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ABSTRACT 

High Resolution Supply Chain Management (HRSCM) aims at designing adaptable and 

flexible production planning and control (PPC) processes according to the needs of the 

company’s supply chain environment. To reach this goal a model for a Viable Production 

System (VPS) has been elaborated and is presented in this paper. Based on the Viable System 

Model (VSM) developed by Stafford Beer current production systems are analyzed in terms of 

integrity. With the gained knowledge a complete recursive framework of a VPS is developed. 

The framework allows the design of a decentralized production system that meets all 

requirements of a dynamic environment. Flexible and adaptable PPC processes can be 

developed for each identified subsystem of the VPS. Hence, further research focuses on the 

development of process and control loops in order to assure the application of the framework. 

Exemplarily the decentralised control loop for inventory management is elaborated in a case 

study. 



  

I. INTRODUCTION 

In the last few years globalization led to a higher stress of competition of producing 

companies in high-wage countries (SHAH et al. 2007). Cost advantages in production, like 

lower wages and social contributions, result in a relocation of production plants from 

countries as e.g. the United States or Germany to low-wage countries (DIH 2003). Besides the 

lower wages the higher profitability is due to cost-effective mass production through 

economies of scale. At the same time customers ask for more individualized and lower priced 

products lined up with the wish of shorter lead times (ARENDT 2006). Thus, companies have 

to gain the capability to adapt rapidly to customer’s requests. Short customer response times, 

high flexibility in production planning and -control (PPC) and manufacturing are necessary. 

Thereby, one frequently neglected competitive advantage of production locations in high-

wage countries is the customer proximity. Industry now realizes this advantage and 

strengthens its efforts towards individualized production (KINKEL et al. 2004). A 

competitive advantage for high-wage countries can therefore be gained if individualized 

products are produced at nearly the costs of mass production. Thus, the resolution of the 

polylemma of production is the underlying condition for saving labor in high-wage countries.   

 

II. THE POLYLEMMA OF PRODUCTION 

Competition between producing companies in high-wage and low-wage countries typically 

occurs within two dimensions: production profitability and planning efficiency 

(SCHUH 2006a). Companies producing in low-wage countries focus mainly on economies of 

scale, whereas in high-wage countries companies position themselves between economies of 

scale and economies of scope. Within the second dimension – the planning efficiency – 

companies in high-wage countries try to optimize processes with sophisticated, capital-

intensive planning approaches and production systems. On contrary companies in low-wage 

countries implement simple, robust value-stream-oriented process chains. Since processes and 



  

production systems do not operate at the optimal point, additional competitive disadvantages 

for high-wage countries emerge.  

 

To achieve a sustainable competitive advantage for production in high-wage countries, it is 

not sufficient to realize a better position within one of the dichotomies scale and scope 

(production profitability) and planning-orientation and value-orientation (planning 

efficiency). The key to strengthen the competitive position is the resolution of both 

dichotomies, the polylemma of production (cp. fig. 1), meaning economies of scale and scope 

can be realized at the same time. Additionally, the share of added-value activities must be 

maximized further without neglecting the planning quality and optimization. This leads to the 

capability of manufacturing customer individual goods at the costs of mass production 

(SCHUH et al. 2007). 

 

Fig. 1: The Polylemma of Production (SCHUH et al. 2007) 

 

The polylemma visualizes that the extreme positions of production profitability and planning 

efficiency form a contradicting polarity. To realize economies of scale a production system 

set-up is required that leads to little costs per unit. This can be achieved by a fine division of 

work content, high frequencies of repetition, a linear flow of material and standardized 



  

processes that follow a consistent tact. The major disadvantage of such a production system is 

high inflexibility. In contrast, designing a production system to achieve economies of scope 

allows high adaptability. High investments or a high number of manual production processes 

are necessary, but generate higher costs per unit. A similar contradicting polarity is 

recognizable between planning and value orientation. With the aid of complex planning 

models and simulation optimal solutions for sub-processes are determined (e.g. lot size, 

sequence scheduling and safety stocks). On the opposite the value-oriented approach focuses 

on continuous process flow and value-adding activities. The planning effort is considerably 

lower, but the optimal solution is not assured. 

 

III. REGULATION FRAMEWORK 

In order to resolve the depicted polylemma a holistic approach is necessary. So far research 

has focused mainly on subsystems of the whole production system. Following the general 

engineering approach to decompose complex problems into manageable parts, a holistic 

perspective on production systems and thereby on the polylemma of production is missing. 

