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focused on the underlying Supply Chain Network. Thus, this paper analyzes the relevance of integrating 

Supply Chain Network design with traditional Spare Parts Management. With this aim, the paper 

proposes a network optimization modeling structure, with simultaneous decisions for warehouse 

locations and inventory control, allowing to optimize the Spare Parts Supply Chain Network costs.The 

model is specified for three traditional and commonly used Inventory Control Policies suitable for a 

variety of Spare Parts (i.e., (s, Q), (R, s, S) and (S-1, S)). The proposed integrated approach yields Spare 

Parts Supply Chain system performance improvements. 
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1. INTRODUCTION 

Traditionally, the literature on Spare Parts (SPs) has been 

focused on both understanding the behavior of parts and 

developing techniques to properly manage them. According 

to literature and practitioners, managing SPs tends to be 

substantially different to other items (e.g., productive 

supplies, raw materials, commodities), due to the specific 

features that characterize their behavior (Huiskonen, 2001; 

Cavalieri et al., 2008; Martin et al., 2010; Wagner et al., 

2012). But, extending the traditional focus to other issues and 

decisions, it is possible to find different relationships that 

impact the Spare Parts Management (SPM) decision process. 

Amon others, Supply Chain (SC) issues have been typically 

excluded from the analysis or assumed as given and fixed 

(Huiskonen, 2001; Wagner, et al., 2002, Martin, et al., 2010) 

in the viewpoint of industrial end-user sites (i.e., those that 

needs spare parts for the assets installed in their sites). 

A relevant concern that must be considered into SPM is the 

underlying Supply Chain Network (SCN) that supports the 

SPs operations (e.g., transportation, inventories, 

warehousing). This paper analyzes the relevance of 

integrating Spare Parts Supply Chain Network (SP-SCN) 

design issues with traditional SPM. Optimization is focused 

on the SP warehouse location, consumption points 

assignment and inventory control decisions while minimizing 

the total system cost, consisting of operation and setting fixed 

costs, transportation costs, and inventory costs. For these 

purposes, it is assumed that spare part consumption points are 

the end of the SCN (i.e., assets in the industrial plant located 

at the end-user site associated with production activities that 

consume SP for replacements purposes when facing 

preventive maintenance activities or failure events). 

One of the focuses of this paper is to establish and discuss 

some general relationships among SPM, SP Inventory 

Management, SCN and the underlying design problem. 

Additionally, this paper presents a generic single-commodity 

modeling structure to optimize the SP-SCN that considers 

simultaneously warehouse location and inventory control 

decisions. This structure aids to focus on the relevant issues 

that affect and must be considered on the specific models. In 

general, it is possible to address two relevant sets of 

decisions, one set related to the SCN design decisions and 

other set related to the Inventory Control Policies (ICPs) 

considered for managing the SP inventories across the SP-

SCN. Naturally, the specific models, derived from the generic 

model, may consider different network structures and diverse 

suitable ICPs. Particularly, the basic structure considered into 

the generic optimization model is consistent with the standard 

and widely studied Facility Location Problems (FLPs) 

structure. Subsequently, three ICPs commonly adopted into 

SPs context are considered to specify the generic model, 

yielding three particular network optimization models. Notice 

that, these models belong to the family of Inventory Location 

Problems (ILPs) since they integrate warehouse location and 

inventory control decisions and costs (Erlebacher and Meller, 

2000; Daskin, et al., 2002; Miranda and Garrido, 2004). 

Finally, a further discussion is made going deeper into the 

relationships between the mathematical models, the SPM and 

the SP-SCN. Consequently, a research agenda is presented 

considering different features that can be integrated into the 

mathematical models. 
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general, it is possible to address two relevant sets of 
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suitable ICPs. Particularly, the basic structure considered into 
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structure. Subsequently, three ICPs commonly adopted into 
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yielding three particular network optimization models. Notice 
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Problems (ILPs) since they integrate warehouse location and 
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The paper is organized as follows. Section 2 presents the 

literature review. Section 3 is focused on establishing and 

discussing the relationships of the SPM and SP Inventory 

Management with the SCN. The generic structure of the 

models and the specific models are presented in Section 4. 

Finally, Section 5 shows the conclusions and the final 

remarks of the paper. 

