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Abstract. This paper seeks the critical factors for a correct choice in the 

components set up along the supply chain. ABC classification was made for all 

the suppliers according to the supplied items for the company. After a demand 

analysis, the seasonal nature and trend during the timeline, we used the last four 

years registers where is shown a decreasing behavior in 30% of the items; 

Economic Order Quantity (EOQ), for deterministic (<20%) which 58 items 

represents 64% of the A classified items into the pull system; and a continuous 

review model q, R for stochastic (>20%) which 33 items represents 67%, 429 

items (92%) are classified as B and 2,128 items (99%) are C. We reduced the lot 

quantity orders in 32%, the re-order points were adjusted according to the EOQ 

and q,R models; Safety stock levels were reduced 55% representing $450,000 

pesos against the initial inventory of 1’000,000 pesos. 

1 Introduction 

Nowadays more companies acknowledge the importance of stock as a key component 

for business, even though its role was previously underestimated. Nowadays, stocks are 

recognized as a main component within the supply chain and other commercial 

procedures. According to Aznar (1986), the role of stocks in business is increasingly 

gaining in importance: 

For an industrial company, between 25% and 30% of the total assets is represented 

by the row of inventories. Yet, for commercial the financial statements can reach up to 

80% or even a higher percentage. Commonly, part of the resources invested in 

inventories comes from loans to other companies (Aznar, 1986) representing a high 

cost impact. 

Inventories concentrate the totality of assets that companies require to satisfy the 

demand of products or services that are offered. The main reasons to justify the 

maintenance of inventories is to reach economies of scale, to face uncertainty and 

speculation, to leave out temporal Investment, to smooth the variability of demand, the 

restrictions of business logistics and the cost of control systems (Nahmias, 2007). 

According to Heizer and Render (2001) the costs associated to the inventories can 

be classified in two categories: ordering costs and maintenance costs. The ordering 

costs include the specifications, purchase order, suppliers follow-up, office documents 
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and administrative staff which are needed to process the orders. The maintenance cost 

include; the warehouse rental (if it is the case) depreciation, operational costs, taxes, 

cost of capital opportunity, insurances, financing costs, financial losses, waste, 

obsolescence, etc. Through this method, the acquisition of materials has to be done 

using the Just in Time (JIT). However it is not pure JIT since it combines tools from 

other systems, it is a hybrid version of JIT that fill the gaps that cannot be completed 

due to an array of deficiencies in the supply  chain. 

This project is aimed at the personalized products and high volume business unit. It 

focuses on analyzing -from a single business unit- the 24 thousand part numbers from 

the stock of direct components for assembly. The objective is to improve the efficiency 

of purchase processes, to generate savings for the company and to optimize the 

inventory levels. In a first instance, the basic components of the business unit in 

question were downloaded. A Pareto of suppliers was applied in order to identify the 

main part numbers of the company, where the amount of items designated is displayed. 

Using this information, the supplier that provides more part numbers was selected and 

the part numbers were classified according to their profit and use. This classification of 

the articles was used to analyze the behavior of the demand. 

In a later stage, the Coefficient of Variability was calculated by using the information 

gathered from the part numbers selected in order to foretell the behavior of the demand. 

The results obtained from this process were used to establish the model to be applied 

the two cases found. Finally, the safety stock was calculated after the results of lot sizes 

were concluded. 

2 Literary Review 

The Pareto principle -also known as the 80-20 rule or the principle of factor sparsity-, 

named after the Italian economist, sociologist and engineer Vilfredo Pareto who 

introduced the concept for the first time, is considered one of the major contributions 

to microeconomics and a baseline for ABC analysis. This concept divides the inventory 

available in three categories based on the income annual volume. 

The Pareto principle indicates to separate ‘the vital few from the trivial many’. The 

aim is to apply policies for inventories so that there is a focus on the vital few parts of 

an inventory instead of the trivial many. It is not realistic to monitor cheap articles with 

the same emphasis than the costly ones (Heizer J. & Render B., 2009). 

