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 The uncertainty in the supply chains (SCs) for manufacturing and services firms is going to be, 
over the coming decades, more important for the companies that are called to compete in a new 
globalized economy. Risky situations for manufacturing are considered in trying to individuate 
the optimal positioning of the order penetration point (OPP). It aims at defining the best level of 
information of the client’s order going back through the several supply chain (SC) phases, i.e. 
engineering, procurement, production and distribution. This work aims at defining a system 
dynamics model to assess competitiveness coming from the positioning of the order in different 
SC locations. A Taguchi analysis has been implemented to create a decision map for identifying 
possible strategic decisions under different scenarios and with alternatives for order location in 
the SC levels. Centralized and decentralized strategies for SC integration are discussed. In the 
model proposed, the location of OPP is influenced by the demand variation, production time, 
stock-outs and stock amount. Results of this research are as follows: (i) customer-oriented 
strategies are preferable under high volatility of demand, (ii) production-focused strategies are 
suggested when the  probability of stock-outs is high, (iii) no specific location is preferable if a 
centralized control architecture is implemented, (iv) centralization requires cooperation among 
partners to achieve the SC optimum point, (v) the producer must not prefer the OPP location at 
the Retailer level when the general strategy is focused on a decentralized approach. 

© 2017 Growing Science Ltd.  All rights reserved
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1. Introduction 

 
Supply chain management (SCM) is generally divided into two main categories of issues: strategic and 
tactical. These two elements are present in many research approaches, but for the problem of locating the 
optimal order penetration point (OPP), the tactical and strategic decisions for supply chains (SCs) are 
merged. OPP, as defined by Olhager in 2003, is the one that ’sets the stage of the value chain of 
production, where a particular product is connected to a customer's request’ (Olhager, 2003). 

By the nature of the decision positioning of OPP, it is affected by uncertainty in each SC. Uncertainty 
management becomes the key driver to achieving optimal performance for a robust supply chain (SC) 
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(Petrovic, 2001). The uncertainty for the SC is linked to the stochastic behaviour of the volume of 
demand, customer requirements and changes in delivery times (Chauhan et al., 2009; Shukla et al., 2013). 
To meet the CS uncertainty, many authors have suggested using an approach based on cooperation 
between the different agents of the system. The economic externalities (due to the mismatch between 
information actors in the SC) can be reduced through a collaborative approach (Kwon et al., 2011; 
Hülsmann et al., 2008). The collaborative approach (that guarantees good results many times) can be 
used whenever a mathematical formulation and a simulation model are implemented in the design of an 
SC (Sambasivan et al., 2013;  Efendigil & Önüt, 2012).   

When the word ’collaborative’ is used, it needs to be meant as the management of the relations between 
actors of the SCs, paying attention to both strategic and tactical issues. It represents the functional 
integration of many interdependent activities that are capable of being translated in terms of money flows 
connected to goods, services and generally to the SC processes. To use this way to understand and design 
SCs, many theoretical models are available. It is worth noting that in SCM, both physical and information 
management structures are influenced by the coordination level between the SCs actors. Through the 
application of these models, it is possible to achieve a level of optimization that alters the storage and 
flow of information; moreover, these models are able to incorporate the impact of information technology 
tools, leading to the possibility of designing a distinct set of node connections to simulate and translate 
the collaborative issues, thus defining new SC substructures. 

The main effects of SC performance that a collaborative approach can provide are as follows:(i) a general 
risk reduction and the achievement of competitive advantages, (ii) inventory level reduction, (iii) total 
cost reduction, (iv) lower customer rotation and (v) reduction in delivery lead time and revenue 
enhancements. To achieve these results, the main variables to be analysed are the price, quantity, 
shipment conditions (ex-works, free on board, etc.) and time, which are the main levers to obtain a 
coordinated SC (Tsay, 1999). In the literature there are present several coordination mechanisms for the 
price: (i) quantity discounts (Fugate et al., 2006), (ii) revenues shared (Kanda & Deshmukh, 2008), (iii) 
refund and part-return policy (Padmanabhan & Png, 1997; Sahin & Robinson, 2002) and (iv) sharing 
tariffs of the two actors involved (Fugate et al., 2006). For all the other variables not related to the price, 
coordination mechanisms are mainly constructed on flexibility capacity (Eppen & Iyer, 1997),  allocation 
rules, i.e. rules for allocating the capacity among the different Retailers (Cachon & Lariviere, 2001), 
exclusive dealing (Besanko & Perry, 1993), policy management of inventory for vendor management 
(Sahin & Robinson, 2002; Waller et al., 1999), revenues growing for products with high variance of 
demand  and outsourcing cost (Cheung & Lee, 2002), planning, forecasting and replenishment managed 
in a collaborative way (Esper & Williams, 2003; Kanda & Deshmukh, 2008), quick response (Sahin & 
Robinson, 2002), efficient customer response (Lohtia & Subramaniam, 2004),  postponement (Pagh & 
Cooper, 1998) and the order penetration as introduced  earlier (Yu et al., 2001). It is important to note 
that different OP points have effects on the design of SCs and the tactical and strategic perspective in its 
management. 

 

Fig. 1. Order Penetration Point as tactical and strategic  link among supply 

The OPP positioning in the value chain is one of the main strategic problems (with several tactical 
consequences) for a manufacturer or any other actor in the SC. For the reasons mentioned in the previous 
paragraphs, i.e. OPP is a part of the collaborative tactics), the OPP decision is strongly related to strategic 
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collaboration with all the others actors in the SC. It influences the level of trust— related to the belief, 
decisions and actions in SCM (McEvily et al., 2003)—among SC echelons. The trust plays an essential 
role in the coordination process (Sako, 1994); indeed one of the most important research issues in this 
field is related to the idea of connecting all the actors in this “game” through a unique approach, 
translating the problem in a mathematical way.  

This paper aims to build a system dynamics model to investigate the role of OPP in a collaborative 
strategy in order to assure performances reliable for the SCs. The authors want to suggest strategic and 
tactical choices in terms of OPP for the maximization of overall revenues and incomes that come from 
SCM.  
 
