
 

 

UNIVERSIDAD POLITÉCNICA DE MADRID 
ESCUELA TÉCNICA SUPERIOR DE INGENIEROS INDUSTRIALES 

 
Departamento Ingeniería de Organización, 
Administración de Empresas y Estadística 

 
 
 

 
 
 
 

EVALUATION OF CONFIGURATIONS OF SUPPLY NETWORKS  
SUPPORTED BY IT SYSTEMS  

 
 

TESIS DOCTORAL 
 

Herwig Mittermayer 
Entsorgungsingenieur 

Master of Business Administration  
 
 

Director 
Carlos Rodríguez Monroy 

Doctor Ingeniero Industrial  
Licenciado en Ciencias Económicas y Empresariales 

Licenciado en Derecho y en Sociología  
 
 

Año 2015 



 

 

Tribunal nombrado por el Magfco. y Excmo. Sr. Rector de la Universidad 

Politécnica de Madrid, el día 15 de Julio de 2015 

 

 

Presidente: D. Vicenç Fernández Alarcón 

Secretario: D. José Luis Casado Sánchez 

Vocal: D. Walter Eversheim 

Vocal: Dña. Carmen del Pablos Heredero 

Vocal: Fernando Hernández Sobrino 

Suplente: Yilsy Nuñez Guerrero 

Suplente: Álvaro Capitán Herráiz 

 

 

 

Realizado el acto de defensa y lectura de la tesis el día 22 de Julio 2015 en 

la Escuela Técnica Superior de Ingenieros Industriales. 

 

Calificación  

 

EL PRESIDENTE       LOS VOCALES 

 

     EL SECRETARIO 

 

 



Abstract 
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Abstract 

Transactional systems such as Enterprise Resource Planning (ERP) systems have been 

implemented widely while analytical software like Supply Chain Management (SCM) add-ons 

are adopted less by manufacturing companies. Although significant benefits are reported 

stemming from SCM software implementations, companies are reluctant to invest in such 

systems. On the one hand this is due to the lack of methods that are able to detect benefits 

from the use of SCM software and on the other hand associated costs are not identified, 

detailed and quantified sufficiently. Coordination schemes based only on ERP systems are valid 

alternatives in industrial practice because significant investment in IT can be avoided. 

Therefore, the evaluation of these coordination procedures, in particular the cost due to 

iterations, is of high managerial interest and corresponding methods are comprehensive tools 

for strategic IT decision making. The purpose of this research is to provide evaluation methods 

that allow the comparison of different organizational forms and software support levels.  

The research begins with a comprehensive introduction dealing with the business environment 

that industrial networks are facing and concludes highlighting the challenges for the supply 

chain software industry. Afterwards, the central terminology is addressed, focusing on 

organization theory, IT investment peculiarities and supply chain management software 

typology. The literature review classifies recent supply chain management research referring 

to organizational design and its software support. The classification encompasses criteria 

related to research methodology and content. Empirical studies from management science 

focus on network types and organizational fit. Novel planning algorithms and innovative 

coordination schemes are developed mostly in the field of operations research in order to 

propose new software features. Operations and production management researchers realize 

cost-benefit analysis of IT software implementations. The literature review reveals that the 

success of software solutions for network coordination depends strongly on the fit of three 

dimensions: network configuration, coordination scheme and software functionality. Reviewed 

literature is mostly centered on the benefits of SCM software implementations. However, ERP 

system based supply chain coordination is still widespread industrial practice but the 

associated coordination cost has not been addressed by researchers. 

Fundamentals of efficient organizational design are explained in detail as far as required for 

the understanding of the synthesis of different organizational forms. Several coordination 

schemes have been shaped through the variation of the following design parameters: 
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organizational structuring, coordination mechanisms and software support. 

The different organizational proposals are evaluated using a heuristic approach and a 

simulation-based method. For both cases, the principles of organization theory are respected. 

A lack of performance is due to dependencies between activities which are not managed 

properly. Therefore, within the heuristic method, dependencies are classified and their 

intensity is measured based on contextual factors. Afterwards the suitability of each 

organizational design element for the management of a specific dependency is determined. 

Finally, each organizational form is evaluated based on the contribution of the sum of design 

elements to coordination benefit and to coordination cost.  

Coordination benefit refers to improvement in logistic performance – this is the core concept 

of most supply chain evaluation models. Unfortunately, coordination cost which must be 

incurred to achieve benefits is usually not considered in detail. Iterative processes are costly 

when manually executed. This is the case when SCM software is not implemented and the ERP 

system is the only available coordination instrument.   

The heuristic model provides a simplified procedure for the classification of dependencies, 

quantification of influence factors and systematic search for adequate organizational forms 

and IT support. Discrete event simulation is applied in the second evaluation model using the 

software package ‘Plant Simulation’. On the one hand logistic performance is measured by 

manufacturing, inventory and transportation cost and penalties for lost sales. On the other 

hand coordination cost is explicitly considered taking into account iterative coordination 

cycles. The method is applied to an exemplary supply chain configuration considering various 

parameter settings. The simulation results confirm that, in most cases, benefit increases when 

coordination is intensified. However, in some situations when manual, iterative planning cycles 

are applied, additional coordination cost does not always lead to improved logistic 

performance. These unexpected results cannot be attributed to any particular parameter.  

The research confirms the great importance of up to now disregarded dimensions when 

evaluating SCM concepts and IT tools. The heuristic method provides a quick, but only 

approximate comparison of coordination efficiency for different organizational forms. In 

contrast, the more complex simulation method delivers detailed results taking into 

consideration specific parameter settings of network context and organizational design.  

Keywords: Coordination efficiency, discrete event simulation, heuristic evaluation method, 

organizational design, supply chain management software. 



Resumen 

III 

Resumen 

Los sistemas transaccionales tales como los programas informáticos para la planificación de 

recursos empresariales (ERP software) se han implementado ampliamente mientras que los 

sistemas analíticos para la gestión de la cadena de suministro (SCM software) no han tenido el 

éxito deseado por la industria de tecnología de información (TI). Aunque se documentan 

beneficios importantes derivados de las implantaciones de SCM software, las empresas 

industriales son reacias a invertir en este tipo de sistemas. Por una parte esto es debido a la 

falta de métodos que son capaces de detectar los beneficios por emplear esos sistemas, y por 

otra parte porque el coste asociado no está identificado, detallado y cuantificado 

suficientemente. Los esquemas de coordinación basados únicamente en sistemas ERP son 

alternativas válidas en la práctica industrial siempre que la relación coste-beneficio esta 

favorable. Por lo tanto, la evaluación de formas organizativas teniendo en cuenta 

explícitamente el coste debido a procesos administrativos, en particular por ciclos iterativos, es 

de gran interés para la toma de decisiones en el ámbito de inversiones en TI. Con el fin de 

cerrar la brecha, el propósito de esta investigación es proporcionar métodos de evaluación que 

permitan la comparación de diferentes formas de organización y niveles de soporte por 

sistemas informáticos.  

La tesis proporciona una amplia introducción, analizando los retos a los que se enfrenta la 

industria. Concluye con las necesidades de la industria de SCM software: unas herramientas 

que facilitan la evaluación integral de diferentes propuestas de organización. A continuación, 

la terminología clave se detalla centrándose en la teoría de la organización, las peculiaridades 

de inversión en TI y la tipología de software de gestión de la cadena de suministro. La revisión 

de la literatura clasifica las contribuciones recientes sobre la gestión de la cadena de 

suministro, tratando ambos conceptos, el diseño de la organización y su soporte por las TI. La 

clasificación incluye criterios relacionados con la metodología de la investigación y su 

contenido. Los estudios empíricos en el ámbito de la administración de empresas se centran 

en tipologías de redes industriales. Nuevos algoritmos de planificación y esquemas de 

coordinación innovadoras se desarrollan principalmente en el campo de la investigación de 

operaciones con el fin de proponer nuevas funciones de software. Artículos procedentes del 

área de la gestión de la producción se centran en el análisis de coste y beneficio de las 

implantaciones de sistemas. La revisión de la literatura revela que el éxito de las TI para la 

coordinación de redes industriales depende en gran medida de características de tres 

dimensiones: la configuración de la red industrial, los esquemas de coordinación y las 

funcionalidades del software. La literatura disponible está enfocada sobre todo en los 
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beneficios de las implantaciones de SCM software. Sin embargo, la coordinación de la cadena 

de suministro, basándose en el sistema ERP, sigue siendo la práctica industrial generalizada, 

pero el coste de coordinación asociado no ha sido abordado por los investigadores. 

Los fundamentos de diseño organizativo eficiente se explican en detalle en la medida 

necesaria para la comprensión de la síntesis de las diferentes formas de organización. Se han 

generado varios esquemas de coordinación variando los siguientes parámetros de diseño: la 

estructura organizativa, los mecanismos de coordinación y el soporte por TI. 

Las diferentes propuestas de organización desarrolladas son evaluadas por un método 

heurístico y otro basado en la simulación por eventos discretos. Para ambos métodos, se 

tienen en cuenta los principios de la teoría de la organización. La falta de rendimiento 

empresarial se debe a las dependencias entre actividades que no se gestionan 

adecuadamente. Dentro del método heurístico, se clasifican las dependencias y se mide su 

intensidad basándose en factores contextuales. A continuación, se valora la idoneidad de cada 

elemento de diseño organizativo para cada dependencia específica. Por último, cada forma de 

organización se evalúa basándose en la contribución de los elementos de diseño tanto al 

beneficio como al coste. El beneficio de coordinación se refiere a la mejora en el rendimiento 

logístico - este concepto es el objeto central en la mayoría de modelos de evaluación de la 

gestión de la cadena de suministro. Por el contrario, el coste de coordinación que se debe 

incurrir para lograr beneficios no se suele considerar en detalle. Procesos iterativos son 

costosos si se ejecutan manualmente. Este es el caso cuando SCM software no está 

implementada y el sistema ERP es el único instrumento de coordinación disponible. 

El modelo heurístico proporciona un procedimiento simplificado para la clasificación 

sistemática de las dependencias, la cuantificación de los factores de influencia y la 

identificación de configuraciones que indican el uso de formas organizativas y de soporte de TI 

más o menos complejas. La simulación de eventos discretos se aplica en el segundo modelo de 

evaluación utilizando el paquete de software ‘Plant Simulation’. Con respecto al rendimiento 

logístico, por un lado se mide el coste de fabricación, de inventario y de transporte y las 

penalizaciones por pérdida de ventas. Por otro lado, se cuantifica explícitamente el coste de la 

coordinación teniendo en cuenta los ciclos de coordinación iterativos. El método se aplica a 

una configuración de cadena de suministro ejemplar considerando diversos parámetros.  

Los resultados de la simulación confirman que, en la mayoría de los casos, el beneficio 

aumenta cuando se intensifica la coordinación. Sin embargo, en ciertas situaciones en las que 

se aplican ciclos de planificación manuales e iterativos el coste de coordinación adicional no 
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siempre conduce a mejor rendimiento logístico. Estos resultados inesperados no se pueden 

atribuir a ningún parámetro particular. 

La investigación confirma la gran importancia de nuevas dimensiones hasta ahora ignoradas en 

la evaluación de propuestas organizativas y herramientas de TI. A través del método heurístico 

se puede comparar de forma rápida, pero sólo aproximada, la eficiencia de diferentes formas 

de organización. Por el contrario, el método de simulación es más complejo pero da resultados 

más detallados, teniendo en cuenta parámetros específicos del contexto del caso concreto y 

del diseño organizativo. 

Palabras claves: Simulación por eventos discretos, método de evaluación heurístico, diseño de 

organización, sistemas informáticos para la gestión de la cadena de suministro.  
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1  Introduction 

In the recent years manufacturing companies have been facing profound changes in their 

industrial structure. On the sales side new global markets have been accessed with 

exponentially increasing number of product variants (Tanner 2009). Production activities have 

been distributed among different facilities within internal networks and have been outsourced 

to external companies. This development has different reasons: Historically protective policies 

of developing countries obliged foreign investors to support the local industrialization through 

trade and customs tariff barriers (Dasu and de la Torre 1997). Hence, production sites served 

primarily domestic markets. This configuration is still maintained in case of particular local 

demands. However, in most cases in order to benefit from economies of scale, production 

sites have been dedicated to specialized processes or products (Schmenner 1982). The fierce 

competition generally forced to move to low-cost countries – China and India are outstanding 

examples. This is not only due to the cost pressure but also because in these regions strong 

GDP growth rates will lead to important future local demands (Bartels 2006, p. 100).  

Summarizing, the reasons for globally distributed manufacturing activities are (Hübner 2007 p. 

1, Lücke 2005, p. 1): 

 Less operating and capital expenditure in developing countries,  

 Economies of scale and scope through specialization of facilities,  

 Synergies through proximity of supply and demand markets and  

 Ability to respond rapidly to changes in market demands.  

The amplitude and velocity of the above mentioned changes result in significantly more 

complex information and material flows in supply, production and distribution (Steger and 

Schwandt 2010). Demand markets or product families can be assigned to network segments in 

order to reduce complexity, but adequate information systems are indispensable for efficient 

management of remaining dependencies (Mittermayer and Teubner 2011). However, the 

diffusion of specialized software has been scarce (Buxmann et al. 2004, Patterson et al. 2004). 

Transactional systems such as Enterprise Resource Planning (ERP) systems have been 

implemented widely while analytical software like Supply Chain Management (SCM) add-ons 

are adopted less by manufacturing companies (Patterson et al. 2004). A survey realized among 

German manufacturers revealed that more than 80 % rely on ERP systems but less than 10 % 

use SCM systems (Schiegg 2005, p. 200). Almost half of all interviewed managers denied 

employing any software for the up- or downstream planning of the value chain (Schiegg 2005, 

p. 202). The SCM software market has been struggling during the last years: The yearly 
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prognosticated growth rates of about 50 % for the SCM software industry at the beginning of 

the new century have not been reached by far (Roesgen 2007, p. 2). Annual sales in 2009 even 

decreased slightly (Trebilcock 2010, p. 27) and a recent market survey reports moderate 

growth rates of approximate 10 % for 2014 (Pendrill and Fernandez 2014).  

Reasons for limited market penetration rates for SCM software are widespread. IT 

requirements are difficult to define because networks characteristics are extremely 

heterogeneous among different industries but also within a given network. Successful 

installations were mainly reported by globally operating, large companies in the 

semiconductor, the consumer goods or the automotive industry (Philippson 2003 p. 3, Hvolby 

and Steger-Jensen 2010). However, on the contrary, some empirical research points out that 

benefit is more significant in small firms (Im et al. 2001, Wu and Chuang 2010). 

Large investments in information technology (IT) do not necessarily increase the firm’s overall 

productivity. This phenomenon known as ‘productivity paradox’ has been widely discussed in 

the scientific community. BRYNJOLFSSON AND HITT (1998) argue that necessary organizational 

changes to leverage the IT investment are “time consuming, risky and costly” and are 

consequently not carried out. In particular for SCM software, controversial implementation 

results are reported (Hvolby and Steger-Jensen 2010). This might be partially due to the 

circumstance that a large number of different applications are consolidated under this 

denomination (Meyr et al., 2000). 

SCM software promises high benefits in terms of cost savings and customer service 

improvements but at the same time accounts for high total cost of ownership (TCO). Supply 

chain planning software, also called Advanced Planning System (APS), belongs to the most 

expensive solutions due to the sophisticated optimization algorithms and the implementation 

complexity. However, “it is reasonable to believe that the appropriateness of using APS 

increases when the planning complexity increases” (Ivert and Jonsson 2010, P. 675). 

At first glance the low adoption rate can be attributed to difficulties in quantifying benefits and 

high infrastructure and implementation cost (Buxmann et al. 2004, Roesgen 2007, p. 3). A 

closer look reveals more hurdles. Firstly, from a technical point of view, the optimization of 

real world problems turns out much more complex than expected (Crawford 2008). Secondly, 

SCM software builds on a hierarchical, centralized organizational concept, but within inter-

organizational networks members are reluctant to share private information (Schneeweiss and 

Zimmer 2004) and reject to adapt to required new organizational structures. Therefore either 

partially centralized solutions (Pibernik and Sucky 2007) or negotiation-based, collaborative 

approaches have been developed (Dudek 2009, Albrecht 2009). If each party seeks for 
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maximizing the individual profit, then market-based negotiation mechanisms can be applied, 

for example auctions. Alternatively, decentralized collaborative procedures can be designed 

that define and pursue a global optimum. Neither market-based nor collaborative mechanisms 

are nowadays implemented with sufficient detail in commercial SCM software so that their 

evaluation can be excluded from the present research.  

Thirdly, due to its analytical focus, SCM software requires extended involvement of managers. 

Lack of internal expertise, qualified resources and senior management understanding are 

leading the list of reasons why SCM software is not acquired (Silberstein 2006, p. 17). SCM 

software vendors have recognized a significant rate of underutilization of their systems and 

offer consulting aiming at leveraging already implemented software or the establishment of in-

company “centers of excellence” (Cable 2009, pp. 50). Nowadays, software investments are 

evaluated carefully. On the one hand, individual modules are purchased instead of entire 

packages (Trebilcock 2010, p. 27). On the other hand, companies pursue customized 

implementation strategies (Malhotra and Temponi 2010). 

 

Figure 1.1: Situation and research motivation. 
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 How can benefits and costs of SCM software be quantified before investments are 

committed and organizational changes concluded? 

 Which organizational and technological alternatives exist and how do they perform 

compared to the strictly centralized organization supported by SCM software? 

1.1 Research outline 

This research is divided in three different methodological phases. In a first descriptive part 

(Chapter 1 to 4) the research problem is formulated based on the current situation in industrial 

practice. The second part, chapter 5 and 6, focuses on the design of organizational 

alternatives. This inductive approach starts with empirical observations. These are derived 

from experts knowledge, own project results or industry insights (Crowther and Lancaster 

2008, p. 31). Patterns shall be identified within the data in order to draw general conclusions 

or even in order to build explanatory models (Auramo et al. 2005, p. 57). In the third part, 

chapter 7 and 8, deductive research tests hypothetic relationships derived in the previous 

section in different evaluation models.  

 

Figure 1.2: Index and research phases. 

The thesis is structured in nine chapters as depicted in Figure 1.2. 
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The first chapter introduces to the topic. In chapter 2 key terms required for the understanding 

of the subsequently developed model are clarified. SCM is defined, several software modules 

are presented and differences with transactional ERP systems are outlined. The basic methods 

for financial evaluation of IT investments and its pitfalls are revisited and relevant economic 

terms such as efficiency are defined.  

In chapter 3 the current situation with respect to coordination in industrial networks is 

exposed. This includes a detailed view of current industrial practice and sophisticated models 

discussed in literature. The chapter concludes with a precise definition of the research 

objectives. 

Chapter 4 sheds light on the influencing research theories and methodologies considered in 

the thesis. Furthermore, a model overview is provided and its sub-modules are associated in 

the research context.   

The fundamentals of efficient organizational design are applied to supply chain management in 

chapter 5. The dependencies among decisions and the broad range of organizational measures 

to manage them are studied on a theoretical background.  

In chapter 6 different organizational designs are developed and described in-depth. 

The evaluation method is composed by a heuristic-based, simplified approach exposed in 

chapter 7 and a simulation-based, exact model developed in chapter 8. 

Chapter 9 concludes with key findings and discussion of future research.  
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2  Terminology  

The aim of this chapter is to familiarize the reader with theory background required for the 

understanding of this research. Section 2.1 and 2.2 introduce to the term ‘supply chain 

management’ (SCM) and the objectives behind it. In section 2.3 differences between intra- and 

inter-organizational networks are outlined. Information systems of interest are presented in 

section 2.4. Shortcomings of traditional financial valuation methods and the implications for 

the investment in SCM software are focused in section 2.5. Basic terms of organization are 

highlighted in sections 2.6 and 2.7 before the last section defines the term ‘coordination 

efficiency’. 

2.1 Supply chain management  

The term ‘supply chain management’ first appeared in literature in early 1980 (Oliver and 

Webber 1982) and has been discussed from thenceforward controversially. A survey carried 

out among 744 cross-industry participants reveals that the primary role of SCM within the 

organization is “a combination of strategy and activity”. “Supplier and customer collaboration” 

was mentioned to be the most important activity (Gibson et al. 2005, p. 18). These findings are 

in line with an earlier, quite broad definition: SCM “consists of firms collaborating to leverage 

strategic positioning and to improve operating efficiency” (Bowersox et al. 2002, p. 4).  

The expression ‘supply chain’ is misleading. Firstly, because it suggests delusively that the 

management of dependencies is only required if a physical material flow between two entities 

takes place (Kaphahn and Lücke 2006). Management decisions among organization units may 

be strongly dependent even if direct material flow is not intended (Stadtler 2000). Secondly, 

real world supply chains typically are characterized by a network structure because facilities 

(plants, distribution centers, etc.) get intermeshed through multiple material inputs and 

outputs (Shapiro 2001, p. 5). A “supply chain can be defined as a network of autonomous or 

semiautonomous business entities collectively responsible for procurement, manufacturing 

and distribution activities associated with one or more families of related products” 

(Swaminathan et al. 1998, p. 607). The final customer is the target group of SCM (Stadtler 

2000). Therefore demand chain management (DCM) has been introduced and seeks the 

integration of marketing decisions within SCM. A basic principle of DCM is to focus on specific 

customer needs – the supply chain shall be designed and operated to satisfy these needs 

(Jüttner et al. 2006). 
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2.2 Objectives in supply chain management  

Increasing competitiveness as overall objective of SCM summarizes subordinated goals 

(Stadtler 2000). In a more operational manner, it is often referred “to minimize total supply 

chain cost to meet fixed and given demand” (Shapiro 2001, p. 8). The DCM approach seeks to 

maximize net profit by incorporating marketing decisions. This is a difficult task because “it 

requires the commitment of marketing personnel, who generally feel uneasy with quantitative 

analysis” (Shapiro 2001, p. 8). Nevertheless, customer service is a fundamental objective of 

SCM and can be incorporated in models using trade-offs between cost-oriented and customer-

oriented objectives (Shapiro 2001, p. 9). Performance measures are essential elements of 

performance control systems and report target achievement levels. In SCM, performance 

measurements are important for the evaluation of the efficiency and effectiveness of one or 

several alternative supply chain designs. Quantitative measures may be categorized by 

objectives that are directly based on cost or profit on the one hand, or those that measure 

customer responsiveness (Beamon 1998). 

Objectives may be indifferent, conflicting or complementary (Roesgen 2007, p. 53). For 

instance, in production multiple objectives have to be managed. Short production lead times 

and high capacity utilization are conflicting objectives. Low production process cost and high 

on-time delivery rates are correlated with different work-in-process (WIP) levels. As a 

consequence, production managers have to evaluate trade-offs to find individual achievement 

levels for all single goals that best fit with production strategy (see Figure 2.1).  

 

Figure 2.1: Objectives in production management. Source: Roesgen (2007). 
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Supply and distribution management opts for cost minimization as well. Inventory carrying 

costs can be reduced if inventory levels are minimized. On the contrary, material handling cost 

increases when stocks are maintained at low level due to smaller lot sizes (Bowersox 2002, p. 

289). High service level, as customer-oriented objective, calls for high inventories in order to 

avoid lost sales or backlog orders (see Figure 2.2). 

 

Figure 2.2: Objectives in inventory management. Source: Roesgen (2007). 

Apart from goal conflicts within a department, objectives have to be coordinated between 

departments or even between different sites. Production management is obsessed with low 

cost production, with large batch sizes and efficient and smooth production schedules 

(Arshinder 2008, p. 322) while distribution managers are concerned about customer service as 

the first priority, small batch sizes and frequent changeovers.  
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The supply chain is called inter-organizational when several independent, legally separated 

parties with own decision authority are affected. Sometimes the term ‘decentralized supply 
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more or less centralized organization structures and coordination mechanisms. In intra-

organizational supply chains the regarded entities are part of one common hierarchical 
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within company borderlines have not been tackled sufficiently. The proper management of 

internal flows is considered a prerequisite before the relationships to external suppliers should 

be addressed (Lücke 2005, p. 3). 

Furthermore, if inter-organizational coordination is focused then other aspects such as 

information asymmetry and non-cooperative behavior gain importance. Recently much 

investigation has been carried out in this field. However, in SCM software suites available 

nowadays these difficulties are covered only superficially. So-called collaboration features are 

included, but these tools only facilitate the exchange of information while interest conflicts 

between independent parties remain unsolved (Albrecht 2009, p. 24). Contracts might be 

employed to agree on quantity commitments, incentive schemes or quantity discounts (Tsay et 

al. 1999). 

Even intra-organizational supply chains can be organized based on market mechanisms like 

auctions or other dynamic pricing systems. However, in the present research we exclude these 

organizational forms because available SCM software does not handle these processes. The 

intra-organizational supply chain consists of several entities that all obey the organizational 

rules installed by strategic management. This eases the decision-making process significantly 

(Stadtler 2000). In fact, SCM software originally designed to support the planning of inter-

organizational supply chains, in many cases is employed to support the coordination within 

company borderlines (Pibernik and Sucky 2004).  

2.4 Information systems for supply chain management 

Today the software industry offers basically two system types that support the coordination of 

multiple sites to a different extent, Enterprise Resource Planning (ERP) and Supply Chain 

Management (SCM) systems. In this section the operation mode and the major shortcomings 

of ERP systems are explained. The architecture and individual modules of SCM systems are 

detailed and the most important features to overcome the ERP system deficiencies are 

explained. Nevertheless some challenges remain even when SCM systems are employed – 

these are highlighted too. 

ERP systems belong to the class of transactional IT whereas SCM systems are classified as 

analytical IT. Figure 2.3 depicts the different roles. ERP systems are designed to process and 

communicate raw data. Different modules for manufacturing, logistics, sales as well as finance 

and human resources are available. All applications are integrated in a common platform and 

access a centralized database (Shapiro 2001, p. 33; Bowersox et. al 2002, p. 222). This ensures 

that all applications make use of consistent data. The primary aim of transactional IT is to 

“substitute for or eliminate inefficient human effort” while analytical IT is able to “coordinate 
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overlapping managerial decisions” (Shapiro 2001, p. 40). In SCM systems descriptive models 

are employed to prognosticate future outcomes, for example in the demand forecasting 

modules. Normative, or optimization models, are constructed from underlying descriptive 

models or databases and deliver solutions to problems that are not tackled by ERP systems.  

 

Figure 2.3: Classification of ERP and SCM software. Source: adapted from Shapiro (2001). 

This research focuses on decisions regarding mid-term horizons in industrial networks. 

Therefore the different approaches of ERP and SCM systems to cope with the complex task are 

explained. Figure 2.4 depicts the procedure implemented in ERP systems. 

 

Figure 2.4: Sequential planning procedure of ERP systems. 

Customer demands are introduced in the order management module either as firm or planned 

orders. In the next step the master production schedule (MPS) for finished products is settled 

taking into account existing stocks. Subsequently rough cut capacity planning (RCCP) computes 

the required machine (or human) resources for the final process step (Pochet and Wolsey 

2006, p. 57). If capacity constraints are detected either the capacity might be increased or 

orders shifted to alternative resources, earlier periods or external manufacturers (Schuh and 

Roesgen 2006, p. 42). The production plan also might be maintained if lost sales or backorders 

are accepted. For the agreed MPS then material requirements planning (MRP) is realized. The 
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ERP system proposes purchasing orders considering economic lot sizes and checks internal 

capacity requirements (CRP) for the manufacturing of components. Again capacity adjustment 

measures might be applied to avoid constraints. Next, the detailed production schedule 

defines production dates for all orders taking into account exact planning data such as 

production lead times and set-up activities. A comprehensive description of the procedure can 

be found in specialized textbooks (Pochet and Wolsey 2006, Voss and Woodruff 2003). 

The ERP algorithm is characterized by a series of important deficiencies which are explained 

subsequently.  

Most planning systems use deterministic input data although the industrial environment is 

characterized by a series of uncertainties. The sources of uncertainty can be classified by input, 

process or output failures (Schotten 1998, p. 94). Input failures occur for example if supply 

orders are not served as planned with respect to quantity or lead time (Dolgui and Prodhon 

2007). Reasons for process failures might be machine breakdowns, rejected batches if quality 

standards are not met or deviations in production lead times and yields. Variations in future 

(forecasted) demands and changes concerning already placed customer orders mark the most 

important output failures.  

Several measures are known to cope with uncertainties – the most important are described by 

DOLGUI and PRODHON (2007). Common practice is the application of safety factors for stocks 

and lead times. Different lot-sizing rules might be tested in order to increase the robustness 

against uncertainties. Freezing the planning horizon is widely applied but also criticized 

because changes within the frozen period are not permitted so that the planning flexibility is 

limited.  

Due to the high level of uncertainty the planning is realized based on rolling schedules. Apart 

from the immediately affected next periods also later periods are considered in the planning 

process. The plan is rolled forward, i.e. updated with certain frequency (for example monthly) 

including the next period. This approach offers certain flexibility to adjust plans (Albrecht 2009, 

p. 9) but bears the risk that the updating frequency is too low to maintain realistic plans. 

The overall planning challenge is decomposed in independent sub-problems that are 

sequentially resolved without routine backtracking (Pochet and Wolsey 2006, p. 63). 

Decomposition has various dimensions and in general entails the risk of contradictions. The 

procedure works from a long-term planning horizon using aggregated data down to mid- and 

short-term horizons with finer data granularity (hierarchical criteria). Furthermore, tasks have 

limited functional scope and are sequenced according to an administrative work flow 

(functional criteria). Additionally, planning is first realized for the site located next to the 
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demand market before any upstream sites are considered (see Figure 2.4). Within a plant, first 

finished products are focused afterwards components and raw materials are dealt with 

(process and product criteria). Dependencies among different customer orders are not 

respected; each requirement is deployed independently (market criteria).  

ERP systems are programmed according to the Just-in-Time (JIT) philosophy, i.e. resources 

shall be occupied as late as possible. This algorithm is economically not efficient if resources 

are limited. If conflicts arise because orders are competing for the same resources, ERP 

systems do only provide heuristic rules to resolve these inconsistencies – it is even not 

guaranteed that feasible solutions are found.  

The combination of the above described factors – uncertainty, task decomposition and the JIT 

objective function – force in practice to revert to iterative loops, i.e. redo tasks if infeasibilities 

are detected. Given the transactional character of ERP systems, changes have to be processed 

throughout all sites and underlying IT systems.  

SCM software is designed to overcome the ERP systems’ shortcomings. For the above 

mentioned tasks so-called master planning modules are employed which integrate supply, 

production, distribution and sales activities for the entire supply chain on a mid-term level 

(Meyr et al. 2000). Even short-term tasks such as lot-sizing or sequencing might be integrated 

in master planning if strong impact on the planning results is expected (Albrecht 2009, p. 9; 

Wrede 2000, p. 48).  

Uncertainty is faced in different ways by SCM systems. Raw data is aggregated to product 

families or machine groups in order to increase the planning robustness. Nevertheless, the 

data aggregation across the different planning levels is still “not properly addressed” by many 

SCM software providers “but left to the customer” (Schneeweiss and Kleindienst 2003, p. 277). 

One approach to handle uncertainty is to compute stochastic values instead of deterministic 

input data. Stochastic optimization has been described in literature (Powell and Baker 2003, p. 

309), although such models in practice still are rarely used for the mid-term planning level 

(Albrecht 2009). Stochastic programming is rather applied for strategic decisions that are 

strongly influenced by uncertainty (Shapiro 2001, p. 104). SCM software extracts data from the 

underlying ERP systems, resolves the planning task and overwrites affected data in the ERP 

system. This operating mode has several consequences. The execution of the planning task is 

widely left to the computer, thus administrative process and run times are short (Shapiro 

2001, p. 47). Therefore planning cycles can be reduced at low cost (Roesgen 2007, p. 70); even 

scenario simulation becomes economically feasible (Roesgen 2007, p. 14). 
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However, some problems even remain using SCM systems. The hierarchical planning approach 

is maintained, i.e. the inter-temporal decomposition in long-, mid- and short-term planning 

horizons. On the short term level different functional areas are not integrated neither. Figure 

2.5 depicts the tasks that are commonly addressed by SCM systems. The master planning 

module focused in this research is highlighted. 

 

Figure 2.5: Advanced Planning Matrix. Source: Stadtler (2000). 
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Figure 2.6: Classification of SCM vendors. 

ERP providers that built up additional capabilities around their transactional system offer add-

on planning tools with standard interfaces to existing systems (‘ERP allrounders’). Those 

software vendors have easy access to existing clients and can refer to successfully running 

systems. They emphasize advantages of robust integration with the existing ERP system.  
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Apart from the vendor’s business strategy, SCM software can be categorized according to its 

functional approach (see Figure 2.5).  

Strategic network planning systems support decision-making related to long-term decisions. 

Increasing market dynamics forces senior management to react rapidly to changes in market 

conditions. Most frequently the financial effect of business scenarios should be forecasted for 

a three to ten years horizon. Typical applications are market entries, new product launches or 

post-merger restructurings of duplicated distribution systems. The software tool allows the 

simulation of decision alternatives, such as investment and closure of facilities or 

implementation of new distribution channels. Most IT solutions include optimization 

algorithms in order to minimize cost or maximize profit subject to customer service or budget 

constraints (Goetschalckx 2000). Long term decisions are typically associated with high degree 

of uncertainty. Therefore stochastic optimization models have been developed (Shapiro 2000, 

p. 385). These models are particularly useful to carry out performance test, i.e. investigate the 

“robustness and flexibility of supply chains to adapt to changing and unanticipated conditions” 

(Goetschalckx 2000, p. 80).  

Master planning systems realize the integrated planning of demand, purchase, production and 

distribution for a mid-term horizon. Decision-making is improved because the model is 

supposed to generate the cost-minimized or profit-maximized solution with subject to a wide 

range of capacity and material constraints. The optimized network decisions may diverge from 

optimal local department decisions. Therefore it is important that information is available 

throughout the network so that local management can understand the origin and cause of 

central network decisions. Demand planning tools may be offered as stand-alone solutions – 

focusing on sophisticated forecasting techniques. Future demand requirements for product 

groups, sales regions and safety stock levels are determined.  

Fulfillment systems target on the short-term product delivery to customers. Available-To-

Promise (ATP) or Capable-To-Promise (CTP) functions enable the sales force to respond 

immediately to customer requests.  

On the short term level production and transportation scheduling systems have been 

developed. The latter software type aims at transportation cost minimization. The system 

generates a transportation schedule that minimizes simultaneously deliveries (by conjoint 

shipments) and route length subject to customer delivery dates. Those systems are commonly 

used by fourth-party-logistics (4PL) providers.  

Production scheduling tools define manufacturing start and end of orders on the resources 

required for processing. In contrast to master planning, the sequence of orders on a given 



2 Terminology 

Page 29 of 169 

 

resource is addressed. The optimal production schedule is established considering 

simultaneously routings and material requirements of all process orders and capacity 

availability of required resources. 

2.5 Valuation of IT projects  

Although the problem is simple – invest in IT which maximizes the value of the firm – the 

valuation of IT projects is a highly challenging task, because “IT creates impacts at several 

levels in the organization, and some only indirectly contribute to profitability” (Kauffman 

1989). Information systems managers tend to concentrate on “easily estimable quantitative 

factors” (Murphy and Simon 2002, p. 301), primarily because they are “unable to capture 

many of the qualitative and intangible benefits” (Farbey et al. 1992, p. 109). If intangible 

benefits such as user satisfaction are incorporated in financial quantitative techniques, the 

value of IT projects increases significantly (Murphy and Simon 2002). Furthermore, “issues of 

risk and uncertainty due to technical, organizational and environmental factors continue to 

frustrate efforts to produce meaningful cost-benefit analyses” (Tallon et al. 2000, p. 148). 

Traditional and widely accepted method for the valuation of any project is the net present 

value (NPV). The NPV is the sum of future cash flows discounted at its opportunity cost of 

capital plus immediate cash flow (Brealey and Myers 2000, p. 28). The opportunity cost of 

capital is the return foregone by investing in the project rather than investing in risk free 

securities like US treasury bills (Brealey and Myers 2000, p. 17 and 913). The true cost of 

capital depends on the use to which the capital is put (Brealey and Myers 2000, p. 222). 

Nevertheless, a commonly used rule of thumb applies the company cost of capital for 

discounting cash flows on all new projects (Brealey and Myers 2000, p. 221). Risk pricing 

models such as the capital asset pricing model (CAPM) have been developed to quantify the 

cost of capital of the company. The risk of any stock (or company) can be broken down in two 

parts: the unique (or technical) risk and the market risk. It is important to note that the 

opportunity cost of capital does not consider the unique risk. Therefore technical risk of failure 

shall be incorporated in the NPV calculation through a realistic adjustment of cash flows 

instead of incorporating “fudge factors” in discount rates (Brealey and Myers 2000, p. 238). 

MITTERMAYER AND RODRÍGUEZ (2010b) point out the importance of risk management as strategic 

value for successful cooperation in pharmaceutical manufacturing and development. 

Most economic models assume that individuals act rationally. If so the utility contribution of a 

project should change as a function of NPV. Prospect theory examines the psychological 

effects in decision making. The utility function (see Figure 2.7) is concave for gains and convex 

for losses and steeper for losses than for gains (Kahneman and Tversky 1979). From the first 
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property follows that changes in NPV do not contribute proportionally to utility. The marginal 

value contribution decreases when the project NPV increases. The second property indicates 

the general loss or risk aversion of investors.  

 

Figure 2.7: Non-linear utility function due to psychological effects.  

Source: Kahneman and Tversky (1979). 
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instead of full packages – provide advantages, because new insights about technical and 

market risks can be taken into account at each decision point (Figure 2.8). 

