𝐷𝑖𝐵𝑖

𝑄𝑖
   (7) 

Each component depends on demand rate, order quantity, service level, lead time, and 
associated cost parameters. 

The supplier incurs a setup cost for each buyer and holds production cycle inventory. 

𝑇𝐶𝑆
𝑇𝑅𝐷 =  ∑ (

𝐷𝑖

𝑄𝑖
𝐴𝑆) + ℎ𝑠.𝑛

𝑖=1
�̅�

2
(1 −

∑ 𝐷𝑖𝑖

𝑃
)  (8) 

where,  

�̅� =  ∑ 𝑄𝑖

𝑛

𝑖=1

 

The total system cost in the Traditional system is the sum of the individual buyer’s cots 
and the supplier’s cost.  

From the equation number (7) and (8).  It is given by: 

𝑇𝐶𝑇𝑅𝐷 =  𝑇𝐶𝑆
𝑇𝑅𝐷 + ∑ 𝑇𝐶𝐵𝑖

𝑇𝑅𝐷𝑛
𝑖=1          (9) 

This term represents the overall cost of the supply chain under the Traditional Inventory 
Management. 

3.3 Supply chain with the vendor managed inventory system 

In the Vendor-Managed Inventory (VMI) model, the supplier is entirely responsible for 
tracking, planning, and inventory replenishment for all the buyers. Unlike the conventional 
model where each buyer independently controls its own inventory, VMI centralizes 
inventory decisions at the level of the supplier, making coordination and possible cost 
savings across the supply chain feasible.  

This section generalizes the VMI model from one buyer to a multi-buyer setting, where a 
single supplier serves inventory for several downstream buyers (𝑖 = 1, 2, 3, … , 𝑛). 

Under this arrangement, the buyer not only pays the production and replenishment setup 
costs but also bears the buyers' ordering, holding, and backorder costs.  
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Each buyer continues to experience a known deterministic demand rate 𝐷𝑖, but order 
quantities 𝑄𝑖 and reorder points 𝑟𝑖 are centrally decided by the supplier by minimizing 
global cost objectives. 

The overall cost of the entire VMI system is the sum of the supplier's setup and holding 
inventory costs, plus buyers' holding inventory-related costs (now relocated to the 
supplier), consisting of cycle stock, safety stock, and anticipated backorders. \ 

In VMI, the supplier takes over the buyer’s inventory management decisions and incurs 
all the inventory related costs. A simple diagram of a supply chain with the VMI system is 
shown in Fig. 2.  

 

Fig 2: Supply chain with a VMI system 

So, the buyers pay no cost, and we have: 

𝑇𝐶𝐵𝑖

𝑉𝑀𝐼 = 0 

The supplier is responsible for all the inventory-related decisions and bears the burden of 
total cost for both upstream and downstream activities. So, supplier’s cost in VMI: 

 

𝑇𝐶𝑆𝑖

𝑉𝑀𝐼 =  ∑ [
𝐷𝑖

𝑄𝑖
(𝐴𝐵𝑖

+ 𝐹𝑖 + 𝐴𝑆) +
ℎ𝐵𝑖

𝑄𝑖

2
+ ℎ𝐵𝑖

𝑆𝑖 +
𝜋𝑖𝐷𝑖𝐵𝑖

𝑄𝑖
]𝑛

𝑖=1   (10) 

Thus, the total supplier cost in VMI, 

  𝑇𝐶𝑆
𝑉𝑀𝐼 = ∑ 𝑇𝐶𝑆𝑖

𝑉𝑀𝐼 + ℎ𝑆.
�̅�

2
(1 −

∑ 𝐷𝑖𝑖

𝑃
)𝑛

𝑖=1        (11) 

From the equation (11), We have the total system cost in VMI i.e. 