Classifying part numbers in an inventory is of great importance to maintain efficient 

levels. Dhoka et al (2013) show that in the Analysis ABC -based in the Pareto principle- 

20% of articles contribute to 80% of sales.  Generally, this 20% is composed by articles 

classified as A and produce the 80% of the income of the company. In their study they 

analyze 330 articles from the automotive industry within a specific time frame in order 

to show the changing behavior of A, B and C categories. 

Another tool used is the Economic Order Quantity model or EOQ which allows to 

determine the amount of items that should be ordered to minimize costs. This model is 

one of the preferred to achieve a range of demand. It allows to balance the fixed costs 

per lot and the logistical costs (Roach Bill, 2005). The EOQ is not a complex model, it 

is based on finding the point where the costs of ordering a product are equal to the costs 

of maintaining  it. 
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Fig 1. Graphic representation of EOQ model (Heizer, 2009). 

The graphic for the inventory use through the time has a dented saw shape, as is 

illustrated in Fig 1. In the figure Q represents the quantity to be ordered. Generally, 

when an order is received the inventory level increases from “0” to Q units. Due to the 

constant demand through the time, the inventory decreases in a constant rate during a 

specific period of time. Every time the inventory level reaches to zero, a new order is 

placed and received; and once again the inventory level reaches to Q units (represented 

by vertical lines. The process continue through the time indefinitely (Heizer, J. 2009). 

Sipper, D. & Bulfin, R.L. (1998) determine the q, R model as special for the 

continuous review system. This model has a unique optimization of service and focus, 

equivalent to the stochastic version for a deterministic EOQ. Both variables establish 

the models policy, where Q represents the order size and R is the reorder point. The 

principal issue in the analyzed company, according to the study, is the low rotation and 

high inventory level. Qing Li et al (2008) describes the problem of no defined 

demand/production, through the model definition to calculate the lot size, having all the 

used variables. 

Pratap, M., & Singh, H. (2008), proposed an stochastic inventory model in order to 

select the economic order to improve the inventory level control, and delete the stock 

out raw material situation. The result of this study revealed that the companies can save 

a considerable yearly amount of money adopting the proposed model. 

As Mattsson (2007) describes in his study subject, with the showed simulations in 

his work is a simply way to describe the positive effect of the continuous inventory 

reviews expressed using equations trying to clarify the model. Below the Figure 2 are 

showed 2 examples of how the re-order points can be reached, where it is considered a 

minimal inventory level meanwhile the placed order is triggered to be received during 

a specific period of time. 

The main issue that can be represented in this model, is the stock out for raw material, 

and is considered in its critical point when the replenishment has not been received, in 

other words, meanwhile the material is under production with the supplier or in-transit 

to the needed facilities. For these reasons the lead time plays an important role inside 

the company’s supply chain, creating several ideas to encourage a deep and strong 

partnership between supplier-client as a single commercial society. 

Hopp, Spearman & Zhang, in its publication Easily Implementable Inventory 

Control Policies (1997), when customer service depends mainly in the material 

availability, the problem has a solving estimation with the minimization for the total 

inventory investment subject to average fill rate restrictions and orders frequency. In 
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which the authors selected the q, R model as the most appropriated playing the 

individual inventory role. 

 

 

Fig 2. Re-order point behavior example. 

Hadley & Whitin (1963) formalized the q, R model in a costs framework, where the 

total amount of costs is composed by ordering, maintaining and backordering costs. 

Federgruen & Zheng presented a simple and efficient algorithm to calculate a q, R 

optimal lineal policy in Q*; Zheng (1992) contributed with important ideas for the 

heuristic showing the utilization of EOQ formula instead of the optimal order quantity, 

Q*, finding the optimal order point, r, causes a cost increase for the order in a rate of 

no more than 1/8. Also demonstrated when the saving in inventory is reflected, the 

relative total cost increase is much lower than in the worst scenario. 