 

Figure 2.8: Hurdles for SCM software projects. 

One of the widely accepted indicators for measuring IT investments (Rau and Bye 2003) is the 
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 The impact on assets shall be explored also individually for current assets and fixed 

assets because both categories are distinctively affected. 

Improvement 
through staged 

investment 
possible

• Tangible Benefits difficult to forecast
• Intangible benefits often not contemplated
• In many cases no “must-have” IT system type
• Psychological risk aversion
• Significant technical failure risk
• Profound organizational changes required
• Budget limitations 
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According to BALASUBRAMANIAN ET AL. (2000), while “costs seen readily identifiable, many of the 

benefits are elusive” (Balasubramanian et al. 2000, p. 39). In practice even costs often are not 

correctly identified. IT-related costs on the one hand often are not estimated in an all-

embracing manner and on the other hand cost drivers are properly associated to coordination 

instruments. 

2.6 Organization  

Division of labor leads to the creation of organization units and positions. Here the formal 

authority is defined (Mintzberg 1979, p. 36). The operating workflow reflects the logical 

sequence of activities. Organizational units and workflows shall be designed so that 

dependencies among tasks are minimized. However, some dependencies remain. Several 

coordination mechanisms can be employed to manage them (Mintzberg 1979, p. 198): 

 direct supervision, 

 standardization of work processes, 

 standardization of work outputs, 

 standardization of skills and  

 mutual adjustment. 

In a recent review on supply chain coordination (Arshinder et al. 2008) also contracts, 

information sharing, joint-decision making and information technology have been identified as 

commonly employed coordination mechanisms. However, in this research information 

technology is not considered a coordination mechanism but rather an enabler required for the 

implementation of organizational concepts (Friedrich 2002, p. 17; Schotten 1998, p. 10). 

Regarding available IT systems the most important coordination mechanisms are 

‘programming’, i.e. standardization of work processes, and ‘planning’, i.e. standardization of 

work outputs. ‘Planning’ is loosely structured and emphasizes the generation and evaluation of 

alternatives (Cohon 2003, p. 14) whereas ‘programming’ in contrast is highly formal and 

defines the structured procedure to realize an activity.  

Figure 2.9 depicts the three main organizational design elements: formal authority, work flow 

and coordination mechanisms. In this research design elements are also called organizational 

dimensions. The main purpose of the thesis is the efficiency comparison of organizational 

forms, or coordination schemes. These can be understood of specific sets of design elements. 
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Figure 2.9: Basic parameters for organizational design. 

Dependencies among tasks and organization units have been identified as the primary reason 

why coordination mechanisms are required. THOMSON (1967) introduced fundamentally 

different dependencies based on the type of task coupling: pooled, sequential and reciprocal. 

For the weakest form, pooled coupling, organization units share common resources but are 

otherwise independent whereas for sequential coupling actors work in series. Reciprocal 

coupling means that decisions are mutually dependent; hence these are the most complex 

dependencies. The organization structure should be set-up following the order of importance 

of dependencies. The higher level organization units shall be formed so that reciprocal 

dependences are covered; on the next level sequential dependencies shall be considered. 

Pooled dependencies have the lowest priority when designing the organization (Thomson 

1967, p. 59).  

Two essential criteria for the design of the organizational structure are well-known, market 

and functional grouping. Typical examples for market grouping can be observed in the design 

of the sales force. All tasks related to a specific market (product, client or territory) are 

consolidated in dedicated departments. In production and logistics still functional grouping 

criteria are applied (Schotten 1998, p. 68). This has basically two reasons: First, tasks are highly 

complex, thus require functionally specialized departments. Second, high asset value in 

machines require high capacity utilization rates to operate profitably.  

Crowston (1991, p. 280) classifies dependencies based on the elements that cause the 

relationship (Figure 2.10). For the current research ‘task-task’ relationships are most 
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important: ‘Subtasks’ refer basically to hierarchical top-down relationships while ‘task 

overlaps’ can be observed in workflows. 

 

Figure 2.10: Typology of dependencies between tasks and objects. Source: Crowston (1994). 

‘Objects’ can be further differentiated in terms of reusability and shareability (Crowston 1991, 

p. 285). In particular the distinction between reusable and consumable objects will be 

emphasized in this research (see Figure 2.11). 

 

Figure 2.11: Examples of objects classified by shareability and reusability.  

Source: Malone and Crowston (1994). 

Coordination can be defined as “the act of managing dependencies among activities” (Malone 

and Crowston 1994, p. 87). Basic types of dependencies are distinguished (see Figure 2.12) to 

describe the relationship between resource and activity. 

 

Figure 2.12: Basic types of dependencies among activities. Source: Malone and Crowston (1994). 

‘Flow’ dependencies arise when one activity produces a resource that is used by another 

activity. If multiple activities collectively produce a single resource then the phenomenon is 

called ‘fit’ dependency. ‘Sharing’ dependencies occur whenever multiple activities all use the 

same resource. In the contrary, if multiple resources are capable to realize an activity, ‘assign’ 

dependencies are faced (Malone et al. 1999).  
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Contingent on the type of dependency different coordination mechanisms are appropriate. 

The following, quite generic proposals have been formulated (Reimers 2000). Direct 

supervision is applicable in all cases. Fit dependencies can be managed by mutual adjustment. 

For flow dependencies programming is suitable in addition to the above mentioned 

mechanisms. Sharing dependencies require either planning or price mechanisms for efficient 

coordination. The focus in this research is on the features provided by ERP and SCM software, 

i.e. the support of programming and planning activities. Price mechanisms are widely 

discussed by academics, but not yet incorporated in commercial software packages. 

The definition of (de)centralization “remains probably the most confused topic in organization 

theory” (Mintzberg 1979, p. 181). In this research decentralization refers to the vertical form, 

i.e. the dispersal of formal decision power down the chain of line authority (Mintzberg 1979, p. 

181). The horizontal form assumes the translation of decision power to non-managers, such as 

analysts and staff. In the context of SCM, vertical decentralization often coincides with the 

geographical transfer of decision power because headquarter departments authorize local 

plant management for decision making. However, geographical decentralization denominates 

the physical dispersion of logistics processes (Klaas 2002, p. 150) and should not be confused 

with the locus of decision power in the organization.  

A decision may be defined as “a commitment to action” (Mintzberg 1979, p. 58). The decision 

process (Figure 2.13) consists of seven steps that can be grouped in three phases (Mintzberg 

1979, p. 188).  

 

Figure 2.13: Decomposition of the decision process. 

It is rarely the case that the entire process is left to one single decision unit. The choice is 

considered to be the crucial step (Mintzberg 1979, p. 58, p. 188). Hence, the decision process 

itself can be decentralized as well. In the context of SCM, the decision process is left to a large 

extent to the information system. Due to the high complexity even computer systems have to 

decompose the overall company task into smaller subtasks. Then in iterative procedures the 

outcome of one task might be evaluated and reconsidered taken into account the 

consequences for other tasks.  
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In the present research coordinative decisions, a subtype of administrative decisions, are 

addressed. Many decisions of planning and scheduling fall into this group (Mintzberg 1979, p. 

59). Predictive, routine decisions (Philippson 2003) are clearly structured whereas exceptional, 

non-routine decisions processes are adapted ad-hoc (Mintzberg 1979, p. 60). An exceptional 

decision can emerge at a single level in the hierarchy, rise up the hierarchy for resolution or 

descend down the hierarchy for change (Mintzberg 1979, p. 60). 

2.7 Coordination mechanisms and instruments 

IT supported coordination mechanisms, basically belong either to the group of ‘programming’ 

(i.e. standardization of work processes) or to ‘planning’ category (i.e. standardization of work 

output). ‘Programming’ is the core coordination mechanisms in production and supply 

operations when ERP systems are employed. Basically, date and quantity requirements with 

respect to capacity or material are determined for demands using a formal, highly structured 

procedure. All standard ERP systems provide these algorithms. Difficulties arise when 

resources are not available to satisfy all demands. For these conflict situations more 

sophisticated ERP systems provide rule-based resolution engines. For example, if capacities are 

overloaded rules might define which order type shall be shifted to other periods. This 

coordination type is a kind of work process standardization (‘programming’). ‘Planning’ is 

loosely structured and not nearly as formal as ‘programming’ (Cohon 2003, p. 14), the work 

process is not strictly standardized. ‘Planning’ encompasses several phases – namely the 

development of alternatives, their evaluation and the selection of the most adequate 

alternative (Schotten 1998, p.71). This process can either be covered by human planners or by 

software. Some ERP systems allow the simulation of different scenarios. In this case, the 

development of alternative solutions is supported. Nevertheless, the evaluation and selection 

phases are left to the human planner.  

Nowadays sophisticated optimization techniques are used to select out of a set of possible 

alternative the best solution. The mathematical procedure is coded – therefore erroneously 

seems to be a ‘programming’ mechanism. However, the phases that define a planning 

mechanism are realized implicitly so that optimization techniques such as linear programming 

clearly belong to ‘planning’ mechanisms from a coordination point of view.   
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SCM software delivers optimization algorithms for the evaluation of all significant scenarios 

and provide (near) optimal solutions. Three fundamental differences can be found between 

ERP and SCM systems:  

 Minimum cost or maximum profit is defined as objective function in SCM software 

whereas ERP systems do not consider cost as decision criteria.  

 The complex and labor intensive task of developing and evaluating alternative 

solutions can be realized by SCM Software. In contrast, human planners only can test 

and evaluate a limited number of alternatives if ERP systems are employed. 

 The use of SCM software provides the integration of demand, production and supply 

plans of the entire network so that the globally best solution can be searched for. The 

successive upstream planning procedure that focuses on single location or process 

stages can be avoided. 

2.8 Coordination efficiency 

Economics is the study of how people choose to employ their scarce resources (Wessels 2006, 

p. 2). Effectiveness and efficiency are commonly used to measure the economic use of 

resources. Effectiveness determines the right measures to achieve desired objectives (Peters 

2008, p. 706) and is attributed to the strategic management level (Rausch 2007, p. 47). Once 

effective measures have been determined, efficiency on the operational level shall assure the 

economic use of resources.  

The Pareto-Koopmans Efficiency (Cooper 2007, p. 46) is obtained if it is not possible to improve 

some of its outputs or inputs without worsening some of its other outputs or inputs. Hence, 

decision makers typically face the trade-off implied in the selection of alternatives, i.e. 

satisfying more of one need means giving up another (Wessels 2006, p. 3). Two variants of 

efficient allocations are represented by the maximum and the minimum principle (Peters 2008, 

p. 711; Günther and Tempelmeier 1997, p. 3): 

 Desired output cannot be increased without additional scarce input (maximum 

principle),  

 Scarce input cannot be reduced without resigning desired output (minimum principle). 

Several efficiency types are known from literature – this research focuses on coordination 

efficiency. According to Windsperger (1994) economic efficiency refers to the production and 

coordination efficiency. Minimum coordination and risk costs are characteristic for 

coordination efficiency. Coordination costs include (variable) transaction and (fixed) set-up 

costs. The more sophisticated the design of the coordination mechanisms, the lower 
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transaction and risk costs (Windsperger 1994, p. 113), but the higher set-up costs for 

implementation and maintenance of the coordination mechanisms. Consequently, 

coordination mechanisms shall be designed so that equilibrium is achieved assuring total 

minimum cost and coordination efficiency (see Figure 2.14).  

 

Figure 2.14: Coordination efficiency based on set-up, transaction and risk costs.  

Source: Windsperger (1994). 

Coordination efficiency can also be defined by coordination costs and autonomy costs (Frese 

1993, p. 272). If fewer resources (personnel, information systems, etc.) are employed for 

decision making and communication, coordination costs can be reduced. However, then 

autonomy costs have to be incurred because decision results are worse. Autonomy costs are 

due to the division of labor in organizations and can be avoided if a broader information basis 

is accessed or if more sophisticated methods for information processing are applied. The 

reduction in autonomy cost can be interpreted as an increase in coordination benefit (Figure 

2.15).  

 

Figure 2.15: Coordination efficiency based on autonomy and coordination costs. Source: Frese (1993). 
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3  Literature review 

Research in the field of supply chain management touches multiple academic disciplines in 

light of ambiguous definitions. The following literature review classifies important articles in 

three groups, all of them recent supply chain management research focused on organizational 

design and its software support. The classification encompasses criteria related to research 

methodology and content. Empirical studies from management science focus on network 

types and organizational fit. Novel planning algorithms and innovative coordination schemes 

are developed mostly in the field of operations research in order to propose new software 

features. Operations and production management realize cost-benefit analysis of IT software 

implementations. The success of software solutions for network coordination depends 

strongly on the fit of three dimensions: network configuration, coordination scheme and 

software functionality. This chapter concludes with proposals for research on unaddressed 

issues within and among the identified research streams. 

First, management or organization science analyses the influence of network characteristics 

and organizational parameters on the supply chain performance. This kind of research seeks 

for empirical evidence about the diffusion of SCM technologies or best practices and 

observable success factors or enablers.  

Second, a large number of papers mainly from operations research and production or logistics 

management deal with the development of novel planning algorithms and business process 

models. Rather than a look on the past or the status-quo, new methods shall improve 

commercial SCM package functionalities or increase implementation efficiency. Regarding 

novel planning algorithms either the classic centralized approach is extended in order to better 

reflect real word conditions or decentralized coordination schemes are proposed.  

Third, researchers from production and operations management develop methods for the 

evaluation of software investments. Particularly interesting are contributions that deliver 

information about organizational cost and benefits. 

The research contributions are classified based on several criteria (see Table 3.1). The research 

approach might be theoretical descriptive, analytical deductive or empirical inductive. The 

research aims at the development of diverse models, for example with a business process, an 

exploratory or an evaluation focus. The developed model is validated by simulation, based on 

numerical examples, by means of statistics or supported by case studies. Either a centralized, 

hierarchical or a rather decentralized, collaborative organizational approach is chosen. Either 

organizational design elements (structure, process, coordination mechanisms), the IT system 

(implementation, functionality) or some contextual factors are objectives of the research. 
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Table 3.1: Classification of recent supply chain management literature. 
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Albrecht 

(2009) 
 X       X  X  X  X  X  X X X     

Almeder et al. 
(2009) 

 X     X  X  X X X     X  X  X  X  

Arshinder and 
D. (2008) 

Bichescu and 

Fry (2009) 

X     X    X X          X    X 

 X     X    X      X  X      X 

Blankley 
(2008) 

X    X                     

Blankley et al. 
(2008) 

X  X  X  X    X   X   X X    X    

Buxmann et 

al. (2004) 
  X  X            X     X    

Buxmann et 
al. (2008) 

 X   X  X     X     X X X   X    

Chan and 
Chan (2010) 

 X     X            X   X   X 

Chen et al. 

(2010) 
 X     X            X      X 

Dale and 
Muhanna 

(2009) 

  X  X     X    X   X   X      

Das (2011)  X      X  X   X     X        

Di Domenica 

et al.(2007) 
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Dudek and S. 
(2005) 

 X     X    X      X  X   X   X 

Georgiadis 
(2011) 

 X     X  X X  X X     X  X  X    

Gupta and 

M.(2003) 
 X       X  X  X    X X    X  X  

Gupta and 
G.(2011) 

 X       X  X  X    X X    X  X  

Hvolby and S. 
(2010) 

X                X     X  X X 

Irani et al. 

(2006) 
X   X      X      X         X 

Jung et al. 
(2004) 

 X     X  X  X X X     X    X    

Jung et al. 
(2008) 

 X     X  X  X X       X       
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Table 3.1 continued.  

 

R
es

ea
rc

h
 a

p
p

ro
ac

h
 

R
es

ea
rc

h
 o

b
je

ct
iv

e
 

D
at

a 
ty

p
e

 

M
an

ag
em

en
t 

Le
ve

l 

V
al

id
at

io
n

 m
et

h
o

d
 

C
o

n
te

xt
u

al
 F

ac
to

rs
 

O
rg

an
iz

at
io

n
al

 c
o

n
ce

p
t 

O
rg

an
iz

at
io

n
al

 e
le

m
en

ts
 

IT
 s

ys
te

m
 t

yp
e 

So
ft

w
ar

e 
fo

cu
s 

Source 

Th
eo

re
ti

ca
l d

es
cr

ip
ti

ve
 

A
n

al
yt

ic
al

 d
ed

u
ct

iv
e

 

Em
p

ir
ic

al
 in

d
u

ct
iv

e
 

D
es

cr
ip

ti
ve

 m
o

d
el

 

Ex
p

lo
ra

to
ry

 m
o

d
el

 

P
ro

ce
ss

 m
o

d
el

 

Ev
al

u
at

io
n

 m
o

d
el

 

D
et

er
m

in
is

ti
c 

St
o

ch
as

ti
c 

St
ra

te
gi

c 

O
p

er
at

io
n

al
 

Si
m

u
la

ti
o

n
 

N
u

m
er

ic
al

 

St
at

is
ti

cs
 /

 S
u

rv
ey

 

C
as

e 
st

u
d

y 

Si
n

gl
e 

P
la

n
t 

N
et

w
o

rk
 

H
ie

ra
rc

h
y 

C
o

lla
b

o
ra

ti
o

n
 

St
ru

ct
u

re
 

P
ro

ce
ss

 

SC
M

 

ER
P

 

Fu
n

ct
io

n
al

it
y 

Im
p

le
m

en
ta

ti
o

n
 

Jonsson and 
Mattson 

(2003)  
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Jonsson 
(2008) 

  X  X     X    X  X       X X  
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Zhao and S. 

(2011) 
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3.1 Network types and organizational fit 

Empirical research often intends to identify real world network types on the one hand and 

organizational proposals for efficient management on the other hand. A certain set of network 

properties, so called contextual factors, characterize network types. The organizational 

proposals typically imply the organization structure, coordination mechanisms to interact 

among the units and an IT system to support the processes.   

Important empirical research has been performed by SCHIEGG (2005) in order to differentiate 

network types. Based on a survey of 179 German manufacturers and the following multivariate 

data analysis five fundamentally different production network types are derived. Each one is 

characterized by specific properties about market, product, production system, inter-firm 

collaboration, substitutability and balance of power among partners.  

AREND and WISNER (2005) conduct a survey among senior managers of small and medium 

enterprises (SMEs) in order to find out if SCM contributes to business performance in the same 

way as it does in large enterprises. Company size is a decisive context factor. Usually, due to 

tight resources, SMEs opt for reduced, less beneficial implementations pursuing short sighted, 

non-strategic objectives. Implementations are more successful if the power is unbalanced 

among the parties. When SMEs are forced by powerful SC partners to participate in SC 

projects, performance is higher than if the SME is free to choose the partners. 

Contextual factors have also been studied by BICHESCU and FRY (2009). They confirm that the 

distribution of decision rights among supply chain partners influences strongly the SCM 

performance. Particular settings of cost parameters, such as penalty and holding cost, also 

have considerable impact. Consequences of high demand uncertainty can be smoothened 

when operational risks are hedged by redundant capacities. The existence of the so-called risk 

pooling effect has also been confirmed by SUCKY (2009).  

Based on the analysis of a recent industrial survey, FLYNN ET AL. (2010) find out that intra-

organizational integration “forms the foundation upon which customer and supplier 

integration build” (Flynn et al. 2010, p. 67). Both, business and operational performance are 

strongly correlated with the level of internal integration. These findings underline the initially 

formulated recommendation that first internal integration shall be conducted before supplier 

and customer integration projects are addressed.  

Based on a survey among senior managers importance-performance analysis (IPA) has been 

performed by TELLER ET AL. (2012) in order to identify major improvement opportunities for the 

execution of SCM. The IPA research method is capable to measure the existing performance 

level and the importance for successful SCM practice for aggregated or detailed factors. The 



3 Literature review 

Page 43 of 169 

 

study revealed that favorable internal SCM conditions have the strongest positive impact on 

SCM execution but being in industrial practice these conditions still often cannot be observed. 

On a detailed level, staff’s expertise to use IT systems and related training is lacking and 

software capabilities are considered not sufficient. Organizational issues such as guidelines for 

information exchange and clear SCM objectives are not addressed in practice and SC processes 

are not evaluated internally. 

The statistical analysis of a survey among managers of automotive manufacturing plants 

revealed that high environmental uncertainty affects dimensions of SC integration and 

operational performance distinctively (Wong et al. 2011). Internal integration improves 

product quality and production cost whereas supplier integration positively influences on-time 

delivery and production flexibility. Surprisingly customer integration does not improve on-time 

delivery. The authors explain that JIT delivery requires JIT production which in turn depends on 

the internal integration level. SC integration efforts in a high uncertainty environment do not 

always lead to desirable operational performance outcomes. The paper demonstrates the 

need of conceptualizing SC integration and operational performance as multidimensional 

constructs.  

These findings are confirmed by CHAN AND CHAN (2010). They compare the performance of 

different decentralized coordination mechanisms regarding cost and order fulfillment 

objectives. Assuming a ‘flexible’ approach suppliers decide on the production quantity within a 

contractual range, the ‘adaptive’ mode additionally allows the supplier to get feedback from 

the customer before taking the decision. In a simulation study independent variables (supply 

uncertainty, demand uncertainty, capacity utilization rate) are systematically varied. The 

authors find out that high capacity utilization generally calls for ‘adaptive’ coordination while 

the ‘flexible’ approach is particularly recommendable in case of low demand uncertainty and 

low capacity utilization. 

Contingency theory for organizational design inspired KLAAS (2002) to differentiate four logistic 

segments. Certain contextual properties condition the organizational structure, the 

mechanism of material flow, logistics structure and processes. In particular the organization 

structure is described in-depth using the theoretical foundation provided by MINTZBERG (1979). 

Focal points for coordination have been identified in different production-logistics relationship 

types (Hillebrand 2002) and production network types (Luecke 2005). Both authors design 

appropriate organizational structures and process flows. Qualitative cost-benefit analysis is 

incorporated in the decision models of both authors. 
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Several articles examine the appropriateness of planning methods and the usage of IT tools for 

single sites dependent on some environmental factors. For example, JONSSON AND MATTSON 

(2003) characterize different planning environments by product, demand and manufacturing 

related properties and find out in an empirical study that the satisfaction level of distinct 

planning methods vary significantly depending on the planning environment. In a later study 

the same authors study the planning practice in a wide range of industries between 1993 and 

2005. The position of ERP-inherent MRP has strengthened since 1993. However, the selection 

and review of planning parameters such as planning frequency, safety stocks and lead times 

are not handled uniformly. Furthermore, important differences exist in the practice of re-

planning due to order changes. Re-planning is carried out in some cases only if few, critical 

order types are affected whereas in other cases re-planning is always done independent from 

the type of order. Some ERP systems do not support re-planning at all; others provide 

suggestions and applications belonging to a third group conduct the procedure automatically.  

JONSSON (2008) detected several ERP system user types. The ‘software reliers’ trust in the 

software support from ERP system, but they do not have sufficient knowledge, training, 

organization or accurate basic data when controlling manufacturing operations. Contrarily, the 

‘organizers’ are more involved in distribution operations and focus on organizational aspects. 

They follow-up strictly on the inventory balances and review frequently master data but 

consider the software support in the ERP system insufficient. 

While the before mentioned articles cope with ERP systems practice, JONSSON ET AL. (2007) 

conducted also research focused on the usage of SCM software. Three case studies give 

insights to off-the-shelf software implementations. The application focus varies widely and 

ranges from the strategic to the tactical management level and from manufacturing to 

distribution activities. Driving factor for APS appropriateness is complexity, either in the 

physical SC structure or concerning the decision making process (e.g. trade-offs between 

different business constraints and decision rules such as customer and item priorities). 

However, JONSSON (2008) also remarks that some complexities cannot be managed by means 

of standardized software tools. He motivates future researchers to evaluate feasibility of SCM 

software for different types of planning complexities.  

The relationship between IT capabilities and firm performance has been discussed 

controversy. DALE AND MUHANNA (2009) argue that aggregate data lead to mixed results and 

therefore propose to separate internal from external IT capabilities and to examine the 

influence of industry-specific environmental conditions (dynamism, munificence and 

complexity). They identify a strong influence of contingency factors (and even the combination 



3 Literature review 

Page 45 of 169 

 

of them) on the financial performance regarding different IT capability types. As a 

consequence the authors emphasize the difficulty in estimating the value of IT investments 

and recommend taking into consideration company-specific characteristics.  

Social network analysis (SNA) has been recently applied to study three automotive supply 

networks (Kim et al. 2011). Several centrality and complexity metrics at the node- and firm-

level help to determine specific roles in a supply network. By means of SCA material flow and 

contractual relationships can be quantified and hereafter interpreted. Sociograms are 

proposed as a visual embodiment of relationship patterns in supply networks. Although no 

concrete recommendations are presented, requirements for system integration or supply risk 

management can be derived from the network metrics. 

3.2 Novel planning algorithms and alternative coordination schemes 

Today SCM software still employs deterministic optimization models based on a strictly 

centralized, hierarchical organization concept. Within the last years practitioners as well as 

scientists have been recognized that deterministic optimization models do not represent 

adequately real world complexity. Important extensions to the basic model consider 

uncertainties either using stochastic programming or a combination of analytical and 

simulation modeling techniques, so-called “hybrid models” (Almeder et al. 2009, p. 95). These 

novel planning algorithms are described in the next section.  

Probably the most important critics on SCM software address the difficulty to establish a 

central decision unit that will be accepted by all actors. Therefore partially centralized or 

decentralized organization forms have been developed as alternatives to hierarchical planning. 

Research on these alternative coordination schemes are exposed in chapter 3.2.2. 

3.2.1 Novel planning algorithms for centralized organizations  

STADLER (2000) provides a comprehensive introduction to mathematical algorithms such as 

linear programming and heuristics search methods nowadays implemented as deterministic 

optimization models in SCM software.  

A stochastic program is a mathematical program in which some of the parameters defining a 

problem instance are random (e.g. demand, yield). The basic idea behind stochastic 

programming is to make some decisions now (stage1) and to take some corrective action 

(recourse) in the future, after revelation of the uncertainty on further stages (Gupta and 

Grossmann 2011).  

GUPTA AND MARANAS (2003) use stochastic programming to increase planning quality by 

incorporating uncertain demand and obtain improved expected values for service level and 
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cost. GEORGIADIS ET AL. (2011) consider time varying demand uncertainty for the optimal design 

of supply chain networks. SHODI AND TANG (2009) include cash-flow optimization taking into 

account borrowing limits in their SC model. Additionally, adapting the Value-at-Risk measures 

from financial risk management, they introduce demand-at-risk, inventory-at-risk and 

borrowing-at-risk measures that quantify the probability of violation of financial constraints. 

LONGINIDIS AND GEORGIADIS (2011) respect financial constraints when designing optimally supply 

networks. Flexibility is one of the major concepts to cope with uncertainty. Therefore recent 

research (Das 2011) considers flexibility regarding product mix, capacity, supplier selection and 

customer service level in the optimization model.  

Several off-the-shelf IT tools are available nowadays (di Domenica et al. 2007). Stochastic 

programming has been formerly employed only for long-term decisions characterized by 

significant uncertainties, e.g. in field of financial risk management or strategic supply chain 

design. Mid-term supply chain planning problems are rarely addressed in industrial practice 

today. Reasons are the complexity in model building and the high computational effort. 

Nevertheless, advances in hardware and software will make stochastic programming viable 

also for decision-making on the operational level. To reduce the calculation time and 

complexity, solution strategies recently are developed (Gupta and Grossmann 2011). The 

primary reason why stochastic programming is not widely applied in industrial applications is 

the complexity of the method and its low comprehensibility. A challenge facing researchers is 

“selling the superiority of optimization-based risk-management approaches to managers” 

(Shodi and Tang 2009, p. 737). Simple stochastic programming models that can work hand-in-

hand with deterministic models in extended ERP/APS systems (e.g., SAP system with advanced 

planning and optimization or i2’s supply chain planner) to provide risk-adjusted plans provide a 

good start” (Shodi and Tang 2009, p. 737).  

The architecture of “hybrid models” is heterogeneous. For instance, queuing theory to capture 

stochastic properties can be combined with optimization (Kerbache 2004). In an illustrative 

case study from the automotive industry GNONI ET AL. (2003) interface a simulation model 

considering stochastic variability of endogenous and exogenous parameters with mixed-

integer linear programming in order to optimize the production plan. The economic 

performance of global versus local optimization is compared. GARAVELLI (2003) develops a 

simulation model that quantifies the performance of different flexibility configurations. In this 

case heuristic rules rather than optimization techniques are applied. Both papers are 

particularly interesting for the current research because sub-optimal but less complex 

solutions are considered, either by limiting the decision space (Gnoni et al. 2003) or by 

http://dict.leo.org/ende?lp=ende&p=Ci4HO3kMAA&search=comprehensibility&trestr=0x8001
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simplifying the supply chain structure (Garavelli 2003). JUNG ET AL. (2004) provide a 

sophisticated model for the chemical process industry. They interface two hybrid models – one 

for mid-term coordination and another one for short term scheduling level.  

KESKIN ET AL. (2010) integrate the vendor selection along with the optimum inventory decision 

in a scatter-search based algorithm. Solution proposals are tested by the interfaced discrete 

event simulation model considering uncertainty with respect to demand, quality and 

disruptions.  

Instead of developing new algorithms and costly software tools, some Scientifics focus on 

performance analysis and improvements based on existing ERP systems (Malhotra and 

Temponi 2010; Petroni 2002). Uncertainty of planning parameters constitutes one of the 

principal problems for ERP system user. Poor performance of MRP based systems is often due 

to uncertainties in demand and lead times (Dolgui and Prodhon 2007), but negative effects can 

be alleviated by setting logistic parameters cautiously.  

3.2.2 Alternative organizational forms  

One of the mayor problems with decentralized planning approaches is that involved parties 

are not willing to share local information. Private data may be sensitive (especially capacity 

data) and constitute a strategic advantage for bargaining, which is lost after revelation 

(Albrecht 2009). 

Quantity discounts, profit-sharing and incentive alignment are typical research focuses and 

objectives of SCM to overcome opportunistic behavior in decentralized supply chains (Li and 

Wang 2010). Misaligned incentives are often the cause of excess inventory. One of the most 

famous industry examples is Cisco, who had to write of $2.5 billion for obsolete raw material in 

2001. Cisco’s suppliers had been rewarded for quick supply. As Cisco’s demand usually 

exceeded the supply capacity, contract manufacturer speculated. They purchased components 

in large volumes at low prices and built up stocks. Demand for Cisco’s products slowed down in 

2000 and much of the excess inventory ended up in Cisco’s warehouses (Narayanan and 

Raman 2004). 

MEIJBOOM AND OBEL (2007) focus on organizational complexities rather than investing in 

advanced algorithm development. In a simulation model different coordination mechanisms, 

namely budgeting and transfer pricing, are tested for several organizational concepts in a 

complex multi-location multi-stage supply network. They recommend either the use of a 

company-wide information system for centralized coordination or to establish a divisional 

structure combined with transfer pricing. “Coordination problems can be handled by carefully 

using the available information, which is easier done in a centralized system. However, often 
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knowledge of the value-added activities is dispersed among several organizational units, 

particularly when operating in a multi-location situation”. In this case, “it makes sense to allow 

local autonomy in the supply chain” (Meijboom and Obel 2007, p. 259). In a simulation study 

they compare the performance of different coordination procedures in organization structures 

against the optimal, completely centralized model. Traditional budgeting/planning and 

transfer pricing have been tested in a functional (U-form) and divisional (M-form) organization 

structure. Given a limited number of negotiation rounds only the (decentralized) M-form in 

combination with transfer pricing gives satisfactory results compared with the ideal base 

model. MEIJBOOM AND OBEL (2007) conclude that in a multi-location multi-stage setting 

coordination requirements are essentially more complex than in a traditionally structured 

organization. Thus, a decentralized organization structure with adequately designed 

coordination devices can be an alternative to IT-based focused centralized organization.  

A rather generic guide to select adequate coordination mechanisms has been presented by XU 

AND BEAMON (2006). They developed a framework for effective coordination mechanism 

selection based on transaction theory. On the one hand the particular supply chain is classified 

by its operating environment based on interdependence type, environment uncertainty and 

the level of support by information technology. The characteristic operating environment is 

associated with low, medium or high cost for coordination, operational and opportunistic risk. 

Those coordination mechanisms that are appropriate to reduce the total cost should be 

implemented. The decision is based on the influence of the operating environment on the 

relative improvement considering coordination costs, opportunistic risk and operational risk 

costs. 

PHILIPPSON (2003) describes an agent-based coordination concept for distributed locations. He 

argues that the situation of make-to-order networks is characterized by high level of lack of 

information about planning data. Under these circumstances collaborative concepts that 

coordinate distributed organization units and ERP systems are more reasonable than the 

central planning approach supported by SCM software.  

The utility of scheduling software is evaluated by SCHOTTEN (1998) based on coordination costs 

and benefits. Production system’s characteristics account for a particular interdependence 

structure. Several reference organization concepts have been developed. The efficiency of 

each organization concept depends on the ability to manage dependent activities and its 

coordination cost. The latter is calculated based on working hours employed for the 

management of activities which can be significantly reduced using scheduling software.  
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For decentralized organizational forms information asymmetry and individual objective 

function of each collaborative partner are characteristic. ALBRECHT (2009) develops several 

coordination schemes that define the type and sequence of exchange of private information. 

Different mechanisms for surplus sharing of the system-wide benefits are proposed that 

encourage truthful information exchange among the actors. In a similar manner, DUDEK AND 

STADLER (2005) present a negotiation-based coordination scheme. The collaboration partners 

exchange order proposals and modified counter-proposals following an iterative coordination 

procedure. The data exchange is limited to uncritical information and the procedure is 

interrupted after a limited number of negotiation rounds.   

JUNG ET AL. (2008) show that with decentralized coordination acceptable performance levels 

are achievable compared to the fully centralized form if quantity information is shared. 

Information sharing of real-time demand and stock information has become one key driver to 

improving supply chain performance (Li and Wang 2010). SCHNEEWEISS AND ZIMMER (2004) 

examine the performance of distributed decision making in a supplier-producer relationship. 

Results that the (reactive) anticipation of some critical parameters - namely supplier’s capacity 

situation and expansion cost - lead to a near-optimal performance. For independent entities 

partially centralized approaches with benefit sharing concepts have been developed that can 

be applied when centralized master planning might not be accepted by the involved parties 

(Pibernik and Sucky 2007).  

Fashion supply chains face great demand uncertainty and at the same time the product’s 

selling season is short. CHEN ET AL. (2010) design a risk and profit sharing contract where the 

supplier reserves capacity in an early phase and the retailer later determines the order 

quantity and the retail price based on updated demand information. RODRÍGUEZ-RODRÍGUEZ ET 

AL. (2011) realize a simulation study where several retailers book capacity to the same supplier. 

Collaborative negotiations among the self-interested retailers improve individual and network 

results when comparing to strict competition. 

Recently the competition among supply chains moved in the focus of research interest. For 

example, ZHAO AND SHI (2011) examine several influence factors such as market competition 

(i.e. the degree of product substitution between supply chains), the number of suppliers, the 

contract type and the decentralization grade. 

In this research no fully decentralized SC coordination approach will be applied. Nevertheless, 

split decision rights, iterative negotiation procedures and influence factors that favor certain 

contract types might be – at least partially – applied in hierarchies as well.  
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3.3 Cost-benefit analysis  

ERP systems are considered indispensable (Patterson et al. 2004, Su and Yang 2010) while 

benefits of additional add-on software tools such as SCM systems are questioned (Hvolby and 

Steger-Jensen 2010). Regarding SCM software on the one hand system´s complexity is 

considered the major reason for the slow propagation and its limited use (Hvolby and Steger-

Jensen 2010). On the other hand the benefits of these systems increase with the planning 

complexity to deal with (Jonsson and Mattsson 2003, Jonsson et al. 2007).  

Academic research (e.g. Buxmann et al. 2004, Schiegg 2005) as well as studies from the 

software and consulting service industry (e.g. Willis 2006) confirm that SCM software has not 

been implemented in the majority of the companies. According to BUXMANN ET AL. (2004) the 

main reason for market caution is the difficulty to quantify benefits (> 60 % affirmative 

respondents) followed by high implementation and software cost (> 20 %). Internal reasons 

often impede SCM software investments (Willis 2006), for example the lack of resources for 

training, IT and process experts, senior management involvement etc. IT tools are missing that 

support the quantification of benefits of SCM software implementation. Therefore BUXMANN ET 

AL. (2008) develop a simulation model in order to compare the benefits of decentralized and 

centralized cooperation.  

RANGANATHAN AND BROWN (2006) studied the stock value of firms after investments 

announcements regarding ERP systems. Positive increases in returns could only be found if 

both, functional scope (i.e. various modules) and physical scope (i.e. multiple sites) are great.  

The operational and financial impact of SCM software implementations have been studied by 

BLANKLEY ET AL. (2008a). For proven improvement on inventory metrics a full scale, company-

wide roll-out is required. It is important to note that apart from these first-order, operational 

effects also second-order, financial impacts are observable – but after a significant time lag. 

Those benefits, such as sales growth, reduction in administration cost or the increase of firm 

value are more difficult to capture (Blankley et al. 2008b).  

SCM research focuses in a large number of cases only on the benefits of software 

implementations. KAIPIA (2009) remarks that information gathering and analysis results in 

important organizational cost. Therefore the optimal level of (costly) information sharing shall 

be determined according to the capability to react to changes on the material flow level.  

The generation of cost optimal master plans is a central concern of APS software. However, 

practitioners emphasize other outstanding functionalities such as what-if-analysis and the 

potential for reduction in overall planning times (Ivert and Jonsson 2010). The need for re-

planning procedures and increased planning frequencies is one of the major challenges for the 
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future because forecast accuracy is expected to remain poor. Industry reports confirm 

“forecast accuracy and demand variability as number one obstacle“ for performance 

improvements (Gilmore 2010). “Customers are guided by circumstances that are impossible to 

have control over” (Ivert and Jonsson 2010, p. 674). Forecasting techniques based on historical 

time series fail because “demand shocks move demands up and down. HABERLEITNER ET AL. 