2. LITERATURE REVIEW 

The specificity of the SPs requires specific approaches to 

properly manage them. SPM must deal with peculiar 

characteristics, which makes it especially difficult. In general, 

the decisions considered on SPM should be addressed by 

integrating specific and different aspects (e.g., criticality, 

demand pattern, specificity, price, stock-out cost). Typically, 

the related literature on SPM has been focused on these 

aspects but addressing them separately. Even so, it is possible 

to find works that simultaneously consider different aspects 

of SPM trying to highlight the relationships between them 

(Huiskonen, 2001; Cavalieri et al., 2008; Boylan and 

Syntetos, 2010; Martin et al., 2010; Wagner et al., 2012; 

Roda et al., 2014; Driessen et al., 2015; Durán et al., 2016, 

Hu, et al., 2017). Moreover, some of these papers highlight 

the relevance of considering more holistic and 

multidisciplinary approaches as an opportunity to improve 

the SPM performance (Huiskonen, 2001; Martin, et al., 

2010). Nevertheless, the related literature focuses mainly on 

single-location techniques instead of multi-location 

approaches that integrate these aspects. 

The SPs classification is commonly used in real industrial 

cases, where criticality and demand pattern may be crucial 

elements to be considered. Outcomes of classification 

techniques are used to select the forecast techniques, the ICP 

and some related decisions (e.g., re-order points, order sizes, 

service levels), maintenance strategy, among others. Despite 

its strong relevance, classification is still an open discussion, 

and a wide variety of approaches and techniques can be 

found on the related literature (Braglia, et al., 2004; Roda, et 

al., 2014). The selection of a proper forecast technique is 

another important issue to be considered in this uncertain 

context. Indeed, the demand of several SPs is erratic and 

intermittent, making forecasting a very difficult task 

(Cavalieri et al., 2008; Boylan and Syntetos, 2010). The 

selection of the proper ICP to manage the SPs is a critical 

decision for SPM (Durán et al., 2016). Considering the 

demand nature, typical ICP models may not be suitable to 

manage SP inventories (Kennedy, et al., 2002; do Rego and 

De Mesquita, 2011; Driessen, et al., 2015; Bounou, et al., 

2017). 

More specifically, it is worth remarking that the demand 

pattern of the SPs is one of the characteristics that made these 

parts different from other materials and products. The 

intermittent nature of the demand pattern is a common feature 

in most of the SPs behaviors. Naturally, the unavailability of 

the SPs can lead to downtimes that generate strong 

consequences on the global performance (Cavalieri et al., 

2008; Syntetos, et al., 2012; Roda et al., 2014). Then, 

inventories of SPs are required to ensure the availability of 

the system. In this context, the selection of a proper ICP turns 

to be especially relevant. Accordingly, this issue has received 

special attention in the literature. Most of the papers are 

focused on the application of inventory theory on the SPs 

specific contexts. The most common approach to select the 

ICP is driving it by the classification technique used to 

segregate the SPs. Consequently, it is possible to understand 

some of the relationships between the specific features of a 

SP class and the most suitable ICPs (Kennedy, et al., 2002; 

Braglia, et al., 2004; Cavalieri, et al., 2008; do Rego and De 

Mesquita, 2011; Bounou, et al., 2017). 

On the other hand, SC is one of the main concerns for 

companies especially for the impact on global performance. 

Consequently, Supply Chain Management (SCM) became an 

important field of literature and in practice. SCM involves 

decisions related to the activities, processes, and resources 

required to be efficiently and timely managed (Simchi-Levi, 

et al., 2003; Coyle, et al., 2003). Particularly, the SCN design 

has a significant impact on the global performance (Miranda 

and Garrido, 2004; Shen, 2007; Melo et al., 2009; Farahani, 

et al., 2014). Applying the general knowledge of SCM over 

SPM, to accomplish the proposed goals, the company needs 

to coordinate the SP-SC considering all the involved 

activities. However, the SP-SC must not be only focused on 

the internal activities and processes, indeed this normally 

spans links with third parties (Huiskonen, 2001; Frazzon, et 

al., 2014). The SP-SCN has not been widely studied in the 

related literature. Most of the works that integrate SPs with 

SC are in fact focused on the processes across the SP-SC, but 

do not consider the relationships with the SP-SCN structure 

(Huiskonen, 2001; Rosseti and Thomas, 2006; Martin et al., 

2010; Wagner, et al., 2012).  