2. Investigating SCs trends in literature references 
 
The aim of this section is to identify the main paths—which are historically discussed and recognized—
for SC uncertainty management. Authors present a bibliographic analysis to let the reader define the 
context (type of supply), mechanism (vertical integration among partners in centralized and decentralized 
forms) and tools (information exchange) of the simulation scenarios that will be implemented in the next 
sections of this paper. 

For this literature analysis, the Web of Science (WoS as per Thompson Reuters) is used. Researches on 
WoS were done for many publication years (1970–2015) and for several topics, all related to the terms 
’Uncertainty’ and ’SC’. A selection among all the papers available was done, in such papers with more 
than 20 citations are included; this has led to the identification of 31 research papers, and each paper has 
a mean of 16.53 citations per year. A literature network was created to ease readers in their understanding, 
based on the static and dynamic interaction of knowledge. A main path analysis was performed 
(Colicchia & Strozzi, 2012), and a Pajek tool was used (http://pajek.imfm.si). The design of a SC is 
recognized in its strategic role historically (Lehtonen, 1998). The SC performances are monitored by the 
business strategy decision-makers, and generally, they are modified by the amount of trust and 
information sharing among the SC’s actors (Bowersox & Calantone, 1998). 

 
Fig. 2. Reporting on static and dynamic interaction in the management of SCs: Citation Network of 

relevant (>20 citations) trends for the WoS database in SC management 

Interdependence between the actors' decisions; intensity of the relationships between actors; trust and 
information sharing between the actors; inventory system; information technology capabilities and the 
coordination structures (meant as SC architecture) are identified as strategic decisions for SCM, because 
they influence the enterprise in the long run. Collaboration in the SC is influenced by its structure, and 
because collaboration is difficult to implement, many times the echelons of the SC suffer from a lack of 
coordination mechanisms with several operative consequences even if it is demonstrated that 
coordination enhances the performances of both the supplier and the Retailer (Sheu et al., 2006). It is 
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important to underline that in the past, the main elements to achieve collaboration were put up as 
evidence. Indeed, based on a survey conducted in the industrial districts of northern Taiwan, it is possible 
to understand that the position in the network and the firm sizes are key factors—in terms of business 
success—for coordination and consequently, for the management of the SC (Wang et al., 2004). 

Before starting to speak about the uncertainty, it is important to present the main causes of instability and 
uncertainty in SCM. Generally, it is possible to speak of horizontal integration (i.e. when a resource is 
shared between several actors of SCs) and of vertical integration (when it is possible to connect with and 
align the raw material of an actor with its final product). These two main categories of strategic design 
issues lead to instability of the SC processes due to their own statistic behaviours. This paper analyses 
only the role of vertical integration in SC performances. Therefore, with regard to the instability of the 
SC due to the vertical tactics, it is worth noting that stable performances, of the SC, can be achieved 
through controlling production schedules, extended to all the SC actors through sharing and management 
of information (Henning, 2009). If the control of the production schedule is not performed, instability 
arises and leads to high average inventory levels (Bhaskaran, 1998). 

Another possible approach to enhancing the performances of SCs is the adoption of direct market 
strategies that can improve the manufacturing profitability for the SC. Moreover, this strategy increases 
the capability of negotiation and cooperation to allow SC performances to mature. As result of the 
application of this strategy, it is important to note that it is accompanied by wholesale price reduction 
with great margins for the Retailer. This strategy is accompanied by a retailer's stocks equilibrium that is 
generally produced by establishing an adequate balance between the push and pull approaches to satisfy 
demand (Chiang et al., 2003). To apply these strategies, several tactics could be used. The balancing 
between the planning for Manufacturing To Order (MTO) and for Manufacturing To Stock (MTS) is one 
of these; in SCs, they contribute to create different production variabilities and variances in the amount 
of safety stock required to satisfy a fixed service level (Ma et al., 2004). Moreover, there is the demand 
respond tactic (i.e., pull), which can lead to lower risk exposure after a sales or production disruption 
(Papadakis, 2006). Therefore, in general, it is possible to say that the direct market strategy improves 
reliability in marketplace service, but it requires integration among partners.   

Even if this paper considers vertical integration for SCs, let us introduce the main issues of the horizontal 
integration strategy. Horizontal integration is the most important contributor to the cost-containment of 
the SC management process (Won et al., 2007). To implement it, the integration of the data among trading 
partners is required to enable effective management of the SC (Power& Singh, 2007). The partnership 
enables knowledge creation, operational efficiency and information exchange; collaboration and 
cooperation are fertile opportunities for advancing in SC optimization (Malhotra et al., 2005). Moreover, 
the partnership in SCM may reduce the risks of the bullwhip effect. To understand better which are the 
levers amenable for implementing a horizontal strategy, it is important to remember the decision-making 
model for supplier selection published by Cheng et al. (2006); this fuzzy model identifies the price, 
quality and delivery performance as the relevant variables for strategic selection of a partner between SC 
actors (Cheng et al., 2006).  

Coordinating the different points of view between the Retailer (buyer driven) and the manufacturer 
(supplier driven) may help uncertainty management (Yang et al., 2007). Obviously, this difference 
between the SC actors is possible only if a cluster creation is made (i.e., between collectors, connectors, 
collaborators and so on). Therefore, the possibility of creating clusters can easily lead to a SC change. In 
fact, based on empirical data involving 281 Australian organizations, the structural changes and close 
collaboration with trading partners are required to realize a cost-effective perspective on SCs. The 
creation of an echelon as a collective customer in SCs can be a key factor in improving the overall 
performances in terms of service level and cost for centralized SCs (Elofson & Robinson, 2007).  

In general, it is possible to affirm that the coordination that leads to a centralized ordering system and 
vendor re-order point system in pull operational systems has a positive impact on supply performance 
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(Umeda & Zhang, 2006). Coordination provides the possibility of managing and reducing the 
stochasticity of the process, which influences storage capacity between the echelons in the SC. In fact, 
for example, the coefficients of variation for the lead times were recognized as related to WIP (it increases 
when WIP increases) (Pettersen & Segerstedt, 2009). It is worth noting that the inventory level and the 
customer demand are recognised as the main contributors to the stochastic nature of SCs(Beaudoin et al., 
2007). 