Priyan y Uthayakumar (2015) presented that even that the continuous review 

inventory model has been studied for several years, helping to minimize the related 

costs to the ordering quantities, lost sales and process order costs, exists some 

paradigms into the inventory areas. The most common is the assumption that received 

quantities are equal to the ordered quantities; which is a non-complete true asseveration 

due to the huge amount of variables during the process, packing and delivery moments. 

For all this reasons they developed a mathematical model including the stock out costs, 

these are located in the studied company we are studying. 

3 Problem Description 

The selected company is dedicated to manufacture mechanical seals in Tlaxcala. It has 

been running for more than 30 years and nowadays has 400 employees working in a 3 

shifts scheme. Reviewing the general acquisition of components process we can 

highlight the suppliers’ ship daily via FedEx / DHL due to the characteristics of size 

and weight of the part numbers. 70% of the suppliers are located in U.S. 20% are in 

Europe and 10 % between Asia and Middle East. Actually the use the financial strategy 

of non-pure Just in Time (JIT), because of the always changing characteristics of the 

business, they have incorporated other strategies like the Vendor Management 

Inventory (VMI). 
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The productive strategy is Make-to-Order, as they start producing until a sales order 

is entered and reflected into the ERP system. There are some parallel running processes 

with sales where drawings are developed, material specifications and creation of new 

codes when applies. This will help the final customer receive their material in the 

compromised lead time. 

The company use an old fashioned ERP to follow up the open orders having an 

operational control, creating a data base visible for the other sites around the world. 

This tool was developed by IBM and have his boom during 90’s. Nowadays it is still 

working in a proper way for the business requirements. The last massive 

parameterization was performed 5 years ago. However the buyers review individually 

their own part numbers before placing a new order. The business have a consecutive 

growth for the last 5 years, but we identified 770 part numbers (30% approx.) with a 

decreasing usage because the engineering reviews do not need those pieces anymore. 

New business have been incorporated and calls for components with specific 

restrictions as FDA’s compliance. As consequence new part numbers have been added 

to the warehouse stock ignoring the ABC classification; the last time they reviewed 

their safety stock levels was done in 2012. These are the mainly reasons why we cannot 

define if they have a overstock level, there are many logistical costs over the sky and 

an important lack of raw material acquisition planning, giving as a result penalties for 

stock outs and re-works for the rest of the involved areas with negative impact on the 

financial metrics. 

The actual needs of the market demands less lead time or deliveries and 

improvement for the competitive prices with no quality issues. Other companies that 

produce the same type of seals are increasing the competences in the critical involved 

areas (Purchasing, Warehouse and Finances) where the major part of the expenses are 

reflected. 

As a first stage an ABC classification was performed for the 144 suppliers with 

active orders during 2015, according to the part numbers volume supplied to the 

company. The result is that only one vendor has assigned the 33% of all the existing 

part numbers in loaded in the system. With the selected supplier, we worked in the 

second stage where an ABC classification was done for 2,636 items; using a coefficient 

of variation and pattern demand to establish the most accurate model to be used. If the 

coefficient of variation is less than 20% a deterministic model EOQ will be used, that 

determine the lot sizes for the economic order. Otherwise, if the value is higher than 

20%, the best option will be working with a q, R stochastic model, that will define the 

size of the order and re-order point with irregular pattern demand. 

Due to the uncertainty in the demand, as the company works under personalized 

projects, a safety stock is needed only over the critical part numbers that can be used in 

multiple seals as a common base with long lead time enough to impact the customer 

order. During the third and last stage, the Safety stock was analyzed against the 

information loaded in the system with the intention of update the purchasing 

parameters. The implementation team was conformed of 3 departments Warehouse, 

Purchasing and Finances. 
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4 Methodology and Results 

4.1 ABC Classification for Supplier and Components 

There are 24,059 items loaded into the system; only 7,879 items had movement during 

the last year. In order to narrow the scope a Pareto diagram was made where the 

assigned part numbers per vendor are shown, in Figure 3 A, B, C,… etc. represents the 

supplier name. In total we have 144 active suppliers delivering items, but only 20 of 

them have assigned the 80% of the total amount of part numbers. 