It is worth pointing out that most of the papers on SCM are 

focused on products (e.g., raw materials and finished 

products) considering the inbound and outbound logistics 

(Tracey, et al., 2005; Wu, et al., 2006; Tsao and Lu, 2012). 

On an SCN design context, one of the key decisions is 

facility location. Consequently, Facility Location Problems 

(FLPs) have been widely studied in the literature. Naturally, 

strategic decisions related to FLPs impact on the long-term 

horizon (Coyle et al., 2003; Snyder, 2006). Mainly based on 

FLPs, Inventory Location Problems (ILPs) typically integrate 

the location of facilities, customer assignment, and inventory 

control decisions. This integration should lead to better 

solutions, but it incorporates complexity on the mathematical 

models (Jayaraman, 1998; Farahani, et al., 2015). 

Transferring this general knowledge to SPM is worth as 

research particularly due to extant gaps. 

3. SPARE PARTS SUPPLY CHAIN 

According to Simchi-Levi et al. (2003), SC is a system 

consisting of suppliers, manufacturers, transportation, 

distributors, and vendors that exists to transform raw 

materials to final products and supply those products to 

customers. SCM is focused on the efficient integration of 

SC’s components to produce and distribute right quantities to 

the right locations at the right time. This should be made 
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minimizing the total system costs and satisfying customers’ 

requirements.  

According to Harland et al. (2001), both SC and SCN 

describe the flows (i.e., materials and information) between 

the diverse components, but SCN describes a more complex 

structure (see Fig. 1). In general, SC describes a simpler and 

sequential set of links, SCN considers where organizations 

can be cross-linked, and there are two-way exchanges 

between them. 

 
Fig. 1. A Generic Supply Chain Network 

On the other hand, SPM spans all the decisions from the 

purchase to the use or consumption of the SPs. Consequently, 

these decisions consider procurement, inventories, logistics, 

and supply chain. One of the main issues for the SPM is to 

minimize the unexpected downtimes supplying the required 

SPs at the right place and time. Consequently, to properly 

respond to this issue the decisions cannot be made in 

isolation and it is required to consider the impact of each 

aspect on the other decisions (Huiskonen, 2001; Martin et al., 

2010; Wagner et al., 2012; Driessen et al., 2015).  

According to these definitions, SC can be considered as a 

relevant part of SPM for ensuring efficiency and continuity of 

productive activities. Moreover, in the other side, SCM 

perspective and approaches are quite proper to enable SPM 

purposes. However, only a few studies go further in this 

analysis (Huiskonen, 2001; Wagner, et al., 2002; Martin, et 

al., 2010). With this aim, the focus of this paper is 

understanding and studying the SP-SC, and the related 

network design problems. Therefore, according to the 

previous discussion about SPs peculiarities in Section 2, it is 

expected that due to the specific characteristics and behaviors 

of the SP, different SCN structures will fit better for different 

SP classes. Huiskonen (2001) highlights the relevance of the 

inventory location from a logistic perspective. Wagner et al., 

(2002) gives a similar discussion distinguishing between 

central and local inventories based on the SP characteristics. 

In general, it is assessed in the literature that different classes 

of SPs can be identified within a company based on multiple-

criteria (e.g., like price, lead time, stock-out cost and 

specificity) and depending on the criticality of the class they 

should be managed differently (Roda et al. 2014).  

Considering that different SCN structures may fit better with 

different SP characteristics, it is worth to consider the 

availability of network optimization modeling structures that 

enable to cope with different needs of the variety of SPs 

classes. Fig. 2 presents a generic SP-SCN, considering SPs’ 

suppliers, internal warehouses, and consumption points. 

Internal warehouses are the set of facilities located to serve 

the demand generated from inventories. In general, a 

consumption point can be defined as a production activity 

that consumes SPs for replacements purposes. This structure 

is derived from the related literature that addresses some SP-

SCN issues (Huiskonen, 2001; Martin, et al., 2010), but also 

considering the structure assumed by the proposed models. 

 
Fig. 2. A Generic Spare Parts Supply Chain Network 

4. OPTIMIZATION MODELS FOR SP-SCN 

This section is focused on presenting a generic single-

commodity model based on a joint warehouse location and 

inventory control modeling structure to optimize the SP-

SCN. Additionally, three models, derived from the generic 

model, considering three different ICPs are presented. 