To confirm the importance of customer demand in SCM, it is possible to cite a paper that demonstrated 
that the demand forecast can positively influence performances of small SCs (lower than four echelons) 
(Yan et al., 2003). Moreover, it is demonstrated that the continuous updating of the demand information 
can benefit the SC cost (that is demonstrated to be convex and differentiable with respect to order 
quantity). Moreover, another possibility of reducing the stochastic behaviour of the SCs is to manage and 
adjust the bidding behaviour; this management can help to respond effectively to changes in the SC and 
in the demand in the market (He et al., 2003). 

On continual investigation of the role of OPP in SCs, the importance of demand volume and its volatility 
(generally expressed as Coefficient of Variation) for the production and the delivery lead-time becomes 
evident (Olhager, 2003). For enterprises, this is the main issue tied to the inventory problem (Hameri & 
Nikkola, 2001). It is worth noting that the investment required to achieve the minimum inventory level 
(that is the main effect in the post-OPP operations) and the maximum manufacturing efficiency (that is 
the main effect in the pre-OPP operations) affects customer service and also has effects on the operations 
costs. To facilitate improvement in the previously mentioned elements (i.e. the inventory level and the 
manufacturing efficiency), it is important to share information regarding the inventory levels and 
customers’ needs, which are generally are associated with higher measures of manufacturer performance 
(Kulp et al., 2004). The capacity to control both the previous variables and the ones related to them is 
typical of the hybrid control mechanism that generally is required (Takahashi & Nakamura, 2004). 
Starting from the external conditions of the market, it is possible to outline situations in which a pure 
push strategy outperforms a pull strategy in terms of customer service level and throughput. Even if, in 
general, the pull strategy reduces inventory levels in the SC (Masuchum et al., 2004). So, it is possible 
to affirm that the OPP location is relevant for the success of SCM. 

In the general context of SC optimisation, it important to always remember the role of the bullwhip effect 
(Moyaux et al., 2007) that is influenced by several variables, such as the inventory management, lot-
sizing, market supply, operations uncertainty and information sharing process.  

The performances of the SCs obtained through integration are differentially associated with manufacturer 
performance. For example, vendor inventory management (in terms of collaborative planning or 
replenishment among all SC actors) is positively related to the increase of the margins for the 
manufacturer. Another example of relations between variables is the one between the higher prices of 
the Wholesaler and the lower stock-outs level of the Retailer and manufacturer. Moreover, collaboration 
between the SC actors for the creation of a new product or service is positively related to the 
performances of the entire SC (Hoffman et al., 2006). In this context of relations, great importance has 
to be laid on IT strategies, which can make the SC more robust and resilient to the uncertainties of the 
market and foster and help order management (Pereira, 2009). These relations are also observed on the 
online market where the navigability, price savings and security are equally important to create an SC 
success (Lee et al., 2006); in the online SC’s case, it is important to consider that to face the uncertainty 
and obsolescence in the products sold, the consignment stock strategy is generally suggested for 
implementation (Persona et al., 2005).  

In general, in the past few years, great emphasis has been laid on applying the IT revolution to the SC 
world (e.g., collaborative planning, collaborative forecasting and replenishment (CPFR) and so on); this 
new tool for collaboration in SCs alters the interaction between the enterprise and the supplier/customers. 
IT is the main facilitator of information sharing between all SC actors (and in this paper, it is assumed to 
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be present).  A minimum amount of information sharing between the manufacturer and the third-party 
logistics provider (3PL) is considered to be the most important factor to implement decentralized 
planning fully (Jung et al., 2008).   

After IT solutions, another technology that can help in the integration of information all along the SC is 
Radio Frequency Identification (i.e., RFiD); this technology is demonstrated to help in the 
standardization of the supply chain and in SC Event Management (SCEM) (Tribowski et al., 2009). 
Another hypothesis at the base of our model is that this technology is adopted in the proposed centralised 
coordination mechanisms. This choice is due to the will of the authors to reinforce the collaboration 
concepts between all the actors of the SC that can lead an increase in each player’s profit in the SC (Jiang 
et al., 2010). 

2.1. Managing uncertainty in the SC 

The problem of uncertainty in SCs produces risk, and it is related to SCs’ performances. Uncertainty in 
SCs is the final manifestation of factors influencing supply scenarios (Olhager, 2003). The main issues, 
on which the researchers focus, are: (i) SC inventory management, (ii) vendor selection, (iii) transport 
planning, (iv) production/distribution planning and (v) procurement-production-distribution planning. 
All these issues are reported to be planning strategy problems for SCs. Uncertainty in planning is the 
cause of errors, and generally, it influences the variability in SC performances, such as the variation in 
production and delivery lead times and the variation in stock levels (choosing a right mix between the 
push and pull strategies). Consequentially, it is possible to affirm that uncertainty management is 
correlated with the problem of effects measuring the strategic decisions in SC management and of its 
accuracy.  

So, this literature review aims at individuating the contributions by the international scientific literature 
for the planning methods used to understand and manage uncertainty in SCs. Moreover, this study 
introduces the concept of measuring the effect of strategic decisions. 

Numerous methods for uncertainty management in SCs use fuzzy logic (FL) as a tool. Many 
contributions use FL, introducing measures of performances for the SCs that are detectable and 
theoretically based. FL is used for modelling uncertainty and to understand and manage its effects on 
SCs oriented to the flow-process management and driven by the market. Peidro et al. (Peidro et al., 2009) 
used a fuzzy linear programming model to simulate the behaviours of a SC. Other authors used FL to 
face the inventory management issue (Petrovic et al., 1998; Petrovic et al., 1999; Giannoccaro et al., 
2003; Carlsson & Fullér, 2002). FL also contributed to modelling the vendor selection strategies (Kumar 
et al., 2004; Amid et al., 2006). Similar investigations use FL for modelling uncertainty in transportation 
(e.g., for the time and quantity) between several echelons in SCs (Chanas et al., 1993; Julien, 1994;  Liu 
& Kao, 2004; Liang, 2006). Moreover, other fields of application of FL in SCs are the planning of the 
correct production-distribution system and  the investigation of the effects of different strategies for 
procurement-production-distribution (Sakawa et al., 2001; Liang, 2007; Selim et al., 2008; Aliev et al., 
2007; Chen & Chang, 2006; Torabi & Hassini, 2008).  