 

Fig 3. Items assigned per supplier. 

The “A” supplier has 2,980 assigned items, because of that we will continue only 

with this supplier. A modification in that quantity of items will not only have effects of 

inventory reduction, a drastic logistical costs reduction as the inventory models 

explains. 

Taking 2,980 items, we proceed with ABC classification as shown in the following 

charts; Profit based on (Chart 1a) and Usage based on (Chart 1b) with 2015 database to 

have an assertive result. 

In the second stage we considered that the first simple of 91 items is not enough to 

specify a method, not even the model to use with the other part numbers. We took the 

decision to open the sample to 100%, so all the part numbers assigned to the supplier 

will be reviewed. 
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Chart 1a. Profit.   Chart 1b. Usage. 

4.2 Coefficient of Variability 

This operation is needed to determine if the used model will be deterministic or 

probabilistic; in order to take the best decision, the following steps are recommended: 

1) Calculate estimated average demand d for each period: 

𝑑̅ =
1

𝑛
∑𝑑𝑖

𝑖=𝑛

1=𝑙

. (1) 

2) Calculate estimated variance D for each period:  

𝐸𝑠𝑡. 𝑣𝑎𝑟 𝐷 =
1

𝑛
∑𝑑𝑖2
𝑖=𝑛

1=𝑙

−  𝑑2̅̅ ̅. (2) 

3) Calculate estimated relative demand variation (also called as coefficient of 

variation). The final amount is represented as CV: 

𝑉𝐶 =  
𝑒𝑠𝑡.  𝑣𝑎𝑟 𝐷

𝑑̅2
. (3) 

If the coefficient is lower than 0.20 (20%) a deterministic model can be used; 

otherwise, the demand is too instable and a probabilistic model must be used. After 

calculate the coefficient of variation for all the classified A, B, C items we can observe 

the behavior in Chart 2a showed below: 
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Chart 2a. Behavior for ABC classification according to Coefficient of variation. 

We can appreciate the part numbers classified as “A”, most of them have a regular 

pattern and a deterministic method can be applied due to their coefficient of variation. 

Not in the same way for the rest of the items; the scene changes for the B and C 

classified items; where we can see most of the items have an irregular pattern and it is 

no possible to apply the same method that is why we call for a stochastic one. 

 

Chart 2b. Global behavior and method to be used according to Coefficient of variation. 

Into the Chart 2b shows that the EOQ will be used for the 3% of the items with the 

coefficient of variation acceptable for a deterministic method. For the rest of the items 

B & C mostly we decided to use the continuous review q, R model. 

4.3 Economic Order Quantity (EOQ) 

In this stage of the Project we realized the economic lot estimated using the general 

equation for EOQ model (4) as is showed below: 

Q ∗= √
2𝐷𝑆

𝐻
, (4) 

where: 

D = Yearly unitary demand.  

S = Ordering cost for each requirement.  

H = Holding monetary cost.  

The total logistical cost (5) is obtained summarizing the order cost plus the acquisition 

cost plus the holding inventory cost: 

A B C

% No. Items Pattern % No. Items Pattern % No. Items Pattern

0.90 81.00 Regular 0.34 157.00 Regular 0.02 38.00 Regular

0.10 10.00 Irregular 0.66 307.00 Irregular 0.98 2,387.00 Irregular

91.00 464.00 2,425.00

% No. Items Model % No. Items Model % No. Items Model

0.64 58.00 Deterministic 0.08 35.00 Deterministic 0.003 7.00 Deterministic

0.37 33.00 Probabilistic 0.92 429.00 Probabilistic 0.997 2,418.00 Probabilistic

91.00 464.00 2,425.00

Pattern No. Items %

Regular 276.00 9%

Irregular 2,704.00 91%

Total 2,980.00

Model No. Items %

Deterministic 100.00 3% EOQ

Probabilistico 2,880.00 97% QR

Total 2,980.00

ABC
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𝜇(𝑞) =
𝑘𝑑

𝑞
+ 𝑐𝑑 +

ℎ𝑞

2
. (5) 