4.1 Generic Modeling Structure 

The proposed generic model considers a common structure 

based on a typical FLP. It is assumed that the supplier is 

fixed and known. Additionally, the generic model considers 

as known and fixed the same ICP for each warehouse. This 

model is focused on jointly optimizing the warehouse 

locations, the consumption points’ assignment and the 

inventory control decision. The located warehouses will 

storage the SP inventories. These inventories will be used to 

serve the demands generated at each consumption point 

assigned to each warehouse. Inventory control decisions are 

related to sizing the inventory level for each warehouse. The 

demand that each warehouse faces is obtained as a function 

of the demand of each assigned consumption point. The 

consumption points’ demand is characterized by its mean and 

variance. Finally, the models aim to minimize the total cost 

function of the network. The SCN decision variables are: 

iX
 

Binary variable. It values 1 if a warehouse is 

located on site i, 0 otherwise. 

ijY
 

Binary variable. It values 1 if the consumption 

point j is assigned to the warehouse i, 0 

otherwise 

iD
 Demand mean served by the warehouse i 

iV
 

Variance of the demand served by the 

warehouse i 

 The parameters and the sets are the following: 

iFC
 

Setting and operational fixed cost of a 

warehouse on location i 

iCIn
 

Inbound transportation cost of a warehouse on 

the location i (from a known source or spare 

parts provider) 

ijCOut
 

Outbound transportation cost of a warehouse on 

location i for serving user j 

j  
Mean of the spare part demand of the 
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specificity) and depending on the criticality of the class they 

should be managed differently (Roda et al. 2014).  

Considering that different SCN structures may fit better with 

different SP characteristics, it is worth to consider the 

availability of network optimization modeling structures that 

enable to cope with different needs of the variety of SPs 

classes. Fig. 2 presents a generic SP-SCN, considering SPs’ 

suppliers, internal warehouses, and consumption points. 

Internal warehouses are the set of facilities located to serve 

the demand generated from inventories. In general, a 

consumption point can be defined as a production activity 

that consumes SPs for replacements purposes. This structure 

is derived from the related literature that addresses some SP-

SCN issues (Huiskonen, 2001; Martin, et al., 2010), but also 

considering the structure assumed by the proposed models. 
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4. OPTIMIZATION MODELS FOR SP-SCN 

This section is focused on presenting a generic single-

commodity model based on a joint warehouse location and 

inventory control modeling structure to optimize the SP-

SCN. Additionally, three models, derived from the generic 

model, considering three different ICPs are presented. 

4.1 Generic Modeling Structure 

The proposed generic model considers a common structure 

based on a typical FLP. It is assumed that the supplier is 

fixed and known. Additionally, the generic model considers 

as known and fixed the same ICP for each warehouse. This 

model is focused on jointly optimizing the warehouse 

locations, the consumption points’ assignment and the 

inventory control decision. The located warehouses will 

storage the SP inventories. These inventories will be used to 

serve the demands generated at each consumption point 

assigned to each warehouse. Inventory control decisions are 

related to sizing the inventory level for each warehouse. The 

demand that each warehouse faces is obtained as a function 

of the demand of each assigned consumption point. The 

consumption points’ demand is characterized by its mean and 

variance. Finally, the models aim to minimize the total cost 

function of the network. The SCN decision variables are: 

iX
 

Binary variable. It values 1 if a warehouse is 

located on site i, 0 otherwise. 

ijY
 

Binary variable. It values 1 if the consumption 

point j is assigned to the warehouse i, 0 

otherwise 

iD
 Demand mean served by the warehouse i 

iV
 

Variance of the demand served by the 

warehouse i 

 The parameters and the sets are the following: 

iFC
 

Setting and operational fixed cost of a 

warehouse on location i 

iCIn
 

Inbound transportation cost of a warehouse on 

the location i (from a known source or spare 

parts provider) 

ijCOut
 

Outbound transportation cost of a warehouse on 

location i for serving user j 

j  
Mean of the spare part demand of the 
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consumption point j 

j
 

Variance of the spare part demand of the 

consumption point j 

- p

iTC ICP
 

Total cost associated with the Inventory Control 

Policy type p for the warehouse on location I, 

depending on mean and variance of demand 

served by the warehouse. 
N  Set of potential warehouses 

M  Set of consumption points (i.e. the assets 

operating in the industrial plant at the end-user 

site) 