(2010) therefore propose to rely on “advance demand information’’, i.e. interpret early 

customer bookings as an indicator of not yet known demand (Haberleitner et al. 2010, p. 518).  

A benefit analysis of SCM software is presented by ROESGEN (2007). Different, interdependent 

benefit categories are associated with multiple objectives and functional software modules. 

The total benefit from the use of certain software can be quantified according to the individual 

goal preferences of a company. The model facilitates the systematic selection of SCM modules 

that are most beneficial without explicitly taking into account particular network 

characteristics. Nevertheless users define their preferred benefit categories so that structural 

properties are considered implicitly.  

IRANI ET AL. (2006) review several cost taxonomies showing that the implementation of IT 

systems deeply impacts the organization and therefore multiple cost elements apart from 

purchasing soft- and hardware are relevant for the financial evaluation. Even productivity loss 

is reported, for example due to extensive training needs or troubleshooting that requires 

involvement of all organizational levels and functions, such as top management, administrative 

personnel and IT experts.  

Apart from direct total cost of ownership also opportunity costs are associated with SCM 

software (McLaren et al. 2002). These concerns are more important in case of external 

partnerships, because changing business partners would require significant switching cost. 

However, nowadays divestment activities cause continuous changes in configurations of intra-

organizational networks. Therefore sunk cost – as part of the switching cost (Whitten and 

Wakefield 2006) – are incurred whenever profound changes of the software model become 

necessary due to divestment of facilities, products or sales regions.  

Intangible and qualitative benefits are difficult to incorporate in the financial evaluation model. 

MURPHY AND SIMON (2002) showed that the quantification of intangible benefits, such as 

improvements in internal workflow and information access or customer service, considerably 

increases the NPV. If managerial options are incorporated in the financial evaluation, the NPV 

might be increased further (Balasubramanian et al. 2000). The option to expand either by 

implementing new modules or roll-outs in additional business divisions, the option to defer 

new investments or the option to abandon existing ones are commonly cited (Wu et al. 2008).  
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PETRONI (2002) provides a detailed list of implementation benefits for ERP systems, but 

remarks that critical success factors strongly condition the success. A recent study in the 

Taiwanese industry points out that ERP benefits predominantly have a positive impact on SCM 

competencies (Su and Yang 2010). This result is not surprising but raises the question of 

whether SCM software is absolutely necessary for SCM or if coordination based on ERP 

systems might be sufficient.  

3.4 Deficiencies and need for further research 

The first group of researchers carried out empirical studies on the experience with SCM and 

supporting IT systems. There is no doubt that contextual factors such as firm size, production 

system properties, demand uncertainty or power balance among partners have strong 

influence on the appropriateness of different organizational designs. However, very few 

papers have discussed coordination mechanisms and their proper implementation. The 

mindset of human planners is decisive for the success of SCM software because dependent on 

the user type, the level of trust in IT systems and the willingness to spend resources on the 

parameterization is determined. Detailed coordination properties have to be taken into 

consideration such as planning frequency, re-planning needs as well as information gathering 

and processing because of their impact on cost and responsiveness. ARSHINDER AND DESHMUKH 

(2008) highlight the lack of empirical studies on the “conditions under which sub-type of 

coordination mechanism” shall be employed. They also remark that “there can be situations 

where two mechanisms are required to reduce the supply chain costs” and that “models are 

required to evaluate the degree of coordination” (Arshinder and Deshmukh 2008, p. 325). 

Social network analysis used by KIM ET AL. (2011) provides centrality and complexity metrics but 

the study is realized on a high aggregation level. Within this research stream, I propose to 

detail contextual factors, organizational designs and software functionalities and study the fit 

among the three elements. Higher resolution of the research scope will allow more concrete 

recommendations for industrial practice.  

The second research group can be split into one group of authors who further improve 

centralized optimization algorithms considering uncertainty either by means of stochastic 

programming or ‘hybrid’ models and another group of researchers who focus on decentralized 

coordination procedures. Within the latter community, relatively simple coordination schemes 

have been presented which achieve near-optimal results if at least some uncritical information 

is made available to the supply chain partners. Future research within this stream shall focus 

on the identification of coordination mechanisms required for the profitable use of 

collaboration-focused SCM modules. This is important because the success of decentralized 
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concepts depends strongly on the willingness of supply chain partners and the dynamic 

interaction of organization units. Therefore prerequisites – i.e. favorable conditions for the 

implementation of particular coordination schemes – shall be described. 

The third group of scientifics focuses on benefits and costs of SCM software implementations. 

The list of benefit and cost categories is much longer than might be expected at first sight. 

Apart from positive direct operational effects, the use of SCM software might suppose indirect, 

long term benefits such as sales growth or increase in firm value. The evaluation of SCM 

software success depends on uncontrollable contextual factors, but also on controllable 

organizational design parameters. In general, few methods have been developed for the ex-

ante evaluation of SCM software benefits. Organizational costs are not considered with 

sufficient concern and available methods in many cases do not allow the comparison of 

different organizational designs and IT solutions. For example, decentralized planning 

approaches might offer acceptable results using relatively simple, low-cost software solutions.  

Research opportunities regarding SCM and supporting software applications can be 

summarized as follows (see Figure 3.1): 

 The coordination mechanisms required for the implementation of specific SCM 

modules need to be defined in detail. If possible, coordination schemes should be 

characterized including the dynamic interaction of organization units. 

 The classification of contextual factors with impact on the appropriateness of 

organizational designs and IT systems shall be further intensified.  

 Most evaluation models do not consider organizational benefits and costs of SCM 

software implementations with sufficient detail. Real world conditions should be taken 

into account because success probabilities of SCM software depend largely on the 

representation of complexity.  

 Decentralized planning approaches might offer acceptable results using relatively 

simple software. Available evaluation models in many cases do not allow the 

comparison of different organizational designs and IT solutions. 
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Figure 3.1: Research classification – findings, gaps and future needs. 

Apart from the above mentioned proposals, results obtained in one research segment shall be 

exploited in other fields. For instance, observations from empirical studies about 

organizational fit and network characteristics can be used as basis for decision support tools 

regarding SCM software investments. Furthermore, real world conditions should be taken into 

account when evaluating the efficiency of SCM software because success probabilities depend 

largely on the representation of complexity. Available off-the-shelf SCM software packages do 

not incorporate stochastic methods. However, these sophisticated prototype algorithms can 

be applied in experimental scenarios for the identification of (un)favorable contextual factors, 

hence supporting improved software investment decisions. 

I have carried out some previous research in order to close existing gaps.  

Several organizational forms and IT support levels have been evaluated in different network 

types (Mittermayer and Rodríguez 2008). For each network configuration specific business 

process architectures are proposed. Coordination cost is divided into structural and activity-

dependent cost. The latter is characterized by two components, routine and iterative planning 

cost. Stochastic contextual factors have been taken into account, namely demand forecast 

errors and machine breakdowns. For the evaluation spreadsheet simulation software has been 

employed. Other simulation tools are more adequate to model precisely the material flow, the 

planning procedures and the interaction among both layers. Therefore the basic model has 

been further extended and coded using discrete event simulation software (Mittermayer and 

Rodríguez 2009). From the point of view of organization theory, the fundamental problem of 

the ERP system is the sequential planning logic. Costly iterative procedures and re-planning 

might be necessary. Therefore in a recent paper the ‘iterative factor’ is defined, which 

captures the probability of iterative procedures as main coordination cost driver (Mittermayer 
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and Rodríguez 2013). The ‘iterative factor’ is quantified experimentally in a discrete event 

simulation study.  
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4 Model concept  

In this chapter the requirements for scientific research are revised and applied to the present 

research topic. The evaluation method to be developed shall comply with requirements 

regarding form and content. The research problem will be concretized before finally the 

architecture of the evaluation method is outlined. 

4.1 Requirements in form and content 

In the previous chapters the status quo of SCM software has been discussed. In industrial 

practice SCM software is not implemented extensively. This is due to corporate reasons such 

as organizational incompatibilities or resistance to share information, the heterogeneity of 

software market and difficulties in quantifying costs and benefits (compare Figure 2.6). 

The literature review revealed that IT investment in general, and SCM software in concrete, is 

associated with several direct and also indirect, rather hidden benefits and costs. Benefits and 

risks are perceived stronger at initial stages of SCM implementation involving basic web-

enabling and automation of essential communication capabilities than at later SCM stages 

when more sophisticated and costly technologies for supply chain optimization are required 

(Ranganathan et al. 2011). Figure 4.1 depicts the particular problem with SCM software 

(Roesgen 2007, p. 41). The implementation risk of SCM software is high because 

implementation benefits are to a large extent indirect and the realization depends on the 

success of organizational restructuring.  

 

Figure 4.1: Implementation risk of IT systems. Source: adapted from Roesgen (2007). 

In order to overcome the evaluation difficulties the method developed below shall provide the 

user a tool for identifying and quantifying costs and benefits from the use of SCM software for 
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The scientific research method must comply with some formal requirements (Crowther and 

Lancaster 2009, p. 80): validity, reliability and generalizability.  

Validity refers to the extent to which the research method considers what is supposed to be 

measured.  

Reliability relates to the extent to which a particular data collection approach will yield the 

same results in different occasions.  

Generalizability, also referred to as “external validity” (Saunders et al. 2009, p. 158), relates to 

the extent to which results from data can be generalized. Two aspects are commonly 

distinguished. First, the sample drawn must be representative for a sufficiently wide 

population. Second, the findings must be equally applicable to other research settings such as 

other organizations. 

Some authors also include ‘utility’ in the formal requirements referring to the functionality, the 

practicability and the efficiency of the method as well as the relevance of the results. 

Furthermore, the method must be designed so that the postulated overall objective is 

achievable (Roesgen 2007, p. 41).  

Based on the literature review the major research gaps have been identified and the research 

objective has been defined. The content requirements which have to be fulfilled to achieve the 

research objective are listed in Figure 4.2. 

 

Figure 4.2: Content requirements. 
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Therefore the relationship between organizational design parameters and dependencies will 

be explained and afterwards introduced in an evaluation model in order to quantify the 

relative costs and benefits.  

4.2 Research methodology  

In this research two different models will be employed for the determination of coordination 

efficiency. On the one hand a static, rule-based model will be developed which allows the user 

to achieve an approximate, but sufficient solution to the organizational problem in short time 

incurring relatively low effort for modeling and data feed. On the other hand a dynamic 

simulation model is developed which contains a material flow and a coordination layer.  

Various modeling methods such as systems dynamics (SD), discrete-event simulation (DES) and 

agent-based simulation (ABS) are commonly proposed as decision support tools in the supply 

chain context (Tako and Robinson, 2012; Siebers et al., 2010).  

The decision making process can be modeled properly by means of DES and ABS, because the 

behavior of entities (for example organization units) can be defined at discrete points of time 

and stochastic influence factors (for example demand) can be parameterized. ABS is the right 

choice for decentralized concepts with distributed decision makers, i.e. when actively behaving 

entities with own threads of control are involved (Siebers et al., 2010). In the current research 

only central decision making alternatives are compared – therefore DES has been chosen 

instead of ABS. 

The term “discrete” refers to the fact that DES moves forward in time at discrete intervals, i.e. 

the model jumps from the time of one event to the time of the next (Karnon et el. 2012). 

For the development of simulation models the detailing must be considered carefully. On the 

one hand detailed models better reflect real word conditions so that the validity of simulation 

results is guaranteed. On the other hand high detailing grade leads to structural model 

complexity and extensive parameter input requirement (Karnon et al. 2012). In order to 

reduce the modeling effort and parameter estimation, in this research strong emphasis is laid 

on the detection of decisive parameters and the restriction to these influence factors. 

Furthermore the model is built modular so that the assembling of individual building blocks 

represents a broad variety of real world situations without incurring high coding effort for each 

modification. Although this model delivers preconfigured elements and methods, the 

simulation model is far more laborious to construct, to parameterize and to analyze than the 

rule-based model.  

Figure 4.3 summarizes advantages and inconveniences of both methods.  
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Figure 4.3: Comparison of rule-based and simulation-based model. 

Discrete event simulation model 

The core concepts of DES are entities, attributes, events, resources, queues, and time. 

Entities are objects that have attributes, experience events, consume resources, and might 

enter queues, over time. Attributes are features specific to each entity that allow it to carry 

information. These values may be used to determine how an entity responds to a given set of 

circumstances. Attribute values may be modified at any time during the simulation, may be 

aggregated with those of other entities, or analyzed further outside the simulation (e.g. to 

estimate mean cost and effect). Events are broadly defined as things that can happen to an 

entity or the environment. Events can occur, and recur, in any logical sequence. 

A resource is an object that provides a service to an entity. This may require time. DES 

represents resource availability at relevant points in time. In representing resources, DES can 

capture spatial factors. If a resource is “occupied” when an entity needs it, then that entity 

must wait, forming a queue. A fundamental component of DES is time itself. An explicit 

simulation clock (initiated at the start of the model run) keeps track of time. Referencing this 

clock makes it possible to track interim periods. The discrete handling of time means that the 

model can efficiently advance to the next event time, without wasting effort in unnecessary 

interim computations. 

Generally, a simulation model is developed for modeling the overall behavior of the system, 

including control methods and reflecting the physical system by modeling the resources. 

Simulation permits to evaluate behavior of a manufacturing process under different sets of 

conditions; hence carry out 'what-if' scenario analysis in order to identify better physical 

configuration and operational policies. Discrete event simulation software has been used in 

the following areas (Wang et al. 1995, Randall 2002): 

 

Advantages

• Uncertainty is incorporated explicitly in parameters
• Coordination activity level is modelled, coordination

frequency can be adjusted to real world conditions
• Precise economic metrics as result

Inconveniences

• Complex modelling 
• Assumptions based on historic data
• Conclusions valid only for specific configurations tested

Simulation-based Model

Advantages

• Insights concerning the relationship between network
configuration, Coordination schemes and software 

• Rapid method application
• General observations

Inconveniences

• Uncertainty is incorpoRated only implicitly in factors
• Fixed Coordination frequency is assumed
• Recommendations based on relative comparison only

Heuristic Model
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1. An explorative study of an existent system to find possible improvements. The 

simulation model is used to rapidly make a number of changes to see if the 

system can be improved by, e.g. changing scheduling rules, operating rules, or 

the system itself. 

2. Study an existent system with some suggested changes and compare the 

results in order to see if the changes are profitable. This is similar to the 

previous but here the model is used to validate proposed changes, not to find 

them. 

3. Design and validate a system to be. In this case the simulation is used in the 

design process in order to validate the performance or function of the system, 

and at the same time detect possible enhancements of the proposed system.  

In this research several alternative coordination approaches are compared by means of 

simulation (equivalent to the first use case).  

4.3 Model overview and research objectives 

The evaluation model is founded on organization theory. The most striking aspects of 

organization theory regarding organizational design and dependency properties are outlined in 

the next chapter. However, the model overview exposed in the following will anticipate some 

of the prominent buzzwords. 

Basically, the existence of dependencies is the reason of management need. Therefore, 

dependencies will be analyzed in depth. The dependency structure is decomposed in its 

individual relationships and each one is classified according to efficiency-sensitive 

characteristics such as dependency intensity, type, extension and directness. Once the 

dependencies are identified and its impact is quantified, the management options are 

addressed. Each coordination scheme is synthesized out of a set of organizational design 

elements. Hence, the combination of different elements defines the particular task distribution 

among organization units, mechanisms and instruments. Apart from these rather high-level 

properties, more detailed characteristics such as frequency of execution, triggering and control 

flow are important design parameters. 

As a result the fit between organizational design parameters represented by a particular 

coordination scheme and dependency characteristics which make up network configurations is 

expressed (see Figure 4.4). 
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Figure 4.4: Decision variables and parameters. 

Finally, the evaluation engine which is either rule- or simulation-based, quantifies the 

appropriateness of each organizational design proposals for the particular dependency 

structure. In case of the rule-based engine, the individual effects are consolidated in metrics 

which allow a rather abstract efficiency comparison for all coordination schemes. In contrast, 

the simulation model is less abstract – dependency characteristics and organizational 

parameters can be modeled precisely and coordination efficiency objectives can be 

concretized.  

 

  

Dependency intensity

• Internal and external influence factors
• Planning horizon of decision field

Dependency types

• Structural complexity
• Underlying objects
• Problem type

Directness and extension

• Core relationships
• Overlapping of several dependencies
• Indirect effect by shared locations

Structural organization

• Task centralization
• Task scope
• IT system type

Process organization

• Work flow
• Coordination mechanisms
• Coordination instrument

Coordination parameters

• Trigger
• Frequency
• Control flows

SYNTHEISIS OF COORDINATION SCHEMES

ANALYSIS OF DEPENDENCY STRUCTURE

Rule-based
Decision engine

Simulation-based
Decision engine
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5  Fundamentals of efficient organizational design 

The framework of organization theory provided by MINTZBERG (1979) has been successfully 

applied by other authors (e.g. Klaas 2002) to the field of SCM and will serve as the backbone 

for the evaluation model. The idea of coordination efficiency presented by FRESE (1993) and 

the effect of IT described by MALONE (1994) will complete the theoretic framework.  

The concepts of organization will be detailed for in the field of SCM and the parameters of 

decision making are described.  

The classification of dependencies and the identification of influence factors are required as 

the basis for the evaluation model. 

5.1 Coordination efficiency and the role of IT 

Coordination efficiency is determined by two concepts, coordination and autonomy costs. The 

gap between the optimal results of the best performing organization and an alternative, lower 

rendering organization is called autonomy cost. To avoid autonomy cost more complex but 

costly coordination mechanisms and (IT) instruments can be applied. Coordination benefit is 

the reciprocal value of autonomy cost.  

Coordination benefit includes cost reductions thanks to lower inventory levels and 

manufacturing or distribution cost savings. However, also quality, time and flexibility 

objectives must be contemplated as major drivers for short and long term business success. 

Table 5.1 includes a multidimensional view on coordination benefit. 

Table 5.1: Coordination benefit. Source: Handfield and Bozarth (2015); Pinedo (2012). 

Quality Cost Time Flexibility 

Performance Manufacturing Delivery speed Mix  

Conformance Purchasing Delivery reliability Changeover 

Reliability Warehousing 

Distribution 

Quality  

Tardiness 

 Volume 

 

Coordination cost can also be decomposed in several ways. Table 5.2 depicts a cost taxonomy 

presented by IRANI ET AL. (2006). Coordination cost must be incurred in order to achieve 

coordination benefit. Note that coordination benefit regularly contemplates cost dimensions 

(as depicted in Table 5.1) but not coordination-related ones.  
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Table 5.2: Coordination cost. Source: adapted from Irani et al. (2006). 

Technology cost  Organization cost 

Direct project and IT cost Indirect human costs Indirect organization costs 

Concept Example Concept Example Concept Example  

Environmental 

costs 

Uninterruptible 

power supply 

Management/

staff resources 

Integrating the 

new system 

into work 

practices 

Productivity 

loss 

Developing 

and adapting 

to new 

systems 

Hardware 

costs 

File server, 

Network 

printer 

Management 

time 

Devising, 

approving and 

amending IT 

strategies 

Strains on 

resources 

Maximizing 

the potential 

of the new 

technology  

Software costs Database 

software, 

Additional 

networking 

software 

Cost of 

ownership: 

system 

support 

Vendor 

support, 

trouble 

shooting costs 

Business 

process re-

engineering 

Re-design of 

functions and 

processes 

Installation 

and 

configuration 

Consultancy 

support  

Network 

wiring,  

customizing 

Management 

effort and 

dedication 

Linking and 

integrating 

new systems 

together. 

Organizational 

re-structuring 

Covert 

resistance to 

change 

Overhead Running costs: 

electricity, 

insurance  

 

Employee 

time 

Detailing, 

approving new 

systems 

together 

Convert 

resistance 

Unwilling to 

make the 

transition  

Training costs Software 

course 

Employee 

training 

Being trained 

to manipulate 

the system 

and training 

others 

Opportunity 

cost and risk 

 

Maintenance 

costs 

Yearly service 

contract for 

software and 

hardware 

Employee 

motivation 

Interests in 

using the 

system 

reduces as 

time passes 

Hardware 

disposal 

The removal of 

old hardware 

prior to 

environmental 

friendly 

disposal 

  Personnel 

issues 

Changes in 

salaries: pay 

increase based 

on improved 

employee 

flexibility 

  

 

In the present research, the differentiation between technology cost and organization cost is 

made as proposed by IRANI ET AL. (2006). However, within the latter category, structural cost 

will be distinguished from activity-dependent cost, subdivided into cost associated with 
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routine activities and other incurred for exceptional activities. Figure 5.1 depicts the different 

cost categories while Figure 5.2 points out conceptually the cost curves as a function of 

coordination intensity. 

 

Figure 5.1: Coordination cost elements. 

Note that the structural cost components remain constant independently from the activity 

level. In contrast, the autonomy cost decreases and the activity-dependent organizational cost 

increases if the activity level is higher. More intensive coordination leads to higher 

organizational cost but shall also lead to coordination benefit expressed by the reduction of 

autonomy cost.  

Organization activityOrganization structure

Technology structure

• Software implementation
• Software licenses and updates
•Hardware 
• Building infrastructure  
• Communication / Cabling
• Insurance 

• Central planning unit
• System integration
• Training
•Master data updating
• Change approvals  
• Standardization

ROUTINE
• Task realization
• Supervision
• Communication 
• Decision making
EXCEPTIONAL
• Iterations of routine procedures
• Re-planning due to situation changes  
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Figure 5.2: Coordination and autonomy cost. Source: adapted from Frese (1993). 

However, this relationship only applies if the organizational form and IT support remains 

unchanged. Using SCM software, some tasks formerly realized by the human planner will be 

performed by the IT systems. As a consequence an important part of activity-dependent 

organization cost is eliminated.  

MALONE (1994) describes several effects of IT use. The ‘first-order’ effect refers to the 

substitution of human coordination. Furthermore, thanks to reduced coordination cost the 

coordination can be intensified (‘second-order effect’). IT systems might enable coordination 

structures that were previously too expensive (Malone 1994). The ‘third-order effect’ 

represents the shift towards coordination-intense structures using sophisticated IT systems. In 

case of SCM software all described effects are addressed. In particular the ‘third-order effect’ 

is opted for, due to the shift from the sequential, partly manual task execution to the 

simultaneous, computer-performed optimization approach.  

5.2 Interdependent decisions 

Coordination can be improved through the reduction of autonomy costs when better methods 

are employed, a broader data base is consulted or the organization structure is redesigned. 

Decisions are interdependent if the outcome of one decision would influence the result of 

another decision. In SCM the interdependence of decisions often is a consequence of 

(intended) lack of information because the overall complex problem is subdivided in partial 
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task. The interdependence of decisions is caused by underlying relationships in the network 

structure. These relationships will be classified. 

The major properties of decisions – parameters, variables and the objective function – are 

described below. 

Decision parameters, variables and objectives 

The characteristic SCM tasks are differentiated by the functional scope and the horizon of the 

decision field (Figure 2.5). The longer the horizon, the larger the data base considered and 

consequently the more complex is the decision task. Aggregation is used to reduce the 

complexity on long- and mid-term levels. Similar machines, processes, materials, finished 

products or markets shall be grouped if sufficiently homogenous. The time periods can be 

consolidated in buckets of weeks or months. Information is considered for the entire planning 

horizon whereas for a shorter period, one planning cycle, decisions are fixed (Heinz 2006, p. 

61). The extension of the planning cycle shall be determined as a function of uncertainty. 

SCHOTTEN (1998, p. 61) proposes to restrict the cycle length that assures the fulfillment with a 

certainty of approximately 75 %. Problems occur if data needs to be disaggregated on lower 

planning levels. When the time dimension is aggregated, detailed plans might overlap among 

two aggregated time buckets. The disaggregation of products with non-identical bill-of-

materials (BOM) or routings causes inconsistencies on the scheduling level (Stadtler 2000, p. 

129). Therefore products (or materials) and resources shall be grouped in combinations 

leading to so called Product-Process-Models. The aggregation criteria among different 

functional departments usually are not the same. Sales for instance, might be organized 

following geographic regions, production according to technological capabilities and in 

procurement responsibilities can be assigned according to material groups.  

Decision parameters determine the extension and granularity of the decision task. They mark 

the conditions of the task and restrict the considered data and its detailing. Decision variables 

in contrast are desired outputs as a consequence of the task realization. They determine: 

- Supply, production, transport or sales quantities and dates  

- Selection of material or process specifications  

- Selection of alternative resources or locations  

Different objective categories – cost reduction, improvements in customer service and market 

responsiveness – have been presented in chapter 2. The goal achievement level depends on 

decision parameters and variables, but also on the methods employed and IT tools available. 

Specific scenarios will be designed in chapter 6. In the next chapter, dependencies are 

classified and the contextual factors are identified that affect the intensity of dependencies. 
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5.3 Dependencies 

Organizations are characterized by interdependencies among decisions as a consequence of 

the division of labour. Fundamentally different dependencies have been described in chapter 

2.6 based on the research conducted by MALONE (1994). These are namely flow, fit, sharing 

and assign dependencies. Each dependency can be decomposed in individual branches (or 

synonymously associations) among two locations. Dyadic dependencies with only one 

association can be differentiated from polyadic configurations with two or more associations. 

Flow dependencies are always dyadic, whereas fit and assign relationship are polyadic by 

definition. Sharing dependencies can appear either as dyadic or as polyadic. The number of 

associations per dependency will be added as further classification criteria. 

Dyadic dependencies are characterized by direct material flows from upstream to downstream 

facilities, i.e. both locations are found on distinctive stages within the network. However, in 

case of polyadic dependencies, additional to the association of locations on different echelons, 

also decisions concerning locations on the same stage might be interdependent although no 

direct material flow takes place. 

Branches can be differentiated furthermore by the affected echelon and the alliance type, 

which represents the grade of directness. To answer the question how many echelons are 

involved, simply the number of different production stages must be identified. 

Figure 5.3 depicts an exemplary dependency 𝑎 = 1 including branches 𝑏 = 1 to 𝑏 = 3 

spreading over two echelons (𝑞 = 1 and 𝑞 = 2). 

 

Figure 5.3: Dependency, branch, echelon. 

The alliance type describes the relatedness among dependencies. Direct (synonymously 

“core”) relationships (𝑝 = 0) are elemental and refer to associations of a single dependency. 

Indirect relationships (𝑝 > 1) describe the connection between branches of different 

Echelon 1

Echelon 2 Branch 1,2

Branch 1,1

Branch 1,3

Dependency 1
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dependencies. Indirect relationships are characterized according to the grade of relatedness. 

The highest grade is given if affected locations of both associations coincide completely 

(congruent, 𝑝 = 1). Alternatively, only one common location is shared (adjacent, 𝑝 = 2) 

among two associations. The highest level of indirectness among connected associations exists 

if two adjacent relationships (remote, 𝑝 = 3) overlap. Figure 5.4 depicts schematically 

different relationship grades and echelons. 

 

Figure 5.4: Alliance and echelon types. 

Fundamentally two resource types might be affected, material or capacity. In this research 

only production and warehousing capacities are taken into account. Concerning material 

resources, raw materials (and components) are distinguished from finished product.  

Dependency types 

In the following flow, fit, sharing and assign relationships are described in detail (Figure 5.5).  

Direct (p=0) Congruent (p=1) Adjacent (p=2) Remote (p=3)

No overlapping

Overlapping of dependencies

1st tier (q=1)

2nd tier (q=2)

3rd tier (q=3)
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Figure 5.5: Core dependency types. 

Flow dependencies arise among two locations if one location receives material or production 

services from another. The BOM of a product and routing of its production process informs 

about the distribution of production and transportation processes among the locations of the 

supply network. The traditional supplier relationship is characterized by order placing through 

the downstream location determining delivery dates and quantities. If the upstream location 

itself produces the material, the existing stock of the components will be considered before 

production dates and quantities are fixed and raw material supply dates and quantities are 

calculated taken into account the corresponding stocks. When material is provided by the 

client in order to process on unique production technology at the supplier location, decisions 

related to raw material supply and delivery quantity decisions are not relevant. In an even 

more simplified situation no transformation process is foreseen so that production decisions 

are not affected. Flow dependencies always affect different echelons. 

Fit dependencies occur if material flows from different supplying locations have to be 

synchronized because at the downstream location both materials are required at the same 

time. These dependencies combine associations on different echelons with at least one 

association on the same echelon because decisions at parallel locations have to be 

coordinated. The fit interdependency must be considered if at least two dyadic flow 

relationships have to be synchronized regarding delivery dates and quantities. 

Sharing dependencies suppose that orders from different clients or demand requirements 

stemming from different products share common resources. For dyadic cases the different 

echelons must be coordinated; for polyadic cases additionally tasks on equal echelons. Shared 

resources are either materials or capacities or both. The coordination problem requires 
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Flow Sharing

Sharing Assign

polyadic

dyadic
Ressource
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sequencing of orders. If demand requirements concerning delivery quantities and dates cannot 

be met due to material constraints or capacity limitations, then only a limited number of 

orders can be allocated to resources in a certain period. If different orders from the same 

downstream location require identical capacity or raw material, then limited resources have to 

be allocated to a required time period and dyadic sharing dependencies have to be faced. In 

contrast, if orders from different locations require identical resources, a polyadic sharing 

interdependency is evident. In case of sharing dependencies, resources are not redundant, 

they have to be shared. In Figure 5.5 this property is represented by one unique supply source 

for each material. 

Flow, fit and sharing relationships generate decision interdependencies which require 

mandatory coordination. For example, if for two different finished products identical 

components are required and the stock is limited, then the material must be dedicated, e.g. 

according to a quote, a priority rule or similar.  

Assign relationships are always polyadic. Assign relationships are based on redundancy of 

resources at different locations and occur if orders can be allocated to either one or the other 

location. In Figure 5.5 is represented that material can be sourced from either of the two 

supplying locations. Hence, if two alternative supplying facilities provide identical material the 

option to choose which location is assigned, can be taken into consideration, for example in 

order to improve customer service or to reduce cost.  

Redundant resources at different network locations indicate the existence of – always polyadic 

– assign dependencies. For the evaluation of SCM software these relationships are of particular 

interest because these IT systems designed to coordinate assign dependencies. Coordination 

without SCM software is difficult, therefore assign dependencies might not be considered and 

coordination benefit is not realized. This is the case if strategic management decides for 

internal ‘single sourcing’ although technically other locations could supply too.  

5.4 Contextual factors  

The intensity of dependencies and consequently the coordination need are strongly influenced 

by contextual factors. Apart from the direct influence of the regarded relationship, indirect 

effects due to overlapping dependencies also shall be taken into account. Direct and indirect 

effects are identified for fragments of the entire network. However, for the decision which 

organizational form shall be chosen the possible coordination cost and benefit has to be 

assessed based on the total sum of existing dependencies. The heuristic evaluation method 

(see chapter 7) is designed based on indicators that characterize the network-wide 
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dependency structure. Therefore in the next chapter the method for classifying the 

dependency distribution is exposed.  

The temporal extension of the decision is of extraordinary importance for coordination. The 

main influence factors are the forecast horizon and the lead time. Both factors determine 

which of the underlying resources and which temporal limit will be considered in the 

coordination process.  

The remaining influence factors refer to the characteristics of the underlying material flow 

level and can be grouped following criteria such as demand or supply markets, product or 

technology – all these characteristics which must be taken into account for decision making 

(see Figure 5.6).  

 

Figure 5.6: Decision variables and parameters. 

The vast majority of criteria apply to any dependency type with general validity; however a 

small number is only of interest for certain dependency types.  

Finally, structural aspects must be considered such as the number of involved organization 

units and the relative distribution of coordination objects among them. This is addressed in the 

next chapter. 

Forecast horizon and lead time 

The dependency among decisions is affected by the temporal extension which has two major 

influence factors, the total lead time and the planning horizon. “The planning horizon is 

characterized by the interval of time for which plans are generated” (Rohde and Wagner 2000, 

p. 120). For coordination decisions the ratio of reliable horizon length to total lead time is 

critical. The longer the horizon compared to the lead time, the higher the dependency of 
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related decisions along the supply chain, hence the higher the improvement potential thanks 

to coordination.  

The total lead time can be decomposed by different functions, namely sourcing, production, 

quality control and distribution. In general terms, on the one hand higher lead time extends 

the decision field because either more coordination objects are affected or the process times 

are longer. Therefore the economic impact tends to be higher. On the other hand, if lead times 

are very long, the material flow and process sequence might not be partially contemplated by 

the forecast horizon and therefore might be irrelevant for the coordination task. Hence, the 

ratio of forecasting horizon to total lead time is of extraordinary importance and will be 

considered separately as horizon factor. A single value is determined for each dependency. 

The length of forecast horizon can be directly derived from the acceptable forecast accuracy. 

Any coordination measure can only be effective if the input data is reliable. As supply chain 

planning is focused on mid-term decisions, high forecast accuracy is fundamental for the 

effectiveness of future actions. Forecast accuracy measures deviations between the forecasted 

scenario and the real data. Forecast accuracy contemplates all reasons for uncertainty 

implicitly – no contextual factors are declared which further describe the properties of the 

forecast horizon.  

The total lead time includes all operations. However, the nominal value is subject to 

uncertainty. The reliability of supply or production lead times is important for decision 

dependency. The corresponding influence factors will be considered explicitly. The more likely 

uncertainties are regarding lead times, less interdependent are corresponding decisions. 

Lead time deviations might be caused by: 

1. Lack of process robustness, i.e. deviations are system immanent.  

2. Unplanned interruptions such as unplanned downtimes or supply interruptions. 

3. Coordination limitations, i.e. the decision maker intentionally disregards aspects of the 

problem, because the task is addressed within other functional areas or timeframes. 

If lead times are uncertain, security stocks and buffer times shall be augmented (Roesgen 

2007) in order to compensate deviations. Instable processes as well as unplanned 

interruptions constitute unchangeable parameters from coordination point of view. 

Improvement can be achieved typically through technical changes, for example technology 

innovation. In contrast, coordination restrictions can be actively altered if resources are 

modeled more in detail, state-dependent data is updated more frequently or more 

sophisticated methods and instruments are applied. By choosing the coordination scheme, a 

specific set of coordination methods and instruments is applied, leading to different benefit 
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and cost profiles. For the evaluation of the dependency situation, process robustness and 

interruptions will be estimated within the lead time reliability while other parameters which 

influence the appropriateness of coordination schemes, will be considered explicitly by 

individual factors.  

Demand markets  

The contextual factors for demand markets are exposed in Table 5.3. High forecast volatility 

leads to peak demands that might require the adoption of planned dates and quantities. 

Frequent change requests by customers regarding delivery quantity or time typically increase 

the dependency of decisions because more changes mean higher probability that existing 

plans must be revised. 

In practice, high forecast volatility often goes along with poor forecast accuracy. However, 

both concepts shall be strictly separated in the evaluation process because of its distinct 

effects. Apart from forecast changes regarding quantity and dates, also specification changes 

are common. Frequent changes of the product specification lead to strong decision 

interdependencies because planners have to manage the risk of obsolete materials. 

The coordination need to a large extent depends on the sales volume directly affected. This is 

straightforward because the impact of sub-optimal decisions is a function of the volume of 

operated goods. One of the central objectives in SCM is the minimization of lost benefits. Any 

interdependency is generally more important if products are characterized by high margin 

because of the strong business impact if sales are not realized because of shortage situations. 

If products are not characterized by a unique selling point, customers tend to substitute with 

competitor’s products. The probability of order cancellations is influenced by the threat of 

substitute products. Stock-outs are more costly when products do not have unique properties 

because order cancellations are more likely to be placed. The bargaining power of clients and 

the industry competitiveness determine the need to accept client requests. Penalties for 

delays point to high competitive markets and intensify decision dependencies. Often these 

penalty contracts are employed for highly customized make-to-order products, such as 

airplane construction but also in supply contracts for standard make-to-stock products such as 

pharmaceutical products. 

The innovation rate reflects the number of changed components within a mid- to long-term 

period. The higher the frequency of product launches, the stronger is the dependency among 

future demands and decisions upstream the supply chain. Similar effects can be observed 

when products suffer limited shelf life such as food, medicines or seasonal fashion.  
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Operations 

Within operations all value chain activities such as logistics, quality control, production and 

purchasing are addressed. The regarded coordination objects are resources, either material or 

capacity. The contextual factors for operations are depicted in Table 5.4. 

For the entire value chain, lead time reliability is evaluated based on system immanent lack of 

robustness and downtimes due to unplanned events. Unreliable lead times uncouple 

dependencies within the network.  

One of the most important properties is the capacity loading of a plant. Three factors are 

defined: the average capacity load, the average volatility of capacity load and the distribution 

of loading among all relevant machines. In case of high occupation, capacity constraints most 

likely force to move production dates. Capacity restrictions often are not evident for all but for 

some particular, bottleneck machines. The higher the numbers of these constraint resources, 

the more significant are interdependencies in decision making. When capacity profiles of all 

relevant machines are compared, the load distribution is either approximately equilibrated or 

unbalanced. In the latter case the coordination effort can be focused on some few bottlenecks 

whereas for equilibrated systems numerous machines must be considered as constraint. The 

volatility of capacity loading refers to the change in capacity demand which can either be due 

to frequency of occurrence or to the intensity. High volatility requires more coordination due 

to stronger decision dependencies.  

Similar machines can be grouped in work centers. The more redundant machines exist within 

one work center, the weaker is decision dependency with other work centers or network 

locations, because demand peaks can be absorbed or balanced.  