Apart from the fuzzy logic modelling of the SCs parameters, to manage and measure the dependencies 
among supply partners, another approach to facing this theme is offered by the game theory (GT) 
approach, which is consistently used. Due to its nature,  GT is always contextualized to a specific field, 
and it is possible to affirm that many contributions from literature report having applied GT in SCs. GT 
is used to reproduce the behaviours of hypothetical players (the SCs subjects) that try to modify their 
decisions, basing them on the decisions of the other players if the game is collaborative or standing alone 
if the game is not collaborative. GT’s role in balancing several decision variables and effects for the SC 
performances is widely reported by many literature sources (Xiao et al., 2010; Ni & Li, 2012; Yin & 
Nishi, 2012; Lenga & Parler, 2012; Zhang & Huang, 2010; Esmaeili et al., 2009).  
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The system dynamics simulation technique is reported to be the main technique to represent, simulate 
and estimate the behaviours of the several subjects involved in an SC; even if in 2012, Tako and Robinson 
(Tako & Robinson, 2012) wrote a literature review regarding the techniques used in the SC context. 
Making a comparison between discrete event simulation (DES) and system dynamics (SD), they revealed 
that both DES and SD are good for the purpose of representing the different elements characterizing an 
SC. Actually, Lee and Chung (2012) used SD to understand and find possible representation and 
simulation scenarios of the inventory levels for the several players of a SC. Also, SD was used to 
represent the information sharing process in a SC (Feng, 2012). Moreover, it is possible to affirm that 
SD and FL may be able to report the role of strategy for demand forecasting for SCs (Campuzanoa et al., 
2010). In general, as  evident from the previous sentences, a comparison between DES and SD is possible; 
here, the authors want to mark the different application fields of these two methods. SD is recognized as 
the best technique  to discuss regarding the added value of strategic  and tactical decisions in SCs 
(Ashayeri & Lemmes, 2006), while the DES technique, using typical simulation software, is recognized 
as the  leader in SC simulation of case-based scenarios (Lee et al., 2002; Persson & Araldi, 2009). 
Recently, a combination of DES and agent-based modelling was found to be the solution that allows the 
overcoming of the problem of simulating the dependencies between several partners in SCs (Long & 
Zhang, 2014). 

In general, it is important to say that SCM is not just related to determining a consistent approach with 
the specific characteristics of the SC in analysis, but it also requires the identification of the correct 
performance measures. It is worth noting that SCs are quite difficult to measure, and this is for several 
reasons, such as the identification of the key points to be measured (financial and nonfinancial facets), 
social aspects, environmental aspects, technical parameters, customer satisfaction and product 
availability, etc. Between all these aspects, it is important to note that in the past few years, the 
environmental impact has grown in importance with the development of green and sustainable concepts 
for SCs (Sarkis et al., 2011). To make possible the involvement of all these aspects for SC management, 
the tools to be used are Balanced Scorecard (BS) and economic evaluation methods, which consider the 
costs and revenues from an SC system (Li et al., 2005; Pettersson & Segerstedt, 2013; Bhagwat & 
Sharma, 2007; Tracht et al., 2013). In our survey, we decided to investigate in-depth the financial 
methods, such as the net present value (NPV), to assess the goodness of a specific SC. In particular, NPV 
is used as an objective function to be maximized for SC optimization as also done by several literature 
sources (Chen, 2012; Bogataj et al., 2011; Naim, 2006). The NPV application enhances the strategic role 
of any SC decisions, reinforcing the concept in which any decision in an SC has a strategic influence in 
terms of investment. Indeed, the strategic facets are measured using a financial parameter, such as the 
annuity stream or NPV (Grubbström, 1986).  

This paper discusses strategic decisions for the management of uncertainty in SCs. This paper uses one 
of the most used tools (as it is evident from the literature mentioned above) for modelling an SC and its 
behaviour rules, i.e. SD, and for interpreting the effects of the model, it uses NPV. 

3. Modelling SCs scenarios under system dynamics 

To understand better the relation between all the actors of an SC, it is fundamental to introduce the 
following rule: ‘the operations of each actor of the SC interact with the immediately preceding member 
in the process of order placing’. Moreover, if there is a closed interaction between the actors, the SC is 
defined as being decentralized, and a system for the information sharing has to be built. In contrast, when 
a scheme of operations between several actors of a SC does not act in a closed loop, the transmission of 
real-time demand data from the Retailer up to the first supplier is required (so a centralised system for 
sharing information is needed). It is important to say that in this, the presence of a suitable mechanism is 
assumed, for example, an electronic data interchange (EDI) system for enabling the sharing of demand 
information from the Retailer to the single actor considered. For instance, if we speak about information 
sharing between Retailers and Distributors, we mean that this Distributor has access to the real-time 
demand experienced at the Retailers’ level. Therefore, in most cases, the SCs are characterised by the 
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absence of closed-loop relations, so they use a ‘centralized’ system for the information in conformity 
with the previous definition. 

 

Fig. 3. Mixing strategies for MTS and MTO penetration in SCs 

If the SC analysed is not characterised by the last situation (i.e. there is a closed-loop scheme for the 
relation), each member of the SC uses forecasts for its own demand, including safety stock, and after 
that, it proceeds with order placement according to a demand forecast for its immediate downstream 
echelon. Each echelon deals with the maximization of the individual annuity stream measured in terms 
of NPV. 

For this purpose, since the information sharing level is a fundamental factor in the simulation experiments 
presented in this paper, it is important to introduce the maximum and minimum levels of information 
sharing; this variable can range from ‘no-information’ to ‘complete’ information sharing.  

Another fundamental issue to be discussed is related to the stochastic behaviour of the main SC variables. 
The traditional inventory models in SCs often use normal distributions and only focus on the forecast 
accuracy, not paying attention to the stock units’ locations, and the main SC variables, i.e. demand and 
lead time. In general, SC models consider the impact of several stocking scenarios, i.e. upstream and 
downstream for the actor considered. This kind of analysis generally leads to the creation of a stock that 
is capable of absorbing the variations of the variables before cited. 

