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Abstract 

This study aims to answer whether the policy of a business that is supplied by 3 different providers and with random patterns of 

their lead times is optimal or should be modified. The lead times are normal, the first one, uniform the second one and 

exponential the third. The three lead times have the same average value of eight days, with the objective of making a comparison 

of them. There is a restriction on the minimum service level, it has to be 95% or greater. The objective is to define the order 

quantity, the reorder point, and the fraction that should be ordered from each supplier to minimize inventory costs. The item has 

a normally distributed demand. Results were achieved by simulation that was made in Excel. The current policy of obtaining a 

third of the complete order from each supplier is satisfactory; however, it doesn t́ produce the optimal cost, since lower-cost 

options were found. A sensitivity analysis was conducted to establish how inventory costs are affected by the variation of some 

parameters. The third supplier, with exponential pattern of lead time showed the highest variance of delivery time; thus, it has 

been the least recommended, since it has been the option with the highest cost. 
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1. Introduction 

This work addresses the problem of a buyer and three 

suppliers. The suppliers present random lead-times under 

different statistical patterns; the first has a normal lead-time, 

the second a uniform distribution, and the third an exponential 

distribution. The goal is to define whether the orders should 

be made with the three suppliers or if this represents a wrong 

policy. The study aims to describe the order quantity and 

determine the reorder point that minimizes the inventory cost, 

complying with the established restriction of service level of 

95%. 

Inventories have been a subject of study for scholars and 

administrators since they are usually a significant amount of 

the company's assets, which is why they must be managed in 

such a way that they fulfill their function of having product 

availability at a reasonable cost, preferably the minimum, 

which is one of the objectives usually sought. The basic role 

of inventory is to absorb the differences between supply and 

demand for an item, which is often complicated by the un-

certainty of the item's demand. When a company cannot know 

its demand with certainty, the resulting variations will be 

absorbed by the inventory because a shortage of materials 

could represent a loss of sales and a bad image for the com-
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pany. 

Inventory management involves two fundamental decisions: 

how much and when to place a new order. 

Most inventory models seek one of the following objec-

tives: 

1. Minimize inventory management costs. 

2. Maximize economic benefits, considering savings from 

purchasing larger volumes. 

3. Maximize the internal rate of return on investment in 

inventories. 

4. Define an inventory policy that is feasible and opera-

tional. 

This study presents, for the first time, findings from 

scholars when several suppliers coexist to supply an order. An 

illustrative case solved by simulation is presented to show 

results and reach valuable conclusions about what should be 

done to optimize inventory costs. 

Literature Review 

Little research has been done when it comes to modeling a 

buyer's inventory with several suppliers and each of these 

with stochastic and diverse lead times, such as the present 

case study, in which there is cross-ordering, that is, when the 

buyer receives two orders in a row from the same supplier. 

The uncertainty of a product demand and the lead-times im-

pact on establishing a larger safety stock has been proven 

previously. The safety stock and the inventory costs will in-

crease if variability in these parameters is observed [1, 2]. 

A previous work [3] estimated the mean and the distribu-

tion variance of a single item demand considering the 

lead-time of two different suppliers. Both lead-times are 

normal and two different orders are placed (one for each 

supplier). Their results established that the reorder point to 

avoid shortages is lower if both suppliers are used simulta-

neously, and the minimum order sizes in these circumstances 

were defined. Other scholars presented the optimal ordering 

policy when two suppliers have stochastic lead times and 

demands [4]. This policy defines three issues: the order 

quantity, the reorder point, and the order proportion to each 

supplier. Among their findings are: (1) by splitting the orders, 

the inventory cycle cost is reduced, with the decrease in safety 

stock being a less relevant issue; (2) the lowest cost is 

achieved if the average lead-time of the second supplier is 

greater than the first; and (3) the optimal proportion of the 

order from each supplier varies with the difference in the 

average values of their lead-times. More recently [5], the 

impact of stochastic lead times with cross-ordering on in-

ventory costs and safety stocks in a fixed-time variable order 

quantity (Out-Up-To (OUT)) ordering policy system was 

analyzed. They considered global logistics data that violated 

the traditional assumption of normal leadtime demand. They 

also found that cross-ordering is a common and important 

phenomenon in real supply chains. Therefore, a new method 

for determining the distribution of the number of open orders 

is presented. This method allows an accurate safety stock 

calculation for the so-called Proportional-Out-Up-To (POUT) 