Also complementary capacity resources might be a matter, in particular workforce. Direct 

labor (required for example for manual operations, machine control or for changeover 

activities) might represent a capacity class which – when taken into account – might improve 

significantly the outcome of the coordination task. Apart from the total number of employee 

per machine also specific required skills can be decisive. In general, workforce restrictions 

might mark additional constraints that are reasons for decision interdependencies. Other 

resource classes of interest are machine formats, containers or specific tools such as material 

handling devices which must be shared among work centers.  

The manufacturing depth can be expressed approximately by the number of process steps per 

manufacturing instruction, spanning either in vertical or horizontal direction. Only if work 

centers are linked via routings, dependencies among them arise. The more work centers are 
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required for the execution of a production order, the stronger the dependency. Hence, 

complex routings within a plant indicate high coordination need.  

For material resources, the complexity of product structures is expressed by the number of 

BOM positions. Similar to capacity, with each additional material type new potential 

restrictions must be considered.  

Alternative routings or BOMs unleash the strict material flow between work centers, though 

reducing dependency intensity.  

Economic thresholds can influence decision making on the mid-term level. Examples for 

economic thresholds on mid-term level are trade-off effects along all the value chain. In 

logistics, for example, full container shipping leads to lower per unit transportation costs which 

might offset the additional inventory cost. Machine set up costs usually are managed on the 

short-term scheduling level and therefore are not focused on a mid-term horizon. However, in 

some production processes, for example in the chemical industry, campaign-related, product-

specific set-up activities must be taken into account even on higher coordination levels. The 

importance of set-up cost can be derived from the economic length of campaigns because the 

cost for additional stock is valued against savings in set-up cost (Mittermayer and Rodriguez 

2010a). The lower the frequency of campaigns and the longer the campaigns compared to the 

lead time, more restrictive is the coordination case. The implementation of additional shifts or 

the start-up of machines also constitutes an economic threshold due to extra costs. Higher 

hourly labor unit costs often increase direct product cost in extra shifts. Additional machines 

might be less efficient than the standard machines with negative impact on product unit cost. 

Also indirect costs can be affected, for example, if additional, less efficient facilities must be 

run or additional indirect, administrative labor is required. 

Make-or-buy alternatives constitute a possibility to work around possible capacity shortage 

situations. So these circumstances also unleash dependencies on particular machines or 

material availability. 

Quality control activities are either performed on incoming starting materials, during the 

production process (in-process-control) or on finished product. If resource constraints in 

quality control condition the start of production or the delivery of finished products, then 

significant dependencies prevail. Economies of scale and scope are also known from quality 

control when equipment might be dedicated to product or material groups in order to realize 

savings. 

 

 



5 Fundamentals of efficient organizational design 

Page 76 of 169 

 

 

External supply market 

Regarding external supply markets, several major contextual factors can be identified in Table 

5.5. External suppliers are exposed to operations-related influence factors in the same way as 

the internal production network. More aggressive discounts can be offered in case of high 

contract volumes, long contract periods and precise delivery schedules. As a consequence, 

decision dependencies are getting more important as discount contracts get more attractive.  

Additionally, external supply constraints play an important role. Technical issues, such as 

material scarcity might not allow flexible adaptations to changing demands. Customer-specific 

properties, limited shelf life and short innovation cycles require closer coordination along the 

value chain, hence mean stronger dependencies. 

The bargaining power of the supplier and the competitive rivalry in the industry determine the 

supplier’s willingness to accept customer’s requests. The size of the supplier company 

compared to the own enterprise size, is one indicator for measuring bargaining power. Smaller 

local companies typically depend heavily on continuing or entering business with big size 

enterprises while globally operating corporations traditionally do not cease when negotiating 

with SMEs. The competitive rivalry can be measured by the number of competitors and the 

price differences. For example, commodities or highly standardized materials are often traded 

on electronic marketplaces. These properties reduce decision dependency as switching to 

alternative suppliers can easily be realized. However, the possibility to substitute suppliers and 

materials might be blocked due to long-term investment, patents or unique selling properties. 

These circumstances intensify the dependency situation.  

  



5 Fundamentals of efficient organizational design 

Page 77 of 169 

 

Table 5.3: Contextual factors 𝒘 concerning demand market properties. 

𝒘 Criteria Coordination required when … 
Dependencies 

strong weak weak insignificant 

1 Demand volatility Changes are frequent or high 

volume  

Often and significant  Sporadic but significant Often but not significant Sporadic and not 

significant 

2 Order specifications Changes are frequent or high 

volume 

Often and significant  Sporadic but significant  Often but not significant Sporadic and not 

significant 

3 Sales organization  Complex Geographic or product 

markets 

International markets and 

diversified portfolio   

International markets but 

undiversified portfolio   

Local markets but broad 

portfolio 

Local markets and few 

products 

4 Sales volume and Margin High volume and high margin High volume and high 

margin products 

High volume but low 

margin products  

Low volume but high 

margin products 

Low volume and low 

margin products 

5 Bargaining power of clients 

and competiveness  

Clients can dictate contract 

conditions or switch easily to 

competitors. 

High sales share and 

superior size 

High sales share but 

inferior size  

Low sales share but 

superior size 

Low sales share and 

inferior size 

6 Innovation rate and 

discounts 

High innovation rate and high 

discounts for last generation 

products 

Short life-cycles with high 

end-of-cycle discounts  

Short life-cycles but stable 

end-of-cycle prices 

Long life-cycles but high 

end-of-cycle discounts 

Long life-cycles and 

stable end-of-cycle prices 
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Table 5.4: Contextual factors 𝒘 concerning external supply market properties. 

𝒘 Criteria Coordination required when …  
Dependencies 

Strong weak weak insignificant 

7 Material requirement type Material important in terms of 

value and consumption 

High value material and constant, 

high demand 

High value material but 

only sporadic demand 

Low value material but 

constant, high demand 

Low value material and 

only sporadic demand 

8 Discount contracts, 

economies of scale and 

scope  

Strong contractual binding for 

majority of materials 

Long-term commitment on broad 

supply portfolio  

Long-term commitment 

but only selected  items  

Only mid-term 

commitments but broad 

supply portfolio  

Only mid-term 

commitments and only 

selected  items 

9 Supplier bargaining power, 

size  

Suppliers can dictate contract 

conditions  

High supplier’s share and higher 

sales than own company 

High supplier’s share 

but lower sales than 

own company  

Low supplier’s share but 

higher sales than own 

company 

Low supplier’s share 

and lower sales than 

own company 

10 Substitutability Switching to competitors is 

difficult. 

Customer-specific properties and 

high switching cost 

Customer-specific 

properties but low 

switching cost 

Standardized materials 

but high switching cost 

Standardized materials 

and low switching cost 

11 Supply market competition Strong market competition   High number of competitors and 

small price differences 

High number of 

competitors but 

significant price 

differences 

Few competitors but 

small price differences 

Few competitors and 

small price differences 

12 Supply constraints, 

Perishability, etc. 

Restricted access to supply 

markets with important shortage 

effect on profitability 

Numerous constraints with strong 

financial impact 

Numerous constraints 

but weak financial 

impact 

Few constraints but 

strong financial impact 

Few constraints with 

weak financial impact 
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Table 5.5: Contextual factors 𝒘 concerning operations properties. 

𝒘 Criteria Coordination required when … 
Dependencies 

Strong weak weak insignificant 

13 Lead time reliability Robust processes and no 

interruptions 

Robust process, few 

interruptions 

Robust process, significant 

interruptions important 

Process times vary, few 

interruptions 

Process times vary, 

significant interruptions 

important 

14 Capacity load High capacity load of major 

machines and number of shifts 

Additional shifts (almost) 

impossible and dispositive 

capacity nearly full occupied 

Additional shifts (almost) 

impossible but still free 

dispositive capacity  

Additional shifts possible but 

dispositive capacity nearly 

full occupied 

Additional shifts possible and 

still free dispositive capacity 

15 Capacity load 

distribution and 

volatility 

Capacity constraints exist for 

(almost) all major machines and 

bottleneck is changing 

frequently due to high volatility  

Large number of constraint 

machines and (almost) all 

constitute a bottleneck 

sometime  

Large number of constraint 

machines but only a few are 

bottlenecks   

Only small number of 

constraint machines and 

(almost) all constitute a 

bottleneck sometime 

Only small number of 

constraint machines and only 

a few are bottlenecks   

16 Capacity 

Redundancy in 

work centers 

Low number of redundant 

machines and low number of 

work centers with redundant 

capacities  

Low number of redundant 

machines and low number of 

work centers with redundant 

capacities  

Low number of redundant 

machines but high number of 

work centers with redundant 

capacities  

High number of redundant 

machines but low number of 

work centers with redundant 

capacities  

High number of redundant 

machines and high number 

of work centers with 

redundant capacities  

17 Workforce 

constraints  

High number of direct labor and 

different skills per machine  

High number of direct labor 

and different skills per 

machine  

High number of direct labor 

but (almost) no skills 

differentiation  

Low number of direct labor 

but different skills per 

machine  

Low number of direct labor 

and (almost) no skills 

differentiation 

18 Complementary 

resource types 

High number of required 

complementary resources 

(tools, formats, devices) and 

high sharing quote  

High Number of 

complementary resources 

per machine and high 

number of machines per 

resource  

High Number of 

complementary resources 

per machine but high 

number of machines per 

resource  

Low Number of 

complementary resources 

per machine but high 

number of machines per 

resource 

Low Number of 

complementary resources 

per machine and low number 

of machines per resource 
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Table 5.5 continued. 

𝒘 Criteria Coordination required when … 
Dependencies 

Strong weak weak insignificant 

19 Manufacturing 

depth 

Operations are complex and 

distributed among locations 

High Number of operations 

distributed over numerous 

process stages 

High Number of operations 

but distributed over few 

process stages 

Low Number of operations 

distributed over numerous 

process stages 

High Number of operations 

distributed over few process 

stages 

20 BOM complexity Complex product structures High number of BOM positions 

and numerous levels 

High number of BOM 

positions but few levels 

Low number of BOM 

positions but numerous 

levels 

Low number of BOM 

positions and few levels 

21 Economic 

Thresholds 

(campaign, extra 

shifts, etc.)  

Economic thresholds are 

significant and numerous  

Numerous Economic 

thresholds with strong 

financial impact 

Numerous Economic 

thresholds but weak 

financial impact 

Few Economic thresholds but 

strong financial impact 

Few Economic thresholds 

with weak financial impact 

22 Make-or-Buy 

decisions  

Make-or-Buy options are 

significant and numerous 

Numerous Make-or-Buy 

options with strong financial 

impact 

Numerous Make-or-Buy 

options but weak financial 

impact 

Few Make-or-Buy options but 

strong financial impact 

Few Make-or-Buy options 

with weak financial impact 

23 Quality control  QC significant in terms of time 

and value  

Long lead time in QC and 

strong financial impact 

Long lead time in QC but 

weak financial impact 

Short lead time in QC but 

strong financial impact 

Short lead time in QC and 

weak financial impact 
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Selective effects 

The above described influence factors have in common that for all dependency types the 

effect is, at least qualitatively, similar.  

The intensity of fit, sharing and assign dependencies increases as the number of alternative 

solutions augments because the probability of finding feasible or more efficient solutions 

increases as well. On the one hand the number of associations will be considered by structural 

properties. On the other hand, for sharing and assign dependencies, properties of competing 

orders for shared or alternative resources must be taken into account. Dependency-type 

specific contextual factors are listed in Table 5.6 and Table 5.7. 

In case of sharing dependencies, the number of different order types and the grade of 

coincidence regarding material and capacity resources among different order types are 

important. For each order, a defined number of BOM positions and process steps are reserved. 

The higher the number of order types, the number of BOM positions and processes and the 

higher the level of coincidence between the orders with respect to resources, the stronger is 

the dependency. Also economies of scope are relevant, if joined manufacturing of several 

order types or joined delivery to identical markets is beneficial. Similar effects might be 

detected in the area of purchasing. If the processing of different order types within the same 

period permits the realization of economies of scope, then dependencies are more intense. 

For example, two chemical products might be synthesized on the same multi-purpose facility 

without major modification or cleaning so that the mid-term production program shall be 

adjusted considered this circumstances. 
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Table 5.6: Specific contextual factors 𝒘 concerning sharing dependency properties. 

𝒘 Criteria Coordination required when … 
Dependencies 

strong weak weak insignificant 

24 Order variety Broad variety of high volume orders  High Number of competing 

orders with high volume 

High Number of 

competing orders but 

moderate volume 

Low Number of 

competing orders but 

high volume 

Low Number of 

competing orders and 

moderate volume 

25 Coincidence of materials in 

BOMs 

High coincidence of materials in 

different BOMs 

High number of shared materials 

and large number of BOMs 

affected 

High number of shared 

materials but only few 

BOMs affected 

Few shared materials 

but large number of 

BOMs affected 

Few shared materials 

and only few BOMs 

affected 

26 Coincidence of capacities in 

recipes 

High coincidence of capacities in 

different routings 

High number of shared 

capacities and large number of 

recipes affected 

High number of shared 

capacities but only few 

recipes affected 

Few shared capacities 

but large number of 

recipes affected 

Few shared capacities 

and only few recipes 

affected 

27 Economies of scope High volume of orders with shared 

resources 

Large number of order types 

with synergic interactions on 

several network stages or 

functional areas 

Large number of order 

types with synergic 

interactions but 

focused on particular 

processes 

Few number of order 

types with synergic 

interactions but on 

several network stages 

or functional areas 

Few order types with 

synergic interactions 

and concentrated on 

selected functional 

areas or network stages 
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Assign dependencies are different from all other relationships, because either one or the other 

alternative can be chosen. For all other dependencies the path of material flow through the 

network is fixed. Therefore in case of assign dependencies, properties are focused which 

influence decision maker’s choice, for example based on (cost) comparative advantages.  

Two situations are distinguished. Firstly, the total volume of a period demand cannot be 

allocated fully to one location due to restrictions. If the alternative location disposes of free 

capacity and required raw material, then orders can be fulfilled by splitting the total volume. 

This coordination measure is of interest if anticipated production or overtime at one plant is 

economically less attractive than switching to the other. Secondly, individual period demands 

of separate plants can be consolidated and directed to one single location. The existence of 

already mentioned economic thresholds favors the consolidation.  

The cost effect of order splitting or joining must be compared to the cost effect of alternative 

plant-intern coordination measures. For assign relationships total logistic costs, i.e. the sum of 

sourcing, production and distribution cost, concerning alternative production locations must 

be compared. 

Mid-term cost variation accounts for strong assign dependencies. Frequent changes in the cost 

structure lead to changes in trade-off priorities so that scenarios have to be evaluated in-depth 

and rather simple rules of thumb are no robust coordination mechanism. Reason for cost 

volatility might stem from changes in raw material prices due to high demand elasticity or 

exposure to exchange rates. Important cost differences might also stem from external factors. 

If locations are situated in different countries and exchange rate fluctuate or raw materials are 

sourced locally, then the comparative cost can change.   

High short term demand volatility might also be a reason for reallocation of orders because 

anticipated production or overtime cannot be implemented as appropriate reaction to 

demand changes. The partial allocation of order quantities to redundant location can assure 

the fulfillment of customer due dates but in return additional transportation and production 

cost must be accepted. 

If opportunity cost of lost sales plays a very important role, the shift to an alternative plant 

might be a reasonable measure. In this case economic as well as marketing issues are relevant.  

In total, the specific characteristics concerning assign dependencies are differentiated by 

demand and supply market and technology. In all three categories one criterion refers to static 

characteristics of alternative solutions and the other to dynamic properties which influence 

the allocation decision. 
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Table 5.7: Specific contextual factors 𝒘 concerning assign dependency properties. 

𝒘 Criteria Coordination required when … 
Dependencies 

strong weak weak insignificant 

28 Market access Supply to markets with similar logistic 

requirements   

Similar distances from 

redundant plants to 

unrestricted market 

Similar distances from 

redundant plants to 

restricted market 

Different distances 

from redundant plants 

to unrestricted market 

Different distances 

from redundant plants 

to restricted market 

29 Sales price fluctuations High price volatility  Significant and frequent 

changes in sales price or 

margin 

Significant but only 

sporadic changes in 

sales price or margin 

Insignificant but 

frequent changes in 

sales price or margin 

Insignificant and  only 

sporadic changes in 

sales price or margin 

30 Redundancy High resource redundancy at different 

plants  

Identical Technology and 

regular stock of starting 

materials 

Identical Technology 

but no regular stock of 

starting materials 

Different Technologies 

but regular stock of 

starting materials 

Different Technologies 

and no regular stock of 

starting materials 

31 Capacity load balance Markets require different resources  Strong and negative 

correlation  

Smooth and negative 

correlation 

Smooth and positive 

correlation 

Strong and positive 

correlation 

32 Supply price fluctuations High price volatility  Significant and frequent 

changes  

Significant but only 

sporadic changes  

Insignificant but 

frequent changes  

Insignificant and  only 

sporadic changes  
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5.5 Structural properties 

In the former chapter, influence factors which are relevant for individual core dependencies 

have been described including decision horizon and lead times. These criteria are the basis for 

the measurement of individual effects for each association of any dependency.  

However, apart from association-based individual effects, other efficiency-relevant 

consequences might stem from structural properties.  

The number of branches per dependency certainly has an impact on network’s coordination 

requirement. In general terms, more associations between locations mean more complexity. 

For fit dependencies, a higher number of material flows must be synchronized. In case of 

sharing and assign dependencies more allocation alternatives are added. The allocation of 

specific products to manufacturing time buckets might result in different total costs. Similarly, 

alternative geographical allocations might generate benefits because demand peaks can be 

absorbed by redundant locations or product-specific, network-wide demands are dedicated to 

one location so that production efficiencies can be realized. 

Each additional location increases the coordination requirement. Therefore the dependency 

impact must be accounted for each branch; hence the full dependency impact results from the 

sum of individual effects at all locations. 

Indirect dependencies are characterized by the number echelons affected and the alliance 

type (see Figure 5.4). All identical characterized relationships are supposed to be manageable 

with the same efficiency when applying a certain coordination mechanism. 

Indirect effects are subject to forecast horizons of the underlying core dependencies. When 

calculating the ratio of forecast horizon to lead time, all regarded branches of different 

dependencies must be taken into consideration.  

Figure 5.7 depicts the general problem that the forecast horizon might not cover the total lead 

time so that for decisions at upstream locations no reliable input data from downstream 

locations is available. 
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Figure 5.7: Planning horizon against planning cycle time in networks. 

In the example represented in Figure 5.7 (left side) the forecast horizon length is equal to 

supply and production lead times. Demands from period 𝑡 + 4 can be covered when 

programming regular production at beginning of period 𝑡 − 4. If the forecast horizon covers 

only 𝑡 + 3 periods (see Figure 5.7 right side), for production and supply periods before 

period 𝑡 − 3 no confident requirements are predictable, so no proper production program can 

be established at the upstream location. 

The more process stages lay between the source and the remote dependency, the more 

individual planning problems may have to be readdressed if constraints are violated. As a 

consequence, dependencies intensify with growing number of process stages.  

Coincidence of planning horizons and the number of process stages often have opposite 

impact on dependency intensity. With increasing number of process stages typically the ratio 

of reliable planning horizon length to total cycle time diminishes because at each facility, 

production and supply lead times shorten the shared planning horizon. Furthermore, security 

factors regarding stocks and lead times add up at each stage resulting in decoupling effects. 

5.6 Considerations for the design of indicators 

Social network analysis (compare chapter 3.4) provides several concepts which shall be taken 

into account when designing indicators for the evaluation of coordination efficiency of 

industrial networks. These metrics are network density, complexity and centrality. Network 

density is defined as the number of total ties in a network relative to the number of potential 

ties (Kim et al. 2011). Network complexity refers to the number of dependency relations within 

a network (Frenken, 2000, p. 260), consequently is influenced by the number of nodes in the 

network and the degree to which they are interlinked. Finally, degree centrality measures the 

number of direct ties to each node within a network. The metric reaches the maximum value 
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of 1 when one node is connected with all other nodes, and the others interact only with this 

node. Its minimum value of 0 occurs when all degree centrality values are equal.  

In this research indicators shall be designed which reflect the relative contribution of each 

organizational form to coordination efficiency. Therefore indicators must include the 

contribution of each managed dependency based on its characteristics, such as type and 

intensity as well as level and echelon. Similar to the social network analysis approach, 

indicators shall contemplate relative performance, i.e. the contribution must be valued against 

a baseline which can be either the best or worst performing solution or – if only one solution is 

examined – the theoretical extremum. The decomposition of dependencies by type, level and 

echelon will allow the measurement of density, complexity and centrality aspects.  

5.7 Concept of the evaluation model 

Organization theory delivers the framework for the evaluation model (Figure 5.8). The business 

environment is characterized by the dependency structure, i.e. by the relationships among 

locations within the industrial network. Particular values of internal and external influence 

factors determine the significance of dependencies, thus the importance of managing them. 

Strategic management fixes company objectives and assures required (financial) resources. 

Logistics objectives as a subset of overall goals shall be appropriately weighted. The 

achievement of objectives is represented by coordination benefit. The required resources, 

either personnel or technological, are captured by coordination cost. Several coordination 

schemes are developed and broken down into the coordination mechanisms and instruments. 

The dependency situation found in a network strongly influences the choice of coordination 

mechanisms which in turn require different IT instruments.  
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Figure 5.8: Concept of the evaluation model. 

Disregarded dependencies have been identified as the major reason of coordination deficit, 

leading to a lack of logistic performance. The potential contribution of coordination to achieve 

defined objectives is the central concern of the evaluation method. 

The procedure for the assessment of coordination efficiency is depicted in Figure 5.9. 
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Figure 5.9: Procedure for determination the evaluation model. 

In chapter 6 alternative organizational forms will be developed and classified according to 

coordination characteristics.  

For the development of the rule-based evaluation model in chapter 7, first the objectives are 

broken down in coordination cost and benefit components. Drivers of variable organization 

cost will be emphasized due to the potential differences regarding the coordination schemes 

of interest. Next, the dependency factor is introduced in order to quantify dependency 

significance based on characteristics described in former chapters, such as network structure, 

type, influence factors and coordination horizon (section 7.2). 

The coordination factor measures the capability of coordination schemes to manage 

dependencies (section 7.3).  

The scoring system, either for coordination benefit (section 7.4) or cost (section 7.5), 

associates dependency factor and coordination factor and aggregates individual values so that 

the entire network can be evaluated based on consolidated metrics.  

Additional to the heuristic-based evaluation, a simulation-based method is proposed in 

chapter 7.7 which is implemented for a specific network and parameter setting for all 

developed organizational forms. 
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6 Description of organizational designs 

The typology of coordination schemes will be concretized for industrial networks in chapter 

6.4. In practice, only a few established coordination schemes are relevant, each defined by a 

set of activities, applied coordination mechanisms, control flow properties and IT support. The 

systematic description of coordination schemes is essential for the evaluation of coordination 

efficiency. The achievable logistic performance level is strongly influenced by the 

appropriateness of coordination mechanisms for managing particular dependencies. The 

dynamic properties and the IT system support determines the coordination cost that will be 

incurred with each solution. 

The starting point for the development of organizational alternatives is the description of the 

standard ERP logic applied within single location. Hereafter extensions for the use of ERP 

systems in industrial networks with multiple production facilities are described. The SCM 

software logic and the implicit changes for organizations are exposed in final section. 

6.1 Organizational design in industrial networks 

Organizational design is a two-step procedure (compare chapter 2.6). First, the organization 

structure is addressed; i.e. the formal authority and the operating workflow among 

organization units are defined. Second, the selection and implementation of coordination 

mechanisms shall assure the efficient management of the dependencies. The application of 

particular coordination mechanisms might require coordination instruments (e.g. IT tools). The 

combination of coordination mechanism and instrument is called coordination concept 

(Friedrich 2002). In this research the coordination concept and the organizational structure 

together is defined as coordination scheme or organizational form. The management of 

dependencies is a highly complex task because coordination mechanisms cannot be 

parameterized and combined freely – they must be bundled in a coherent and consistent 

manner to coordination schemes (Dudek 2005).  

The predominant characteristics of coordination schemes are summarized in the classification 

represented in Figure 6.1. Classifications are utile tools that enable the researcher to 

systematically compare types through the identification of similarities and differences. 

“Therefore classifications are very comprehensive” (Bailey 1994, p.12).  
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Figure 6.1: Morphology of coordination schemes. 

The coordination scheme is either composed by sequentially arranged tasks or all tasks are 

executed simultaneously. The coordination scope covers the vertical material flow, the 

horizontal network structure or both. The fundamental coordination objective is to achieve a 

feasible solution; however, the objective can be extended to cost minimization or profit 

maximization. The ‘initial’ coordination mode is characterized by uni-directional, one-time 

coordination at the beginning of each coordination cycle whereas starting more complex 

coordination modes foresee iterative loops or even a full task integration.  

The mid-term coordination of industrial networks is primarily based on standardization, either 

work processes (‘programming’) or work output (‘planning’), both supported by IT systems. 

Hierarchical relationships between “top- and base-level” (Schneeweiss 1999, p. 10) are 

characteristic control flow structures in industrial networks. The vertically directed control flow 

is split into a downflow of instructions or targets and an upflow of reports or alerts (Mintzberg 
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1979, p. 42). Instructions are binding commands whereas targets are non-binding proposals 

that are checked on the base level regarding the achievement degree. Alerts are transmitted 

upwards if decisions taken on the top level do not lead to the desired outcome. In contrast, 

reports are emitted before the final decision making and contain information provided by the 

base level that should be taken into account for the top level decision. The top-level might 

anticipate significant base-level’s characteristics before the top-down control flow is released, 

so-called ex-ante feedforward influence (Schneeweiss 1999, p. 10). Alternatively, if the base 

level is empowered to react before the final decision making, then ex-ante feedback influence 

can be observed. After the implementation of the top level’s decision, ex-post feedback might 

be communicated. The control flow has either exceptional or routine character.  

Coordination activities are triggered by events. Time events specify either fixed intervals (e.g. 

every 10 days) or periodicity (e.g. last Friday of each month). User events refer to personal 

interaction among the human coordinators. In sequential procedures, the termination of one 

activity is notified within the organization so that subsequent activities are started. Data 

manipulation events are registered by the IT system. Conditions filter relevant events that 

require an action. Static conditions compare status data with constant values; for dynamic 

conditions two status values are contrasted. Also Boolean conditions (e.g. for availability 

checks) or time conditions are usually employed. The start of an activity might be conditioned 

to a minimum elapsed time since the last execution of a task.  

The main coordination cost drivers are frequency and duration of the task as well as personnel 

and technological resources employed. Coordination frequency is roughly classified as 

sporadic, regular or intense. Beside the net execution time, the task duration includes times 

for information retrieval and preparation. The level of IT support strongly influences the task 

duration and the required personnel resources. Either almost no IT support is foreseen for 

network coordination or selected activities are supported while others remain manual. Finally, 

the network master planning can also be fully automated by means of software. Coordination 

instruments might be existing local ERP systems. Optionally, an integrated ERP system or a 

SCM software solution is implemented network-wide.  

In the following chapter the principle applications of the above mentioned coordination 

schemes in production and logistics are described. Special interest is laid on the difference 

between ‘programming’ and ‘planning’ because standard ERP systems typically are lacking 

‘planning’ functionalities which are either must be performed manually or are assumed by 

additional IT systems.  
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6.2 Morphology of alternative coordination schemes 

In the following three coordination schemes are developed: ‘Logistic Segmentation’ (LS) and 

‘Functional Consolidation’ (FC) are based on existing ERP system technology whereas ‘Network 

Integration’ (NI) requires additional SCM software.  

In case of ‘Logistic Segmentation’, material flows from upstream plants to downstream 

markets are determined by strategic management. Within this long-term framework, each 

location can coordinate autonomously. Due to the relatively fixed assignment of locations, this 

form is called ‘Logistic Segmentation’ (Klaas 2002). The denomination ‘Functional 

Consolidation’ for another coordination scheme refers to the unification of functionally 

identical tasks on equal network stages. Both ERP-based approaches have the sequential 

procedure in common and rely on ‘programming’ as predominantly employed coordination 

mechanism. In contrast, the SCM software based solution, called ‘Network Integration’, 

considers simultaneously all sub-problems and seeks for an economically efficient solution 

employing ‘planning’ mechanisms (see Figure 6.2).  

 

Figure 6.2: Schematic representation of coordination sequence. 

The first proposal, ‘Logistic Segmentation’, supposes a rigid allocation procedure where orders 

are assigned to organizational logistic segments according to a long term policy in order to 

assure a high service level of this vertical supply chain segment. Only if requirements cannot 

be fully satisfied by the assigned segments, cross-segment relationships are considered in 

order to fulfill all demands. Unidirectional instructions are released to upstream located 

facilities. Feedback shall be limited to ex-post alerts in exceptional cases when demands are 

not fully satisfied for the correct order backlogging. The event trigger is strictly time-based; for 

example once a month the coordination procedure is performed. The network coordination 
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intensity is low, and authentic ‘planning’ in the sense of coordination mechanism is not carried 

out on the network level at all. However, this organizational alternative does not require any 

reorganization of structures and processes and the locally installed ERP systems can be used as 

existing platform (see Figure 6.3). 

 

Figure 6.3: Morphology of Logistic Segmentation. 

The second proposal, ‘Functional Consolidation’, does not imply a rigid long-term policy. 

Instead, during each planning cycle, first the feasibility of the preferred allocation scenario is 

checked (similar to the first proposal), but in case of poor results alternative scenarios are 

tested as well. Strategic management defines the priority list of scenarios captured by a rule-

based searching algorithm. Consequently, the planning character is achieved by iteratively re-

performing the standard ERP programming procedure for different scenarios. Instead of a 
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recommendations for the acceptance of scenarios are included. Thus, apart from the starting 

time-based coordination procedure, human coordinators trigger the testing of alternative 

scenarios. Given that usually only limited simulation features are provided by ERP systems, the 

full list of activities has to be performed with each scenario so that coordination costs result 

relatively high in this case. The network-wide integration of the ERP system is a necessary re-

organization measure in order to unify iterative activities in one central planning unit.  

 

Figure 6.4: Morphology of Functional Consolidation. 
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Figure 6.5: Morphology of Network Integration. 

The third proposal, ‘Network Integration’, is supported by add-on SCM software that calculates 

a network-wide optimal solution. From a coordination point of view, the iterative procedure is 

replaced by an integral, automated procedure. All relevant master and state-dependent data is 

extracted ex-ante feed-forward from the ERP systems. Consequently, bottom-up alerts from 

the shop floor due to infeasibilities are limited to unexpected downtimes, data aggregation 

conflicts or planning horizon discrepancies. Coordination cost is low because coordination is 

fully assumed by the software. Consequently, instead of time or user-based triggers, data 

manipulation events can be installed, for example defined thresholds can be checked 

automatically in the database (see Figure 6.5). 
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6.3 Coordination based on ERP systems 

In traditional ERP systems the overall coordination task is decomposed into sub-problems that 

are solved independently and sequentially without backtracking (Pochet and Wolsey 2006, p. 

63). Demand planning (DP) consolidates the sales forecasts (including firm orders) from 

different geographical areas or product divisions. The Master Production Schedule (MPS) 

determines delivery quantities and dates in order to satisfy demands and provides production 

requirements of finished product in terms of quantity and date taking into consideration 

existing inventory. The role of Rough Cut Capacity Planning (RCCP) is to check globally the 

feasibility of MPS with respect to capacity utilization. Once the production requirements are 

fixed for finished products, Materials Requirements Planning (MRP) successively drills down 

material requirements level by level for the entire BOM structure. For all in-house 

manufactured components Capacity Requirement Planning (CRP) is performed for the 

reservation of needed manufacturing capacity. For externally sourced materials purchasing 

orders are proposed. Manufacturing requirements are transmitted to fine scheduling on the 

shop floor.  

Common drawbacks of standard ERP systems 

Even on single plant level the traditional ERP logic is characterized by a series of drawbacks. 

ERP Systems are based on Just-in-Time logic. “Production is planned to be done as late as 

possible but no later” (Voss and Woodruff 2006, p. 20). This procedure does not guarantee an 

optimal solution regarding cost minimization or benefit maximization.  

The decomposition in subtasks reduces complexity, but some constraints have to be relaxed to 

achieve manageable tasks. During MPS multiple items are considered, but only on the finished 

product level, disregarding possible capacity restrictions. The objective of RCCP in turn is to 

balance the capacity loading of a single stage without taking into account predecessor 

manufacturing levels or material availabilities. The MRP procedure drills down to multiple 

BOM levels but isolated for each item, again disregarding capacity restrictions. CRP calculates 

for each manufacturing level in a similar fashion like RCCP, i.e. isolated for each stage. 

The denomination ‘Enterprise Resource Planning’ software is misleading because ‘planning’ in 

the sense of coordination mechanism is not provided by the ERP systems. The user might be 

supported during scenario building, but not in the evaluation or selection phase. Hence, any 

arising conflict has to be resolved manually by the human planner. It is of particular interest to 

analyze the capability of the above mentioned subtasks to manage particular dependencies.  

DP in its basic function only consolidates sales forecasts and firm orders. Coordination is 

required if demand cannot be fulfilled completely. In standard ERP system allocation rules can 
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be configured (i.e. ‘programming’), for example minimum shares, customer priorities, etc. 

‘Planning’ functionality is not provided, e.g. the comparison of alternative scenarios for benefit 

maximization. Furthermore, DP only manages the allocation of finished product. Therefore, 

complex dependency structures (not covered by DP) will likely cause interferences that impede 

a successful realization of rule-based allocations. 

Transportation lead times are discounted during the execution of MPS in order to calculate 

latest shipment dates. If availability constraints are detected, several coordination mechanisms 

can be applied. Allocation quotes in demand planning might be revised – even order 

backlogging might be considered. Alternatively, if the shortage situation is detected sufficiently 

in advance, then additional requirements can be transmitted on time to production where 

countermeasures could be initiated. Measures for resolving conflict situations belong to 

‘planning’ mechanisms because alternative scenarios are developed and evaluated. However, 

this procedure is not automatized ERP functionality.  

Based on planned expedition dates, net production requirements are calculated by MPS for 

each period considering existing and planned stocks for finished products only. Neither BOMs 

nor routings are taken into account, i.e. by means of MPS a multi-item, single-level, 

unconstraint capacity problem is resolved. Production lead times are discounted in order to 

determine required starting dates on a monthly basis. This ‘programming’ functionality is 

typically covered by ERP system.  

As capacity limits are not regarded, MPS might have to be overworked when in the subsequent 

planning task – RCCP – capacity overload is detected. RCCP computes the approximate load 

profiles – but only for production stages directly related to finished products. RCCP neither 

considers timing and size of production orders of components to be manufactured for finished 

products nor inventory or supply dates of required materials (Voss and Woodruff 2006, p. 58). 

If capacity conflicts arise, already realized tasks (DP and MPS) might have to be readdressed. 

Alternatively, orders might be shifted to earlier periods or postponed, in the latter case 

resulting in lost orders. Capacity can also be increased, for example through extra shifts or 

outsourcing. These measures can be automated if capacity utilization thresholds are defined 

and business rules are formulated. In practice, decision rules are installed in sophisticated ERP 

systems that lead to suggestions. The planner usually examines several possible alternatives 

and evaluates based on a multi-objective function. RCCP is considered a ‘planning’ 

coordination mechanism although ERP systems only provide scenarios building features – the 

evaluation always must be realized by managers. 



6 Description of organizational designs 

Page 99 of 169 

 

Once the production plan for finished product is fixed, the demand of components and raw 

materials are calculated level by level down the BOM structure. This procedure is realized 

individually for each single item considering infinite capacities and constant lead times. The 

output data are required dates and quantities for production or supply. This coordination by 

‘programming’ mechanisms is fully assumed by the ERP system. However, usually several 

items share capacity resources so that production and delivery dates are affected and lead 

times vary as a function of waiting times at bottleneck machines. CRP aims at load balancing by 

moving orders backward and forward in time or by increasing capacity. Although ERP systems 

might suggest rule-based modifications (‘programming’), the human scheduler is in charge of 

the development of different scenarios and their evaluation. The coordination becomes 

especially difficult if many different finished products with complex BOM and routing 

structures share the same capacity resources. In these situations several dependency types 

overlap which probably make iterations necessary in order to achieve reliable plans. 

6.4 Coordination schemes and dependencies 

The extension of ERP-based coordination from a single- to a multi-site approach can only be 

realized within the limits of coordination drawbacks described in the previous chapter. The 

increase in the number of process stages leads to longer sequences of subtasks. Consequently, 

infeasibilities that call for iterative coordination loops are more probable. Furthermore, in a 

multi-site environment the impact of poor coordination is significantly higher compared to the 

single facility scope.  

The basic ERP-based coordination scheme for single plants as described in chapter 6.1 is the 

foundation for the extension of vertical and horizontal network dimensions. The vertical 

extension is relatively easy to implement if the existing ERP procedure is continued upstream 

the value chain: supply requirements at the downstream facilities represent demands at 

upstream locations. However, the problematic decomposition procedure remains due to the 

ERP systems’ sequential process, i.e. decisions are taken without consideration of 

consequences for later tasks. Even more complex are horizontal extensions with ERP systems 

because ‘planning’ coordination mechanisms suitable for the management of sharing or assign 

dependencies are not supported efficiently by this software type. Sharing dependencies occur 

for example if several internal clients receive from one internal supplier the same material. In 

case of material shortage, the decision is about which of the competing clients shall be 

prioritized, i.e. which orders shall be served first and which quantity. The application of simple 

rules-of-thumb combined with stepwise isolated, sequential decision making leads to 

suboptimal results.  
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Logistic Segmentation 

The concept of ‘Logistic Segmentation’ is primarily based on organizational structuring: i.e. 

specific (market) demands are allocated to prioritized internal supply channels. Afterwards, 

coordination among different segments shall be employed in order to improve results.  