In the simulation model, a multi-echelon production system is considered. An SC is composed of four 
echelons. At the material flow level, each level consists of one inventory. Each echelon forecasts 
downstream demand (towards the end-consumer/s). At echelon n, the input at time t is the order rate 
( ), which is determined by feeding forward the forecast of sales ( ) and feeding back the error in 
inventory and the work in progress ( ) to raise the actual value of the stream, which is calculated 
through the cash flow ( ) of stocks. Direct (management and maintenance costs and financial 
charges) and indirect costs (shortage and obsolescence costs), generally indicated as C(t) (Fig.6) related 
to the inventory, which are able to have a financial facet through the real payment (net value of  & 

) (Grubbström & Thorstenson, 1986; Grubbström & Kingsman, 2004) compared with the revenues 
actualized (i-rate in Fig.6). 

Because of Lead Time effects ( ), errors in  occur if there is an accumulation of orders (∑ ) 
that have been placed on the echelon n and these are not yet completed at the time the client requires. 
The transportation costs are different according to the demand and location of the supplier. The orders 
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arrive into the system at price p, which has been negotiated previously between the echelons. The error 
in  will generate, as said before, an accumulation of stocks  that influences the required service 
level ( ). It is important to say that all the problems involved in SC management will be dumped on 
the stock levels; in fact, forecast models try to reduce these effects on stocks, reducing the errors in lot-
sizing, and generally, the forecast is upgraded in a closed-loop approach, adjusting the forecasting 
solution to the actual data available. Passing now to the other main actor in the single echelon, it is worth 
noting that the production department is dependent on the upstream levels, i.e. by the n-1 levels of 
echelons positioned behind it and by the flow of goods that is then based on the forecast and service level 
assumptions, which are dependent on the revenues and costs of the business. The replenishment strategy 
influences the amount of stocks in store at the echelon n level, and this, consequently, changes the 
purchasing cost for the customer from the supplier, limiting the future customers’ requests if these facets 
affect the price, which may increase and/or some stock-outs may occur. 

Investments in SCs are generally put on a horizon of several years, so according to the time of investment, 
we get an annuity stream in SCM. 

In the system, it is assumed that demand arrives according to a Poisson process with rate λ. Independent 
item demand rates are assumed to vary daily (t) and with sporadic surges in demand; to create a general 
distribution law, the Lyapunov Central Limit conditions are applied (Billingsley, 1986). Upon arrival, 
demand is normally distributed with mean μ and standard deviation σ that could be managed according 
to a k value based on Service Level (i.e., SLi with n=1,…,4) considerations (Rice, 1995).  

Provisions for handling the uncertainty of domain are incorporated in decisions based on forecasting. A 
forecast horizon less than a product’s total Lead Time (i.e., LT) is assumed. LTn changes between 
echelons. It is assumed in normal probability distribution. It is mainly divided into two blocks: 1) 
Production Lead Time (i.e., PLTn with n= 1,…,4) and Delivery Lead Time from/to echelon (i.e., DLTn  
with n=1, …, 4) (Bertrand J.W.M. and Wortmann J.C., 1981). PTLn + DLTn forces echelon n to make 
production decisions based on the forecasted consumption. Mean (i.e., mun) and standard deviation (i.e., 
sn) at echelon n are in the value stream map of figure 3. Demand at all points of supply is assumed with 
no trend and Adaptive Response Rate Single Exponential Smoothing is applied (i.e., ARRSES). The 
Tracking Signal measurement is obtained and looped to keep the forecast unbiased as changes in the 
pattern data occur. Continuous inventory review is applied, which means inventory is monitored 
continuously and orders can be placed at any time according to the replenishment strategy. This implies 
variability of quantity and order time intervals.  

Each echelon has to deal with the purchasing cost paid to the supplier after receipt of material; holding 
cost in proportion to the stored quantity per time; backorder the cost paid to the customer in proportion 
to the quantity per time; sales revenues received from customers in proportion to the delivered quantity 
and stock-out costs. Decisions at echelon n depend on the production decisions made by the supplier at 
echelon n-1, the stocking decision assumed by the manufacturer at echelon n and on the demand made 
by the client at echelon n+1. The intent is to adjust production and stocks to fit actual customer demand 
as it materializes (Fisher et al., 1994). Stocks at echelon n are defined on the basis of SLn indicating the 
deterministic costs of purchasing, maintenance and set-up and of the probabilistic costs of shortage and 
obsolescence. Infinite stocks capacity is assumed. Stocks manifest as value in the annuity stream (AS), 
then the NPV approach is used (Grubbström & Thorstenson, 1986). Stock and Flow diagrams are used 
(i.e., System Dynamics) to model simulation. A Casual Loop Diagram (i.e., CLD) at generic echelon i is 
reported in Fig. 7. Here, the characterization of the replenishment strategy is applied according to the 
position of the order in the supply. A control panel has been organized in order to tune the system’s 
parameters and control DoE plans. The Taguchi plan is elaborated and schematically reported in 
interaction plots and synoptic tables (see Fig. 9 and Fig. 10). Whenever control mechanisms are not 
applied, it is possible to confirm the presence of the bullwhip effect (Fig. 4). If demand contains high 
uncertainty, the pull approach remains the best strategy for Retailers in the decentralized approach (Fig. 
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5). Applying the VMI strategy, considerable advantages in terms of the annuity stream could be gained 
from the Wholesaler. 

 

Fig. 4. A Bullwhip Scenario under decentralized Management control (Q.ty report) 

 

 Fig. 5. Reporting about annuity stream under the condition of Bullwhip  
 

 

 Fig. 6. Reporting about Annuity Stream under coordination based on VMI strategy 

Here, customer demand is changed in order to set conditions, as per EU recommendations (European 
Commission, 2003), for small- and medium-sized enterprises. According to the total balanced sheet, 
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demand by the customer for 102 unit/week realized an annual turnover of streams in the supply of ≤ 2 
M€ (i.e., micro supply), demand for 103 unit/week produces 2 M€ ≤ turnover ≤ 10 M€ (i.e., small supply), 
and finally, demand 104 unit/week realizes 2 M€ ≤ turnover ≤ 50 M€ (i.e., medium supply). 