policy, a popular, implementable, and linear generalization of 

the OUT policy. They claim that the OUT-replenishment 

policy is not cost-optimal in global supply chains since it can 

be shown that the POUT policy always outperforms when 

there is cross-ordering. The study showed that, unlike the 

constant lead-time case, minimum safety stocks and minimum 

inventory variation do not always lead to minimum costs 

under stochastic lead-times with cross-ordering. Other re-

searchers [6] analyzed the impact on inventory cost of a re-

duction in a supplier lead-time when there is cross-ordering. 

Through exponential lead-times, the reduction in average 

leadtime has a secondary reduction in variance due to 

cross-ordering. The main objective is to reduce the inventory 

cost; if this offsets the investment in a lead-time reduction, 

then this strategy is advisable. Stolyar and Wang [7] analyzed 

a single-item inventory system where unmet demands accu-

mulate. Lead-times are random, independent, and identically 

distributed, causing orders to cross over time. They developed 

a new inventory policy to enhance the random lead time im-

plications and the cross-ordering; its performance was evalu-

ated using asymptotic analysis and simulations. Their ideol-

ogy does not follow the basic principle of the Constant Base 

Stock (CBS) policy, or more generally, the (s,S) and (R,Q) 

policies, which is to keep inventory within a fixed range. 

Instead, it uses the current inventory level (inventory on hand 

minus backlog) to set a dynamic target for inventory in transit 

and place orders to meet this target. They demonstrate that 

following this policy, the average inventory cost can be sig-

nificantly reduced compared to the CBS policy. 

Optimal (R, Q) replenishment policies for stochastic in-

ventory models for both the no-crossover case and the 

no-output case were developed [8]. Stockout costs are con-

sidered, the total cost expressions are developed for both cases, 

and their convexities are evaluated. A normal approximation 

method is used to determine the distribution of the lead time 

demand. The effect caused by the changes in the mix of 

backorder proportions and the sales lost on various inventory 

performance measures, such as total cost, service levels, and 

turnover ratio, is studied. 

In addition, alternative methods for reducing the lead time 

and their impact on the safety stock and the inventory cost in a 

continuous review system (Q,s) were studied. It focuses on a 

single-supplier, single-buyer integrated inventory model with 

stochastic demand and a variable lead time that depends on 

the lot size, and the lead time consists of production, setup, 

and transportation time. The leadtime can be reduced by de-

creasing the setup and the transportation time, increasing 

production rate, or reducing lot size. It was confirmed that 

reducing lead time is especially beneficial in cases of uncer-

tain demand. Furthermore, the combination of reducing the 

preparation and production time will automatically reduce 

costs [9]. Moreover, in the case of a single buyer and multiple 

heterogeneous suppliers, to make an adequate selection and to 

define the order size that minimizes the cost of the system is 

evaluated. In this study, the combinations of suppliers to reach 
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the optimal solution are reduced, and the efficiency of the 

supply chain is increased using heuristic tools [10]. 

Other researchers [11] present a batch shipment program 

with one buyer and multiple sellers in which they must con-

solidate their shipments to reduce transportation costs. Large 

shipments must be shipped before small shipments, and sup-

pliers with greater production capacity must occupy the last 

places in the shipment cycle. Also, a base stock policy to 

replenish inventories with an external supplier with a fixed 

lead time has been considered by a company that faces the 

Poissonian demand [12]. A pre-order strategy that allows 

customers to place their orders ahead of their actual needs is 

implemented. The time from a customer's order to the date the 

product is needed is called the commitment lead time, for 

which the company pays a cost. The commitment unit cost 

threshold increases with unit holding and backorder costs and 

decreases with average lead-time demand. Also, the optimal 

solution of an inventory model for an integrated buyer-seller 

system with normal distribution of lead time was found [13]; 

for example, a triangular distribution for both demand and 

lead time was explored for a new product system [14]. 