The coordination scheme on network level is represented in Figure 6.6 (upside). The allocation 

policy is defined by strategic management based on historical data. For this highly analytical 

task usually operations data from ERP systems are required although for the development of 

the policy no transactional system is required. The organization structure determines the 

routine supply relationships among logistic segments and demand types. However, in shortage 

situations demand might be switched to other logistic segments in order to fulfill all orders on 

time. The allocation policy includes business rules for the selection of orders to be re-

allocated. The number of policy designs is infinite – from rather simple to highly complex 

variants. For example, minimum order fulfillment quotes might be defined for each demand 

type or product-market priorities are formulated. Imagine that all demands assigned to a 

logistic segment cannot be met due to capacity constraints. A simple allocation policy could 

stipulate that first 50 % of all order types are confirmed and the remaining capacity afterwards 

is reserved according to gross margin. In this case for low-margin customer orders a temporary 

switch to a different logistic segment could be checked.  
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Figure 6.6: Sequential coordination procedures using ERP systems. 

The principal idea of ‘Logistic Segmentation’ is to minimize coordination cost with respect to 

both, fixed and variable, components. The allocation policy fixes a periodic review of the 

network production program. For example, each year within the budgeting phase several 

alternative supply and production alternatives are evaluated and scenarios are developed for 

shortage situations, which could be due to unexpected demand peaks or breakdowns of 

critical machines. Based on the results, logistic segments are determined and business rules for 

resolving conflict situations are settled. The allocation policy is a static framework which is 

fixed once for longer periods (e.g. one year) and managed out of the ERP system. As a 

consequence the fixed coordination cost is low, because the central coordination unit can be 

run with few personnel resources and all ERP systems can remain in their local architecture. 

The variable coordination cost is also low, because the allocation policy fixes an irrevocable 
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procedure that means limited improvement options but no costly iterative loops. The 

downside of this rigid procedure can be suboptimal planning results, for example avoidable 

lost sales.  

The coordination scheme is described in the following in detail as far as the coordination of 

sharing and assign dependencies is concerned. The latter type is important for cross-segment 

coordination. 

For sharing dependencies the allocation policy provides business rules that determine how 

resources are dedicated to order types. Unfulfilled orders are either lost or backlogged. 

In order to minimize cross-segment coordination in case of assign dependencies, first available 

coordination mechanisms known from ERP systems are applied within the segment, such as 

anticipated supply and production, overtime, etc. However, if resource conflicts cannot be 

resolved, cross-segment balancing of resources, i.e. material or capacity, might represent a 

suitable solution.  

In the case of logistic segmentation demands are dedicated preferably to a set of facilities so 

that possible alternative allocations are always treated as second-best solutions. Assign 

dependencies are only taken into account through rudimentary cross-segment coordination 

measures which are typically limited to the finished product level, hence during the execution 

of MPS and RCCP.  

Assign dependencies might refer only to the capacity dimension, if in different segments 

identical or at least substitutable technology is available. Then orders can be shifted between 

these segments when capacity bottlenecks become evident. If only the capacity dimension is 

affected, the requesting segment is providing all raw materials and components so that the 

coordination procedure is limited to RCCP.  

It is also possible that assign dependencies only refer to the material dimension, more 

precisely finished product stocks in different logistic segments. In order to cover immediate 

demand, on-hand (security) stock from other segments might be taken into account. The 

corresponding coordination then is limited to MPS. 

However, most common is the case that assign dependencies encompass both, capacity and 

material, because production (and therefore capacity) of the alternative segment is required to 

meet the finished product demand of future periods. Then first – during MPS – production 

requirements of affected segments are adjusted and afterwards capacities are balanced in 

RCCP for both segments. Subsequently all remaining local ERP activities such as MRP and CRP 

are performed.  
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Business rules and work flows can be coded in standard ERP systems in order to achieve the 

above mentioned coordination on network level. This applies to the allocation of finished 

product stocks to market demands as well as the reservation of capacities. Note that these 

‘programming’ coordination mechanisms are added and do not substitute the local execution 

of ERP tasks. The local capacity balancing within RCCP for example is mainly a manual 

‘planning’ coordination task. 

Functional Consolidation 

Instead of separating supply chains within the network through organization structuring (as 

pursued by ‘Logistic Segmentation’), the aim of functional consolidation is to merge activities 

from several locations concerning the same process stage or product level. 

The coordination scheme on network level is represented in Figure 6.6 (downside).  

In this case no rigid long term allocation policy exists that determines the order allocation 

procedure. The preferred allocation scenario might be identical to the one proposed by logistic 

segmentation. However, in case that not all demands can be met, alternative allocation 

scenarios are checked. This is the fundamental difference to the before exposed approach of 

‘Logistic Segmentation’: If the initial network order allocation does not bring satisfying results, 

then already realized activities have to be repeated under new assumptions.  

The aim of ‘Functional Consolidation’ is to improve coordination results without incurring high 

structural coordination cost. Instead of implementing long-term allocation policies that 

determine logistic segments, at the beginning of each planning cycle the allocation is reviewed 

based on dynamic parameters. Structural technological cost for IT infrastructure can be 

avoided because no additional software is needed, but the activity-dependent coordination 

cost due to required personnel resources increments significantly because iterative 

coordination cycles become necessary.  

In opposite to ‘programming’ coordination mechanisms employed in logistic segmentation, 

‘planning’ measures are used for functional consolidation, predominantly in order to better 

manage sharing and assign dependencies on the network level. However the coordination 

scheme relies on the ERP logic – for the sake of practicability iterations are only foreseen in 

MPS and RCCP at each network stage. Unfortunately, the presumably best alternative which 

might have been found for the first stage during relatively costly iterative cycles might turn out 

unfeasible on later coordination stages. Firstly, local MRP and CRP tasks are realized on a more 

detailed level. This might cause inconsistencies stemming from disaggregation when switching 

from mid-term to short-term horizon. Secondly, network tasks are focused only on finished 

product level and corresponding required resources. However, constraint violations often arise 
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on earlier production processes. Finally, decisions are taken stage-wise independently, i.e. the 

alternative selected on the first stage might not be the best one for the entire network.  

‘Functional Consolidation’ causes extra activity-dependent coordination cost because 

development, evaluation and selection of the allocation scenario are performed by human 

coordinators. Large investment in SCM software and the corresponding cost due to 

organization structure can be avoided. This coordination scheme is recommendable if sharing 

or assign dependencies are concentrated on a single finished product level or process stage 

and indirect dependencies concerning material levels or process stages are relatively weak. 

Otherwise there is a high probability that costly iterative procedures only achieve locally 

acceptable results and lead to unfeasible proposals at other network locations. 

Network Integration 

SCM software usually does not substitute the existing ERP system. On the contrary, the 

transactional ERP system is maintained so that both systems communicate and exchange data 

on a regular basis (Stadtler 2000). The SCM software takes over the ‘planning’ tasks so that 

many drawbacks of ERP systems can be left behind. The sequential procedure is replaced by 

Network Master Planning which integrates production, distribution and purchasing decisions. 

All relevant constraints are taken into account simultaneously for the calculation of the 

optimal solution (with respect to logistic performance). Literature on software architecture 

and SCM software functionalities as well as the underlying algorithms is extensive – see for 

example Stadtler (2000) or Shapiro (2001). This research does not focus on these aspects but 

on the organizational questions related to the software’s use.  

When switching to SCM software, formerly realized coordination schemes are fully replaced by 

the integral optimization approach. Due to this radical change a central coordination unit has 

to be installed. The coordination task itself then is not carried out by human planners and 

iterative loops are not necessary anymore. As a consequence the activity-dependent 

coordination cost for each planning cycle is reduced to a minimum and frequencies can be 

incremented without significant economic impact. However, the effort for building and 

maintaining the data models and the interfaces to the ERP systems is continuous and 

constitutes structural coordination costs. The profound change is a challenge for the existing 

organization because local planners are substituted by the IT system and its administrators in 

the central coordination unit working on master data updating, modelling and interfacing. 

Several integration levels have been proposed (Zoryk-Schalla 2001, p. 77) for SCM 

implementations with different scope of data consistency and cost. 
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6.5 Comparison of the coordination approaches 

Three coordination schemes based on different IT support have been developed and described 

with respect to structural and activity-dependent coordination cost as well as coordination 

benefit.  

The concept of ‘Logistic Segmentation’ is primarily based on organizational structuring so that 

the relative complex task of managing sharing and assign dependencies is avoided as far as 

possible. If the assigned segments are not able to meet customer demands, simple exception 

handling rules trigger the availability check in alternative segments. Hence, ‘programming’ is 

applied as predominant coordination mechanism. The associated coordination cost is low, but 

also performance might lack when complex (sharing and assign) dependencies are present. 

This coordination scheme is determined on strategic level and its implementation neither 

requires profound ERP data reorganization nor significant personnel resources, only the 

business rules for reallocating unmet demands to alternative segments are coded.  

‘Functional Consolidation’ is based on the ERP system logic – therefore the traditional 

drawbacks of sequential coordination prevail. For a better management of complex 

dependencies, iterative procedures are employed to evaluate several allocation scenarios. Due 

to high activity-dependent coordination cost, these predominantly manual ‘planning’ 

procedures are restricted to MPS and RCCP, i.e. the finished product level of each network 

stage. The concerned activities and decisions are centralized stage-wise. The restructuring of 

the ERP system and the assignment of limited personnel resources to the central unit cause 

moderate structural coordination cost. This coordination scheme is recommend when 

dependencies are focused on particular stages of the network. 

Integral optimization supposes a change from the sequential ERP logic to a simultaneous 

optimization approach of SCM software. Then variable coordination cost is minimized because 

the software is assuming ‘planning’ activities. Consequently, even the coordination frequency 

can be increased without incurring significant additional cost. The optimization algorithm 

assures maximum logistic performance. However, the structural coordination cost is high, e.g. 

for SCM software acquisition and maintenance of data, models and interfaces. Therefore this 

coordination scheme only is recommended when sharing and assign dependencies are 

important and a high dependency density throughout the entire network hinders the use of 

other coordination schemes. 
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7  Heuristic evaluation method 

Major objective of the heuristic evaluation procedure is to assess the coordination efficiency of 

different organizational forms sufficiently precise in a rapid manner.  

The method described in the sequel contemplates the premises for proper industrial network 

design (compare chapter 5). The principle idea is to decompose systematically all 

dependencies in its branches and identify all alliances among them. Organizational forms are 

characterized by a set of coordination dimensions with different suitability for generating 

benefit and cost. Once all individual alliances are valued, the scoring system provides 

indicators which support organizational recommendations. Hence, the management capability 

to dominate specific dependency configurations is operationalized. 

Objectives relevant for coordination cost and benefit are exposed in section 7.1. The business 

environment is reflected by contextual factors which influence the dependency strength. One 

dependency factor consolidates all influence factors belonging to one dependency in a single 

metric (chapter 7.2). Furthermore the relationship between decision scope and number of 

physical resources covered by coordination is taken into consideration and aggregated to the 

horizon factor. Dependencies are further characterized by dependency type and resource type 

involved. The relationship between dependencies within the network is important for the 

evaluation of specific coordination schemes. Hence, all dependencies are decomposed into its 

branches and all associations are classified systematically.  

Subsequently, the coordination capabilities are analysed. Therefore, all coordination 

dimensions are listed and related with organizational forms (chapter 7.3). The contribution to 

coordination efficiency is described by coordination factors which are matched with 

dependency characteristics identified in the previous chapter.  

The core module of evaluation procedure is the scoring system which quantifies the 

contribution of specific coordination dimensions to the defined objectives through 

coordination factors. Two scoring systems are developed, one for the determination of 

coordination benefit (chapter 7.4) and another one for the assessment of coordination cost 

(chapter 7.5). Each concept is valued independently because of the different objectives 

pursued: coordination benefit refers to the improvement of logistic objectives while 

coordination cost is related to technological and personnel expenses. However, both 

evaluation methods share a unified theoretical foundation and framework.  

The final section concludes with recommendations linking network structures and properties 

with appropriate organizational forms. 
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7.1 Efficiency measures and objectives 

In chapter 2 already some difficulties have been addressed that shall be considered when 

dealing with objectives for network master planning. One major problem is that objectives 

often are conflicting among departments so that weighing of various goals is necessary. 

Furthermore, benefits from some goals are monetarily difficult to measure, e.g. flexibility, 

responsiveness, transparency or customer satisfaction (Roesgen 2007, p. 140). In this research 

the effect of low service level is reflected by penalties stemming from lost sales, leading to a 

monetary quantifiable lack of coordination benefit. Table 7.1 summarizes coordination 

efficiency categories and accounting concepts. The reduction in autonomy cost thanks to 

improved organization is equivalent to coordination benefit. The variable, activity-dependent 

type of coordination cost is distinguished from the structural, fixed coordination cost.  

Table 7.1: Classification of efficiency measures. 

Efficiency measures Accounting concept 

Coordination benefit  Sales revenues 

Income statement 

Coordination benefit  Distribution cost  

Coordination benefit   
Production cost 

Coordination cost Variable  

Coordination cost Fixed Administrative cost 

Coordination benefit  Working capital (inventory) 
Balance sheet 

Coordination cost Fixed IT investment & capex 
 

For the comparison of organizational forms, several cash flow relevant positions are 

distinguished. Expenses for operating activities are denoted in the income statement and 

contemplate sales revenues, production costs as well as expenses for distribution and for 

administration. Investments, capital expenditures and working capital are accounted on the 

balance sheet. Coordination benefits and costs correspond to one of the mentioned 

categories. 

Increased sales revenues as a consequence of improved coordination generate coordination 

benefit and may have different causes. Efficient use of material and capacity resources 

contributes to higher order fulfillment rates, e.g. through the consideration of alternative 

geographical or period allocations. Hence, delayed or even lost benefit can be avoided if all 

orders can be served on time. Furthermore product or customer profitability can be taken into 

consideration prioritizing more profitable customer orders. 
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Production cost is conceptually separated in two parts. Coordination benefit might be 

increased through reduction in supply and manufacturing cost. This subchapter is related to 

the material flow layer. Coordination cost is also part of the production cost because personnel 

in charge of coordination are included in this category. For a better understanding, the 

execution level is distinguished from the decision making level. Personnel expenses associated 

with the administrative execution level clearly account as variable coordination cost. Each time 

the coordination process is realized, personnel resources are reserved for it. The management 

level might also directly be involved in the coordination process because decision making 

might be required at the end of the cycle. This activity and the required personnel resources 

also account as variable coordination cost. In contrast, if the management level is dedicated to 

supporting activities such as reporting, business process or model design, then these personnel 

expenses are classified as fixed coordination cost, because the activity is independent from the 

number and complexity of coordination cycles (Mittermayer and Rodríguez 2009). 

Administrative expenses typically include several concepts of fixed coordination cost such as 

personnel expenses from departments like operations, finance and IT or external services for 

IT maintenance. However, within administrative cost also might figure personnel expenses for 

coordinators which are categorized as variable coordination cost according to the classification 

of the present research. 

Some fixed coordination costs are classified as ‘capital investments and expenditures’, for 

example project-related spending. Note that also improvements in working capital as a 

consequence of inventory reduction are accounted in this chapter.  

It is important to understand that the presented concept of coordination efficiency does not 

match with the common understanding of management accounting. In particular the meaning 

of fixed and variable coordination cost might create confusion. For instance, the payroll 

expenses for production management must be allocated partially to variable and to fixed 

coordination cost, depending on the activity addressed. 

7.1.1 Coordination benefit  

In this heuristic model, the coordination benefit of alternative organizational forms will be 

compared with the performance of the optimal solution. The simulation method explicitly 

models various goal categories and therefore reflects trade-offs between competing 

objectives. In contrast, by means of the heuristic model only the aggregated performance 

change is predictable, not the effect of coordination measures on single objectives. The 

heuristic model is designed based on the reasonable assumption that the management of 

dependencies improves performance. The achievement level varies as a function of 
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dependency characteristics and suitability of organizational design elements incorporated in 

the coordination scheme. Centralization, coordination mechanisms and instruments are these 

organizational design elements. The effect on coordination benefit is explained in the 

following. 

Centralization  

Coordination benefit might be targeted focusing each location individually, each 

manufacturing stage or the entire network. This depends on the determination of the 

organization structure in horizontal and vertical direction. If dependencies are managed within 

one single organization unit, then the coordination benefit is expected to be higher compared 

to the situation when dependencies are affecting various organization units. One of the 

reasons is that usually each organization unit pursues its individual objectives. Even when 

mechanisms (incentives, corporate policies, SOPs, transfer prices, etc.) are implemented in 

order to align local goals with network-wide objectives, the performance level is often not 

comparable to a hierarchical, integrated organization. The lack of IT support is one major 

reason for the low extension of sophisticated decentralized coordination in industrial practice. 

As industrial scale software applications are not widely available, a similar level of coordination 

intensity as known from hierarchical systems cannot be achieved. 

It is important to note that for the efficiency analysis regarding dependency integration 

through centralization – beside the management of direct relationships – also indirect effects 

from overlaying dependencies contribute positively.  

Coordination mechanism 

Once the static organization structure and its centralization level is fixed, those dependencies 

are roughly identified which can be managed completely within one single organization unit. In 

the next step must be determined the manner how to do it. Basically two coordination 

mechanisms – a simple ‘programming’ and a more sophisticated ‘planning’ type – have been 

presented in earlier chapters. Whenever a relationship is covered by a particular organization 

unit, both mechanisms might be applied. The more complex a dependency, the higher the 

coordination benefit if managed through adequate mechanisms. The complexity can be further 

described by the dependency type and the intensity of involved dependencies, the relationship 

among them and the underlying resources. In general terms can be stated that in more 

complex situations, the use of ‘planning’ instead of ‘programming’ is more advantageous. 

 

 

http://dict.leo.org/ende/index_en.html#/search=advantageous&searchLoc=0&resultOrder=basic&multiwordShowSingle=on
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Coordination instrument 

Software as coordination instrument does not provide coordination benefit directly but acts as 

enabler for achieving it. ERP systems neither support network ‘planning’ functionalities nor 

vertical centralization. Automation of ‘planning’ functionalities and vertical, network-wide 

integration is only possible by means of SCM software.  

7.1.2 Coordination cost  

The term ‘coordination cost’ in the present research includes all means and activities required 

for the realization of SCM relevant coordination. Negative effects of suboptimal coordination 

such as unnecessarily high production costs do not belong to this category but to coordination 

benefits. This definition is contrary to other authors’ view. CLEMONS ET AL. (1993) include also 

opportunity costs, for example “cost incurred by the firm due to delays in the communication 

channel” (Clemons et al. 1993, p. 30). These kind of costs according to the here applied 

understanding are in the last consequence unrealized coordination benefits in terms of lost 

sales, elevated inventory costs etc.  

Startup investments at the beginning of a project are differentiated from ongoing expenses for 

running the system. Furthermore the technical dimension is clearly distinguished from the 

human/organizational dimension. The implementation of IT systems deeply impacts the 

organization and therefore implies multiple cost elements beyond the purchase of software 

and hardware. Even productivity loss is reported, for example due to extensive training needs 

or troubleshooting that requires involvement of all organizational levels and functions, such as 

top management, administrative personnel and IT experts (Irani et al. 2006). 

In the present research coordination costs will be classified in technology and organization 

costs on the one hand and in variable and fixed costs on the other hand (see Figure 7.1) as 

suggested by MITTERMAYER AND RODRIGUEZ (2008). Technology cost does not depend on the 

number of coordination cycles realized, thus is always classified as fixed cost. 

 

Figure 7.1: Classification of coordination costs. 
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In this category fall expenses for hardware and software as well as IT related external services. 

Technology cost associated with the implementation and maintenance of ERP/SCM systems is 

often underestimated (Mittermayer and Rodriguez 2009, p. 67). According to BRYNJOLFSSON, for 

each dollar spent on ERP systems such as “SAP’s R/3 […] typically three or four dollars are 

spent on consultants who implement the system” (Brynjolfsson, 1998, p. 55). Annual software 

maintenance fees oscillate among 10% to 20% of the purchase cost (Brynjolfsson, 1998; 

Brown, 2006). 

Organization costs can be split into a fraction of fixed cost and another variable cost block. 

Running an organization structure is associated with fixed personnel costs that do not vary as a 

function of coordination cycles. Similar to the structure of corporate organizations, which 

consists of an operating core at the bottom and the management on top with support staff 

and technostructure, individual departments also are organized similarly. Coordination units 

are usually composed by a manager, a group of business process analysts (technostructure), 

administrative personnel for master data updating and documentation (support staff) and 

coordinators (operating core). The personnel resources from IT dedicated to run the ERP/SCM 

software also must be considered. Although the borderline between fixed and variable costs 

cannot be drawn exactly, in this research the ‘manager’ and ‘coordinators’ are associated to 

variable cost and all others are categorized as fixed cost positions.  

Only in case of ‘Functional Consolidation’ and ‘Network Integration’, a strong central 

coordination unit is required where part of management, staff and operating core is located. In 

contrast, for ‘Logistic Segmentation’ the operations policy is defined by corporate strategic 

management so that the installation of a central operations unit and associated costs can be 

avoided. However, supporting staff and technostructure is reinforced in order to bring 

technical expertise and knowledge to the local units. 

Organizational overhead costs (i.e. not directly attributable to products) will be split into fixed 

and variable fractions. The latter varies as a function of coordination cycles. Activity-based 

costing methods suggest first assigning fixed costs to activities and valuing products monetarily 

afterwards based on each product’s use of activities (Weil and Maher 2005, p. 5). The present 

research also focuses on the activity. The evaluation method compares the differences in 

activity level required for alternative coordination schemes. 

For the estimation of total coordination cost, the following procedure is applied. Firstly, fixed 

technology and organization costs are decomposed based on existing classifications in 

literature (subsection 7.1.2.1). Variable organization costs have outstanding importance for 

this research because depending on the coordination scheme, these costs can be significantly 
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reduced – therefore the corresponding cost drivers will be analysed in detail (subsection 

7.1.2.2). In section 7.2 dependency factors are introduced and the different components as 

well as the calculation procedure are explained. The coordination capability is measure by 

coordination factors which are subject of section 7.3. Afterwards, each coordination scheme 

can be scored regarding coordination benefit (section 7.4) and coordination cost (section 7.5).  

7.1.2.1 Fixed technology and organization costs 

Based on literature findings (Irani et al. 2006, Love et al. 2006) Table 7.2 provides a 

comprehensive overview of technology and organization fixed costs associated with the 

implementation and operation of ERP and SCM software. The broad range of cost types 

unfolds that the real cost magnitude of IT projects might be underestimated.  

Table 7.2: Technological fixed coordination costs. 

Technological Fixed Coordination Cost Organizational Fixed Coordination Cost 

Hardware and infrastructure acquisition 
Servers, cabling, switches, workstations, building 
supplies  

Initial reorganization   
Business process modeling 

Hardware and infrastructure maintenance 
Updating of firmware, support and replacement 

Initial implementation  
Installation, Data migration, customizing 

Software acquisition 
ERP system, SCM add-on, database, operating system, 
virtualization software 

Continuous organizational adjustment 
Training, change management, user 
administration 

Software maintenance 
Patches, version update, trouble shooting 

Continuous system administration 
Updating model, master data maintenance 

Interfaces to existing systems 
Customer relationship management, document 
management, manufacturing execution.  

Continuous business analysis 
Reporting and decision support 

 

For the coordination cost view, (internal) personnel resources for routine coordination are of 

particular interest. This cost type is usually not decomposed in literature, although the 

importance of human resource and organizational cost is widely recognized (Love et al. 2006). 

Two major organization cost blocks can be distinguished. On the one hand fixed cost for 

management, technostructure and support staff must be incurred. On the other hand activity-

dependent, variable personnel costs must be accounted for. Variable cost is either due to 

anticipative, reactive or iterative coordination.  

All organization costs associated with personnel whose workload is independent from the 

number of coordination cycles is considered fixed cost. Figure 7.2 depicts schematically the 

different organizational structures.  
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Figure 7.2: Organization structures in different organizational forms. 

The basic organizational form (‘Logistic Segmentation’) requires minimum involvement of the 

central unit. In particular coordinators are not required because these activities are realized in 

the local units. Only rudimentary management and support functions are foreseen in the 

central unit. The operational allocation rules are fixed in a static manner for longer periods 

(e.g. yearly). The associated fixed organization cost is relatively low; only few personnel 

resources (such as experts from controlling, IT or business process engineering) have to be 

dedicated sporadically.  

The second type (‘Functional Consolidation’) assumes the implementation of operations in the 

central coordination unit. Therefore the number of coordinators in the operating core of the 

central unit is relatively high and on management level group leaders are appointed in order to 

coordinate the different workgroups. As a consequence of shifting tasks and responsibility to 

the central unit, personnel resources can be reduced in the local units.  

For ‘Network Integration’, a peculiar distribution of manpower is required. In the central unit 

specialized support functions are pronounced (staff and technostructure), such as IT and 

business process experts, but the number of managers and coordinators belonging to the 

operating core can be minimized thanks to SCM software. 

The fixed cost estimation is difficult due to the wide variety of different cost types. In contrast, 

the origin of variable cost is unambiguous: the personnel cost of coordinators and managers.  

Some authors (e.g. Pillep and Stille, p. 630) also consider IT system cost as variable and 

therefore recommend charging corresponding hourly rates as service fees. In this research the 

IT system cost is considered fixed cost because the system – once implemented – causes costs 

that are mainly independent from the use level of the software.  

Logistic Segmentation Functional Consolidation Network Integration

Operating Core – Fully Variable Coordination Cost

Manager – Partially Variable Coordination Cost

Support – Fully Fixed Coordination Cost

Central Units

Local Units

http://dict.leo.org/ende?lp=ende&p=ziiQA&search=unambiguous&trestr=0x8004
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All activities related to the realization of coordination are accounting for variable coordination 

costs, i.e. seeking and filtering information, manipulating data, data processing and exchange 

as well as data mining and analysis. In this research, the main variable cost positions are 

stemming from ‘planning’, i.e. the development and evaluation of alternative solutions.  

The basis for a valid evaluation method is the accurate analysis of variable coordination cost 

drivers and its influence factors (see next section).  

7.1.2.2 Variable coordination cost 

The evaluation of coordination benefit is based on the cumulative effect of managing 

individual dependencies: each managed dependency adds benefit to the total. In contrast, 

variable coordination cost is influenced by various factors in divergent directions.  

Variable coordination cost is the sum of network-wide personnel cost dedicated to activity-

dependent tasks. The principal parameters are the number of organization units, the number 

of employee in each organization unit, the personnel unit cost, task frequency and task 

duration. 

The number of organization units and the number of its employees is of outstanding 

importance for the evaluation of coordination cost because organizational forms differ 

strongly in these parameters. The maximum number of organization units is equivalent to the 

total number of locations – this is the case when each facility is operating autonomously.  

The task duration is majorly influenced by the centralization degree and the type of 

coordination mechanism. In more centralized organizations, a higher number of resources are 

managed jointly in a single task leading to a total reduction in task duration when comparing 

to alternatives with separated task execution. 

With regard to coordination mechanism, ‘planning’ is supposed to be more impacting 

concerning variable coordination cost compared to ‘programming’. While ‘programming’ is 

equivalent to a one-time execution of the coordination task, the manual ‘planning’ procedure 

can be interpreted as a ‘programming’ mechanism which is iteratively repeated under altered 

parameter settings. Hence, the total task duration is equal to times elapsed for basic 

coordination plus one iterative coordination cycle multiplied by the number of iterations. The 

execution time required for iteration is one of the major concerns of this research because the 

iteration effort will influence the economic feasibility of the intermediate organizational form 

(‘Functional Consolidation’). The iteration intensity depends to a large extent on the 

complexity of the dependency configuration. The probability that iterative procedures are 

required is higher for complex tasks than for simple problems. Especially those dependencies 
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which are not within the scope of the task are primary reason of iterative loops. Therefore 

special light shall be shed on indirect dependencies. 

The execution frequency directly influences the coordination cost. In chapter 5 the relationship 

between forecast accuracy, planning horizon length and coordination cycles has been exposed. 

High level of uncertainty concerning external information such as poor customer forecasts 

requires relatively short planning periods and frequent updates. 

The coordination frequency determines the time interval between two coordination cycles. 

Hence, basically any increase in frequency augments proportionally the variable coordination 

cost. In this research anticipative, routine coordination is distinguished from reactive, ad-hoc 

coordination. Routine coordination is typically realized according to specific routine triggers, 

e.g. time-based periodically every month or after the termination of the predecessor activity. 

The main influence factor determining the appropriate routine frequency is forecast accuracy 

which again influences the appropriate length of planning horizon. Low coordination frequency 

is acceptable if the planning horizon can be fixed sufficiently long. In turn, for short horizons 

the frequency must be higher in order to avoid outdated data. Reactive, ad-hoc coordination is 

triggered by an unexpected event, typically when the initially, intended outcome cannot be 

achieved. The coordination frequency is lower if manual tasks prevail instead of highly 

automated task. In the latter case the task duration can be sharply reduced so that higher 

frequencies do not lead to significant coordination cost increase. 

Several personnel cost rates (e.g. expressed in €/h) can be distinguished; usually a lower one 

for the operating core and a higher one that applies to management activities. Routine 

decision making is only relevant when ‘planning’ is the major mechanism and no SCM software 

is assuming the task. Figure 7.3 depicts the coordination process and summarizes the 

parameters that determine basic variable coordination cost (𝑏𝑣𝑐𝑐) and iterative variable 

coordination cost (𝑖𝑣𝑐𝑐). 
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Figure 7.3: Coordination process for different organizational forms.  

The assumptions for further considerations are: 

 The cost rate associated with decision making is equal for all organizational form, the 

same holds true for operational activities. 

 The specific frequencies are identical for ‘Logistic Segmentation’ and ‘Functional 

Consolidation’, only in case of ‘Network Integration’ higher frequencies are 

reasonable. 

 Decision making is a major concern only in case of ‘Functional Consolidation’ because 

in case of ‘Logistic Segmentation’ a static procedure based on company policy is in 

place and for ‘Network Integration’ software is widely taking over task execution. 

 Reactive coordination is not regarded because of its minor importance compared to 

routine coordination.  

 For reasons of clarity, the basic coordination procedure will be distinguished from the 

iterative process. ‘Planning’ can be understood as the repetition of the defined 

‘programming’ under altered scenario parameters.  
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Centralization 

Reduction in 𝑏𝑣𝑐𝑐 shall be realizable if several dependencies are managed jointly in one single 

organization unit instead of multiple, distributed organization units.  

In chapter 3.2.2 the different task distributions for all organizational types have been 

schematically presented. In case of ‘Logistic Segmentation’ all primary tasks (MPS, RCCP, MRP, 

CRP) are assigned to the locations so that the number of organization units is relatively high. In 

contrast, when applying ‘Functional Consolidation’ the number of organization units can be 

sharply reduced through the joint execution of selected activities (MPS and RCCP) on a global 

level for identical production stages. ‘Network Integration’ refers to the task consolidation in 

one integrated, centralized organization unit. The reduction can be achieved by merging 

identical task types. MPS deals with the coordination of date, quantity and specification of 

material resources while RCCP is focused on capacity resources. Therefore the task duration 

can be cut, when activities are merged concerning identical resource classes. For example, the 

fusion of two organization units which both manage material resources is leading to 

significantly higher execution time reduction than if different resource classes are affected. In 

a similar way, dependency types must be taken into account. Savings thanks to task 

consolidation are more important when similar dependency types are addressed because in 

this case also affected decision dimensions coincide.  

Coordination mechanism 

In this research two coordination mechanisms – ‘programming’ and ‘planning’ – are 

contrasted. The fundamental difference is that ‘planning’ implies the development and 

evaluation of several alternatives while ‘programming’ is based on defined rules to achieve 

one solution. Concerning coordination costs, SCHOTTEN presents a rule-of-thumb for the 

peculiar case of shop-floor coordination: the effort of order sequencing (‘programming’) 

compared to job scheduling (‘planning’) is 80:100. In both cases the number of resources and 

the number of dependencies have influence on the coordination costs (Schotten 1998, Annex 

C1). In this research several ‘planning’-relevant coordination elements are distinguished which 

add complexity and therefore increase execution time. 

‘Programming’ is the optimal (just-in-time) solution if every order is fixed in unconstraint 

conditions. This is fully implemented in ERP systems. However, in real world problems, 

capacity or material constraints are present. Alternative allocations regarding the dimensions 

time, product or geography lead to alternative plans. Load balancing considers the allocation 

of orders to earlier time buckets, temporary overtime or hiring temporal workers. If different 

product orders share common resources, then alternative priority scenarios can be 
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considered. Different variants regarding territory allocation additionally might increase the 

task complexity. The dependency type determines which of the above mentioned dimensions 

(time, product or territory) are affected.  

The task is either related to operation or to decision making. Decisions are necessary, if several 

alternatives have been developed during the planning process. Decisions typically are 

managers’ responsibility and are associated with relatively high personnel unit cost rates. In 

contrast, the operative task follows a strict programmed procedure which requires only 

fundamental skills so that lower unit cost rates can be applied.  

Basic coordination is triggered periodically and encompasses all relevant activities concerning 

the full data set. All sub-activities are realized once. Reactive coordination can be interpreted 

as the one-time execution of a predefined emergency program which does not necessarily 

affect the full set of activities or data. Note that the task is triggered by specific exceptions, not 

periodically. In this research the reactive coordination will not be focused in detail because of 

the minor effect on variable coordination cost. Iterative coordination can be expressed as the 

multiple repetition of a task after basic coordination is done. Execution times strongly depend 

on the number of iterations. 

‘Planning’ compared to ‘programming’ is more coordination intensive due to several reasons: 

Additionally to the basic coordination, iterative cycles are necessary. The manual execution 

time varies as a function of dependency complexity. The improvement potential regarding 

basic coordination by task merging is opposed to the additional effort due to iterative variable 

coordination cost. The higher the number of integrated tasks, number of dependencies, 

underlying resources and decisions dependencies to be considered, the higher is the 

probability of iteration need. At first sight, savings thanks to consolidation stemming from 

basic coordination are balanced by additional effort from iterative coordination. However 

deeper analysis unfolds two major differences. First, cost reduction regarding basic 

coordination is possible thanks to simultaneous management of identical task types and 

decision dimensions. In contrast, iterative needs arise when distinct task types and decision 

dimensions are present. Second, the effect of basic coordination is solely stemming from 

dependencies covered by the consolidated organization unit, whereas important reasons for 

iterative coordination are dependencies which are not covered by the corresponding 

organization unit. 

Coordination instrument  

ERP systems have incorporated sequential ‘programming’ mechanisms and therefore cover the 

basic coordination procedure. In general these systems have been designed for single location 
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implementations, but – respecting the sequential coordination procedure – a standard ERP 

system can be extended in horizontal direction, hence supporting partial centralization. 

Anyhow, the main weakness of the ERP system algorithm remains. Suboptimal or unfeasible 

solutions can only be improved through coordination-intense iterative cycles including costly 

analytical management tasks.  

SCM software offers several coordination cost improvements. Firstly, for the intra-stage 

coordination no iterative cycles are required because the optimization algorithm 

simultaneously resolves the integral problem of MPS, RCCP, MRP and CRP. Secondly, SCM 

software allows extending the centralization in vertical direction, i.e. the fragmentation of the 

coordination tasks is eliminated also across the network stages. Consequently, SCM software is 

reducing sharply execution times when replacing manual task. 

For a comprehensive assessment of both aspects, coordination benefits and costs, a structured 

method is necessary which will be exhibited in the following subsections.  

By means of the evaluation procedure, the dependency strength is associated with 

coordination capability in order to achieve a well-founded statement about the potential of 

each organizational form for generating coordination benefit and cost. A similar 

methodological approach had been used by XU AND BEAMON (2006).  

The dependency factors and the coordination factors are developed in section 7.2 and 7.3. 

Both elements are equally fundamental for coordination benefit and variable coordination 

cost. Both factors reflect the reasonable assumption that complex dependency structures can 

result in significant coordination cost but also generate important coordination benefit when 

managed properly.  

7.2 Dependency Factor 

The interrelation between influence factors and dependency structure already has been 

outlined in chapter 5. The dependency factor described in this chapter, contemplates the 

procedure for influence factor determination and the decomposition of the network 

dependency distribution necessary for the impact assessment as a function of coordination 

capability. 

7.2.1 Contextual factor  

Influence factors are identified for each dependency reflecting the impact level. The 

dependency intensity, which is represented by high influence factor values, measures the 

importance of dependencies, thus leveraging coordination cost as well as coordination benefit. 
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Influence factors are employed in order to quantify dependency intensity so that effects of 

possible coordination are measurable. For each core relationship all factors are valued on an 

interval of [0; 1] where 1 indicates the maximum impact, 0.5 weak influence and 0 insignificant 

effect. The full catalogue contains general criteria and specific ones for particular dependency 

types (see section 5.4). Note that some factors are only relevant if capacity resources have to 

be managed. If no capacities are involved, the corresponding values shall be set to 0, so that 

the lower importance of the dependency is expressed. Some criteria are only relevant for 

polyadic sharing and assign dependencies because of related characteristic network flow 

alternatives and associated decision making options.  

The average of all correspondent influence factors marks the total value for each dependency.  

Hence, the highest contextual factor achievable is 1 if all criteria are relevant and in all 

individual categories the highest value is reached. Lower values are observable either if 

individual criteria do not apply or are rated smaller than 1.  