An alternative location of OPP has been evaluated, including a measure of alteration in performance, i.e. 
∆  with n alternatively F–factory, D-Distributor, W-Wholesaler or R-Retailer, based on a fixed 
acceptance, i.e., Δacpt, rate.  

∆
, , ,

	
max
, , , , , , , , ,

∆
1 (1)

 Fig. 7. Control architecture for   SCs management: CENTRALISED CONTROL [OBJ
MAX ∑ NPV t )] & DECENTRALISED CONTROL [OBJ MAX NPV t )]] - where t is the time 
of strategy investment; I is the generic echelon with i=1,…,4. 

The values in the table are reported according to eq.1. Δacpt means acceptable values of variation, which 
is fixed at 10% as per the literature (Borgonovo, 2004). IND is set to whatever ΔNPV ≤ 0.1. Time 
simulation and the number of replications was chosen as per Law and Kelton's (2000) (Law, 2000) 
approach with a Bonferroni correction due to multiple performance measures (Quinzi, 2004). The DoE 
limit in the analysis is set as per literature (Montgomery, 2012). NPV after 4 years from the strategy 
investment is considered. 

In this analysis, authors accept the consideration of Harris (1913) who defined inventory holding costs 
and its related strategy in supply as an opportunity cost related to the customer/system satisfaction. 
Besides the capital inventory cost, there may be other out-of-pocket expenses, such as transportation, 
management, storage, spoilage, shrinkage and insurance to be accounted for the supply. These are 
included in the payment cost. Moreover, the reward from sales is included for revenue evaluation. Thus, 
using the consideration of Grubbström (Grubbström & Kingsman, 2004), according to the time of 
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investment, these become the cash flow of revenues and payment, and they are then transformed into an 
annuity stream. This yields the NPV of configuration at issue at the level i into supply. NPV is intended 
to be the equivalent cash flow generating the same NPV of a zeroth/first order approximation of the 
annuity stream (i.e., Annual Cost: AC). 
 

 
 

Fig. 8. CLD of generic echelon i of SC - Backward & Forward relation in grey characters 

4. The role of OPP in echelon strategy whenever the decentralized approach comes out 

First, let us consider the Retailer. If the Retailer only incurs inventory-related costs (that is, the costs 
related to order variance are constant and zero, as a consequence of which there is no stock-out 
probability, and under the condition of non-obsolescence of the product, the minimum is the warehousing 
cost) the position of OPP does not depend on demand (in terms of quantity). Retailers could get optimal 
performance with OPP varying randomly backward into supply (Fig. 9). This could beget considerable 
advantages under the condition of coalition between echelons of supply. Increasing product demand 
volatility driven in second quartile probability, Retailers could reduce performance in NPV by 
transmitting information on the customer’s order into the supply. Under this condition, the backward-
moving OPP does not remarkably influence Retailer costs and strategies for optimisation. This means 
that if echelons in supply are able to control customer preferences in unseasonal and high-frequency 
demand, Retailers do not need to worry about OPP location. Pull strategies are preferable for Retailers 
under the condition of high-volume demand. Here, if volatility in demand moves casually around the 
trend, the Wholesaler is in the preferable position of order penetration. Otherwise, whatever the increase 
in seasonality, OPP moves backwards up to the Factory under the condition of unstable delivery time. If 
an inadequate forecast generates a stock-out amount, Retailers prefer a joint purchase order quantity 
strategy under the condition of limited orders (demand nearby the first quartile in probability) and 
average standard deviation (after second quartile) in demand. As volatility in demand increases, the 
position of OPP moves backward to the Wholesaler, while accepting the Distributor and Factory 
positions with limited (under 5% variation) reduction in the annuity stream. Flexibility in the position of 
the order is guaranteed here under limited variation (under optimum of about 7%) of NPV. Thus, the 
push strategy is preferable for supply when the demand volatility is above the second percentile. The 
Wholesaler gets leadership in supply (it maintains the key role regarding information) when demand 
volatility is above the third percentile. Increasing the stock-out cost and standard deviation in demand 
(above the 50th percentile) in a situation in which Warehouse costs influence the Retailer’s cash flow, the 
Factory gets the optimum position of OPP. Variation in NPV for the Retailer is remarkable if supply is 
organized with an OPP that moves forward/backward when the demand is over-planned. Push strategies  
are preferable for the Retailer whenever the volatility in demand is above the second quartile; a push/pull 
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strategy for supply is suggested when STD is above the 75th percentile. OPP in the Wholesaler is 
preferable for the growth of cash flow for the Retailer. OPP moves backwards until the Distributor and 
the Factory if market origins stock-out of upper medium entity and STD of upper 75th percentile and 
product originate from medium to upper Warehouse costs. These factories make preference in pull 
strategies. 

If supply performances are investigated in order to preserve the Wholesaler in the chain, under the 
condition of limited volatility of demand and when limited products (either of them under the first quartile 
in probability) are moving in supply, the Distributor has to maintain the central information role in order 
penetration (Fig. 9). Flexibility in the OPP strategy is maintained under conditions of limited volume of 
product in supply. If demand manifests a trend and seasonality that could considerably increase volume 
of demand from standard planned conditions, with different configurations of costs (i.e., Warehouse and 
stock ones) and with the upper first quartile of instability of demand (i.e., STD), supply considerably 
gains from optimality, setting OPP. It moves backwards from the Wholesaler to the Factory as STD 
increases. The Retailer is in the preferable position of OPP when demand maintains stability over time. 
While increasing the influence of stock-outs in terms of cost per unit per time, the Warehouse prefers the 
pull approach. Moving OPP backwards into supply remains the optimal strategy in the Wholesaler’s 
interest under the condition of volatility in demand. The Wholesaler has to transmit information about 
ordering backwards to the Distributor and then to the Factory whenever the lead-time variability increases 
and demand becomes chaotic. The pull strategy is required whenever it is not possible to plan demand. 