Forecasting lead-time demand is the backbone of inventory 

control. Although multiple studies have been done on fore-

casting mean lead time demand, less research is available on 

forecasting its variation of stochastic lead-times. This repre-

sents a major gap in the literature since safety stock calcula-

tions are explicitly based on the lead time demand variance. 

Some scholars [15] close this gap by exploring the feasibility 

of three strategies to estimate the variance of the forecast error 

of this lead time demand: (1) adding the per-period variance 

of the forecast errors (most used); (2) considering the variance 

of the aggregate forecast error; and (3) contemplating the 

variance of the forecast errors resulting from the temporally 

aggregated demand. Their results show that the conventional 

strategy is the least accurate, except in cases of high negative 

demand autocorrelation. If such autocorrelation is positive, 

the classical strategy leads to higher inventory costs and lower 

service levels. 

On the other hand, a base stock inventory system for per-

ishable products with Markovian demand and general distri-

butions of lead time and shelf life is being investigated. [16]. 

By using a queuing network model, explicit expressions of the 

stationary distribution of the inventory status were developed 

along with the expected total cost in a base stock system with 

lost sales. The main objective was to identify the substantial 

errors made when assuming deterministic or exponential 

distributions over time, which emphasizes the need to obtain 

results beyond these assumptions. 

A research group analyzes supply planning and inventory 

control of perishable goods with uncertain lead times and 

service level constraints to determine the optimal replenish-

ment quantity based on the remaining shelf life of the goods in 

the inventory, lead time demand forecasting, and inventory 

policy [17]. In addition, they show the impact of not consid-

ering lead time uncertainty in decision-making to achieve a 

target service level. Based on the intensification of time-based 

competition, the importance of reducing lead time through the 

fast delivery of multiple orders in the replenish-

ment-storage-transport process has been emphasized. This 

perception has led companies to increase their spends on 

modern time-tracking technologies (e.g., RFID) and equip-

ping facilities for rapid item movement (e.g., high-bay auto-

mated racking) to retain customers. Also, a novel extension of 

the multi-item joint replenishment problem (JRP) with 

lead-time reduction initiatives was explored [18]. By assum-

ing a controllable lead-time, a periodically reviewed stochas-

tic joint replenishment and delivery (JRD) model was de-

signed. This model investigates the impacts of capital in-

vestment in decreasing lead time on multi-item joint replen-

ishment and delivery decisions. To solve the proposed JRD, 

two heuristics and a differential evolutionary algorithm based 

on the model property analyses are presented. Results reveal 

the performance differences (e.g., search speed, robustness, 

and search efficiency) of the three algorithms. These findings 

have managerial implications; a suitable investment in lead 

time reduction not only helps to shorten the replenishment 

time and reduce important ordering costs but can also reduce 

the system cost. 

The lead-time flexibility in a two-stage continuous review 

supply chain, where the retailer uses the (R, Q) inventory 

system, is analyzed [19]. Results show that when its inventory 

position reaches R, a new order of size Q is placed with the 

manufacturer, who uses a transportation provider to deliver it 

with different lead-time options. According to the contract, 

the manufacturer can accelerate or postpone the delivery if the 

retailer requests it. Therefore, the retailer has the flexibility to 

change the lead time using the most recent demand infor-

mation. Sensitivity analysis shows that R is more sensitive to 

the change of the lead-time than Q; therefore, the paper 

mainly focuses on finding the optimal R. The order crossover 

problem is also analyzed, and an upper bound for the proba-

bility of this crossover is derived. Finally, the effects of lead 

time flexibility on supply chain performance are illustrated. 

On the other hand, a single product was studied to analyze a 

two-source inventory system with Poissonian demand and 

allowing for delays [20]. Inventory can be replenished 

through a normal supply source, which consists of a two-stage 

queue with exponential production time at each stage. It is 

also possible to place an emergency order by bypassing the 

first stage and paying a fee for it. There is no fixed cost per 

order. There are linear costs of ordering, holding, and 

back-ordering. Through a novel approach, they derive optimal 

ordering policies and characterize quasi-optimal heuristic 

policies. 