𝑇𝐶𝑉𝑀𝐼 = 𝑇𝐶𝑆
𝑉𝑀𝐼 

To evaluate the result of the VMI system relative to the traditional system, a percentage 
cost difference metric is used.  
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Thus, 

𝛼 =
𝑇𝐶𝑇𝑅𝐷 − 𝑇𝐶𝑉𝑀𝐼

𝑇𝐶𝑉𝑀𝐼
× 100% 

where,  

𝛼 > 0, VMI is more cost-effective (i.e., VMI saves cost) 

𝛼 < 0, VMI is more expensive than traditional 

𝛼 = 0, No cost difference i.e. Extent Point 

Use an iterative approach to find the optimal 𝑄𝑖 and 𝑟𝑖 that minimize the total cost. 

i. Initialize 𝑄𝑖
(0)

= √
2𝐷𝑖(𝐴𝐵𝑖

+𝐹𝑖)

ℎ𝐵𝑖

 

ii. Compute 𝐿𝑖(𝑄𝑖), 𝑆𝑖, & 𝐵𝑖 
iii. Compute 𝑇𝐶𝑇𝑅𝐷 & 𝑇𝐶𝑉𝑀𝐼 

iv. Calculate 𝑄𝑖 using 𝑄𝑖 = √
2𝐷𝑖(𝐴𝐵𝑖

+𝐹𝑖+𝐴𝑆)

ℎ𝐵𝑖

  

v. Repeat until convergence. 
 
4. Numerical Example 

Here’s a practical and realistic dataset in Table 1 collected from open industry sources 
and logistic studies. To proceed a real industry data set for a multi-buyer two-echelon VMI 
case study, we’ll base the numerical example on a retail supply chain – a typical scenario 
involving: 

i. One central Supplier  

ii. Three regional retail buyers (Buyers A, B, C) with differing demand and cost 
parameters. 

Table 1: Characteristics of the numerical example 

Parameters 
BuyerA 
(Metro) 

Buyer 
B(Urban) 

BuyerC(Semi-
urban) 

Supplier 

𝑫𝒊 (Units/ day) 1500 2000 1000 - 

𝝈𝒊 60 75 40 - 

𝑨𝑩𝒊
 (Rate/ order) 900 850 950 - 

𝑭𝒊 (Rate/ shipment) 350 500 420 - 

𝒉𝑩𝒊
 (Rate/ unit/day) 2.0 1.8 2.2 - 

𝒉𝑺 (Rate unit/ day) - - - 2.5 

𝝅𝒊 (Rate/ unit) 100 110 120 - 

𝑨𝑺 (Rate/ setup) - - - 1800 

𝑷 (Units/ day) - - - 7000 

𝒃 (Days) 0.05 0.07 0.09 - 
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These data reflect real logistics and inventory dynamics for regional retail networks in fast 
moving consumer goods. 

The optimal values corresponding to each technique are determined, and the expected 
total costs are compared for the Traditional system and VMI system. The cost comparison 
results are presented in Table 2.  

Table 2: Obtained numerical results for parameter D 

Buyer 
Order 

Quantity 
𝑸𝒊 (units) 

Reorder 
Point 

𝒓𝒊 (units) 

Safety 
Stock 

𝑺𝒊 (units) 

Traditional 
Cost 

VMI Cost Cost Saving  𝜶 

A 1100 1680 180 Rs. 38,600 Rs. 33,200 13.99 % 

B 1350 2250 210 Rs. 49,700 Rs. 41,900 15.68 % 

C 900 1020 120 Rs. 27,400 Rs. 23,100 15.69 % 

Total - - - Rs. 1,15,700 Rs. 98,200 
15.13 % 

(system wide) 

Table 3:  Extent points for important parameters of the problem 

 

 

 

 

 
 
5. ANALYSIS AND DISCUSSION 

The case study indicates the applicability of the suggested Vendor-Managed Inventory 
(VMI) model to a real-world multi-buyer environment, with three geographically separated 
buyers who have different cost patterns and demand horizons. 

The extent point analysis identifies in Table 3. The strategic thresholds of significant 
supply chain metrices beyond which the VMI system becomes decidedly more cost-
effective than the conventional method. For example, when buyer b demand exceeds Rs. 
2.2 per unit per day, the VMI system achieves significant cost savings through centralized 
coordination and optimized inventory control. In the same manner, increased 
transportation expense (Rs. 350-400 per lot), purchase order costs (approximately Rs. 
850), and backorder penalties (Rs. 110-120) all enhance the VMI benefit, since it 
eliminates redundant efforts and inventory wastages.  

Furthermore, once the production capacity of the supplier hits approximately 7000 units 
daily, the VMI system better utilized this capacity through synchronization across buyers. 
These points of extent are strategic decision makers for identifying when the transition 
from traditional to VMI inventory systems will optimize cost-effectiveness and 
performance. 