  

Fig. 9. Annuity Stream contour plot with different OPP location in: 1=RETAILER; 2=WHOLESALER; 
3=DISTRIBUTOR; 4=FACTORY under different incidence of holding and stock-out (demand in small 
range) amount 

For the Distributor in decentralised SC under limited demand for the product and  stable planning 
conditions, a stock-out does not influence its profit (Fig. 9). The push strategy is preferable for the 
Distributor when the volume of the product increases in an upward trend and seasonality effects occur. 
In markets with a considerable quantity of the product (above 10,000 weekly, a medium SC is set), and 
in situations of unstable forecasting conditions, OPP has to move backwards to supply until the Factory 
echelon if the Distributor’s profits are going to be optimised. If stability of demand occurs, the push 
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strategy could be alternatively applied to supply if the Distributor wants to optimize its performances in 
terms of NPV. The Distributor can exchange information, and it need not be worried about them, with 
echelons in supply in any condition under the 75th percentile of demand volume. Here, there is a reduction 
of NPV greater than generally maintained (under 9%), and it is limited to a 5% reduction of NPV when 
cutbacks in stock-out cost per unit of the product in time occur (under the 50th percentile) and forecasting 
conditions are arranged (predictability and volatility of demand and lead time is around the 50th 
percentile). Speculative strategies between actors in supply are possible in cases in which the company 
bets on a single scenario. 

Fig. 2. Interaction Plot of main factors for NPV performances in DECENTRALIZED CONTROL 
ARCHITECTURE 

 

Increasing probability to incur in stock-out, and whatever this manifests cost that are almost equal to 
product cost, the Factory remains the key element (i.e., the leader) in supply, and it has to maintain the 
knowledge of order, so the Distributor needs to worry about the information it transmits and 
communicates—while improving a pure pull strategy in supply. As discussed above, under any condition 
of unpredictability of demand and lead time, the position of order penetration has to be maintained at the 
Retailer’s end if the Factory wants to reduce its payment streams and aims at improving its annuity 
stream. This means that the Factory has to use the push approach if the forecast in demand could fail 
(Fig.9). Here, the Factory is going to influence—a non-cooperation game is set up— the echelon’s 
performance as well as overall rewards. This notwithstanding, the Factory would be able to optimize its 
net profits. This strategy guarantees the Factory security from bullwhipping. From limited to low 
variation in demand under predictable delivery times (under the 50th percentile in probability), the OPP 
location does not exert remarkable influence over the Factory streams (under 10% of the optimal 
variation of NPV is manifested). This does not make any difference in performance if demand is stable 
in time. Moreover, considering the incidence of warehousing in terms of cost as the cost of the product 
is growing, moving forward into supply and is reported in comparison with stock-outs. Mainly fixed in 

0,500,250,00 0,500,250,00 0,500,250,00 0,100,050,00

58000

56000

54000

58000

56000

54000
58000

56000

54000

58000

56000

54000

OPP

STD [%]

UC SO [%]

UC S [%]

Interest Rate [%]

distributor
factory
retalier
wholesaler

OPP

0,00
0,25
0,50

STD [%]

0,00
0,25
0,50

[%]
UC SO

0,00
0,25

[%]

UC S

Interaction Plot for NPV R [keuro]
Data Means

0,500,250,00 0,500,250,00 0,500,250,00 0,100,050,00

60000

57000

54000

60000

57000

54000

60000

57000

54000

60000

57000

54000

OPP

STD [%]

UC SO [%]

UC S [%]

Interest Rate [%]

distributor
factory
retalier
wholesaler

OPP

0,00
0,25
0,50

STD [%]

0,00

0,25
0,50

[%]
UC SO

0,00
0,25
0,50

[%]
UC S

Interaction Plot for NPV W [keuro]
Data Means

0,500,250,00 0,500,250,00 0,500,250,00 0,100,050,00

60000

57500

55000

60000

57500

55000

60000

57500

55000

60000

57500

55000

OPP

STD [%]

UC SO [%]

UC S [%]

Interest Rate [%]

distributor
factory
retalier
wholesaler

OPP

0,00
0,25
0,50

STD [%]

0,00
0,25
0,50

[%]
UC SO

0,00
0,25

[%]

UC S

Interaction Plot for NPV D [keuro]
Data Means

0,500,250,00 0,500,250,00 0,500,250,00 0,100,050,00

55000

50000

45000

55000

50000

45000

55000

50000

45000

55000

50000

45000

OPP

STD [%]

UC SO [%]

UC S [%]

Interest Rate [%]

distributor
factory
retalier
wholesaler

OPP

0,00
0,25
0,50

STD [%]

0,00
0,25
0,50

[%]
UC SO

0,00
0,25

[%]

UC S

Interaction Plot for NPV F [keuro]
Data Means



M. Fera et al. / International Journal of Industrial Engineering Computations 8 (2017) 
 

133

terms of the cost involved in purchase, maintaining safety stocks is unable to remarkably condition 
performance of the Factory in terms of the annuity stream. The pull strategy is generally not preferable 
for the Factory in any condition of demand and instability of market. OPP could be moved backwards or 
forward in supply under limited (under 7%) variation of the annuity stream. 

5. The role of OPP in echelon strategy whenever centralized approach is coming out 

Under a centralized control mechanism, the inventory decisions are made by a single decision-maker 
whose objective is to minimize system-wide cost (Fig.10). 

Holding cost (UC_S in Fig. 10) influences the NPV of supply if stock-out costs are of a limited amount 
(≤0.25 €/unit*time)). If the product matches the limited amount of obsolescence and shortage cost does 
not occur, in a stable and trusty market, the demand rate does not influence the position of OPP that could 
be maintained at any echelon of supply if marginal changes in optimization performances are accepted. 