Another researcher [21] deals with investment in reducing 

lead time variability for the integrated supplier-buyer supply 

chain system with partial lag under stochastic lead time. It is 

considered that the lead-time variability can be reduced by an 

increased investment; more specifically, a logarithmic in-

vestment function is used, which allows investments to reduce 
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lead time variability. By using this supply chain model, con-

siderable savings are achieved to increase competitive ad-

vantages. The goal is to derive the optimal produc-

tion/ordering strategy and the best investment policy to 

minimize the total joint cost. 

Time-based competition has attracted significant attention 

since the 1980s. Supply chain managers have tried various 

approaches to improve their performance by reducing 

lead-time and its variance. The lead time reduction in 

batch-order inventory policies under reorder points has been 

explored and quantified [22]. Instead of using approximate 

total cost equations, an exact total cost equation that is based 

on an inherent relationship between on-hand inventory and 

backorders is presented. Therefore, the analysis of the mar-

ginal value of lead-time and its variance achieves more ac-

curate results. The analytical results show that inventory cost 

is a strictly increasing concave function of the lead-time and 

its variance. In other words, the cost savings in both decreases 

as the lead-time increases. These cost savings are also shown 

to increase linearly with the rate of the inventory carrying cost. 

When the variation coefficients of the demand and lead-time 

are exceedingly small, the variation of the lead time is im-

perative; otherwise, the focus should be on reducing the 

lead-time. 

A stochastic inventory model to determine the optimal re-

order point and order quantity was explored [23]. A hybrid 

equation of total inventory cost in which customer demand is 

deterministic at reordering time and after the reorder point 

was developed. The order quantity Q and reorder point R were 

determined by different equations. In the traditional economic 

order quantity (EOQ) model, the inventory carrying cost is the 

most expensive. But in this hybrid model, a penalty cost is 

included related to the fill rate. 

Regarding the information technology (IT) sector, it is 

common to contract a single supplier; however, it is becoming 

increasingly popular to split the IT services between several 

suppliers [24]. The trend towards using multiple suppliers 

illustrates a broader movement towards greater disaggrega-

tion and knowledge distribution. Their results show that 

abroad suppliers with more experience are less likely to es-

tablish multiple contracting arrangements. 

Recent studies [25] have considered the problem of man-

aging lost-sales inventory systems with general supply un-

certainty (stochastic lead times and random supplies), if the 

decision maker has no prior information on stochastic demand 

and supply. They propose the first effective learning algorithm 

for inventory management problems with censored demand 

and supply data under general supply uncertainty. 

Other researchers [26] developed an inventory control 

policy for perishable products considering random demand 

and random lead time, considering that excess demand is lost. 

The policy dynamically determines the optimal replenishment 

quantity under a service level constraint in every period, al-

lowing for order-crossing, a widely disregarded characteristic 

in the literature. They compare the two most extreme issuing 

policies, first-expired-first-out (FEFO) and 

last-expired-first-out (LEFO), and evaluate our policy to 

existing inventory policies for perishables that typically ig-

nore lead time uncertainty. They show that ignoring lead time 

uncertainty and planning based on the expected lead time 

significantly undershoots the target service level. Under 

LEFO, the service level achieved would still fall considerably 

below the target, which the lost-sales structure can explain. 

On the other hand, under FEFO, the service level achieved 

would overshoot the target service level, which leads to un-

necessary waste. A more reliable lead time can significantly 

reduce waste, especially under LEFO. 

Yuan et al. consider the lost-sales inventory systems with 

stochastic lead times and establish the asymptotic optimality 

of base-stock policies for such systems [27]. They prove that 

as the per-unit lost-sales penalty cost becomes large compared 

to the per-unit holding cost, the ratio of the optimal base-stock 

policy's cost to the optimal cost converges to one. 