The frequency (6) for setting a new order is:  

𝑇∗ =
𝑞∗

𝑑
. (6) 

The order number (7) is given by the consume (demand) between the optimal 

quantity to be ordered: 

𝑛 = (𝑑/𝑞∗). (7) 

As a result we have a total logistical cost of $4’269,694 pesos; due to the order cost 

is low, the optimal quantity to order is high; and this is reflected in holding inventory 

for long periods of time. Also we obtained an average of 4.2 orders per year for 

almost all the part numbers. Inside the Chart 3 we can see the relation between the 

part numbers according to their classification and the percentile of the logistical cost 

that represents for the 100 reviewed pieces. 

 

Chart 3. Total logistical cost for EOQ model. 

4.4 Continuous Review Model with Uncertain Demand (q, R) 

For this project we used the q, R inventory model with a random demand. After setting 

the needed equations we will have an optimal value for the limits approach, without 

leaving the order limits allowed for the inventory value, where the theorems will prove 

the supposed changes in the following orders. It is taken this analysis because we 

proposed a periodic review with emergency safety replenishment. Characterized with 

short order periods, absorbing the order cost. Below we can see the equations for the 

results obtainment. 

The standard deviation (8) is calculated during the lead time, multiplying the 

demand’s standard deviation with square root of lead time: 

𝑆𝑑
′ = 𝑆𝑑√𝐿 (8) 

The re-order point (9) is the result of multiplying the mensual demand with the 

lead time expressed in months plus the adjusted standard deviation with the Z value to 

the normal distribution with a customer’s service level previously defined: 

𝑅 = 𝑑 ∗ 𝐿 + 𝑧𝐶𝑆𝐿 ∗ 𝑆𝑑
′ . (9) 

The order size (10) tells us we should calculate the square root of two times the 

order cost multiplied with the monthly demand between the holding inventory costs: 

# Items Logistical Cost %

A 58 $2,386,249.24 56%

B 35 $1,845,183.93 43%

C 7 $38,260.85 1%

Total 100 $4,269,694.02
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𝑞 = √
2𝑘𝑑

ℎ
. (10) 

The ratio of the standard deviation (11) stays out or do not complies with the 

demand 1-s´d*Ez/q gives us the number of non-supplied pieces. 

The stock outs ratio given a Z. 

Fs (z) = Accumulated normal standard distribution function. 

Fs (z) = Density of normal standard distribution function. This is the point where 

occurs the probability: 

𝐸𝑧 = 𝑧 ∗ [𝐹𝑠(𝑧) − 1] + 𝑓𝑠(𝑧). (11) 

The total logistical cost (12) [𝜇(𝑞∗)] is given by the following equation: 

𝜇(𝑞) =
𝑘𝑑

𝑞
+ ℎ [

𝑞

2
+ 𝑧𝐶𝑆𝐿 ∗ 𝑆𝑑

′ ] 𝑐𝑑 +
𝑑

𝑞
(𝑢 ∗ 𝑠𝑑

′ ∗ 𝐸2). (12) 

FR (13) is defined per the following equation: 

𝐹𝑅 = 1 −
(
𝑑
𝑞
) ∗ 𝑆𝑑

′ ∗ 𝐸𝑧

𝑑
= 1 −

𝑆𝑑
′ ∗ 𝐸𝑧
𝑑

. 
(13) 

As a result we obtained a total logistical cost of $5’861,794 pesos. The q, R model 

considers a cyclical service level of 100% and suggests a re-order point with a lot size 

for each part number. See the Chart 4 to review the relation between the articles with 

the logistical costs and the ratio that represents each category. 

 
Chart 4. Total logistical cost for q,R model. 

4.5 Safety Stock (SS) 

The safety stock inventory is an additional quantity for an item inside your warehouse 

with the objective of reduce the production stock outs. There are additional associated 

costs that must be considered during the calculation; however the holding inventory 

cost can be lower than the cost for losing a client if the delivery is not completed timely 

and properly. 