Then, the generic model structure is as follows: 

 
    - , , ,

i i i ij j ij

i N i N j M
p

i

i N

Min FC X CIn COut Y

TC ICP D X Y V X Y


  



    



 


 (1) 

s.t.: 

1ij

i N

Y j M


      (2) 

,ij iY X i N j M       (3) 

1

M

i ij j

j

D Y i N


       (4) 

1

M

i ij j

j

V Y i N


       (5) 

 , 0,1 ,i ijX Y i N j M       (6) 

Expression (1) represents the objective function that 

corresponds to the total SCN costs. The first term represents 

the setting and operating fixed costs for all warehouses. The 

second term is the total transportation costs (provider – 

warehouses and warehouses – end-users). The third term 

represents the total costs related to the ICP at each 

warehouse. Equations (2) ensure that each consumption point 

must be served by a single warehouse. Constraints (3) ensure 

that the users are assigned only to installed warehouses. 

Equations (4) and (5) compute demand mean and variance 

that must be served by each warehouse. Equations (6) 

represent the binary domain of the SCN decision variables. 

4.2 Specific Models 

To adapt the generic model to the specific needs of a variety 

of SP classes, this paper also presents three specific 

formulations derived from the basic model structure by 

considering specific ICPs. For each specific formulation, it is 

required to define additional parameters and decisions 

variables. It is required to be mentioned that a Normal 

approximation is assumed to model demands at the 

consumption points and warehouses. The additional 

parameters are: 

iOC
 

Fixed ordering cost for the warehouse in the 

location i 

iHC
 

Unitary holding at a warehouse in the location i 

iLT
 

Lead time for an incoming order to the 

warehouse in the location i 
  Minimum required stock-out probability at each 

warehouse 

1Z   
Standard normal distribution value that 

accumulates1   

The specific main decision and auxiliary decision variables 

are as follows: 

iQ
 Order quantity for the warehouse i 

iU
 Undershoot at the warehouse i 

iS
 

Maximum objective inventory level for the 

warehouse i 

is
 Re-order point for the warehouse i 

Notice that these variables are not considered for all the 

models. The variables that are considered on each specific 

model depend on the employed ICP. 

Additionally, just as considered in most of the traditional 

inventory and SPM literature, when an order is submitted the 

inventory level should cover the demand generated during the 

lead time with a probability (1 – α). This probability is known 

as the inventory service level, and α is defined as the stock 

out probability. 

a) Continuous Review (s, Q) 

The first model considers a continuous review with a fixed 

order quantity policy (Q). The re-order point s defines the 

inventory position when a replenishment order must take 

place. When the inventory level reaches the re-order point, an 

order of size Q is submitted. This order arrives after the lead 

time. In this case, the total cost of the ICP for each warehouse 

can be expressed as follows: 

    

1

- , , ,

2

a

i

i i i i
i i i

i

TC ICP D X Y V X Y

OC D HC Q
HC Z LT V

Q


  
      
 

  (1a) 

The first term represents the ordering costs and holding costs 

of cycle inventory. The second term represents the safety 

stock cost. 

b) Periodic Review (R, s, S) 

The second specific model considers a periodic review with a 

variable order quantity policy. In this policy, the stock level 

is reviewed at the end of a fixed period of R units of time. If 

there are less or equal units than the re-order point (s) a 

replenishment order is submitted. The size of the order is 

aimed to return the stock level to the maximum objective 

stock level (S). Accordingly, the order size is variable and 

depends on the inventory level I(t). If an order must be 

submitted, the difference between re-order point and the 

inventory level is known as undershoot (U). The average 

undershoot, as a function of demand mean and variance of 

warehouse i, Di and Vi, and for a review period Ri, can be 

computed as showed in (7). 

For this ICP, (1) can be expressed is as follows: 

    

 
 

 1

- , , ,

2

b

i

i i ii i

i i

i i i i i i i

TC ICP D X Y V X Y

HC Q UOC D

Q U

HC D R Z LT R V U

  
    

      

  (1b) 
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The first term represents the ordering cost and holding cost of 

cycle for a variable lot size (Qi + Ui), where Qi is computed as 

the Economic Order Quantity. The third term represents the 

safety stock cost. 