Another study [28] focuses on joint optimization problems 

to minimize the total cost rate considering stochastic 

maintenance time for components and stochastic lead time for 

spares. The problem is modeled as a Markov decision process 

model and solved by an improved reinforcement learning 

algorithm, i.e., the improved Q-learning algorithm, which 

converges more quickly and reaches a smaller value of the 

total cost rate than the traditional Q-learning algorithm. 

Materials and methods 

The order quantity, Q, and the reorder point, R, were cal-

culated through simulation minimizing the inventory cost. 

These costs include the cost of placing new orders (Cord), the 

cost of maintaining the inventory (Cmai), and the cost of 

shortages when necessary (Csho). 

The equation for the cost of placing orders is: 

Cord=Co                (1) 

Where: 

Cord = Cost of placing inventory orders, $/period 

Co = Cost of each order, $/order 

Since it is a daily period problem, it needs to be calculated 

when a new order is placed. The maintenance cost is given by 

the following mathematical expression: 

Cmai=Cm(Average Inventory)           (2) 

Where: 

Cmai = Cost of inventory maintenance, $/period 

Cm = Cost of maintenance of each item, $/unit 

The average inventory is obtained depending on how the 

simulation is done. This study considers a calculation per day, 

so the daily average is reported. 

On the other hand, the cost of shortages is obtained with the 

following equation: 

Csho=CsNs               (3) 
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Where: 

Csho = Cost of shortages, $/period 

Cs = Cost of each shortage, $/unit 

Ns = Number of shortages, units/period 

The cost of each shortage is expressed by the lack of items 

in the inventory, in this case, the difference between the price 

and the cost of the item. The total cost is the sum of the pre-

vious three to vary the order quantity, Q, and the reorder point 

R, with which the minimum cost is obtained. 

In addition, the restriction on the service level is considered, 

which must be greater or equal to 95%. 

The service level (sl) is defined as follows: 

sl=1-(Times that shortages appear)/(Number of orders)  (4) 

The simulation in Excel taking random values for the 

probabilistic variables like product demand and the lead times 

of the three suppliers is conducted to determine the values of 

Q and R that minimize the total inventory cost. 

Case Study 

An item with average demand, with a mean of 650 units per 

day and a standard deviation of 230 is considered. This 

product is provided by three different suppliers with the same 

average lead time. The first case presents a normal lead-time 

with a mean of 8 days and a standard deviation of 3 days; the 

second supplier with a uniform distribution between 4 and 12 

days lead-time; and the third supplier with an exponential 

lead-time with a mean of 8 days. The cost of placing each 

order for the three suppliers is $ 12,000, and the price per item 

is $220 with a sale price of $480; therefore, the cost of each 

shortage is $ 260 (the difference between these two amounts). 

It is assumed that each time a new order is placed, one-third of 

it is placed with each supplier. The cost of keeping each item 

in inventory is $1.45/day. There is a restriction on the service 

level, which must be greater than or equal to 95%. The study 

aims to determine if the policy of using three different sup-

pliers, requesting the same volume from each one, is advan-

tageous or should be modified. 

2. Results 

A daily period is defined for the simulation, which starts the 

first day (order quantity Q) and the inventory decreases daily 

according to the normal demand following the next equation: 

Demand=µ+σX                (5) 

Where µ is the mean and σ the standard deviation of the 

demand, while X is a random number obtained in Excel to 

estimate the item demand. 

The probabilistic lead-time of each order for the first sup-

plier (L1) which is normal, is given by the following mathe-

matical expression: 

L1 = µL + σL X              (6) 

Where µL is the mean, σL the standard deviation of the 

normal distribution of the lead-time of the first supplier, and X 

is a random number obtained in Excel. 

The lead-time of the second supplier (L2) is obtained with 

the following equation: 

L2 = b + (a-b) X               (7) 

Where a and b are the upper and lower limits of the uniform 

distribution and X is another random number. 

The lead-time of the third supplier (L3) is exponential and is 

calculated with the equation: 

L3 =µE Ln (1-X)                (8) 

Where µE is the average lead-time of the third supplier and 

X is another random number. 

The average inventory holding cost is estimated daily and 

the other expenses are determined by event, whether it is 

placing a new order or if shortages appear. The simulation is 

conducted with several runs and the annual cost is calculated, 

which is tested for different combinations of Q and R values. 