In stable markets (with no correlation between events, this permits reference to the first quartile of 
cumulative standard deviation of demand), OPP does not influence global revenues if products have 
limited obsolescence (under the first quartile in cost per unit per time). The stability of the market is not 
relevant if the product requires high costs in maintaining and stock-out probability is limited. Here, OPP 
requires to be settled at the lowest level of supply (i.e., Retailers). Fixed warehousing costs with limited 
holding cost (0.25 ≤ Wh_c ≤0.5) in a small or medium market allows OPP fluctuations even though an 
optimal collocation of the pull/push hinge is admitted. In this case, the position of OPP moves forward 
from the Factory to the Retailer in a stable (first quartile in demand variation) market with limited unit 
stock-out cost. In cooperative supplies handling a huge amount of products (cumulative demand rate near 
104 unit/week—medium enterprises), there exists optimum OPP. Volatility in demand influences 
Warehouse costs while preferring batch orders although seasonality in demand occurs. Here, pull 
supplies, under conditions of unstable market and relevant shortage cost per unit per time (i.e., OPP in 
the Factory), is required for the optimisation of overall performances. A pure push strategy in supply is 
required whenever stock-out cost is of a limited amount of unit per time (first quartile). OPP moves 
backwards as uncertainty in market increases. Here, the Warehouse cost influences the OPP location: the 
Retailer is preferable over the Factory location. 

The performance of cost in supply is mainly influenced by stock and stock-out costs. The latter requires 
the careful definition of operations and a replenishment strategy while influencing inventory strategy. 
OPP movement from upstream to downstream is required as global contingency influences the stability 
of the market. There are two major driving forces shifting the OPP backwards: (i) reducing uncertainty 
in delivery time and demand and (ii) reducing the cost of stocks by optimising inventory strategies. In 
these cases, when the lead time is controllable (variance under one unit point) or alternatively fixed, work 
in process  and the risk of obsolescence and reliance on forecast reduces. A reduction in manufacturing 
efficiency as well as in forecasting performances (optimal  values in smoothing have to be set) improves 
probability (i.e., obsolescence and stock-out) to obtain optimal performance while shifting OPP forward. 

6. Conclusion  

In this paper, a dynamic system has been assumed in which operational strategies are mutually influenced 
between echelons. A casual loop approach is set. A full plan of experiment has been discussed. It was set 
with the inclusion of variations in lead times and loss of sales according to increases in holding and stock-
out costs. The system has been investigated by characterizing small and medium SC using  real case 
study analysis. Taguchi plans were implemented and interaction plots reported after sensitiveness 
analysis. The characterization of scenarios is summarized in tables under different arrangements. In our 
four-echelon SC model, the best results come from the cooperative approach in which players move 
backwards or forward information about customer orders according to the optimization of the annuity 
stream. When players act solely, the supply is decentralised and there is an optimal collocation of OPP 
that could considerably influence the performance of other players. This is in contrast with the Adam 
Smith thought because of the mutually influencing representation of scenarios. Altruistic behaviour is 
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sometimes suggested but mainly the Retailer dominates scenarios. Nash equilibrium could be arranged 
in this situation.  

 

 

Fig. 11. Sensitiveness analysis under different simulation scenarios in four echelons of SCs with 
centralised control strategy: Annuity Stream (cost) and NPV reports are reported under different 
configuration scenarios. 
Legend cell: [Position of the OPP opt, alternative collocation OPP∆

, , ,
]- IND= no preference 

.acptΔevaluated according eq.1  with fixed 10% of  ∆
, , ,

between echelons.  

Stokes in the SC is the buffer of goods and services that players offer to the customer. Also, stokes is the 
amount of annuity stream connected to stochastic amounts of order at stochastic intervals. The inventory 
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pattern is the payment/reward amount that the management decides according to a defined replenishment 
strategy. 

Players in the SC should make re-engineering efforts to minimize volatility in customers’ order and lead 
time while creating the most accurate forecast strategy. This generally supports growth in the annuity 
stream, and it optimizes the value of investment in time. An optimal optimisation strategy in a centralized 
SC requires players to first understand their own demand. Then, based on the characteristics of the 
product and its related market (i.e., price, demand rate and volatility and stock-out cost), the correct 
strategy in inventory management can be established. Confirming risk pooling concepts, a centralized 
control approach manifests lower inventory levels without affecting the service level. 

The strategy in inventory prefers the push approach (OPP for the Retailer) and cooperation between 
players in supply is not required if uncertainty in deliveries and unpredictability occur as forecasted. 
Higher demand uncertainty leads to a SC based on realised demand: pull customer-driven supply. This 
is true whenever small and medium quantities are moved and the incidence of stock-out cost and 
Warehouse management costs is limited to a small percentage per unit per time in comparison with 
product cost. Normally, small and medium SCs suffer from scarce capital resources, and this can 
condition the inventory strategy. In this condition, moving OPP backwards from the Retailer to the 
Distributor and eventually to the Factory will help in dealing with great stock-out and Warehouse 
management costs. Alternative strategies, moving from push to pull, can be admitted in micro-centralized 
SCs with limited volatility in demand and lead times. 

The Factory has to know the costumer’s requirements and trend (i.e., OPP for the Factory) whenever a 
competitive (decentralized) SC is set under conditions of almost chaotic environments. Here, the Factory 
does not absolutely prefer a Retailer-driven SC. As the Factory treats raw materials and consequently, 
has the lowest price of the product in supply, it prefers be organized in the push approach (i.e., OPP for 
the Distributor or the Wholesaler) whenever small and medium quantities are moved under limited 
forecasting conditions. 

The Distributor generally prefers a Retailer-driven SC under uncertainty in small- and medium-sized 
environments and whenever stock-out draws on the upper medium value of volume per time. Here, the 
Distributor has to share information about customers’ orders in a timely and accurate manner while 
suffering a Factory-driven supply if optimization in its performances is to manifest. 

OPP for the Retailer remains the preferable strategy for individual Wholesaler optimisation and whenever 
the Retailer forecasts to follow the current demand under different configurations of supply in terms of 
volatility in demand and uncertainty of the domain. 

Reasonable performances of the SC could be achieved from altruistic Retailers when stability in demand 
occurs and stock-out cost does not remarkably influence the annuity stream. Re-engineering efforts at 
the Factory level are not required in decentralized supply under stable predictability conditions. Altruistic 
behaviour is suggested for the Distributor and the Wholesaler to gain individually optimal performance 
in terms of NPV. The Retailer is generally the leader in the SC, but this sometimes does not guarantee 
optimal global performances in a centralised approach.  
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