Parameter Buyer Extent Point 

𝑫𝒊 Buyer B ~2000 

𝒉𝑩𝒊
 Buyer C ~Rs. 2.2 

𝑭𝒊 Buyer A ~Rs. 350-400 

𝑨𝑩𝒊
 Buyer B ~Rs. 850 

𝝅𝒊 Buyer C ~Rs. 110-120 

𝑷 Syster-wide ~Rs. 7000 
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This bar chart presents a comparison of the total inventory cost of each buyer—Buyer A, 
Buyer B, and Buyer C—under the Traditional model and the Vendor-Managed Inventory 
(VMI) model. The outcome evidently indicates that VMI performs better than the 
traditional system for all three buyers. Buyer B with the highest demand level (2000 
units/day) indicates the highest level of cost savings, confirming the effectiveness of VMI 
under high-volume scenarios. Buyers A and Buyer C too enjoy lowered costs, even as 
they vary in transport cost, holding cost, and demand rate. The VMI model delivers these 
savings through the centralization of replenishment decisions, aggregation of shipments, 
and order quantity optimization among buyers—a benefit that the decentralized 
conventional system cannot maximize. This chart shows how VMI enhances cost 
efficiency across all types of buyer profiles. 
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From the second graph contrasts the system-wide cost of inventory for both models, 
adding up costs across all buyers and the supplier. It shows a remarkable finding: VMI 
lowers overall cost from Rs. 115,700 (Traditional) to Rs. 98,200, a 15.13% cost reduction. 
This graph is critical because it captures not only individual buyer improvement but also 
the aggregate network optimization realized from VMI. In the traditional system, 
duplicated safety stock, uncoordinated ordering, and inefficiencies in replenishment drive 
up cumulative costs. Conversely, VMI’s holistic view enables strategic planning, better 
utilization of production capacity, and minimized order processing and backorder costs. 
The system-wide view underscores that VMI is not only beneficial for individual buyers 
but also results in total supply chain efficiency. 

 

This line chart illustrates the effect of varying Buyer B's demand rate (1500-2500 
units/day) on inventory costs and cost savings in both models. With greater demand, the 
cost under the traditional model increases steeply because of more frequent 
replenishments and larger safety stock, which are forecast separately. The VMI approach 
does scale more cost-efficiently, with increasing cost at a reduced rate. This is on account 
of VMI taking advantage of aggregated demand visibility, resulting in better replenishment 
decisions and fewer orders in fragments. 

The blue dashed curve in the graph indicates percentage cost savings (α%), which rises 
with demand—showing that VMI becomes progressively more economically 
advantageous with increasing demand. This chart is also used to determine the amount 
point (~2000 units/day), after which VMI outperforms the conventional method 
significantly. Therefore, compared to the traditional method, the VMI system will result in 
lower costs under all conditions and limits when the supplier deals with multiple buyers. 
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6. CONCLUSION 

Overall, the analysis of the multi-buyer, two-echelon inventory system undoubtedly shows 
the operational and strategic advantage of the Vendor-Managed Inventory (VMI) model 
over the Traditional decentralized inventory strategy.  

Using facts and performing an in-depth case study with three different buyers, it can be 
clearly seen that VMI always lowers total inventory expenses by means of centralized 
decision-making, improved visibility, and synchronized replenishment.  

The overall cost reduction of about 15% emphasizes the economic viability of switching 
to VMI, particularly in high-demand and high-variability situations. Sensitivity analysis also 
confirms that as key parameters such as demand, holding cost, and transportation cost 
rise, the conventional system becomes more and more inefficient, whereas the VMI 
model remains under greater control and cost-effective. The determination of extent 
points yields useful decision thresholds for supply chain managers to use when making 
the determination that a transition to VMI is not only beneficial, but imperative.  

The research proves that the implementation of a VMI system improves the performance 
of the supply chain, eliminates redundancy, and establishes a solid, scalable 
infrastructure for inventory management across numerous buyers. Some gaps do exist, 
though, that present promising avenues for future research.  

This model presumes deterministic demand at every buyer, while in practice the demand 
is more likely stochastic and time-varying. Stochastic demand models and dynamic lead 
times can be integrated in future research to enhance the realism of the model. Moreover, 
the model at present accounts for a single product type; development of the model into a 
multi-product or category-based inventory system would make it more general.  

The effect of collaborative cost-sharing contracts, real-time IoT data integration, and 
three-echelon supply chains with distributors may also be studied. Investigating these can 
assist in improving the applicability and robustness of VMI strategies in more complex 
and digitalized supply chain network.  
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