If the reorder point is calculated traditionally, the lead time 

of the three suppliers would be 5,478 units. 

For this initial case, called the base case, and considering 

the aforementioned data, the minimum cost is achieved with a 

Q of 12,000 items per order and a reorder point R of 9,000 

units, with a service level of 95.6% and a total cost of 

$5,210,200/year, of which $194,600 are for making new or-

ders, $4,179,100 for inventory maintenance, and $836,500 for 

shortages. Based on the original case, a sensitivity analysis is 

performed, varying the fraction supplied by each supplier. The 

standard deviation of the lead-time of supplier 1 and the limits 

of the lead time of supplier 2 were modified without changing 

their average value and varying only their standard deviation. 

These modifications show how these changes may impact the 

inventory cost. For the third supplier, the standard deviation of 

lead-time was not modified due to its exponential pattern 

where the mean is equal to the standard deviation impacting 

the inventory cost to a greater extent. 

In the first case, the fraction supplied by each supplier is 

modified considering the data of the base case, in which each 

supplier supplies a third of the order quantity (Q) or a single 

supplier provides everything. Results are shown in Table 1, the 

values of Q and R to achieve the minimum cost are included. 

Table 1. Inventory costs as the fraction provided by each supplier 

varies. 

Supp. 

Frac. 1 

Supp. 

Frac. 2 

Supp. 

Frac. 3 

Q, 

units/order 

R, 

units 

Cost, 

M$/year 

0.333 0.333 0.333 12,000 9,000 5,210.2 

1 0 0 12,700 9,000 4,961.2 
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Supp. 

Frac. 1 

Supp. 

Frac. 2 

Supp. 

Frac. 3 

Q, 

units/order 

R, 

units 

Cost, 

M$/year 

0 1 0 13,300 9,000 5,699.2 

0 0 1 23,000 16,000 10,849.9 

0.5 0.25 0.25 13,000 9,500 5,442.9 

0.25 0.5 0.25 13,300 9,500 5,431.0 

0.25 0.25 0.5 13,500 9,200 5,847.9 

0.4 0.4 0.2 14,000 8,500 5,107.2 

0.4 0.2 0.4 14,000 8,500 5,146.2 

0.2 0.4 0.4 13,600 9,500 5,673.2 

Source: Author. 

A multiple regression analysis was performed considering 

the fractions provided by each supplier as independent varia-

bles and the inventory cost as the dependent variable. The 

adjustment was statistically significant since the statistic F 

was 9.0036 with a pi value of 0.012 and the square R 0.7201, 

being the regression equation as follows: 

Cost = 9,373.3 – 5,535.74 f1 – 4,473.45 f2          (9) 

The cost is expressed in thousands of pesos per year, and f1 

and f2 are the fractions provided by suppliers 1 and 2, re-

spectively. 

The fraction of supplier 3 was not included in the equation, 

since its beta coefficient resulted in a value of zero, which 

shows that it is the least relevant for the regression adjustment. 

The supplier fraction that contributes the most to reducing the 

cost is the first supplier; for every 1% increment in the frac-

tion, the expense decreases by 55,360 pesos, while for the 

second supplier, the decrease is only 44,730 pesos. 

The table above shows that point 4 presents a significantly 

higher cost when the entire order is supplied by the third 

supplier, which practically doubles the expense. On the other 

hand, the points with the lowest cost were the first (where 

each supplier supplies a third of the order), the second (where 

the entire order is provided by the first supplier), the eighth 

(where the first and second suppliers each provide 40% and 

the rest by the third supplier), and the point 9 (where the order 

is provided 40% by suppliers 1 and 3 and the remaining 20% 

by supplier 2). Overall, the minimum cost point was the se-

cond (less than five million pesos per year), where the entire 

order was supplied by the first provider. 

The order quantity varies in 9 of the 10 points between 

12,000 and 14,000 units per order. The only point that in-

creases significantly, presenting a value of Q of 23,000 units 

per order, is the fourth, where the order is provided by the 

third supplier. On the other hand, the reorder point varied 

between 8,500 and 9,500 units, except for point 4, where the 

entire order is supplied by the third supplier resulting in 

16,000 units. 