For each dependency 𝑑𝑎 the contextual factor is valued based on the following formula: 

𝜑𝑎 =
∑ 𝜑𝑤,𝑎

W
 𝑤𝑖𝑡ℎ        (formula 7.1) 

𝜑𝑤,𝑎 = 1 ;  𝑓𝑜𝑟 𝑠𝑡𝑟𝑜𝑛𝑔 𝑓𝑎𝑐𝑡𝑜𝑟 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒   

𝜑𝑤,𝑎 = 0.5  ;  𝑓𝑜𝑟 𝑤𝑒𝑎𝑘 𝑓𝑎𝑐𝑡𝑜𝑟 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒   

𝜑𝑤,𝑎 = 0 ;  𝑓𝑜𝑟 𝑖𝑛𝑠𝑖𝑔𝑛𝑖𝑓𝑖𝑐𝑎𝑛𝑡 𝑓𝑎𝑐𝑡𝑜𝑟 𝑖𝑛𝑓𝑙𝑢𝑒𝑛𝑐𝑒   

 

Value 𝜑𝑤,𝑎 defines one single influence factor out of the total number of W influence factors 

relevant for dependency 𝑎. 

In Table 7.3 relevant influence factors 𝑤 and parameters 𝑊 are associated for each 

dependency type, according to the classification of chapter 5.4. 

Table 7.3: Parameters for contextual factor calculation. 

 𝐖 𝐰 

Dependency type  Demand market Supply market Operations Sharing D. Assign D. 

Flow 23 1…6 7…12 13…23   

Fit 23 1…6 7…12 13…23   

sharing
 

27 1…6 7…12 13…23 24…27  

assign 28 1…6 7…12 13…23  28…32 

 

7.2.2 Dependency characteristics and network structure 

The former step has delivered the formula for quantifying the intensity of each dependency. 

The objective of the evaluation method is to match coordination schemes with particular 

networks. Therefore the differentiating network characteristics must be decomposed and 
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systematically classified so that afterwards the appropriateness of coordination schemes is 

quantifiable based on these criteria. In the previous chapter already has been explained, that 

the resource type and the dependency type are two important differentiation criteria. In order 

to describe the network structure, the echelons which are affected and the relatedness of 

dependencies – represented by the specific alliance type – are further introduced. All branches 

𝑑𝑎,𝑏 are characterized regarding: 

 the resource type 𝑟 

 the dependency type 𝑑 

 the alliance type 𝑝  

 the echelons 𝑞 

Resources and dependency types 

For each branch 𝑏 of dependency 𝑎 all involved resources are identified. At each of the two 

locations, either one or two of the resources classes ‘material’ and ‘capacity’ are affected. If all 

classes are involved at both locations, the total of four resource types must be considered in 

the coordination process. In Table 7.4 all combinations are represented which can occur 

between two locations. For example ‘mc/c’ means that at one location ‘material’ and 

‘capacity´ are affected while for the other location only ‘material’ is relevant. 

Table 7.4: Classification of resource types. 

 m/c m/m c/c mc/c mc/c mc/mc 

𝒓 1 2 3 4 5 6 

 

The dependency type is identified by parameter 𝑑. Note that some dependencies are 

characterized by three or more involved locations and each branch 𝑏 identifies the association 

between two locations under dependency 𝑎. 

Table 7.5: Classification of dependency types. 

 Dyadic flow Polyadic fit Dyadic sharing Polyadic sharing Polyadic assign 

𝒅  1 2 3 4 5 

 

The network locations are labeled in vertical (index 𝑖) and horizontal direction (index 𝑗). The 

index 𝑖 =  0 determines the point of sale. All locations 𝑣𝑖,𝑗 associated with location 𝑣´𝑖´,𝑗´ 

through dependencies are notified.  



7 Heuristic evaluation method 

Page 122 of 169 

 

𝑁𝑒𝑡𝑤𝑜𝑟𝑘 =  (

𝑣1,1 ⋯ 𝑣1,𝐽

⋮ 𝑣𝑖,𝑗 ⋮
𝑣𝐼,1 ⋯ 𝑣𝐼,𝐽

)    (formula 7.2) 

For each tuple 𝑣𝑖,𝑗(𝑣´𝑖´,𝑗´) several alliances might exist because branches of different 

dependencies can overlap. Several conditions have to be checked before confirming these 

alliances. First of all, tasks must have overlapping planning horizons. Secondly, planning 

objects must be associated. This is the case if the regarded dependencies refer to identical 

resources (capacity or material) or resources are associated via BOM or routing. The 

management of alliances is important because of the expected contribution to coordination 

efficiency. Once all core dependencies are classified thoroughly, alliances between them can 

be derived using basic algorithms.  

The echelon identifies the maximum extension in material flow direction: dependencies 

overlapping on identical ‘single’ echelons can be distinguished from ‘double’ or ‘triple’ echelon 

configurations.  

Core relationships 𝑑𝑎,𝑏  affect either one (𝑞 = 1) or two (𝑞 = 2) echelons. In contrast, alliances 

emerge due to overlapping of several branches so that alliances can span over multiple 

echelons. Furthermore, the relative situation of the branches is captured by relatedness (𝑝) 

which can be either ‘congruent’, ‘adjacent’ or ‘remote’.  

Table 7.6: Possible alliance configurations (relatedness and echelon types denoted as 𝑝, 𝑞). 

Echelons (𝒒) Relatedness (𝒑) 

 Congruent Adjacent Remote 

Single 1,1 2,1 3,1 

Double 1,2 2,2 3,2 

Triple 1,3 2,3 3,3 
 

Congruent dependencies exist whenever several dependencies can be identified at both 

locations per tuple 𝑣𝑖,𝑗(𝑣′𝑖´,𝑗´). These may refer to either single (𝑖 = 𝑖’) or double (𝑖’ − 𝑖 = 1) 

echelons. 

The necessary condition for the existence of a congruent dependency between two locations 

𝑣𝑖,𝑗 and 𝑣′𝑖´,𝑗´ concerning two different relationships 𝑑𝑎,𝑏
∗  and 𝑑𝑎,𝑏

∗∗  is: 

𝑖, 𝑗(𝑑∗) =  𝑖, 𝑗(𝑑∗∗) and 𝑖′, 𝑗′(𝑑∗) =  𝑖′, 𝑗′(𝑑∗∗)  

Adjacent dependencies are characterized by two relationships which overlap in only one 

common location affecting either single, double or even multiple echelons.  
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The necessary condition for the existence of an adjacent dependency between two locations 

𝑣𝑖,𝑗 and 𝑣′𝑖´,𝑗´ concerning two different relationships 𝑑𝑎,𝑏
∗  and 𝑑𝑎,𝑏

∗∗  is: 

𝑖, 𝑗(𝑑∗) =  𝑖, 𝑗(𝑑∗∗) and 𝑖′, 𝑗′(𝑑∗) ≠  𝑖′, 𝑗′(𝑑∗∗) 

Remote relationships are given if three dependencies 𝑑𝑎,𝑏
∗  , 𝑑𝑎,𝑏

∗∗  and 𝑑𝑎,𝑏
∗∗∗ are connected via 

one common location: 

For the existence of remote dependencies the following necessary conditions must be fulfilled: 

𝑖, 𝑗(𝑑∗) =  𝑖, 𝑗(𝑑∗∗∗) and 𝑖′, 𝑗′(𝑑∗∗) =  𝑖′, 𝑗′(𝑑∗∗∗)  

and 𝑖, 𝑗(𝑑∗) ≠  𝑖, 𝑗(𝑑∗∗) and 𝑖′, 𝑗′(𝑑∗) ≠  𝑖′, 𝑗′(𝑑∗∗)  

All individual effects, either due to a core dependency or an alliance, are listed in lines 𝑙. An 

example is visualized in Figure 7.4. 

 

Figure 7.4: Example network configuration with decomposition of relationships. 

 

7.2.3 Horizon factor 

The coordination horizon has to be considered as fundamental element. In particular when 

multiple stages are affected, the horizon factor might uncouple decisions. If the planning 

horizon is very short, then decisions concerning one domain might not be relevant for others. 

Decisions are only interdependent if the decision fields overlap. The length of the coordination 

horizon has outstanding importance because only within the confident horizon (characterized 

by a certainty level), coordination is conducive.  
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For the determination of horizon factors the forecast horizon of the downstream location with 

the shortest horizon is identified for each core dependency or alliance. Similarly, the longest 

lead time must be identified. 

The horizon factor between two locations regarding a particular dependency is either 1 or less. 

If the total lead time from upstream locations to the market is shorter than the confident 

forecast horizon of the downstream location the factor equals 1; otherwise the value is in the 

interval between 0 and 1. This relationship is expressed by the horizon factor (𝜓).  

𝜓 =  𝑚𝑖𝑛 {1;
𝑓ℎ

𝑙𝑡
}       (formula 7.3) 

The ratio horizon-to-lead-time (𝜓) must be determined for each core dependency or alliance. 

Note that the total lead time also includes the supply lead time for material required for 

production at the upstream locations 𝑣′𝑖´,𝑗´ because the purchasing decisions must be taken 

under consideration of the forecast at downstream location 𝑣𝑖,𝑗. Also be aware that the lead-

time is order-specific, i.e. unique for each product-customer-territory combination. 

Valid horizon factors concerning alliances must be determined by searching for the earliest 

lead-time start date at upstream locations and the latest lead-time end date at downstream 

location. Furthermore the shortest forecast horizon must be selected. In Figure 7.5 exemplary 

a supply chain is exhibited.  

 

Figure 7.5: Forecast horizon and lead time for an exemplary network.  

 

7.2.4 Determination of dependency factors 

For each core dependency the specific dependency factors can be determined, i.e. the 

dependency intensity as indicated by 𝜑 and the relevance as indicated by 𝜓. 
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Consolidated factors must be considered in the case that dependency factors shall be 

calculated for polyadic core dependencies or for alliances of several relationships. It is 

reasonable to assume that the dependency intensity (  value) is equal to the average of its 

components, i.e. the mean value of all 𝜑𝑎 values belonging to each single branch. However the 

forecast horizon factor cannot be determined in the same way. Instead – as exposed in the 

previous section – the specific lead-time and forecast horizon must be determined for the 

entire polyadic dependency or alliance.  

The next chapter deals with the coordination dimensions which are decisive for the 

appropriateness of organizational forms.  

7.3 Coordination Factor 

The assessment model is founded on the systematic identification and evaluation of existing 

dependencies within the network. In chapter 5.4 has been outlined that a series of influence 

factors determine the significance of dependencies. The dependency factor captures the 

influence factors and identifies other parameters such as dependency distribution within the 

network or horizon factors in order to quantify specific dependency strengths. 

Each coordination scheme developed in chapter 6.4 is characterized by typically employed 

coordination mechanisms and instruments as well as characteristic task centralization in 

vertical and horizontal direction. Table 7.7 classifies different coordination schemes on a 

descriptive level. 

Table 7.7: Characterization of coordination schemes.  

 Logistic 

Segmentation 

Functional 

Consolidation 

Network  

Integration 

Horizontal scope Single location Multiple locations Multiple locations 

Vertical scope Single Stage Single Stage Multiple Stages 

Coordination mechanism Programming Planning Planning 

Coordination mode Initial Iterative Integral 

Coordination instrument ERP ERP SCM 
 

This generic overview fosters the understanding of fundamental differences between 

organizational forms but does not provide decision support for the selection of the best fitting 

coordination scheme for a given network. Therefore each coordination scheme is decomposed 

so that the contribution of each component to coordination cost and benefit can be assessed 

taking into account the dependency or alliance type and echelon.  
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The lack of capability for managing dependencies has been identified as the major cause of 

suboptimal coordination efficiency. By incurring coordination cost the gap can be closed, 

provided that the increase in coordination benefit justifies it. In the following coordination 

theory is applied in order to develop a well-founded evaluation method for the assessment of 

coordination cost and benefit. For this purpose the coordination factors have been designed 

enabling the assessment of the dependency-specific management capability and effort 

associated with different coordination schemes. For both aspects (benefit and cost) separate 

models and algorithms are developed. However, the procedure is conceptually similar: In the 

first step the benefit and cost drivers are identified and associated with each organizational 

form. Secondly, a scoring system is designed in order to quantify network-wide cost and 

benefit (see section 7.4 and 7.5).  

7.3.1 Network characteristics and coordination factors 

For the determination of coordination efficiency majorly two dependency characteristics are of 

interest described in the previous chapter, the resource type (𝑟) and the dependency type (𝑑) 

to be managed. Furthermore, the distribution of dependencies on echelons (𝑞) and the 

relatedness (𝑝) among them delivers important information with respect to the suitability of 

particular coordination schemes.  

From the point of view of organizational design, several parameters are configurable which are 

relevant for the evaluation of coordination efficiency and in which the organizational 

alternatives differ. The task which is required is subject to the resource to be managed. The 

level of horizontal and vertical integration, coordination mechanisms and instrument to be 

employed are subject to the dependency type.  

In the following each concept is analyzed in detail concerning the coordination potential and 

coverage by each coordination scheme.  

The task type is majorly defined by the kind of physical resource to be controlled. MPS is 

focused on how finished products (material resources) are controlled while RCCP coordinates 

the use of capacities. Each relationship implies two locations. The factor ξ is introduced with 

subscripts MPS or RCCP. The ξ-value is 0 when the corresponding task is not affected at any of 

the two locations. Otherwise the ξ-value is 1 if at a one location the task must be addressed or 

2 if both locations are characterized by the specific resource type and therefore corresponding 

task is established (see Table 7.8).  
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Table 7.8: Resource types and task factors. 

 m/c m/m c/c mc/c mc/c mc/mc 

𝒓 1 2 3 4 5 6 

𝝃𝑴𝑷𝑺 1 2 0 1 1 2 

𝝃𝑹𝑪𝑪𝑷 1 0 2 2 2 2 
 

By means of task extension the number of task instances can be reduced eliminating 

coordination interfaces among organization units. Integration is achieved if decisions among 

several organization units are coordinated and aligned towards a common goal.  

Vertical centralization in any case contributes to coordination benefit but must be combined 

with ‘planning’ as coordination mechanism and SCM software as coordination instrument in 

order to support optimization. The reason is that vertical integration can only be guaranteed if 

the sequential procedure is substituted by a simultaneous approach which can only be 

executed by sophisticated algorithms implemented in SCM software. Due to the fact that 

manual planning is not supporting vertical integration, neither variable coordination cost will 

increase nor will the coordination benefit be realized. 

Horizontal integration supposes the consolidation of identical tasks. The architecture of 

common ERP software basically supports this measure because the sequential coordination 

logic is not interfered. Dependencies are either dyadic when only two organization units are 

affected or polyadic if three or more organization units are involved. In the latter case, 

coordination can be realized either independently for each one of the branches or 

simultaneously for the entire production stage.  

The coordination benefit most likely is higher if decisions among horizontally dependent units 

are coordinated simultaneously, i.e. when horizontal integration is applied. 

Instead of sophisticated scenario-based approaches (‘planning’) the use of primitive rule-based 

decision making logic (‘programming’) might be justified. ‘Planning’ as coordination 

mechanism leads to higher coordination benefit but also means higher coordination cost if 

realized manually. Hence, planning leverages positive and negative effects regarding any of the 

tasks and decision dimensions applied to.  

The effect will be explained in the following for flow and sharing dependencies. Flow 

relationships are characterized by single order type problems being only timing a concern. In 

contrast, sharing dependencies are more complex because for different order types a 

sequencing problem must be resolved. 
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In mono-product environments scarce capacity or material resources do not have to be 

allocated to different order types so that static decision rules provide good and robust results. 

For example, if within a given period demand cannot be manufactured due to capacity 

restrictions, the decision about whether or not to expand capacity depends on the trade-off 

between the cost for extra capacity and the cost of lost sales. Decision rules addressing this 

question can be formulated with sufficient robustness on a yearly basis, for example. Apart 

from cost aspects also limitations such as material availability must be checked. However, in 

general, decisions can be made based on simple coordination mechanisms (‘programming’). 

In contrast, sharing dependencies are observable if several object types compete for scarce 

resources in a multi-product environment. Priorities must be defined when multiple product 

types have to be managed. The coordination task deals with the prioritization of specific object 

types and the decision procedure for resolving the conflict. Decision rules might be fixed in a 

static manner according to long-term policies (‘programming’). Consequently, the decision 

procedure is worked through based on static business rules without taking into account 

dependencies among different object types.  

In case of mono-product environments the trade-off evaluation is reduced to whether or not 

to increase extra capacity, to anticipate production foreseen, etc. This decision can be based 

on static cost criteria related to production, warehouse, transportation, purchasing and sales 

activities. In contrast, in multi-product environments, the question which product shall be 

prioritized depends on secondary circumstances such as product-specific capacity and material 

availability. Therefore, iterations during the ‘planning’ process contribute less when only 

timing is a matter, than if additionally sequencing decisions are important.  

The planning complexity for a task increases with the number of decision dimensions taken 

into account and the number of dependencies covered by a specific task. Iterative planning is 

supported by common ERP systems when manual iterative cycles are implemented. Iterations 

are suitable when a limited number of incremental variations to existing, relatively simple 

problems shall be evaluated. In contrast, the efficient management of relatively complex, 

multi-dimensional problems (regarding number of dependencies and decision criteria) requires 

the comparison of a large number of fundamentally different solutions. Then alternative 

scenarios lead to completely new master schedules at two (or more) sites.  

In particular if two or more decision dimensions are focused, i.e. in case of sharing or assign 

dependencies, one decision must be taken before the other dimension can be addressed. 

Typically orders are allocated first according to a just-in-time policy and afterwards those 

orders which do not fit are shifted. Neither the use of long-term rules nor iterative procedures 
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can assure satisfying results. The above mentioned sub-mechanisms cannot be processed 

efficiently in an iterative manner based on ERP system functionality.  

For each branch or alliance, parameters are determined specifically for each different 

organizational form. In the following chapter the association of coordination factors is 

described, i.e. the different parameter values and the conditions for application as well as the 

mathematical formulation for quantification. Table 7.9 summarizes the combinations of 

coordination dimensions and dependency types.  

For different dependency types distinctive decision problems must be addressed. For flow 

dependencies the fundamental problem is the timing of a single order. Coordination efficiency 

will not improve significantly when planning and optimization mechanisms are implemented. 

The mayor hurdles are constraints regarding material and capacity which can be managed 

through inter-temporal shifting of orders to earlier periods or the establishment of extra shifts. 

In order to resolve the coordination problem among distinct stages, vertical integration 

contributes positively to the coordination of timing problems. For fit dependencies additionally 

horizontal integration supports the synchronization of parallel material flows. 

For sharing dependencies, the single order type view is extended to multiple order types. The 

decision problem is getting significantly more complex because resources have to be allocated 

to competing order types, hence sequencing decisions must be considered. In this case 

‘planning’ supports the generation of alternatives with different performance levels and 

optimization can enhance the selection process. If identical resources are shared among more 

than one single location, horizontal integration adds value. Also for geographical allocation 

problems, i.e. when orders can be assigned to alternative locations, the use of any of the 

described coordination elements is supposed to increase coordination benefit. 

Table 7.9: Dependency types, decision dimensions and coordination design parameters. 

Dependency Type Decision Dimensions 
Vertical 

Centralization 

Horizontal 

Centralization 
Planning Optimization 

Dyadic Flow Timing ω1,1 = 1 ω1,2 = 0 ω1,3 = 0 ω1,4 = 0 

Polyadic Fit Synchronization ω2,1 = 1 ω2,2 = 1 ω2,3 = 0 ω2,4 = 0 

Dyadic Sharing Sequencing ω3,1 = 1 ω3,2 = 0 ω3,3 = 1 ω3,4 = 1 

Polyadic Sharing Sequencing ω4,1 = 1 ω4,2 = 1 ω4,3 = 1 ω4,4 = 1 

Polyadic Assign Allocation ω5,1 = 1 ω5,2 = 1 ω5,3 = 1 ω5,4 = 1 
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7.3.2 Coordination factors and organizational forms 

In the previous chapter, the task type and the coordination dimensions have been identified as 

organizational design parameters. Structural network properties, namely resource type 𝑟 and 

the dependency type 𝑑, influence the appropriateness of design elements. For the further 

developed of the evaluation method, coordination dimensions must be associated with 

organizational forms. Table 7.10 depicts the association of organizational forms with 

coordination dimensions, i.e. reflects which mechanisms, instruments and grouping criteria are 

supported by each organizational form. 

The most primitive coordination scheme, ‘Logistic Segmentation’, does not incorporate any of 

the presented parameters. In contrast, ‘Functional Consolidation’ provides ‘planning’ and 

‘horizontal centralization’ as coordination mechanisms. ‘Network Integration’ offers the full 

range, i.e. also ‘vertical centralization’ and ‘optimization’ based on SCM software are included. 

Table 7.10: Coverage of design parameters by organizational form. 

 Logistic Segmentation Functional Consolidation Network Integration 

Vertical Centralization ϑ1,1 = 0 ϑ1,2 = 0 ϑ1,3 = 1 

Horizontal Centralization ϑ2,1 = 0 ϑ2,2 = 1 ϑ2,3 = 1 

Planning ϑ3,1 = 0 ϑ3,2 = 1 ϑ3,3 = 1 

Optimization ϑ4,1 = 0 ϑ4,2 = 0 ϑ4,3 = 1 
 

The larger the number of suitable coordination concepts a dependency responds to, the higher 

is the potential for coordination benefit. ‘Centralization’ on the one hand shall reduce the 

coordination cost while ‘planning’ leads to increased coordination cost if tasks are realized 

manually. SCM software provides the optimization algorithm replacing the sequential, partially 

manual procedure. Hence, coordination benefit will be positively affected through the use of 

SCM software. Regarding coordination cost, the variable fraction can be reduced to a 

minimum. Therefore, SCM software allows leveraging benefits while minimizing the variable 

coordination cost. The coordination capability is driven by coordination factors related to task 

content and decision space. Coordination factors are determined by resource type and 

dependency structure (according to Table 7.8 and Table 7.9) and their fit with organizational 

design parameters which are characteristic for particular coordination schemes as represented 

in Table 7.10.  
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The above mentioned tables are the fundamental starting point for the subsequent evaluation 

of coordination benefit and cost because the relationship between coordination characteristic, 

organizational form and dependency type are reflected.  

The coordination factors 𝜋 are calculated according to Table 7.11. 

Table 7.11: Coordination factors πd,g by dependency type and by organizational form. 

 Logistic Segmentation Functional Consolidation Network Integration 

Dyadic  

Flow   

ω1,1ϑ1,1+ω1,2ϑ2,1+…+ω1,4ϑ4,1 = 

π1,1 = 0 

ω1,1ϑ1,2+ω1,2ϑ2,2+…+ω1,4ϑ4,2 = 

π1,2 = 0 

ω1,1ϑ1,3+ω1,2ϑ2,3+…+ω1,4ϑ4,3 = 

π1,3 = 1 

Polyadic  

Fit  

ω2,1ϑ1,1+ω2,2ϑ2,1+…+ω2,4ϑ4,1 = 

π2,1 = 0 

ω2,1ϑ1,2+ω2,2ϑ2,2+…+ω2,4ϑ4,2 = 

π2,2 = 1 

ω2,1ϑ1,3+ω2,2ϑ2,3+…+ω2,4ϑ4,3 = 

π2,3 = 2 

Dyadic 

Sharing 

ω3,1ϑ1,1+ω3,2ϑ2,1+…+ω3,4ϑ4,1 = 

π3,1 = 0 

ω3,1ϑ1,2+ω3,2ϑ2,2+…+ω3,4ϑ4,2 = 

π3,2 = 1 

ω3,1ϑ1,3+ω3,2ϑ2,3+…+ω3,4ϑ4,3 = 

π3,3 = 3 

Polyadic 

Sharing 

ω4,1ϑ1,1+ω4,2ϑ2,1+…+ω4,4ϑ4,1 = 

π4,1 = 0 

ω4,1ϑ1,2+ω4,2ϑ2,2+…+ω4,4ϑ4,2 = 

π4,2 = 2 

ω4,1ϑ1,3+ω4,2ϑ2,3+…+ω4,4ϑ4,3 = 

π4,3 = 4 

Polyadic 

assign 

ω5,1ϑ1,1+ω5,2ϑ2,1+…+ω5,4ϑ4,1 = 

π5,1 = 0 

ω5,1ϑ1,2+ω5,2ϑ2,2+…+ω5,4ϑ4,2 = 

π5,2 = 2 

ω5,1ϑ1,3+ω5,2ϑ2,3+…+ω5,4ϑ4,3 = 

π5,3 = 4 
 

Each coordination factor 𝜋 reflects the relative capability of a specific organizational form for 

managing a particular dependency type.  

7.4 Scoring system for coordination benefit 

Major objective of the scoring procedure is to assess the coordination benefit contribution of 

different organizational forms. Coordination benefit is determined for each relationship or 

alliance based on the resource types 𝑟 and dependency types 𝑑 involved by attributes such as 

intensity (chapter 7.2.1) and the relevance as captured by the planning horizon factor (section 

7.2.3). The network distribution for alliances is represented separately by alliance type 𝑝 and 

echelon 𝑞. 

In the following is explained how the different factors integrate in a scoring system. 

The scoring system is based on the reasonable assumption that more sophisticated 

coordination will lead to benefit increase if the situation is favorable. Even if logistic 

performance is not quantified explicitly, at least a ranking of organizational forms can be 

determined based on the number and sophistication of coordination mechanisms and unit 

grouping criteria. Also there is no doubt that results based on optimized planning with SCM 

software are predominantly better than those achieved by manual iterative coordination.  

Priority rules are employed in case of ‘Logistic Segmentation’ for the management of 

dependencies. These have been developed on strategic management level based on scenario 
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analysis, thus are an outcome of a (yearly) planning procedure. More sophisticated schemes 

are based either on manual planning (‘Functional Consolidation’) or SCM software-supported 

planning (‘Network Integration’). Both organizational forms permit to improve in each one of 

the decision dimensions. Furthermore, if ‘Network Integration’ is implemented, SCM software 

helps to enhance the coordination result through sophisticated optimization algorithm and 

vertical unit grouping which supports inter-stage coordination.  

For each branch or alliance a 𝑝𝑟𝑜𝑥𝑦 is calculated based on the information given for factors 

𝜑, 𝜓, 𝜉 and 𝜋. Index 𝑔 indicates whether ‘Logistic Segmentation’ (𝑔 = 1), ‘Functional 

Consolidation’ (𝑔 = 2) or ‘Network Integration’ (𝑔 = 3) is referred to. In the following 

formulas the contribution of each branch or alliance is expressed for core dependencies (𝑝 =

0) and all alliance types (𝑝 = 1 … 3). Note that for comparable results an equal number of 

branches per indicator is required. Therefore in case of alliances, i.e. when several branches 

are involved, the result is divided by the number of branches: 

𝑝𝑟𝑜𝑥𝑦𝑝=0,𝑞,𝑔(𝑑𝑎,𝑏
∗ ) =        (formula 7.4) 

𝜓∗ 𝜑∗ (𝜉𝑀𝑃𝑆
∗ + 𝜉𝑅𝐶𝐶𝑃

∗ )(1 + 𝜋𝑑,𝑔
∗ )   

 

𝑝𝑟𝑜𝑥𝑦𝑝=1,𝑞,𝑔(𝑑𝑎,𝑏
∗ ; 𝑑𝑎,𝑏

∗∗ ) =  𝑖𝑛𝑑 𝑐𝑏𝑝=2,𝑞,𝑔(𝑑𝑎,𝑏
∗ ; 𝑑𝑎,𝑏

∗∗ ) =    (formula 7.5) 

𝜓∗,∗∗ 1

2
[𝜑∗ (𝜉𝑀𝑃𝑆

∗ + 𝜉𝑅𝐶𝐶𝑃
∗ )(1 + 𝜋𝑑,𝑔

∗ ) + 𝜑∗∗(𝜉𝑀𝑃𝑆
∗∗ + 𝜉𝑅𝐶𝐶𝑃

∗∗ )(1 + 𝜋𝑑,𝑔
∗∗ )] 

 

𝑝𝑟𝑜𝑥𝑦𝑝=3,𝑞,𝑔(𝑑𝑎,𝑏
∗ ; 𝑑𝑎,𝑏

∗∗ ; 𝑑𝑎,𝑏
∗∗∗) =      (formula 7.6) 

𝜓∗,∗∗,∗∗∗ 1

3
[𝜑∗ (𝜉𝑀𝑃𝑆

∗ + 𝜉𝑅𝐶𝐶𝑃
∗ )(1 + 𝜋𝑑,𝑔

∗ ) + 𝜑∗∗(𝜉𝑀𝑃𝑆
∗∗ + 𝜉𝑅𝐶𝐶𝑃

∗∗ )(1 + 𝜋𝑑,𝑔
∗∗ ) + 𝜑∗∗∗(𝜉𝑀𝑃𝑆

∗∗∗ + 𝜉𝑅𝐶𝐶𝑃
∗∗∗ )(1 + 𝜋𝑑,𝑔

∗∗∗)] 

For each organizational form the coordination benefit can be expressed by the sum of single 

coordination benefit each managed relationship (𝑝 = 0) or each alliance (𝑝 > 0) accounts for. 

Thus, the coordination benefit determines whether the organizational form is capable of 

managing the dependency and to what extent benefit is generated. Each managed relationship 

adds individually to the coordination benefit. 

Major objective of the procedure is to assess differences concerning the coordination benefit 

contribution of all organizational forms. The performance gap between organizational forms 

varies as a function of dependency intensity (𝜑), horizon factor (𝜓), tasks type (𝜉) and 

coordination factor (𝜋). Nevertheless the ranking between different coordination schemes in 

qualitative terms is maintained due the increasing coordination factor values when 𝑝- and 𝑞-
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values increment. Comparing pairwise the coordination factors for a particular dependency 

type (e.g. values within one line in Table 7.11), 𝜋-factors are equal or increasing when moving 

right in the table, from the basic organizational form (‘Logistic Segmentation’) to the 

intermediate scheme (‘Functional Consolidation’) and further to the sophisticated form 

(‘Network Integration’). Consequently, any additional dependency will widen the performance 

gap between the organizational alternatives. Furthermore, when moving down the Table 7.11, 

from the basic flow dependency to more sophisticated types, 𝜋-factors are remaining equal or 

are increasing. The reason is that more coordination dimensions shall be considered when 

complex dependencies prevail (compare Table 7.9) and that more sophisticated organizational 

forms cover more coordination dimensions (compare Table 7.10). 

For a more detailed evaluation, dependency intensity and type must be taken into account. 

Therefore for the quantification of the contribution of a specific organizational form to 

coordination benefit, the dependency factor calculation according to chapter 7.2.4 is the basis.  

The relative performance of each organizational form 𝑔 can be determined when comparing 

the sum of individual effects 𝑙 per 𝑝, 𝑞-combination for each organizational form (𝑔) relative to 

the optimal solution ‘Network Integration’ (𝑔 = 3).  

𝑐𝑏 𝑟𝑎𝑡𝑖𝑜𝑝,𝑞,𝑔 =  
∑ 𝑝𝑟𝑜𝑥𝑦 𝑐𝑏𝑝,𝑞,𝑔𝑙

∑ 𝑝𝑟𝑜𝑥𝑦 𝑐𝑏𝑝,𝑞,𝑔=3𝑙

     (formula 7.7) 

Ratios will be determined only for suboptimal coordination schemes – ‘Logistic Segmentation’ 

and ‘Functional Consolidation’ – because the ratio for ‘Network Integration’ is the reference 

which equals always 1.  

The above mentioned ratios constitute quantitative measures for the evaluation of relative 

coordination benefit.  

7.5 Scoring system for coordination cost  

In the former chapter a linear relationship between coordination benefit and various factors 

have been drawn. Concerning coordination cost this is not possible. 

First of all, coordination cost is split into a fixed and a variable fraction. This means that fixed 

cost components, for example stemming from software acquisition or personnel expenses for 

IT maintenance do neither vary as a function of coordination activity nor are affected by 

dependency configuration. 

Secondly, the use of SCM software reduces the variable cost significantly. This leads to 

relatively low variable cost even when numerous, complex and intense dependencies prevail.  
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Thirdly, even if SCM software is not employed, variable cost is not increasing proportionally as 

coordination is being intensified. The variable coordination cost of managing dependencies by 

separate organization units is higher than if consolidating tasks in a single, integrated 

organization unit. The reason is that several dependencies can be processed within the same 

task and consequently the execution time does not increase proportionally. In order to explain 

this phenomenon, the variable coordination cost is decomposed in basic and iterative variable 

coordination cost. 

The organizational design elements are centralization (in horizontal and vertical direction), 

coordination mechanisms and instruments. The primary cost parameters (number of 

organization units and employees, personnel unit cost, frequency, task duration) have been 

outlined (chapter 7.1.2.2) and will be analysed in detail regarding the consequences for 

different coordination modes and coordination schemes. For the qualitative coordination cost 

evaluation, the general variable coordination cost formula is concretized. 

Coordination mode 

In the present research two coordination mechanisms are distinguished: ‘programming’ and 

‘planning’. All coordination tasks considered in this research are subject to anticipative 

coordination, i.e. decision-making takes into account in advance predictable future events. 

Reactive coordination is out-of-scope. 

Anticipative coordination usually is triggered periodically and comprehends a single 

coordination cycle, typically realized according to specific routine trigger, e.g. periodically 

every month or after the termination of the predecessor activity. However, the outcome might 

not be satisfying so that iterative cycles are applied in order to improve the solution.  

Reactive coordination in contrast is triggered exceptionally if new information is available 

which alters significantly the coordination result. Reasons are either external factors such as 

changed customer orders or forecasts deviations, supply disruptions etc. or internal factors like 

machine breakdowns, material failure or unexpected personnel absence. The larger the 

number of monitored alert factors and the higher uncertainties are, more probable is that a 

reactive coordination cycle is triggered. Reactive coordination is majorly put in place in case of 

‘Network Integration’ because the IT-based execution of the integral task is fast and 

economically feasible. For organizational forms that rely on manual task processing (such as 

‘Logistic Segmentation’, ‘Functional Consolidation’), reactive coordination is avoided in favour 

of a stable, reliable coordination procedure. 

Iterative coordination procedures are necessary if initial – or synonymously ‘basic’ – 

coordination leads to unsatisfying or infeasible results on subsequent coordination stages. 
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Many possible policies for the generation of new scenarios exist, e.g. changing the allocation 

share or applying altered sequences. The number of alternatives might be limited or the 

required achievement level can be set relatively low in order to exit the iterative loop fast. 

Only in case of ‘Functional Consolidation’ iterative procedures are considered because for 

‘Logistic Segmentation’ loops are not allowed (by definition) and for ‘Network Integration’ 

iterations are not necessary. The iterative procedure often is based on a reduced data or 

activity subset, leading to lower execution times per iteration compared to the routine cycle. 

However, as each iterative cycle is added to the initial routine cycle, the iterative part (if 

existing) gains significant importance. The occurrence of iterations is majorly driven by the task 

complexity and the acceptance level. More complex tasks require a higher number of 

iterations for achieving a defined acceptance level. Furthermore, stricter acceptance levels, 

represented by challenging objectives, also lead to more iterative procedures.  

The following formulas represent the variable cost fractions associated with basic coordination 

(𝑏𝑣𝑐𝑐) and iterative procedures (𝑖𝑣𝑐𝑐) as a function of iteration factor 𝛼, frequency 𝑓, unit cost 

rate 𝑐 and task duration 𝑡: 

𝑣𝑐𝑐 = 𝑏𝑣𝑐𝑐 + 𝑖𝑣𝑐𝑐       (formula 7.8) 

𝑏𝑣𝑐𝑐 = ∑ 𝑓 ∙ 𝑐𝑒𝑥𝑒𝑐𝑢𝑡𝑖𝑜𝑛 ∙ 𝑡𝑒𝑥𝑒𝑐𝑢𝑡𝑖𝑜𝑛     (formula 7.9) 

𝑖𝑣𝑐𝑐 = 𝛼 ∙ ∑ 𝑓 ∙ (𝑐𝑒𝑥𝑒𝑐𝑢𝑡𝑖𝑜𝑛 ∙ 𝑡𝑒𝑥𝑒𝑐𝑢𝑡𝑖𝑜𝑛 + 𝑐𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛 ∙ 𝑡𝑑𝑒𝑐𝑖𝑠𝑖𝑜𝑛)  (formula 7.10) 

𝑖𝑣𝑐𝑐  ≈ 𝛼 ∙  𝑏𝑣𝑐𝑐       (formula 7.11) 

Compared to the basic variable coordination cost, the iterative part is characterized by 

additional cost for decision making, different execution times and repetitive coordination 

cycles. The iteration factor (𝛼) represents the number of iterations necessary until a suitable 

solution found.  

It is reasonable to assume that the difference between 𝑏𝑣𝑐𝑐 and the initial coordination cycle 

of 𝑖𝑣𝑐𝑐 is relatively small, because the gap stems only from the additional decision making cost 

when 𝑖𝑣𝑐𝑐 is implemented. In contrast, the impact of iteration factor 𝛼 is significant for the 

level of 𝑖𝑣𝑐𝑐.  

In order to estimate the differences in variable coordination cost for organizational forms, the 

influence of parameters of both formulas must be identified. If frequency and cost rates are 

considered equal and constant for all organizational forms, the difference is due to deviations 

in execution times and the number of organization units.  
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7.5.1 Basic coordination  

For basic processes a predefined task program is executed. The required effort is 

predominantly influenced by dependency complexity (represented by number, type and 

intensity) on the one hand, and by the coordination complexity (expressed by coordination 

mechanisms and centralization) on the other hand. Savings, when implementing a more 

centralized organizational form, can be achieved thanks to the elimination of task duplicities. 