We took 920 items with a safety stock inventory loaded with the selected supplier. 

The 2,060 pending items do not have a safety stock loaded and will be excluded from 

our analysis. We decided to perform an analysis between the loaded inventories into 

the system against a proposal of re-ordering points with the q, R model. After the 

estimations, we analyzed the implementation team to verify the obtained results. 

# Items Logistical Cost %

A 33 $34,152.06 1%

B 429 $539,495.40 9%

C 2418 $5,288,147.06 90%

Total 2880 $5,861,794.52
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5 Discussion of Results  

At the beginning of this project I have no idea where to find a problematic situation 

inside the organization. I started downloading different reports in order to see if I can 

get some clues about a malfunction of any area. Suddenly I get trapped in a huge 

quantity of information that have no sense for me. I have to accept that into the theory 

the problems looks like if all could be located easily. After several meetings with 

different areas, the situation of the inventory came out and the opportunity to work in 

that issue was set. 

The part numbers trend through the analyzed period of time gave us a general 

overview of the behavior of the sales, and the inventory level effects. The Figure 4a, 

4b, 4c & 4d shows some examples of one analyzed item and the movement during the 

last 5 years. The graphics are based in the yearly usage showing the pieces during the 

period of time mentioned before. 

 

Fig 4a.     Fig 4b. 

 

Fig 4c.     Fig 4d. 

 

Chart 5. Actual status against proposed model values. 

As we can see into the graphics the behavior of the part numbers are as many as the 

customers’ requests. It is a challenging situation due to the nature of the business, and 

a great opportunity to solve this issues with the tools available in the science theory. 

Concept Actual Model Difference %

Items with SS 920 919 -1 0.1%

Inventory value $1,046,076.00 $996,888.23 -$49,187.77 5%
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Nowadays the inventory levels into the companies represents one big opportunity 

for creating savings without the need additional investments for the operational 

processes. Every day the highest levels of the organizations increases their awareness 

about the negative effect of having money stocked into the shelves. In order to 

accomplish the purpose of this project a selection of logistical tools were used with 

mathematical operations the values represents the path they are following up. 

The inventory value at the beginning of the project was $1’046,076 pesos with 920 

part numbers with a safety stock inventory loaded, representing 8% of the total value 

of the analyzed plant inventory. The modification in the minimal lots suggest 58% 

reduction of the inventory value and decrease of 691 part numbers in the safety stock 

items loaded. After changes were applied the saving impact is immediately, even when 

the available inventory in plant was not considered. This variable was discarded for 

practical reasons for this project, because we do not have control over the demand and 

due to the restricted access to the sales department information. Finally the inventory 

will reach the objective level of $435,854 pesos. Please refer to the Chart 5 to see the 

initial amount of loaded items with safety stock and their value in pesos, also we can 

see the difference that represents the change in parameters, where a 5% reduction is 

showed. 

The idea of reduce the inventory level without any investment had a great 

acceptance, and that is why we reviewed each one of the 920 items, leaving out the 

obsolete, discontinued or substituted items; also all those special items that only were 

bought one time without requirement. After the complete review, the implementation 

team concluded with the Chart 6 values, for reaching an inventory level decreased 58%. 

 

 

Chart 6. Actual state against final agreement. 

Chart 7a & 7b shows the inventory value proposed for both cases: q, R model and 

final agreement with ABC classification. We can see the dramatically decrease in items 

with C classification and the value increase for A classified items. 

 

    

Chart 7a.     Chart 7b. 

Concept Actual Model Difference %

Items with SS 920 691 -229 24.9%

Inventory value $1,046,076.00 $435,845.67 -$610,230.33 58%

Clasif Items Value $ %

A 83 $63,728.77 6%

B 345 $347,503.09 35%

C 491 585.656.37 59%

Total 919 $411,231.86

q, R Model

Clasif Items Value $ %

A 82 $70,125.72 16%

B 327 $152,672.11 35%

C 282 $213,047.84 49%

Total 691 $435,845.67

Final Agreement
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