The case runs with an average of 17 orders per year pre-

senting some order crossovers, being the most frequent in the 

case of the third supplier. Its lead-time is exponential with an 

average of 3 crossovers per year. The second supplier shows a 

uniform distribution with an average of one crossover per year. 

The least frequent is the first supplier with a normal lead-time 

with an average of 0.5 order crossovers per year. 

Table 2 shows the outcome of the changes in the base case 

by modifying the standard deviation of the lead time of sup-

plier 1, whose pattern is normal. Q and R change in a narrow 

range, Q between 12,000 and 13,500 units per order and R 

between 9,000 and 9,800 units. 

Table 2. Inventory cost when changing the standard deviation. 

Lead-time Std. Dev., 

days 

Q, 

units/order 
R, units 

Costo, 

M$/year 

0 12,300 9,800 5,722.7 

2 13,000 9,200 5,418.8 

3 12,000 9,000 5,210.2 

4 13,000 9,200 5,253.4 

8 13,500 9,500 5,465.9 

Source: Author. 

 
Source: Author. 

Figure 1. Inventory Cost as a Function of Supplier 1 Standard De-

viation. 

Figure 1 shows the standard deviation of the lead time of 

supplier 1, where the cost of the standard deviation is between 

zero and 3 days, contrary to what is expected. The behavior 

changes as the cost increases directly with the deviation from 

3 to 8 days. The graph shows a square R of 0.119 and a neg-
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ative slope indicating an inverse relationship between the cost 

of inventory and the standard deviation of the lead-time. 

The change in the inventory cost was analyzed with the 

standard deviation of the lead-time of supplier 2, keeping its 

mean constant at 8 days. The results are summarized in Table 

3. 

Table 3. Change in inventory cost with standard deviation of supplier 2 lead time. 

Std. Dev. Lead-time, days Q, units/order R, units Costo, M$/year 

0 13,500 9,000 5,190.0 

0.5774 13,800 8,700 5,076.2 

1.1547 13,000 9,500 5,426.0 

2.3094 12,000 9,000 5210.2 

3.4641 12,500 8,500 5,098.3 

4.2724 12,500 8,500 5,048.3 

Source: Author. 

Data shows that the cost does not increase directly with the 

standard deviation of the second supplier's lead-time. It 

reaches a maximum value at an intermediate level of the range 

of values studied for the standard deviation. The order quan-

tity Q has fluctuated between 12,000 and 13,800 units per 

order, and the reorder point is between 8,500 and 9,500 units. 

Figure 2 presents the change in the inventory cost, demon-

strating a poor linearity and a negative slope, reflected in an 

inverse relationship between the expense and the standard 

deviation. 

 
Source: Author. 

Figure 2. Inventory Cost as a Function of Supplier 2 Standard Deviation. 

Table 4 includes the results when the standard deviation of 

the demand changes from the base case including the values 

of Q and R that lead to the optimal cost. Q has varied over a 

wider range, between 12,000 and 17,000 units per order, while 

R occurs between 8,000 and 9,000 units. 
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Table 4. Change in inventory cost with demand standard deviation. 

Demand Std. Dev., units/day Q, units/order R, units Costo, M$/year 

0 13,500 9,000 5,369.6 

80 14,000 8,500 5,207.3 

160 14,500 8,000 5,004.1 

230 12,000 9,000 5,210.2 

300 15,000 8,500 5,244.1 

500 17,000 9,000 5,933.7 

Source: Author. 

Figure 3 graphically shows the change in the inventory cost, 

which is not linear. On the left side, a decrease in expense is 

observed with an increase of the standard deviation until 

reaching the minimum cost point (deviation of 160), and from 

there, the cost increases directly with the deviation. Similar to 

the other cases, poor linearity and a negative slope occur not 

allowing to establish a statistically significant relationship 

between the variables. 

 
Source: Author. 

Figure 3. Inventory Cost Variance with Demand Standard Deviation. 