The basic procedure is based on ‘programming’ mechanisms, i.e. according to fixed rules a 

starting scenario and solution are developed. This procedure is broadly supported by ERP 

systems. Savings in 𝑏𝑣𝑐𝑐 most likely can be achieved when identical tasks are consolidated so 

that formerly separated dependencies are managed in one single process. When changing 

from ‘Logistic Segmentation’ with several autonomous organization units per stage to 

‘Functional Consolidation’ characterized by one central organization unit per stage, 𝑏𝑣𝑐𝑐 tends 

to decrease because all dependencies are managed within one centralized organization unit. 

Each task is associated with effort for set-up. If tasks are merged in one organization unit, this 

effort can be reduced. However, tasks also become more complex when more dependencies 

are integrated and consequently the execution time increases. The sum of both, contrary 

effects shall lead to a total decrease of 𝑏𝑣𝑐𝑐 (see Figure 7.6), i.e. with any additional 

dependency integrating in a central organization unit, the total execution time shall go down 

when switching from ‘Logistic Segmentation’ to ‘Functional Consolidation’. Note that the basic 

‘programming’ procedure predominantly is realized by the ERP system. 

 

Figure 7.6: Improvement potential from task consolidation.  

Task
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For an approximate estimation of the consolidation effect, dependency properties must be 

taken into account. Similar to the evaluation of coordination benefit, also for variable 

coordination cost the dependency intensity (𝜑), horizon factor (𝜓) and coordination factor (𝜋) 

are decisive.  

 

Figure 7.7: Supply chain organization units for different coordination schemes. 

For the determination of 𝑏𝑣𝑐𝑐 the number of dependencies which require identical tasks 

within one unique organization unit must be taken into account. In Figure 7.7 possible network 

configurations and organizational set-ups are schematically exposed. In case of ‘Logistic 

Segmentation’ the number of organization units corresponds to the number of locations 

involved, for ‘Functional Consolidation’ the number is equivalent to parameter 𝑞 and for 

‘Network Integration’ only one centralized organization unit exists. In Table 7.12 factor 𝜚 is 

introduced representing the number of organization units as a function of alliance type 𝑝 and 

echelons 𝑞. Factor 𝜚 represents the number of coordination units realizing identical activities 

per dependency or alliance. The more organization units are executing similar activities 

regarding the same branch or alliance, the higher is 𝑏𝑣𝑐𝑐 due to task duplication. Said the 

other way round, task duplicities can be eliminated when dependencies require identical tasks 

and coincide in a common organization unit.  

Table 7.12: Number of organization units per dependency or alliance and echelon – Factor 𝝔. 

 𝒑 0 

1 

1 

1 

2 

2 

2 

3 

3 

3 

4 

4 

𝒒  LS FC NI LS FC NI LS FC NI LS FC NI 
1  2 1 1 2 1 1 3 1 1 4 1 1 

2  2 2 1 2 2 1 3 2 1 4 2 1 

3        3 3 1 4 3 1 
 

Some conceptual findings can be highlighted based on the number of organization units 

implied even when other factor values are unknown. 

Logistic Segmentation Functional Consolidation Network Integration
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In the following the most striking observations are summarized. The number of organization 

units in case of ‘Logistic Segmentation’ is represented by the number of locations involved. 

This value is 2 for core dependencies and congruent alliances (𝑝 = 0 or 𝑝 = 1 respectively) 

and increases when passing to higher 𝑝-values. In contrast, for ‘Functional Consolidation’ the 

number of echelons is decisive. For ‘Network Integration’ only one unique organization unit is 

necessary in any case. Therefore, when changing to more complex alliances and higher 

echelons (i.e. moving downwards and to the right in Table 7.12), the relative advantage of 

‘Network Integration’ over both alternatives increases. In contrast, on a single echelon, 

‘Functional Consolidation’ and ‘Network Integration’ both provide optimal solutions with 

respect to 𝑏𝑣𝑐𝑐. Differences between all three coordination schemes are less important for 

low 𝑝 and 𝑞 values. This leads to the general recommendation to employ ‘Functional 

Consolidation’ when higher order alliances prevail on single echelons. ‘Logistic Segmentation’ 

is suitable for core relationships (𝑝 = 0) or congruent alliances (𝑝 = 1) and ‘Network 

Integration’ is most recommendable for remote alliances (𝑝 = 3) in multi-echelon 

configurations(𝑞 > 2).  

Insofar any increase in coordination benefit as a consequence of managing dependencies 

which require similar tasks, is accompanied by savings in 𝑏𝑣𝑐𝑐 when opting for ‘Functional 

Consolidation’ or ‘Network Integration’ instead of ‘Logistic Segmentation’.  

7.5.2 Iterative coordination  

The estimation of the iterative variable coordination cost (𝑖𝑣𝑐𝑐) is difficult because the major 

cost driver, the number of iterations necessary, is influenced by a wide range of factors whose 

impact on cost cannot be described by linear relationships. For example, capacity constraints 

gain importance once the capacity load approximates full nominal capacity – then a sharp 

increase in the number of iterative loops must be expected. Note that also interactions 

between influence factors are probable. For example, the critical level of capacity load will be 

lower when uncertainty factors such as forecast volatility or supply shortage are a matter. 

Furthermore, the number of iterative loops also depends on the required quality acceptance 

level, i.e. the stopping criteria for searching better solutions. In Figure 7.8 the iterative loops 

including the stopping query are depicted. In the heuristic model no explicit stopping criteria is 

defined.  
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Figure 7.8: Iterative procedure for solution generation. 

In earlier sections the iteration factor (𝛼) has been already identified as the most important 

cost driver: Each time the iterative procedure is repeated, significant coordination cost is 

added. Therefore instead of the cost of a single process instance, the probability of 

reprocessing is of major interest.  

Bear in mind that only ‘Functional Consolidation’ accounts for significant 𝑖𝑣𝑐𝑐 due to manual 

coordination. Therefore the following explanations refer only to ‘Functional Consolidation’, 

which is the horizontally centralized solution with iterative coordination. The need for 

iterations stems from the lack of coordination due to sequential task execution, either within a 

single network stage or among different stages.  

In the same way as coordination benefit increases when more complex dependencies are 

managed, unfortunately also the probability of conflicting results increases and consequently 

the number of iterative procedures augments. Hence, the same factors are driving both 

concepts: The higher the number and intensity of the relationship (as valued in section 7.2 by 

factors 𝜑 and 𝜓) the more likely is the need for iterative procedures. Similarly, factors 𝜋 and 𝜉 

(as described in section 7.3) are valid for reflecting the managing complexity and therefore 

iterative probabilities. The conclusion so far is that managing more complex situations 

improves 𝑐𝑏, reduces 𝑏𝑣𝑐𝑐 but also increases 𝑖𝑣𝑐𝑐 at the same time. In order to point out 

comparative advantages between coordination schemes, in the sequel those characteristics 

are highlighted which cause extraordinary high 𝑖𝑣𝑐𝑐 compared to achievable 𝑐𝑏 increase and 

𝑏𝑣𝑐𝑐 reduction.  

The effort reflected in terms of 𝑖𝑣𝑐𝑐 for realizing specific benefit is much higher when several 

echelons are affected. When dependencies spread over several stages involving corresponding 
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organization units, 𝑖𝑣𝑐𝑐 will be significantly higher than if those relationships are referring to a 

single stage. For 𝑖𝑣𝑐𝑐 the number of echelons is crucial, because major impulses for iterations 

stem from those dependencies which are not directly managed by the horizontally centralized 

organization unit. The reason is that when ERP systems are in place, all activities are realized 

sequentially and iterations over several echelons lead to high effort. Therefore, single-echelon 

problem can be handled by ‘Functional Consolidation’ with relatively few iterative cycles 

compared to multi-echelon situations because only intra-stage tasks have to be addressed. In 

contrast, multi-echelon configurations cannot be managed by ‘Functional Consolidation’ easily. 

In these dependency configurations, significant 𝑖𝑣𝑐𝑐 arises because solutions developed and 

released on one stage might not match perfectly on the next (sequential) stage so that the 

iteration probability, and at the same time iterative coordination cost, increases.  

Relative comparisons among different coordination schemes cannot be undertaken because 

iterations are applied systematically only in case of ‘Functional Consolidation’. Alternatively, 

the concentration of each alliance type on different echelon classes indicates the probability of 

generating 𝑖𝑣𝑐𝑐 and therefore the appropriateness of ‘Functional Consolidation’. The 

corresponding ratio expresses the relative contribution of coordination benefit per echelon 

within one alliance type.  

The higher the relative contribution of 𝑐𝑏 from second tier relationships compared to first tier 

cases, the higher the 𝑖𝑣𝑐𝑐 compared to the 𝑐𝑏 generated. Third tier alliances are even more 

difficult to manage so that an elevated corresponding ratio indicates low suitability of 

‘Functional Consolidation’.  

All individual effects (as measured by 𝑝𝑟𝑜𝑥𝑦) are summed up for each 𝑝, 𝑞-combination and 

divided by the sum of individual 𝑝𝑟𝑜𝑥𝑦 values for all 𝑞-values of a particular value 𝑝. The only 

organizational form under review is ‘Functional Consolidation’ (𝑔 = 2). 

𝑖𝑣𝑐𝑐 𝑟𝑎𝑡𝑖𝑜𝑝,𝑞,𝑔=2 =  
∑ 𝑝𝑟𝑜𝑥𝑦𝑝,𝑞,𝑔=2𝑙

∑ ∑ 𝑝𝑟𝑜𝑥𝑦𝑝,𝑞,𝑔=2𝑙𝑞
    (formula 7.12) 

The 𝑖𝑣𝑐𝑐 𝑟𝑎𝑡𝑖𝑜𝑠 (for 𝑞 = 1. .3 and 𝑝 = 0. .3) indicate whether ‘Functional Consolidation’ is 

appropriate for the management of the underlying dependencies. For each alliance type the 

distribution among echelons is represented. ‘Functional Consolidation’ is recommendable if 

significant portion can be encountered on single-echelon branches or alliances and the 

complementary multi-echelon ratio is low.  
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7.6 Exemplary implementation of the heuristic evaluation method 

The heuristic evaluation model is applied to a simplified network which is composed of two 

territorial sales markets (stage 𝑖 = 0), each of them demanding two different products. 

Furthermore, at two plants on the final production stage (𝑖 = 1) finished products are 

packaged and distributed to the markets. Note that both factories are capable to process both 

products. In upstream direction, a similar configuration is found: two components for both 

finished products are manufactured at two locations (on stage 𝑖 = 2). The identical network 

configuration is tested in the simulation model in chapter 8 where more detailed information 

can be found.  

Figure 7.9 depicts the entire network, indicating possible material flows. For the sake of 

simplicity, all contextual factors 𝜑 are fixed at value 1 and the horizon factors 𝜓 are also set to 

1 based on the assumption that forecast horizons are sufficiently long compared to lead times.  

 

Figure 7.9: Exemplary supply chain structure. 

All core dependencies are listed in Annex 1 and sum up to a total of 40 dependencies 

(𝑎 = 1 … 40) with 72 branches (𝑎, 𝑏 = 1,1. . .40,1). All types of dependencies, except the fit 

type, are present (𝑑 = 1;  3;  4;  5). Algorithms formulated in chapter 7.2.2 are coded in Visual 

Basic. A total of 208 congruent, 1.408 adjacent and 17.336 remote alliances have been 

identified.  

Coordination benefit is calculated for each branch 𝑎, 𝑏 of core dependencies and alliances. All 

values of the same alliance type 𝑝 and echelon type 𝑞 are summed up for the presented three 

organizational forms (𝑔 = 1 … 3). The values for ∑ 𝑝𝑟𝑜𝑥𝑦𝑝,𝑞,𝑔𝑙  are listed in Annex 2. The 

relative performance of ‘Logistic Segmentation’ and ‘Functional Consolidation’ is measured 

based on the 𝑐𝑏 𝑟𝑎𝑡𝑖𝑜 and represents the performance level of alternative coordination 

schemes compared to the optimal ‘Network Integration’ solution. The percentages are 

depicted in Table 7.13. 

Based on the number of organization units involved in the coordination of any alliance, 

differences in 𝑏𝑣𝑐𝑐 between the organizational forms can be ranked. Highest gaps are evident 
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when a coordination scheme centralizes in one unique organization unit while the other 

operates with a maximum of four organization units per alliance. In Table 7.13 the gaps are 

expressed visually by the shading: the darker the cell, less convenient is the use of the 

corresponding organizational form compared to ‘Network Integration’.  

Summarizing, the suitability of an alternative coordination scheme is high compared to 

‘Network Integration’ when corresponding 𝑐𝑏 𝑟𝑎𝑡𝑖𝑜𝑠 are elevated and the relative 𝑏𝑣𝑐𝑐 is low. 

This is the case when the number of cells with light shading and high percentage are 

dominating. For ‘Logistic Segmentation’ for all 𝑝, 𝑞-combinations low values (19 % to 26 %) are 

notified. For complex alliance types (𝑞 > 1) with second or third tier constellations (𝑝 > 1), 

𝑐𝑏 𝑟𝑎𝑡𝑖𝑜𝑠 are higher than for more simple configurations. Therefore ‘Logistic Segmentation’ is 

not recommendable from the point of view of 𝑐𝑏 and 𝑏𝑣𝑐𝑐. For ‘Functional Consolidation’ the 

evaluation is ambivalent. On the one hand positive indicators are that the 𝑐𝑏 performance 

level is in general terms significantly higher (47 % to 60 %) and maximum 𝑐𝑏 𝑟𝑎𝑡𝑖𝑜𝑠 are 

majorly found on the 𝑞1-level (60%). On the other hand must be evaluated critically that the 

𝑞2-level and especially the even more negatively impacting 𝑞3-level are also represented with 

similar 𝑐𝑏 𝑟𝑎𝑡𝑖𝑜𝑠. Note also that adjacent and remote alliances do not exist on 𝑞1-level 

because the exemplary network is limited to two sites per stage. So no positive effect for 

‘Functional Consolidation’ can be notified for these 𝑝, 𝑞-combinations. Furthermore, although 

𝑐𝑏 𝑟𝑎𝑡𝑖𝑜𝑠 are significantly higher in case of ‘Functional Consolidation’ than for ‘Logistic 

Segmentation’, still important gaps prevail between ‘Functional Consolidation’ and ‘Network 

Integration’. As explained in chapter 7.5.2, 𝑖𝑣𝑐𝑐 should be taken into account as additional 

decision support for the evaluation of ‘Functional Consolidation’. 

Table 7.13: 𝒄𝒃 𝒓𝒂𝒕𝒊𝒐𝒔 and 𝒃𝒗𝒄𝒄 ranking for different organizational forms. 

  Logistic Segmentation  

p=1 

p=2 

p=3 

Functional Consolidation 

p=1 

p=2 

p=3 

𝒒 𝒑 0 1 2 3 0 1 2 3 

1 
 

0.20 0.19  

 

 

 

0.60 0.60   

2 
 

0.26 0.26 0.24 0.24 0.57 0.57 0.47 0.58 

3 
 

N.A. N.A. 0.26 0.25 N.A. N.A. 0.48 0.57 

 

For the evaluation of 𝑖𝑣𝑐𝑐, the relative distribution of 𝑐𝑏 among echelons per alliance type is 

calculated. Again, the suitability is expressed by the shading grade of the cells. The darker the 

cell, less convenient is ‘Functional Consolidation’ in the specific case. The colour coding is 

based on the findings that higher order concerning echelon and alliance type leads to stronger 
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negative impact on 𝑖𝑣𝑐𝑐. Furthermore, the echelon is more impacting than the alliance type 

for the 𝑖𝑣𝑐𝑐 evaluation. Hence, the darkest spot is located in the right-down corner of Table 

7.14. For each alliance type, the distribution of 𝑐𝑏 among echelons is expressed. For the 𝑝0- 

and 𝑝1-type around 70 % of 𝑐𝑏 is due to relationships on 𝑞2-level. Particularly important is the 

share of 𝑐𝑏 contribution stemming from third tier configurations (𝑞 = 3). For adjacent 

alliances (𝑝 = 2), only 25 % of 𝑐𝑏 is associated with the highest order echelon (𝑞 = 3) but for 

remote alliances more than 60 % of total 𝑐𝑏 contribution is due to third tier situations. The lack 

of complex alliances (𝑝 = 2 or 𝑝 = 3) on single echelons also affects negatively the 𝑖𝑣𝑐𝑐 

evaluation because these configurations could be handled comfortably by ‘Functional 

Consolidation’.  

Table 7.14: 𝒊𝒗𝒄𝒄 ratios and suitability for ‘Functional Consolidation’. 

 𝒑 p=0 p=1 p=2 p=3 

𝒒  Functional Consolidation 

FC 

FC 

FC 

1  0.32 0.28   

2  0.68 0.72 0.75 0.37 

3  N.A. N.A. 0.25 0.63 
 

Summarizing, based on the findings from the application of the heuristic model to the 

exemplary network configuration can be followed:  

 ‘Logistic Segmentation’ is not suitable due to the generally low 𝑐𝑏 𝑟𝑎𝑡𝑖𝑜𝑠 (around 25% 

of ‘Network Integration’ performance) and the elevated, expected 𝑏𝑣𝑐𝑐 due to the 

concentration of 𝑐𝑏 on higher order echelons and alliance types. 

 ‘Functional Consolidation’ is characterized by moderate underperformance (𝑐𝑏 𝑟𝑎𝑡𝑖𝑜𝑠 

max 60% of ‘Network Integration’ performance). Due to the intense contribution of 𝑐𝑏 

from higher echelons and complex alliance types, 𝑏𝑣𝑐𝑐 and 𝑖𝑣𝑐𝑐 are expected to be 

elevated so that also ‘Functional Consolidation’ is not recommendable in the 

exemplary case. 

Note that contextual factors have not been taken into account. If influences from network 

properties are not distributed evenly, e.g. if complex alliances on higher echelons are valued 

significantly lower due to low contextual factor values, the evaluation could be altered. Note 

also that the fixed coordination cost stemming from organizational and technological expenses 

has not been considered in the exemplary model.  
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7.7 Qualitative conclusions based on the heuristic method 

The evaluation method includes several scoring sub-systems for coordination benefit and cost. 

The calculation method in all cases is based on the decomposition of the network 

dependencies into its individual components. The coordination capability and effort is 

evaluated based on coordination factors which reflect the appropriateness of each 

organizational form for managing each dependency component. Some factors (𝜑, 𝜓, 𝜉, 𝜋) 

which are relevant for all benefit and cost categories reflect the decision scope and dimensions 

to be taken into account. Furthermore the number of organization units involved in managing 

a dependency branch or alliance (factor 𝜚) is specifically decisive for 𝑏𝑣𝑐𝑐. For 𝑖𝑣𝑐𝑐, which is 

only relevant for ‘Functional Consolidation’, the relative distribution of dependencies among 

stages drives the iterations need.  

In general terms, the number of affected decision dimensions relevant for efficient 

coordination varies as a function of the complexity of the dependency situation. Complexity is 

expressed by the number of dependencies and alliances, their type and intensity and echelons 

affected. Dependency intensity (𝜑), scope of decision (𝜓), decision dimensions (𝜋) and task 

type (𝜉) are included in all formulas for calculating 𝑝𝑟𝑜𝑥𝑦 values. The ratios derived express 

the capability and the effort to cover dependencies with coordination dimensions. 

Coordination benefit tends to increase and 𝑏𝑣𝑐𝑐 to decline when seeking for more intense 

coordination, i.e. switching to higher sophisticated organizational forms. However, 𝑖𝑣𝑐𝑐 which 

is only present in case of ‘Functional Consolidation’, increases when coordination is intensified 

so that the efficiency evaluation of ‘Functional Consolidation’ compared to other forms is more 

difficult. While 𝑐𝑏 and 𝑏𝑣𝑐𝑐 are compared based on the highest benefit and lowest cost 

alternative, 𝑖𝑣𝑐𝑐 comparisons among different organizational forms are not possible. Instead 

the impact of 𝑖𝑣𝑐𝑐 is determined through the relative share of 𝑐𝑏 contribution on first-, 

second- and third-tier relationships. 

Some general, qualitative conclusions can be drawn, even when particular factors which are 

difficult to estimate (such as intensity factors 𝜑) are not quantified. The recommendations are 

depicted in Figure 7.10. Dependency factors reflect the extension, intensity and complexity of 

relationships within the network and are multipliers in the calculations of 𝑐𝑏 and 𝑖𝑣𝑐𝑐 𝑟𝑎𝑡𝑖𝑜𝑠. 

They act as leveraging factors leading to wider spreads in coordination need which can be 

satisfied with specific coordination dimensions. The capability to fulfill coordination 

parameters is expressed by coordination factors. The suitability of organizational forms to 

match coordination dimensions that fit to dependency characteristics varies as a function of 

dependency type to be managed. Simple flow and fit dependencies can be managed with any 
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of the proposed organizational forms with satisfying level of efficiency. In contrast, complex 

types, such as sharing and assign dependencies, require coordination dimensions which are 

best supported by ‘Network Integration’. Nevertheless, also ‘Functional Consolidation’ is 

suitable for addressing complex dependencies successfully.  

Structural network properties such as alliance type and echelon influence strongly the 

efficiency of organizational forms. The simplest organizational form, ‘Logistic Segmentation’, 

shall be implemented when relationships concentrate on the second-tier type (𝑞 = 2) 

combined with low complex relationships or alliances (𝑝 = 0 or 𝑝 = 1). When strictly dyadic 

dependencies prevail, ‘Logistic Segmentation’ is a valid proposal even for third-tier 

configurations (𝑝 = 2, 𝑞 = 3), at least if flow dependencies outweigh sharing dependencies. 

‘Functional Consolidation’ is most favorable if single echelons are affected to a large extent. 

The effect is even more pronounced when higher order alliances are involved due to the 

significant reduction in 𝑏𝑣𝑐𝑐. In these situations the difference concerning 𝑐𝑏 between 

‘Functional Consolidation’ and ‘Network Integration’ is small being 𝑏𝑣𝑐𝑐 equal for both 

coordination schemes at the same time. Furthermore savings in 𝑏𝑣𝑐𝑐 are incrementing when 

switching from ‘Logistic Segmentation’ to ‘Functional Consolidation’ in presence of higher 

order alliance types.  

In particular for third-tier configurations (𝑞 = 3) combined with remote alliances (𝑝 = 3), 

‘Network Integration’ provides important comparative advantages to other coordination 

schemes. ‘Functional Consolidation’ in these situations is not recommendable due to high 𝑖𝑣𝑐𝑐 

and ‘Logistic Segmentation’ does not support all required coordination dimensions – planning 

and optimization – to tap the full 𝑐𝑏 potential successfully. 
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Figure 7.10: Recommendations for organizational design. 

Finally remain few combinations for which several solutions might be suitable. If ‘Functional 

Consolidation’ is an alternative, then 𝑖𝑣𝑐𝑐 is a valuable criterion to decide whether this 

coordination scheme is appropriate. For adjacent and remote alliances in second-tier 

configurations, ‘Functional Consolidation’ is recommendable if the 𝑖𝑣𝑐𝑐 𝑟𝑎𝑡𝑖𝑜  for first-tier 

scenarios is relatively high and at the same time the 𝑖𝑣𝑐𝑐 𝑟𝑎𝑡𝑖𝑜  is relatively low for third-tier 

relationships.  

  

Network Integration

Direct (p=0) Congruent (p=1) Adjacent (p=2) Remote (p=3)

1st tier (q=1)

2nd tier (q=2)

3rd tier (q=3)
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8  Discrete event simulation model 

The strong focus on coordination procedures requires a simulation package with flexible 

customization capabilities regarding the model control. Decisions which are simulated on the 

organization layer must be implemented on the material flow layer. Furthermore, basic supply 

chain and production elements shall be preconfigured and adjustable through attributes in 

order to reduce the programming effort. The commercial package ‘Plant Simulation’ has been 

selected because of its recognized completeness regarding built-in elements and extensive, yet 

intuitive programming language package ‘Simtalk’ (Zapata et al., 2007). Monostori et al. 

(2010), for example, have employed the simulation package in combination with optimization 

algorithms which have been coded in the proprietary programming language. 

The supply chain structure of the example network already has been depicted in Figure 7.9. 

The simulation model has been developed by MITTERMAYER AND RODRÍGUEZ (2013). The notation 

is adapted from existing models (Pibernik and Sucky, 2007): 

𝐼 is the index of value adding processes (𝐼 = 1, … , 𝑖). 

𝑉𝑖 is the set of locations capable of realizing process 𝑖.  

𝑣𝑖,𝑗 ∈ 𝑉𝑖 ;  𝑗(𝑖) = 1 … 𝐽(𝑖), the location 𝑗(𝑖) to realize process 𝑖. 

All locations are represented by nodes 𝑣𝑖,𝑗(𝑖) whereas arcs 𝑣𝑖,𝑗(𝑖) , (𝑣´𝑖´,𝑗´(𝑖´)) indicate the 

material flow among two nodes. Locations (i.e. nodes) are associated with production and 

holding cost, markets (𝑣0,𝑗(0)) with lost sales if forecasted demands cannot be satisfied and 

material flows (i.e. arcs) with transportation cost. 

Components or products manufactured by process 𝑖 at a location 𝑗(𝑖) are identified by 𝑘(𝑖). 

Dependent on the coordination procedure, the simulation model mimics either the 

organizational forms supported by common ERP systems (‘Logistic Segmentation’ or 

‘Functional Consolidation’) or by additional SCM software (‘Network Integration’).  

8.1 Logistic Segmentation 

Strategic management assigns demands to locations based on long term criteria such as 

historical data (cost, is capacity utilization, etc.). Under the assumption of these fixed business 

rules MPS (left side in Figure 8.1) is realized allocating markets demands to locations. 
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Figure 8.1: Coordination procedures applied in the simulation model. 

Table 8.1 depicts several solution sequences (MPS1.1 to MPS1.4) – each of them with the 

corresponding sub-processes (1 to 8).  

Table 8.1: Extract of priority sequences corresponding to MPS1._ 

MPS1._ Sub-Process 𝒌(𝟏) 𝒋(𝟎) 𝒋(𝟏) 

1 1 1 1 1 

1 2 1 1 2 

1 3 1 2 1 

1 4 1 2 2 

1 5 2 1 1 

1 6 2 1 2 

1 7 2 2 1 

1 8 2 2 2 

2 1 1 1 1 

2 2 1 1 2 

... ... ... ... ... 

… … … … … 

4 7 2 2 1 

4 8 2 2 2 
 

If ‘Logistic Segmentation’ is implemented, then exclusively MPS1.1 determines how to assign 

competing demands. For example, sub-process 1 indicates that demand for product 1 from 
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market 1 shall be covered by stock at location 1, no matter whether the solution meets all 

demands entirely or not. Further upstream coordination procedures are based on the outcome 

of this first step. The rigid procedure assures minimum organization cost because underlying 

rules are programmed on a long term basis and thereafter applied until top management 

revokes due to important changes in the network structure or changes in the entrepreneurial 

environment. However, maximum logistic performance is not guaranteed.  

8.2 Functional Consolidation 

In case of ‘Functional Consolidation’ tasks are iteratively executed either until a feasible 

solution is found or the last alternative is tested. Given that no additional SCM software tool is 

employed, the ERP logic and its sequential procedure have to be respected. Identical tasks are 

consolidated at each stage and managed by a central coordination entity. Alternative priorities 

are considered if necessary. For example, if the priority list defined by MPS1.1 does not 

provide a satisfying solution, the allocation procedure reflected by MPS1.2 (see Table 8.1) is 

tested and so on. The increase in coordination intensity depends on the ratio of unfeasible 

solutions provided at each supply chain stage; therefore the following definitions are 

introduced: 

𝛼1 = Proportion of unfeasible solutions at stage 1 

𝛼2 = Proportion of unfeasible solutions at stage 2 with prior feasible solution at stage 1 

The probability to realize MPS and RCCP without satisfying result and the need to iteratively 

rework tasks at stage 1 is equal to α1. Furthermore, imagine that on stage 1 a feasible solution 

is selected, but on stage 2 constraints might be violated. This equals probability 𝛼2 (see Figure 

8.2). Then tasks on stage 2 shall be readdressed but feedback to stage 1 shall not be 

considered because the coordination intense MRP and short term scheduling tasks probably 

would have to be reprocessed as well. Both factors 𝛼1 and 𝛼1,2 are determined experimentally. 

Based on these two probabilities the iteration factor (𝛼) is defined: 

𝛼1,2 = (1 − 𝛼1) 𝛼2       (formula 8.1) 

𝛼 = 𝛼1 + 𝛼1,2        (formula 8.2) 

The iteration factor reflects the coordination intensity required to find a feasible solution.  
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Figure 8.2: Decision probabilities 𝜶𝟏 and 𝜶𝟐. 

8.3 Network Integration 

In the case of ‘Network Integration’ the sequential stage-wise execution of tasks is replaced by 

the search for a minimum cost plan considering all supply chain stages simultaneously. In 

industrial practice by means of ERP systems this planning procedure is not applicable but SCM 

software allows to read data, optimize and write back to the ERP system. In the present 

investigation no optimization engine is employed. Instead all combinatorial scenarios are 

tested in the coordination module and the best plan is selected and implemented on material 

flow level (brute-force search).  

8.4 Model formulation 

For formulating a multi-period coordination model with different stages and geographically 

dispersed facilities on each stage the following notation is introduced: 

Indices 

𝑖, 𝑖´ stage index 𝑖 =  1, … 𝐼 or 𝑖´ =  1 …  𝐼´ respectively (𝑖 or 𝑖´ =  0 denotes customer markets)  

j(i) location 𝑗(𝑖)  =  1 … 𝐽(𝑖) capable to realize process 𝑖  

𝑘(𝑖) Components or products 𝑘(𝑖)  =  1 … 𝐾(𝑖) manufactured by process 𝑖 at a location 𝑗(𝑖)  

𝑡 index of time periods 𝑡 =  1, … 𝑇  

𝜏 index of time periods 𝜏 =  1, … 𝑡  

Variables 

𝑠𝑗(𝑖´),𝑡
𝑘(𝑖)

 Stock of product 𝑘(𝑖) at 𝑣´𝑖´,𝑗´(𝑖´) in a the beginning of period 𝑡 

𝑥
𝑗(𝑖),𝑗(𝑖′),𝑡

𝑘(𝑖)
 Shipping quantity of product 𝑘(𝑖) from 𝑣𝑖,𝑗(𝑖) to 𝑣´𝑖´,𝑗´(𝑖´) in period 𝑡 

𝑦𝑗(𝑖),𝑡
𝑘(𝑖)

 Production quantity of product 𝑘(𝑖) at 𝑣𝑖,𝑗(𝑖) in period 𝑡 

𝑧𝑗(𝑖´),𝑡
𝑘(𝑖)

 Dependent demand of product 𝑘(𝑖)  =  1 … 𝐾(𝑖) at nodes 𝑗(𝑖´)  =  1 … 𝐽(𝑖´) in period 𝑡 
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Stage 2 

Unfeasible 
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Data 

𝑏𝑐𝑗(0)
𝑘(1)

 Backorder unit cost of product 𝑘(0) at 𝑣0,𝑗(0) 

ℎ𝑐𝑗(𝑖´)
𝑘(𝑖)

 Holding unit cost of product 𝑘(𝑖) at 𝑣´𝑖´,𝑗´(𝑖´) 

𝑝𝑐𝑗(𝑖)
𝑘(𝑖)

 Production unit cost of product 𝑘(𝑖) for process i at 𝑣𝑖,𝑗(𝑖) 

𝑡𝑐𝑗(𝑖),𝑗(𝑖´)
𝑘(𝑖)

 Transportation unit cost of product 𝑘(𝑖) from 𝑣𝑖,𝑗(𝑖)  to 𝑣´𝑖´,𝑗´(𝑖´) 

𝐶𝐴𝑃𝑗(𝑖),𝑡 Capacity available for process i at location 𝑣𝑖,𝑗(𝑖) in period 𝑡 

𝐷𝑗(0),𝑛𝑜𝑚
𝑘(1)

 Nominal Independent demand for product 𝑘(1) from market 𝑗(0) 

𝐷𝑗(0),𝑡
𝑘(1)

 Independent demand for product 𝑘(1) from market 𝑗(0) in period 𝑡 

𝛽 binary variable indicating up or downward movement of forecast 

𝛾𝑗(𝑖)
𝑘(𝑖)

 Production lead time for manufacturing 𝑘(𝑖) at 𝑣𝑖,𝑗(𝑖)  

𝛿
𝑗(𝑖),𝑗(𝑖′)

𝑘(𝑖)
 Supply lead time for shipping 𝑘(𝑖) from 𝑣𝑖,𝑗(𝑖)to 𝑣´𝑖´,𝑗´(𝑖´) 

ε𝑗(0),𝑡
𝑘(1)

 Forecast error ε for product 𝑘(1) at markets 𝑗(0) for period 𝑡 

𝜆𝑘(𝑖),𝑘(𝑖´) Quantity of product 𝑘(𝑖) required to manufacture 𝑘(𝑖′) 

𝜇𝑗(𝑖)
𝑘(𝑖)

 Fragment of capacity 𝑗(𝑖) required to manufacture 𝑘(𝑖) at 𝑣𝑖,𝑗(𝑖)  

𝜎𝑗(0),𝑇
𝑘(1)

 Forecast volatility for product 𝑘(1) at markets 𝑗(0) for period 𝑡 = 𝑇 

At the beginning of each planning cycle, the demand for the last period 𝑡 =  𝑇 is calculated by 

multiplying the nominal demand 𝐷𝑛𝑜𝑚 with (1 + 𝛽 ∙  𝜎) where  𝛾 denotes the forecast 

volatility and 𝛽 the random variable that forces a random up or downward adjustment. All 

demands forecasts of periods 2 <  𝑡 < 𝑇 are based on the demand forecast of prior planning 

cycle, but modified randomly by a positive or negative forecast error ( 𝛽 ∙ 휀 ). The demand 

forecast for the immediate next period 𝑡 = 1 is equal to 𝑡 = 2 .   

The mathematical formulations for coordination procedures are detailed exemplarily. For 

MPS1.1 / sub-process 1 indices are 𝑗(0) = 1;  𝑗(1) = 1;  𝑘(1) =  1. 

Objective function: 

Min ∑ (𝑇 − 𝑡𝑇
𝑡=1 )  ∙  𝑥𝑗(1),𝑗(0),𝑡

𝑘(1)
       (formula 8.3) 

Subject to: 

∑  𝑥
𝑗(1),𝑗(0),𝜏+𝛿𝑗(1),𝑗(0)

𝑘(1)
𝑘(1)𝑡

𝜏=1 ≥  ∑ 𝐷𝑗(0),𝜏
𝑘(1)𝑡

𝜏=1      (formula 8.4) 

 𝑥𝑗(1),𝑗(0),𝑡
𝑘(1)

≥ 0         (formula 8.5) 
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Input data such as market demand is denoted in upper case letters. The variable x denotes the 

quantity of product 𝑘(1) = 1 to be shipped with a supply lead time 𝛿 from 𝑗(1) = 1 to 

𝑗(0) = 1 in order to meet the demand 𝐷. The objective function (eq. 8.2) assures that delivery 

is realized “as late as possible” (Voß and Woodruff, 2003, p. 26). Note that this algorithm 

typically implemented in ERP systems does not necessarily provide minimum cost solutions. 

Next, if still demand for product 1 from market 1 is not met, these quantities are assigned to 

location 2 (see Table 8.1, MPS1.1 / sub-process 2). The coordination sequence is completed if 

all sub-processes of MPS1.1 are executed, each one under consideration of the updated 

inventory situation.  

‘Functional Consolidation’ is characterized by a ‘planning’ rather than a ‘programming’ 

procedure. If demands of MPS1.1 cannot be met entirely, alternative allocations sequences are 

tested (MPS1.2 to MPS1.4) until a feasible solution is found. If all alternatives respond with 

unsatisfied demand, the minimum lost sales solution is selected. This procedure fulfills the 

constitutional elements of a ‘planning’ procedure: different solutions are developed in a 

structural manner, evaluated and the most appropriate alternative is selected. 

In the next step, allocation of production quantities is addressed. In general terms, the 

procedures are similar. Values of 𝑋 have been determined in the previous step and are now 

input data. In addition to material and non-negative constraints, the capacity constraint is 

introduced in order to force the shift of production in time buckets with free capacity. This 

procedure is known as RCCP. The mathematical formulation of this problem is described by 

objective function (formula 8.6). Note that the formulation corresponds to RCCP1.1 / sub-

process 1 depicted in Table 8.2.  

Table 8.2: Extract of priority sequences corresponding to RCCP1._. 

RCCP1._ Sub-Process 𝒌(𝟏) 𝒋(𝟎) 𝒋(𝟏) 

1 1 1 1 1 

1 2 1 1 2 

1 3 2 1 1 

1 4 2 1 2 

1 5 1 2 1 

1 6 1 2 2 

1 7 2 2 1 

1 8 2 2 2 

2 1 1 1 1 

2 2 1 1 2 

… ... … … … 

6 8 2 2 2 
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This RCCP problem for 𝑘(1) = 1;  𝑗(0) = 1;  𝑗(1) = 1 is formulated as follows: 

Min ∑ (𝑇 − 𝑡𝑇
𝑡=1 )  ∙  𝑦𝑗(1),𝑡

𝑘(1)
      (formula 8.6) 

Subject to: 

∑ 𝑦
𝑗(1),𝜏+𝛾𝑗(1)

𝑘(1)
𝑘(1)𝑡

𝜏=1 ≥  ∑  𝑋𝑗(1),𝑗(0),𝜏
𝑘(1)

 − 𝑆𝑗(1),𝜏
𝑘(1)𝑡

𝜏=1    (formula 8.7) 

𝑦𝑗(1),𝑡
𝑘(1)

∙ 𝜇𝑗(1)
𝑘(1)

≤ 𝐶𝐴𝑃𝑗(1),𝑡      (formula 8.8) 

𝑦𝑗(1),𝑡
𝑘(1)

≥ 0        (formula 8.9) 

Again, in case of ‘Logistic Segmentation’ only RCCP1.1 applies while for ‘Functional 

Consolidation’ up to RCCP1.6 might be tested. The variable 𝑦 denotes the quantity of product 

𝑘(1)  =  1 to be manufactured with a production lead time of 𝛾 at location  𝑗(1) = 1 in order 

to meet the shipping quantities 𝑋. 