1,...,
2 2

i i i

i

i

V D R
U i N

D


   


  (7) 

c) Continuous Review (S-1, S) 

The third specific model considers a continuous review ICP 

known as “one for one replenishment policy”. Whenever a 

demand arises, a replenishment order is submitted. The order 

size depends on the number of units consumed. Nevertheless, 

the demand for an SP may behave as a one by one demand 

process. In this case, (1) is expressed as follows: 

    
 

- , , ,c

i

i i i i i i

TC ICP D X Y V X Y

OC D HC S D LT     
   (1c) 

The first term considers the ordering cost that it is assumed 

each time that a demand arises. The second term represents 

the holding cost. 

4.3 Concluding Remarks 

It is now worth to summarize the main aspects involved in 

this paper. To this end, it is crucial to highlight the 

relationships between the SPM process, the SP-SCN and the 

ILPs, addressed in this paper. 

First, it is worth to point out that this paper is based on two 

foci: i) the impact of related decisions involved into the SPM 

process and ii) the fact that the integration of decisions makes 

possible the improvement of SP-SC performance. The first 

focus is closely related to the hierarchical and sequential 

structure used to make related decisions; this is also an 

approach that is well understood in managerial practice. The 

second focus is, instead, obtained based on a more 

mathematical perspective, where the optimization models that 

integrate decisions may enable finding better solutions to 

improve practice. Therefore, having a synergic view of the 

two foci, this paper leads to include the SCN design issues 

into the SPM process, thus relating decisions, and to present a 

generic structure that integrates SCN and inventory decisions, 

thus creating the potentials for SCM improvement. Overall, 

this modeling structure can be classified as an ILP model, 

which then may become mean to bring the SCN design into 

the SCM process. 

The proposal has potential managerial implications and 

interest for the decision makers. From the SP manager’s 

perspective, this paper shows a structured approach to 

integrate decisions involved in the SPM process. Moreover, 

this work is also aimed to generate a direct link between the 

SP managers and the SCN managers, helping to coordinate, 

collaborate and improve the SP-SC performance. Such 

integrated decision-making could be put in practice within a 

company, after proper data gathering and analysis (e.g. mean 

and variance of the demand at the spare parts consumption 

point, etc.). 

5. CONCLUSIONS AND FUTURE RESEARCH 

SPs and SPM are well-known issues in decisional problems 

in industrial practice and, when looking for cost-effective 

management, they have become relevant to companies, 

especially in equipment-intensive industries. The related 

literature has been focused on the specific characteristics and 

behaviors of SPs and the management subsequently needed. 

Most of these papers are focused on such specific 

characteristics considering, in limited scopes, the impact that 

a decision may have over other decisions. Among them, the 

SC, SCM and SCN issues have been excluded from most of 

the SPM literature concerned with an end-user perspective 

(i.e., the owner of the assets in industrial sites). Some authors 

reflect on the relevance of more integrated approaches to 

improve the SPM process performance. Then, the integration 

of different decisions involved in the SPM process may be 

crucial to improve the global performance, so also the cost-

effectiveness.  

Having in mind such purpose of integrated decisions, this 

paper proposes a generic modeling structure integrating SPs 

warehouse location and inventory control decisions. This 

model assumes the general structure of the FLPs, where the 

consumption points must be assigned to a warehouse to be 

served of SPs. An ICP is then assumed for all the potential 

warehouses and it is dependent on the SCN structure, 

particularly on the consumption points' assignments. The 

demand processes are modeled assuming a Normal 

approximation. Consequently, the consumption points' 

demand is represented by the mean and the variance. A 

generic expression for the cost function is then shown. This 

cost function depends on the specific ICP and the SCN 

structure variables (X and Y). Based on the generic model, 

three specific ICPs were also considered to derive three 

specific models. These ICPs were selected because they are 

widely used according to the variety of features of SPs. It is 

then remarkable that the generic model is now adapted to 

different SPs classes. Indeed, in the mathematical model, 

each specific model shows the cost function for the specific 

ICP depending on the SCN structure variables. 