The inventory cost as a function of the standard deviation of 

lead-time is presented in Figure 4, where it can be observed 

that there is where no defined pattern of variation is observed, 

except when the entire order is supplied by the third supplier 

(exponential lead-time), and the cost was almost doubled. 
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Source: Author. 

Figure 4. Inventory Cost Variation with Leadtime Standard Deviation. 

3. Discussion 

After the simulation and analysis, the company's policy for 

managing three different suppliers (assigning a third of the 

order for each) is adequate regarding the inventory cost. 

However, to achieve lower costs, other options need to be 

considered; for example, to use only the first supplier. How-

ever, this decision could be counterproductive if the first 

supplier does not comply with the supply and contradicts the 

findings of other studies [3, 4]. 

Another lower-cost alternative is that the first and second 

suppliers supply 40% of the order each and the remaining 20% to 

the third supplier. The third supplier presented the greatest 

crossing order since it had the highest variance in the lead 

time, as expected. Even when the supplier with the lowest 

variance is the second one (standard deviation of 2.309 days), 

it has more order crossovers compared to the first one, which 

presents a normal distribution and a standard deviation of 3 

days for its lead-time. 

In general, with greater variability in the lead time (third 

supplier), the inventory cost increases significantly, which is 

consistent with the findings of [1] and [2]. Greater sensitivity 

of the order quantity Q compared to the reorder point R was 

observed after parameter changes. For example, when the 

third supplier supplies the entire order compared to the base 

case, Q increased by 92%, while R did so by 78%. 

Regarding the sensitivity analysis, after analyzing the 

impact of the inventory cost with the change in the standard 

deviations of the lead-time of the first two suppliers, results 

show an inverse relationship, contradicting several scholars  ́

research. In these cases, low linearity was obtained, except 

for point 8, where the third supplier provided the entire order, 

and the maximum cost with the maximum standard deviation 

of the lead-time was observed. When varying the inventory 

cost with the standard deviation of the demand (as expected), 

a direct regression was obtained, even though the coefficient 

of determination was 0.45. In line with other investigations 

[10], the number of suppliers could be reduced to decrease 

the inventory cost, as observed when the third supplier is 

removed and only the first two providers are kept for the 

supply. Also, lead times must be managed appropriately, 

even when they are random and with different statistical 

patterns of behavior. If they are considered deterministic, it 

could lead to serious errors in the definition of an optimal 

inventory policy [15-17]. 

Research on how cross-ordering affects lead time results is 

needed since it is feasible that this phenomenon has some 

relation to some of the results shown in this study, particularly 

in those cases where the findings have been contradictory, for 

example, the impact observed in the standard deviations of the 

first two suppliers on the inventory cost. This study demon-

strates that everything that affects inventory costs must be 

considered to define a good policy for its management. 

Therefore, forecasts of the stochastic variables like real 

product demand and supplier lead times are recommended. 

4. Conclusions 

Results showed that the most expensive supplier was the 

one with an exponential lead time, while the lowest cost was 

the one with a normal distribution. However, when making a 

business-level decision, other aspects that may be equally 

important must be considered, such as the quality of the 

product supplied by each provider, which is crucial. Likewise, 

the third supplier, with an exponential lead time, has experi-

enced the most overlapping orders. 

Another critical factor is ensuring that the supplier lead 

times are shorter, and their variability is minimal, which 

can be achieved through improvements in shipping logis-
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tics. A crucial aspect of inventory management is having a 

satisfactory forecast of the random variables involved, such 

as customer demand for items and supplier lead times. 

Assuming that these variables have a given probabilistic 

pattern can be a serious error; therefore, these assumptions 

must be verified with empirical data to determine their 

validity. 

5. Limitations of This Study and 

Recommendations for Future 

Research 

Future work suggests investigating the effect of 

cross-ordering, as this factor is likely to be related to the re-

sults shown in this study, particularly in cases where the 

findings have been contradictory, such as the impact of sup-

plier standard deviations on inventory costs. Another aspect 

worth mentioning is that if the random variables do not follow 

a defined probabilistic pattern, the study can be carried out 

without problems if empirical data are available. 
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