After the calculation of production quantities and dates, next the IT system’s inherent MRP 

logic determines quantities and delivery dates for dependent component requirements 𝑧 

considering the production coefficient 𝜆 and beginning inventory 𝑆. For the sake of simplicity 

in this simulation model the product structure is linear. 

𝑧𝑗(1)
𝑘(2)

= 𝑌𝑗(1)
𝑘(1)

∙ 𝜆𝑘(2),𝑘(1)      (formula 8.10) 

The MPS formulation for 𝑗(1) 1;  𝑗(2) 1;  𝑘(2) 1 at stage 2 problem is given by:  

Min ∑ (𝑇 − 𝑡𝑇
𝑡=1 )  ∙  𝑥𝑗(2),𝑗(1),𝑡

𝑘(2)
      (formula 8.11) 

Subject to: 

∑  𝑥
𝑗(2),𝑗(1),𝜏+𝛿𝑗(2),𝑗(1)

𝑘(2)
𝑘(2)𝑡

𝜏=1 ≥  ∑ 𝑍𝑗(1),𝜏
𝑘(2)𝑡

𝜏=1 − 𝑆𝑗(1),𝜏
𝑘(2)

   (formula 8.12) 

 𝑥𝑗(2),𝑗(1),𝑡
𝑘(2)

≥ 0        (formula 8.13) 

Either the simulation includes only MPS2.1 (for ‘Logistic Segmentation’), a variable number of 

procedures MPS2.2 to MPS2.4 (for ‘Functional Consolidation’) or all available alternatives (for 

‘Network Integration’).  

The presented formulas refer to the supply chain schema indicated in Figure 8.3 for selected 

values of 𝑖, 𝑗(𝑖) and 𝑘(𝑖). The simulation model works successively up the entire supply chain. 
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Figure 8.3: Model structure with lead times and forecast horizons. 

Based on the ERP logic, decisions are not taken based on cost considerations (compare 

objective functions of formula 8.3, 8.6 and 8.11). Nevertheless, cost minimization is of major 

interest in industrial business environments. Therefore the evaluation of logistic performance 

is based in this simulation model on the following cost function: 

𝐿𝑜𝑔𝑖𝑠𝑡𝑖𝑐 𝐶𝑜𝑠𝑡 = ∑ ∑ ∑ ∑ (𝐷𝑗(0),𝑡
𝑘(1)

− 𝑋𝑗(1),𝑗(0),𝑡
𝑘(1)

) ∙ 𝑏𝑐𝑗(0)
𝑘(1)2

𝑘(1)=1
2
𝑗(1)=1

2
𝑗(0)=1

𝑇
𝑡=1  +

 ∑ ∑ ∑ ∑ ∑ ∑ 𝑋𝑗(𝑖),𝑗(𝑖´),𝑡
𝑘(𝑖)

 ∙ 𝑡𝑐𝑗(𝑖),𝑗(𝑖´)
𝑘(𝑖)𝐾(𝑖)

𝑘(𝑖)=1
𝐽(𝑖´)
𝑗(𝑖´)=1

𝐽(𝑖)
𝑗(𝑖)=1

2
𝑖´=1

2
𝑖=1

𝑇
𝑡=1 +

 ∑ ∑ ∑ ∑ 𝑌𝑗(𝑖),𝑡
𝑘(𝑖)

 ∙ 𝑝𝑐𝑗(𝑖)
𝑘(𝑖)𝐾(𝑖)

𝑘(𝑖)=1
𝐽(𝑖)
𝑗(𝑖)=1

2
𝑖=1

𝑇
𝑡=1 + ∑ ∑ ∑ ∑ 𝑆𝑗(𝑖´),𝑡

𝑘(𝑖)
 ∙ ℎ𝑐𝑗(𝑖´)

𝑘(𝑖)𝐾(𝑖)
𝑘(𝑖)=1

𝐽(𝑖´)
𝑗(𝑖´)=1

2
𝑖´=1

𝑇
𝑡=1  (eq.8.14) 

Coordination cost is represented by iteration factor 𝛼.  

8.5 Simulation model implementation 

The network is characterized by four stages with a total lead time of 150 days. The forecast 

horizon is set to 360 days, updated monthly.  

Fundamental parameters are depicted in Figure 8.3. 

In the simulation model two views are differentiated, the control or coordination layer and the 

material flow layer. For both views preconfigured elements are available.  

The EventController coordinates and synchronizes the different events taking place during a 

simulation run. The EventController sets the time scale and duration of the simulation. Tables, 

lists or parameters are used for feeding the model with input data during the initial simulation 

phase. One of the main purposes of simulation is to model stochastic behaviour. Therefore 

input data – as well as other parameter can be associated with probability distributions. Tables 

are also used for the storage of intermediate or final results.  

The simulation model is controlled by methods which can be triggered by many ways, for 

example time-oriented through the EventController or by the Generator, event-based through 

30 days30 days30 days30 days 30 days … 30 days

5 months 12 months

SLT SLT SLTPLTPLT

Forecast HorizonTotal Lead Time

30 days30 days30 days30 days 30 days

see formula 8.6

see formula 8.3
see formula 8.11

v3,1

v3,2 v2,2

v2,1 v1,1

v1,2

v0,1
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material movement or resource-oriented by capacity status. Methods contain the coding in 

the software-specific language Simtalk. Within one method other methods can be called too. 

On the physical level, sources are employed to generate moving objects, such as entities which 

are packed on containers and moved on transporters. Drains are the counterpart of sources 

and eliminate moving objects, if necessary. The material flow objects used are tracks where 

the transporters run on, buffers and stores before and after the processing stations. The 

processing stations represent plants which are characterized by defined capacities. The entity 

is equal to the product which consumes time during processing in the plant. 

The simulation run can be split into different phases: initialisation, forecasting, decision making 

and execution on physical level. In the initial phase (which corresponds to executing the init 

method), elements from the last run are eliminated, tables are cleaned up and parameters as 

well as input data are loaded into the model. Once the simulation is started, the generator 

planningCycle triggers each 30 days the method completeSeq nesting several methods which 

are called sequentially. The method forecasting creates the forecast for 12 month regarding 

products (P1 and P2) which are demanded in two markets (M1 and M2). Note that the forecast 

is created for the last forecast period taking into account the forecast error. All subsequent 

forecasts are variations based on the forecast volatility which are randomly moving up or 

down. The decision making process is subdivided by production stages and sequential 

organization units. For the first production stage the methods ranSeq, ranSeq2 and ranSeq3 

generate alternative solutions concerning the allocation of stock or capacity and the 

anticipation of production. Alternative solutions are stored in tables and corresponding cost is 

calculated by method costCal. For the second stage the procedure is similar using methods 

ranSeq5, ranSeq6, ranSeq7 and costCal2. Then the solution with the lowest total cost is 

selected using method getBestSol before method planData generates the plan in which all 

necessary movements are determined. For the implementation on the physical level, the 

method loadTrucks generates the movements of products to the transporters according to the 

plan generated by planData. Finally trucks transport the products to the locations. The 

complete cycles is represented in Figure 8.4. 
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Figure 8.4: Control by methods and generators during simulation run. 

For the different organizational proposals, the methods are modified so that the correct set of 

solutions is considered at every stage within the industrial network. Table 8.3 differentiates 

simulation phases and concretizes ERP tasks and functionality of each method.  
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Table 8.3: Methods developed for the simulation model. 

Method name Phase ERP Task Functionality 

Init Before Simulation Start  
Clean-up the model and load input 
data 

Forecasting 

Generation and update of 
stochastic forecast at the 
beginning of each 
coordination cycle 

Demand 
Forecasting 

Create new random forecast for last 
period based on forecast error and 
update remaining periods based on 
volatility factors 

ranSeq 

Development of alternative 
solutions for stage 1 

MPS.1 Stock reservation  

ranSeq2 RCCP.1 Capacity reservation 

ranSeq3 RCCP.1 
Pull forward production of 
unfulfilled orders 

costCal 
Economic evaluation of all 
solutions at stage 1 

 
For each solution developed for 
stage 1 total cost is calculated  

ranSeq4 

Development of alternative 
solutions for stage 2 

MPS.2 Stock reservation 

ranSeq5 RCCP.2 Capacity reservation 

ranSeq6 RCCP.2 
Pull forward production of 
unfulfilled orders 

costCal2 
Economic evaluation of all 
solutions at stage 1 

 
Cost calculation for all solutions 
generated on stage 1 and 2 

getBestSol Decision making  Select minimum cost solution  

planData 
Action plan for current 
period 

 Generate movement instructions 

loadTrucks Implementation  
Execute movements on physical 
level 
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In the current simulation study the impact of different demand forecast errors on logistic 

performance and coordination cost is analyzed using specific parameters settings (Table 8.4) 

material requirements (Table 8.5) and capacity requirements (Table 8.6). 

Table 8.4: Parameter settings. 

𝑏𝑐𝑗(0)
𝑘(1)

 ℎ𝑐𝑗(𝑖´)
𝑘(𝑖)

 𝑝𝑐𝑗(𝑖)
𝑘(𝑖)

 𝑡𝑐𝑗(𝑖),𝑗(𝑖´)
𝑘(𝑖)

 𝐶𝐴𝑃𝑗(𝑖) 𝐷𝑗(0),𝑛𝑜𝑚
𝑘(1)

 𝛽 𝛾𝑗(𝑖)
𝑘(𝑖)

 𝛿
𝑗(𝑖),𝑗(𝑖′)

𝑘(𝑖)
 ε𝑗(0),𝑡

𝑘(1)
 𝜎𝑗(0),𝑇

𝑘(1)
 

€/unit €/unit/period €/unit €/unit units/pd. units/pd.  days days   

10.000 100  1.000  1.000  200  100  1;-

1 

30  30  0.00; 

0.01; 

0.04 

0.04 

 

Table 8.5: Material requirements factors. 

𝒌(𝒊) 𝑘(2) = 1 𝑘(2) = 2 𝑘(3) = 1 𝑘(3) = 2 

𝒌(𝒊´) 𝑘(1) = 1 𝑘(1) = 2 𝑘(2) = 1 𝑘(2) = 2 

𝝀𝒌(𝒊),𝒌(𝒊´) 1 1 1 1 

 

Table 8.6: Capacity requirements factors 

𝒌(𝒊) 𝑘(1) = 1 𝑘(1) = 1 𝑘(1) = 2 𝑘(1) = 2 𝑘(2) = 1 𝑘(2) = 1 𝑘(2) = 2 𝑘(2) = 2 

𝒋(𝒊) 𝑗(1) = 1 𝑗(1) = 2 𝑗(1) = 1 𝑗(1) = 2 𝑗(2) = 1 𝑗(2) = 2 𝑗(2) = 1 𝑗(2) = 2 

𝝁𝒋(𝒊)
𝒌(𝒊)

 1 1 1 1 1 1 1 1 

 

External supplier’s production planning is out of modeling scope. Nevertheless, in order to 

exclude external constraints, suppliers’ capacities are set to 110%. Plants’ capacities are fixed 

at 100% or 110 % of the nominal forecast demand leading to shortage situations due to the 

stochastic nature of demands. Note that both markets are demanding both products. 

Every 30 days the coordination cycle is initiated. The entire simulation run covers 40 periods, 

although only the last 31 periods contribute to the results. The first 9 periods are required to 

“warm-up” the system (Karnon et al. 2012). 

Backorder unit costs have been chosen relatively high so that minimizing logistic cost means in 

the first place trying to meet market demand. Logistic underperformance is measured by 

logistic extra cost associated with each particular organizational form. Coordination cost is 

represented by the probability that iterative procedures are required in case of unfeasible 

solutions. This probability is captured by the iteration factor (𝛼) and is only relevant in case of 

‘Functional Consolidation’ – for other organizational forms iterative procedures are not 

permitted or assumed by the IT system.  
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In earlier studies has been shown that in the majority of the cases the logistic cost can be 

reduced when changing from ‘Logistic Segmentation’ to ‘Functional Consolidation’ and even 

more if ‘Network Integration’ is applied (Mittermayer and Rodríguez 2008; Mittermayer and 

Rodríguez 2009). However, in highly uncertain environments additional coordination effort 

through iterative cycles is not compensated by an increase in coordination benefit 

(Mittermayer and Rodríguez 2013). Therefore in this exemplary simulation study further 

settings are studied regarding capacity load and forecast parameters.  

The study comprises 36 simulation setups, half of them with strong capacity constraints and 

the other half with weak boundaries. Detailed results are listed in Annex 3. Forecast volatility is 

low, moderate or high (1%, 2 % or 4 % of average demand). Furthermore different demand 

forecast quality parameter settings are tested: moderate (1 % error) and poor (2 % error). 

Results are illustrated in Figure 8.5 and Figure 8.6 respectively. Each series is realized for all 

organizational forms (‘Logistic Segmentation’, ‘Functional Consolidation’ or ‘Network 

Integration’) and for all volatility parameters. 

Supply chain cost is quantified for each simulation run. Additionally, in case of ‘Functional 

Consolidation’, the iteration factor reflects iterative variable coordination cost. Note that fixed 

coordination costs, for example due to SCM software acquisition, are not contemplated.  
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Figure 8.5: Simulation results – Low forecast error. 
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Figure 8.6: Simulation results – High forecast error. 

For all organizational forms and parameter settings the logistic cost is significantly higher when 

forecast errors are elevated. This can be checked through the comparison of supply chain costs 

when for one organizational form forecast errors are varied but capacity constraint and 

forecast volatility remain unchanged. Comparing ranges is sufficient for pointing out the large 

supply chain cost difference: for low forecast errors the supply chain cost oscillates between 

220 th€/period and 300 th€/period; for higher forecast errors (2%) the range spreads from  

450 th€/period to 550 th€/period. Similar results can be observed for the iteration factor. For 
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low forecast error the iteration factor moves between 0.70 and 0.91 while for high forecast 

errors the range is from 0.92 to 0.97. 

Next, supply chain costs of different organizational forms with identical parameter setup up 

are compared. As expected, in most cases supply chain cost is highest for ‘Logistic 

Segmentation’, followed by ‘Functional Consolidation’ and lowest for ‘Network Integration’. 

However, in some cases the supply chain cost level of ‘Functional Consolidation’ is clearly 

exceeding the cost level of ‘Logistic Segmentation’ (see Table 8.7).  

Table 8.7: ‘Functional Consolidation’ with comparatively high supply chain cost.  

Forecast error Forecast volatility Capacity constraint 

1 % 1 % Strong 

1 % 2 % Weak 

1 % 4 % Weak 

2 % 2 % Strong 

 

The analysis of different capacity situations reveals that stronger constraints cause in most 

cases less coordination benefit. Significant exceptions are evident for ‘Functional 

Consolidation’, when the forecast error is low and forecast volatility is 2% or 4 %.  

Furthermore, when different coordination schemes are compared, the smallest difference in 

logistic cost between strong and weak capacity constraints can be observed for ‘Network 

Integration’. However, if uncertainty is screwed up to maximum levels (i.e. the forecast error is 

fixed at 2% and the volatility at 4%), differences in capacity constraint level are without 

influence on the supply chain performance. Furthermore, when comparing different forecast 

volatility with otherwise identical settings, no clear influence on the logistic performance is 

observable. 

In the vast majority of the cases, the coordination cost (measured by iteration factor) is higher 

if capacities are more restricted. Only in one situation, when forecast error and volatility are 

fixed at highest values, the iteration factor for weak capacity constraint is exceeding the 

corresponding value of strong restrictions. The iteration factor difference when comparing 

strong and weak capacity constraints is always higher when low forecast errors prevail.  
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8.6 Discussion of simulation results 

The exemplary application of the simulation model in a particular network based on the 

variation of specific parameters reveals interesting insights in the stochastic behaviour of 

complex supply chain systems.  

First of all can be confirmed that the near optimal solution, ‘Network Integration’, dominates 

in terms of efficiency all other considered organizational forms when fixed coordination cost 

(e.g. SCM software investment) is not taken into account. ‘Network Integration’ provides 

optimal supply chain performance and minimum coordination cost. For other, alternative 

organizational forms, logistic underperformance must be accepted. The rather simple 

allocation rules imposed by ‘Logistic Segmentation’ on the one hand do not allow efficient use 

of production and material resources (expressed by higher supply chain cost), but on the other 

hand no investment in SCM software nor additional costly coordination is needed. In contrast, 

by means of ‘Functional Consolidation’ capacity and material resources shall be exploited more 

efficiently in order to exceed the performance level of ‘Logistic Segmentation’ through intense 

iterative coordination loops. However, this has been achieved only in eight out of twelve 

experiments. In four simulation runs the supply chain performance is significantly lower for 

‘Functional Consolidation’ than for ‘Logistic Segmentation’, i.e. the extra coordination effort in 

case of ‘Functional Consolidation’ does not end up in lower supply chain cost (see cases in 

Table 8.7). Note that these exceptions cannot be explained by any particular single parameter, 

i.e. neither by particular settings of capacity load, nor forecast error or volatility. The capacity 

constraint parameter causes also ambiguous effects when ‘Functional Consolidation’ is 

implemented: as expected, in most cases supply chain cost is higher when more restrictive 

capacity limits are in place but for two settings the contrary is the case. Hence, in case of 

‘Functional Consolidation’ the efficiency level is either influenced randomly by factors which 

are out of scope of this study or interactions among contextual factors take place which are 

not considered in the model. The simulation results show that supply chain cost of ‘Functional 

Consolidation’ is highly sensitive towards even small changes in the parameter settings, 

therefore the effectiveness is difficult to predict. One possible reason is that sequential task 

execution leads to uncoupling of decisions at different stages in the network. The allocation 

decision on one stage, e.g. assigning finished product stock to markets or production orders to 

plants, conditions opportunities for the next stage. Order allocation scenarios determined in 

previous periods are often revised later under the light of new information. The local search 

for the best solution on the downstream stage leads to more or less favorable conditions for 

the upstream stage – depending strongly on particular circumstances. 
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Among the two uncertainty forecast parameters studied, high forecast error clearly turns out 

to have a strong negative impact on the supply chain performance of all organizational forms 

while forecast volatility has no clear effect. Note that the difference in supply chain cost 

between the organizational forms in absolute terms does not vary remarkably when changing 

from low to high forecast error. Therefore neither additional fixed coordination cost – in 

particular in the case of ‘Network Integration’ – nor additional variable coordination cost – in 

case of ‘Functional Consolidation’ – can be justified. The simulation results confirm also higher 

probability of iterative coordination cycles for ‘Functional Consolidation’ in situations 

characterized by high forecast error. Furthermore, harder capacity constraints predominantly 

increase iteration need – again without proven supply chain cost savings. Consequently, 

‘Functional Consolidation’ cannot be recommended under adverse circumstances – high 

forecast error or strong capacity constraints – because iterations cause variable coordination 

costs which are not compensated sufficiently by additional coordination benefits. 

For a consolidated view on the data, results can be grouped by organizational form separated 

for different forecast error settings indicating minimum, mean and maximum values of supply 

chain cost (see Figure 8.7). Economic evaluation is based on the risk-reward profile of the 

regarded alternatives. The reward is represented by the profitability, which in this case is 

driven by supply chain cost minimization. The risk can be defined as the deviation from the 

mean value. For ‘Network Integration’ all values – i.e. mean, minimum and maximum cost – lie 

below the corresponding levels of alternative organizational forms, reflecting the high 

efficiency level of this coordination scheme. However, it is striking that for ‘Functional 

Consolidation’ the maximum is higher but also the minimum is lower than for ‘Logistic 

Segmentation’. Apparently, by means of ‘Functional Consolidation’ relatively high and low 

performing results can be achieved – making the spread and consequently the variation an 

important factor. Consequently, when mean values of different coordination schemes are 

similar, risk aversion makes ‘Functional Consolidation’ a relatively unattractive solution. The 

principle coordination mechanism in case of ‘Logistic Segmentation’ consists in anticipating 

orders to periods with free capacity but the decision to which location to allocate is fixed. The 

simulation results show that demand deviations can be well absorbed if ‘Logistic 

Segmentation’ is implemented.  



8 Discrete event simulation model 

Page 165 of 169 

 

 

Figure 8.7: Data ranges for different organizational form and forecast errors. 

Summarizing, the simulation study confirms the general tendency that the supply chain 

performance increases when switching from ‘Logistic Segmentation’ to ‘Functional 

Consolidation’ and further to ‘Network Integration’. However, numerous exceptions have been 

outlined. Especially in the case of ‘Functional Consolidation’ controversy results are obtained 

which cannot be explained with single parameter settings.  Furthermore has been shown that 

the iteration probability increases when strong capacity constraint or high forecast errors 

prevail although the supply chain performance cannot be improved at the same time. 

Therefore ‘Functional Consolidation’ in these situations is not recommendable.  

The mayor objective of the simulation-based method is not to explain the cause-effect 

relationships between parameters and efficiency. The simulation model has been developed as 

an instrument in order to quantify coordination benefit and cost for the comparison of 

alternative organizational forms. Insofar, the detected exceptions underline the need of 

configuring the simulation model for each specific case because generic recommendations 

based on the simulation are valid to limited extent only.  
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9 Conclusions and future research opportunities 

The profitability of IT investments historically has been discussed controversially. In industrial 

practice the ERP systems nowadays is the indispensable backbone of the enterprise. Analytical 

SCM software shall improve the decision making process when transactional ERP systems do 

not provide sufficient coordination capabilities. A broad range of SCM software modules cover 

different functional purposes. In the present research the profitability of so-called Advanced 

Planning and Scheduling software is compared to alternative coordination schemes based only 

on common ERP systems. The use of SCM software proposed within the organization type 

‘Network Integration’ provides excellent supply chain performance at minimum coordination 

cost. However, due to the elevated acquisition, implementation and maintenance cost, 

alternative solutions that do not require important upfront investment shall be evaluated 

based on the difference in supply chain performance and coordination cost. 

‘Logistic Segmentation’ is characterized by long-term policies for the allocation of orders to 

locations. Iterative procedures within the sequential ERP logic are not foreseen to improve the 

coordination result. ‘Functional Consolidation’ considers joint task realizations for various 

locations driven by a central coordination unit. The sequential ERP procedure is maintained 

but additionally iterative procedures are allowed in order to find a feasible solution if 

necessary. Allocations are decided for the first stage before the coordination of the second 

stage is addressed.  

The different organizational proposals are evaluated using a heuristic approach and a 

simulation-based method. Within the heuristic method, dependencies are classified and their 

intensity is measured based on contextual factors. Afterwards the suitability of each 

organizational design element for the management of a specific dependency is determined. 

Finally, each organizational form is evaluated based on the contribution of supported 

coordination dimensions for the management of dependencies. The heuristic model provides a 

simplified procedure for the classification of dependencies, quantification of influence factors 

and systematic search for adequate organizational forms and IT support. 

According to the heuristic model, ‘Logistic Segmentation’ best fits when flow and fit 

dependencies prevail, relationships have dyadic structure and overlapping dependencies are 

scarce. ‘Functional Consolidation’ is suitable in particular when dependencies or even complex 

alliances concentrate on single tiers. In these situations basic variable coordination cost and 

coordination benefit is near optimal. However, with growing importance of multi-tier 

configurations, variable iterative coordination cost increments generating comparative 

disadvantages. The most sophisticated organizational form – ‘Network Integration’ – achieves 



9 Conclusions and future research opportunities 

Page 167 of 169 

 

the best supply chain performance and relative variable coordination cost advantage 

throughout the entire network when complex, highly intensive relationships, such as remote 

alliances on multiple echelons, are identified. In these cases ‘Logistic Segmentation’ and 

‘Functional Consolidation’ both underperform making ‘Network Integration’ a viable solution, 

although coordination cost in terms of technological and organizational fixed cost must be 

incurred. 

Discrete event simulation is applied in the second evaluation method using the software 

package ‘Plant Simulation’. On the one hand supply chain performance is measured by 

manufacturing, inventory and transportation cost as well as penalties for lost sales. On the 

other hand coordination cost is explicitly considered taking into account iterative coordination 

cycles. The method is applied to an exemplary supply chain configuration considering various 

parameter settings. The simulation results confirm that, in most cases, benefit increases when 

coordination is intensified. However, in some situations when manual, iterative planning cycles 

are applied, additional coordination cost does not always lead to improved supply chain 

performance. These unexpected results cannot be attributed to any particular parameter.  

From the simulation results can be drawn the conclusion, that relatively simple organizational 

forms such as ´Logistic Segmentation´ provide acceptable and stable performance at low cost 

compared to more sophisticated solutions like ´Functional Consolidation´. The simulation 

results unfold that supply chain underperformance in case of ‘Logistic Segmentation’ remains 

within a narrow range for all tested configurations. In contrast, simulation results for 

‘Functional Consolidation’ are varying sensibly as uncertainty changes. Note that the 

performance falls even below the value of ‘Logistic Segmentation’ in adverse conditions. 

Insofar this research confirms the great importance of simulation for an appropriate, in-depth 

comparison: Only a detailed simulation model of the specific industrial network reflecting 

concrete parameter settings can facilitate reliable recommendations. 

The heuristic method provides a quick, but only approximate comparison of coordination 

efficiency for different organizational forms. In contrast, the simulation method is significantly 

more complex to apply, but delivers detailed results taking into consideration specific 

characteristics of network properties and organizational design.  

The simulation results highlight some shortcomings of the heuristic model. At first place, 

within the heuristic model all contextual factors are weighted equally although, for example, 

forecast error influences supply chain performance much more than forecast volatility, 

according to the simulation model. Furthermore, within the heuristic model linear effects are 

assumed and no interactions among different contextual factors are taken into account. 
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However, the simulation results indicate that at least in case of ´Functional Consolidation´ the 

system behavior in some particular cases cannot be explained by the influence of single 

factors. 

For the quantification of fixed cost types already existing classifications have been presented in 

the literature review. In the future, the simulation-based evaluation method developed in this 

research can be a valuable support for IT decision making considering variable coordination 

costs in order to provide an integral evaluation approach. Simulation is recommended due to 

the strong impact of dynamic properties on supply chain performance and activity-dependent 

cost types. The exemplary simulation study based on the variation of selected parameters 

pointed out that results are highly sensitive to contextual factor variations, thus confirming the 

need for a simulation-based evaluation tool.  

The presented methods apply the rather conceptual coordination theory (Malone and 

Crowston, 1994) to the particular case of industrial networks. The reviewed articles do not 

provide evaluation methods that consider explicitly coordination cost although organizational 

proposals differ largely in this aspect. Insofar this research concretizes organization theory for 

industrial management. The presented prototype simulation model is characterized by 

simplified demand, product and network structures. Further development would be necessary 

in order to model complex properties so that the tool is suitable for industrial scale 

application. Security stocks which have not been considered yet, shall be introduced in future 

simulation models. BOM and routing structures as well as interactions between different 

coordination horizons – mid- and short-term – shall be introduced in the heuristic and the 

simulation method. Also the organizational morphology highlights coordination design 

parameters which have not been introduced yet and can be detailed in both methods in the 

future.  

The systematic variation of model parameters in factorial experiments would provide new 

theoretical insights. More influence factors which have been described for the heuristic model 

could be tested in the simulation model (see chapter 5.4). Quantitative results could then be 

used for further detailing and improvement of the heuristic model.  

Coordination cost – currently reflected by the ‘iteration factor’ – shall be monetarily valued. 

Furthermore, other unconsidered cost concepts could be integrated in an extended evaluation 

method in the future. For example, the opportunity cost of delayed decision making could be 

perfectly introduced in the discrete-event simulation model.  

The coordination cost approach and the methodological framework can be adapted for the 

evaluation of other enterprise software applications, for example for Customer Relationship 
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Management or Enterprise Content Management. Also innovative business models based on 

Cloud Computing are interesting future research objects. The attractiveness of SCM software-

based organizational forms will be boosted when upfront investments are reduced sharply and 

implementation cycles are cut thanks to cloud solutions.  

Internet of Services will enable new manners of collaboration and disruptive changes in work 

organizations. Software service providers already offer modular development platforms which 

can be easily configured and interfaced to other applications by end users, shifting activities 

from IT experts to production or supply chain employees.    

The introduction of Internet of the Things into the manufacturing environment also results in 

new ways of creating value and novel business models (Brettel et al. 2014). Cyber-physical 

systems control and adapt autonomously machine parameters and exchange information with 

other embedded systems in the production process. Any deviations from target values or 

other alerts are instantly communicated to higher level management systems of internal and 

external network partners, triggering last-minute changes for maximum flexibility. Mobile 

computing further enhances the seamless integration of real time shop floor data throughout 

the entire industrial network. 

For all above described future trends the evaluation of coordination efficiency and appropriate 

models will play an outstanding role. The exhibited evaluation models will gain importance in 

the future due to the complex task of identifying technology cost, given that hardware and 

software will be distributed among different machines, systems and software platforms. 

Decentralization of IT systems will also complicate the estimation of fixed coordination cost, in 

particular with respect to interoperability of heterogeneous applications and the consequent 

need for interfaces. Hence, specialist for the maintenance of these systems and their data 

integrity throughout the entire IT landscape will be required. Activities and decision making 

will be delegated to the shop floor level, where embedded systems are configured and 

monitored directly by production employees – not by IT staff. The required shifts regarding 

responsibilities and capabilities will drive deep changes in organizational structures. The 

coordination intensity will increase significantly and follow dynamic, adaptive rules. In this 

context, precise analysis of fixed and variable coordination cost is fundamental for the 

prediction of future organizational states.    

The quantification of coordination benefit will also be a challenging task because improvement 

in decision making will be a consequence of dynamic reactions to then available real time 

supply chain process information. The presented evaluation models constitute a valuable 

starting point for benefit measurement.    
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Appendices 

Annex 1: Exemplary listing of core dependencies  

𝒍 d a b r i j i’ j’ 
 

𝒍 d a b r i j i’ j’ 
 

𝒍 d a b r i j i’ j’ 
 

𝒍 d a b r i j i’ j’ 

1 5 1 1 2 0 1 1 1 
 

19 4 7 1 2 0 1 1 2 
 

37 5 21 1 2 1 1 2 1 
 

55 4 27 1 2 1 1 2 2 

2 5 1 2 3 0 1 1 2 
 

20 4 7 2 3 0 2 1 2 
 

38 5 21 2 3 1 1 2 2 
 

56 4 27 2 3 1 2 2 2 

3 5 1 3 4 1 1 1 2 
 

21 4 7 3 4 0 1 0 2 
 

39 5 21 3 4 2 1 2 2 
 

57 4 27 3 4 1 1 1 2 

4 5 2 1 3 0 1 1 2 
 

22 4 8 1 3 0 1 1 2 
 

40 5 22 1 3 1 1 2 2 
 

58 4 28 1 3 1 1 2 2 

5 5 2 2 2 0 1 1 2 
 

23 4 8 2 2 0 2 1 2 
 

41 5 22 2 2 1 1 2 2 
 

59 4 28 2 2 1 2 2 2 

6 5 2 3 5 1 1 1 2 
 

24 4 8 3 5 0 1 0 2 
 

42 5 22 3 5 2 1 2 2 
 

60 4 28 3 5 1 1 1 2 

7 5 3 1 5 0 2 1 1 
 

25 3 9 1 5 0 1 1 1 
 

43 5 23 1 5 1 2 2 1 
 

61 3 29 1 5 1 1 2 1 

8 5 3 2 1 0 2 1 2 
 

26 3 10 1 1 0 1 1 2 
 

44 5 23 2 1 1 2 2 2 
 

62 3 30 1 1 1 1 2 2 

9 5 3 3 5 1 1 1 2 
 

27 3 11 1 5 0 2 1 1 
 

45 5 23 3 5 2 1 2 2 
 

63 3 31 1 5 1 2 2 1 

10 5 4 1 1 0 2 1 1 
 

28 3 12 1 1 0 2 1 2 
 

46 5 24 1 1 1 2 2 1 
 

64 3 32 1 1 1 2 2 2 

11 5 4 2 1 0 2 1 2 
 

29 1 13 1 1 0 1 1 1 
 

47 5 24 2 1 1 2 2 2 
 

65 1 33 1 1 1 1 2 1 

12 5 4 3 6 1 1 1 2 
 

30 1 14 1 6 0 1 1 2 
 

48 5 24 3 6 2 1 2 2 
 

66 1 34 1 6 1 1 2 2 

13 4 5 1 6 0 1 1 1 
 

31 1 15 1 6 0 2 1 1 
 

49 4 25 1 6 1 1 2 1 
 

67 1 35 1 6 1 2 2 1 

14 4 5 2 6 0 2 1 1 
 

32 1 16 1 6 0 2 1 2 
 

50 4 25 2 6 1 2 2 1 
 

68 1 36 1 6 1 2 2 2 

15 4 5 3 6 0 1 0 2 
 

33 1 17 1 6 0 1 1 1 
 

51 4 25 3 6 1 1 1 2 
 

69 1 37 1 6 1 1 2 1 

16 4 6 1 5 0 1 1 1 
 

34 1 18 1 5 0 1 1 2 
 

52 4 26 1 5 1 1 2 1 
 

70 1 38 1 5 1 1 2 2 

17 4 6 2 4 0 2 1 1 
 

35 1 19 1 4 0 2 1 1 
 

53 4 26 2 4 1 2 2 1 
 

71 1 39 1 4 1 2 2 1 

18 4 6 3 3 0 1 0 2 
 

36 1 20 1 3 0 2 1 2 
 

54 4 26 3 3 1 1 1 2 
 

72 1 40 1 3 1 2 2 2 
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Annex 2: Exemplary calculation of 𝒑𝒓𝒐𝒙𝒚𝒔 

 p=0 p=1 p=2 p=3 p=0 p=1 p=2 p=3 p=0 p=1 p=2 p=3 

 Logistic Segmentation 

 

Functional Consolidation 

LS 

LS 

LS 

Network Integration 

q=1 50 120 0 0 150 375 0 0 250 

q=2 150 447 2.869 17.663 326 968 5.690 42.437 574 

q=3 0 0 1.051 30.610 0 0 1.941 70.953 0 0 4.021 123.421 
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Annex 3: Detailed results from simulation runs. 

NI 1% 1 % strong 31 3.600 92 4.400 130 258 7       

FC 1% 1 % strong 31 4.900 134 3.300 172 265 10 82% 35% 87% 

LS 1% 1 % strong 31 3.400 89 3.700 234 229 10       

NI 1% 1 % weak 31 3.800 98 3.200 196 226 9       

FC 1% 1 % weak 31 3.600 86 3.200 196 219 9 62% 23% 70% 

LS 1% 1 % weak 31 3.600 86 3.200 196 219 9       

NI 2% 1 % strong 31 3.800 110 3.800 192 245 10       

FC 2% 1 % strong 31 4.000 242 2.800 207 219 14 74% 33% 84% 

LS 2% 1 % strong 31 3.600 100 3.200 266 219 12       

NI 2% 1 % weak 31 3.800 98 3.200 196 226 9       

FC 2% 1 % weak 31 5.000 196 3.800 196 284 13 59% 34% 72% 

LS 2% 1 % weak 31 4.700 168 2.600 196 235 12       

NI 4% 1 % strong 31 4.000 118 4.000 266 258 12       

FC 4% 1 % strong 31 4.000 119 3.000 298 226 13 80% 45% 91% 

LS 4% 1 % strong 31 3.400 94 3.300 292 216 12       

NI 4% 1 % weak 31 4.000 106 3.200 196 232 10       

FC 4% 1 % weak 31 5.000 182 4.000 196 290 12 61% 47% 76% 

LS 4% 1 % weak 31 3.600 86 3.000 196 213 9       
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Annex 3: Continued. 

          th€/per simulation run th€/per period       
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NI 1% 2% strong 31 7.000 186 9.400 298 529 16       
FC 1% 2% strong 31 9.200 218 6.600 350 510 18 95% 78% 97% 

LS 1% 2% strong 31 8.600 182 6.800 334 497 17       

NI 1% 2% weak 31 7.400 190 7.200 370 471 18       

FC 1% 2% weak 31 7.200 172 6.600 302 445 15 84% 66% 94% 

LS 1% 2% weak 31 8.200 284 5.600 284 445 18       

NI 2% 2% strong 31 7.200 184 8.800 260 516 14       

FC 2% 2% strong 31 9.800 290 6.600 344 529 20 97% 76% 97% 

LS 2% 2% strong 31 6.800 190 7.400 468 458 21       

NI 2% 2% weak 31 7.400 190 7.200 370 471 18       

FC 2% 2% weak 31 7.200 172 6.400 372 439 18 90% 69% 94% 

LS 2% 2% weak 31 7.200 172 6.200 430 432 19       

NI 4% 2% strong 31 7.200 188 6.400 532 439 23       

FC 4% 2% strong 31 8.000 484 5.600 432 439 30 11% 72% 92% 

LS 4% 2% strong 31 7.600 220 7.600 400 490 20       

NI 4% 2% weak 31 7.600 200 7.400 318 484 17       

FC 4% 2% weak 31 7.200 172 6.600 396 445 18 9% 76% 97% 

LS 4% 2% weak 31 7.200 172 6.800 334 452 16       

 