For the future, it is possible to include different constraints, 

decisions, and features to make the models more applicable 

in real-world cases (e.g., capacity constraints, supplier 

selection decisions, lateral transshipment, multi-commodity, 

and multi-period). It is also possible to develop new specific 

models considering other suitable ICPs. Furthermore, due to 

the structure of the generic and specific models, it is possible 

to focus on the development of a generic solution algorithm 

structure, or engineering methodology, to solve and make 

applicable the models in real-world cases. Future research 

may also test the impact on the SPM performances by using 

different ICPs (i.e. specific models) for different SPs’ classes. 
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The first term represents the ordering cost and holding cost of 

cycle for a variable lot size (Qi + Ui), where Qi is computed as 

the Economic Order Quantity. The third term represents the 

safety stock cost. 
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c) Continuous Review (S-1, S) 

The third specific model considers a continuous review ICP 

known as “one for one replenishment policy”. Whenever a 

demand arises, a replenishment order is submitted. The order 

size depends on the number of units consumed. Nevertheless, 

the demand for an SP may behave as a one by one demand 

process. In this case, (1) is expressed as follows: 

    
 

- , , ,c

i

i i i i i i

TC ICP D X Y V X Y

OC D HC S D LT     
   (1c) 

The first term considers the ordering cost that it is assumed 
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improve practice. Therefore, having a synergic view of the 

two foci, this paper leads to include the SCN design issues 

into the SPM process, thus relating decisions, and to present a 

generic structure that integrates SCN and inventory decisions, 

thus creating the potentials for SCM improvement. Overall, 

this modeling structure can be classified as an ILP model, 

which then may become mean to bring the SCN design into 

the SCM process. 

The proposal has potential managerial implications and 

interest for the decision makers. From the SP manager’s 

perspective, this paper shows a structured approach to 

integrate decisions involved in the SPM process. Moreover, 

this work is also aimed to generate a direct link between the 

SP managers and the SCN managers, helping to coordinate, 

collaborate and improve the SP-SC performance. Such 

integrated decision-making could be put in practice within a 

company, after proper data gathering and analysis (e.g. mean 

and variance of the demand at the spare parts consumption 

point, etc.). 

5. CONCLUSIONS AND FUTURE RESEARCH 

SPs and SPM are well-known issues in decisional problems 

in industrial practice and, when looking for cost-effective 

management, they have become relevant to companies, 

especially in equipment-intensive industries. The related 

literature has been focused on the specific characteristics and 

behaviors of SPs and the management subsequently needed. 

Most of these papers are focused on such specific 

characteristics considering, in limited scopes, the impact that 

a decision may have over other decisions. Among them, the 

SC, SCM and SCN issues have been excluded from most of 

the SPM literature concerned with an end-user perspective 

(i.e., the owner of the assets in industrial sites). Some authors 

reflect on the relevance of more integrated approaches to 

improve the SPM process performance. Then, the integration 

of different decisions involved in the SPM process may be 

crucial to improve the global performance, so also the cost-

effectiveness.  

Having in mind such purpose of integrated decisions, this 

paper proposes a generic modeling structure integrating SPs 

warehouse location and inventory control decisions. This 

model assumes the general structure of the FLPs, where the 

consumption points must be assigned to a warehouse to be 

served of SPs. An ICP is then assumed for all the potential 

warehouses and it is dependent on the SCN structure, 

particularly on the consumption points' assignments. The 

demand processes are modeled assuming a Normal 

approximation. Consequently, the consumption points' 

demand is represented by the mean and the variance. A 

generic expression for the cost function is then shown. This 

cost function depends on the specific ICP and the SCN 

structure variables (X and Y). Based on the generic model, 

three specific ICPs were also considered to derive three 

specific models. These ICPs were selected because they are 

widely used according to the variety of features of SPs. It is 

then remarkable that the generic model is now adapted to 

different SPs classes. Indeed, in the mathematical model, 

each specific model shows the cost function for the specific 

ICP depending on the SCN structure variables. 

For the future, it is possible to include different constraints, 

decisions, and features to make the models more applicable 

in real-world cases (e.g., capacity constraints, supplier 

selection decisions, lateral transshipment, multi-commodity, 

and multi-period). It is also possible to develop new specific 

models considering other suitable ICPs. Furthermore, due to 

the structure of the generic and specific models, it is possible 

to focus on the development of a generic solution algorithm 

structure, or engineering methodology, to solve and make 

applicable the models in real-world cases. Future research 

may also test the impact on the SPM performances by using 

different ICPs (i.e. specific models) for different SPs’ classes. 
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