The crucial question is to what extend a complex problem can be simplified without loosing 

the big picture? When defining the system boundaries of a problem too tight, there is a 

significant risk to elaborate solutions that are counterproductive to other partial solutions. 

Thus, to avoid missing the big picture the approach of defining a holistic regulation 

framework is a useful research method.  

 

A regulation framework structures relevant elements and relationships of the analyzed system 

(in this case: the production system) according to a defined method. To identify the 

appropriate method for the definition of a regulation framework for production systems, its 

nature has to be illuminated in greater detail. Producing companies are sophisticated 

organisations with the following characteristics: 



  

a) They consist of complex technical subsystems. 

b) They constitute a social network with individuals having their own value system. 

c) They interact with a dynamic environment, adapt themselves or are adapted. 

 

Taking this into account a holistic description of this dynamic, sociological-technological 

system of an enterprise is necessary. The research discipline Management Cybernetic has 

been developed in the 1960s of the last century to describe the junction between engineering 

science, management science and social science and seems appropriate to describe the 

dynamic and complexity of production systems (MALIK 2002). 

 

IV. VIABLE SYSTEM MODEL 

Based on Ashby’s law that “Only variety can destroy variety” (ASHBY 1957) it is defined 

that the internal complexity of an organization needs to be coequal to the external complexity 

of the environment. The human being is the most complex system in nature and therefore this 

analogy is not a long way off. One of the most well-known management cybernetic 

approaches the Viable System Model (VSM) by STAFFORD BEER (1972) is explicitly 

based on this analogy to living organisms. The VSM is designed according to the human body 

system, which has proven its reliability due to the evolutionary process of billions of years 

and is by definition a viable system. 

 

VSM defines a set of 5 systems that are embedded in any viable system (cp. fig. 2). System 1 

describes all operational units of a viable system. Whereas the operational units of a human 

being are the muscles and organs, they are in terms of a company its business departments or 

teams (depending to the recursion level which is depicted later on). System 2 is the system 

that provides information in real-time. In analogy to the human being system 2 is the nervous 

system. Considering enterprises, the enterprise resource system (ERP) can be mentioned as 



  

System 2, although it usually lacks in real-time capabilities. System 3 describes the internal 

view on the viable system that is the brain stem of human beings. Within producing 

companies production planning and control can function as System 3. On contrary System 4 

has an external view and pinpoints a mid- or long-term perspective. This might be the 

Research & Development department or strategic departments respectively the interbrain of 

human beings. Last but not least a viable system has a system 5 that represents its vision and 

values. Whereas this function is carried out by the cortex of the brain of human beings, this 

concepts may be represented by the company culture, its vision statements etc.  

 

 

Environment (E)

E

M

O

Muscels/Organs (O) – System 1

Metasystem (M) – System 2-5

Cortex Brain (M) – System 5
Interbrain (M) – System 4
Stem Brain (M) – System 3
Nervous System (M) – System 2

 

Fig. 2: Viable System Model (BEER 1972) 

 

Besides the 5 systems, the concept of recursion is elementary for viable systems. Every 

system 1 of a viable system consists of new viable systems where again all 5 systems are 

embedded on each recursion level. This can be explained on the bases of a producing 

company. For example the highest recursion level of a producing company contains the 

departments sales, engineering, procurement, production and logistics (each an operational 

unit, system 1). If on this level a customer order is placed, the order related rough-cut 

scheduling (system 3) coordinates the interaction of the different departments. On the basis of 



  

this high level plan the different departments can plan and coordinate their activities 

autonomously. On the next recursion level e.g. the production can be segmented into 

manufacturing and assembly (again each a system 1), whereas the manufacturing consists of 

its own control centre, manufacturing segments, working places etc. Thus, a producing 

company can be described by the VSM with its different systems and recursion levels (cp. fig. 

3). 

 
Company

Production

Manufacturing Assembly

Workplace 1 Workplace 2 Workplace N

DistributionProcurement

 

Fig. 3: Recursion character of the Viable Production System 

 

Therefore VSM defines the necessary and sufficient requirements for the description of the 

viability of complex organisations: 

a) Completeness in terms of system 1 to 5 as well as the specification of the interaction  

    of those systems with real-time information availability. 

b) Balanced autonomy, which means as few recursion levels as possible with an   

    optimal degree of autonomy and consistent objectives. 

 



  

V. PRODUCTION SYSTEM 

To be able to develop a holistic regulation framework for production systems on the basis of 

the VSM, the term production system needs to be defined accurately. First, the term 

production is defined as the transformation of the operational factors material, services, 

authorizations, and information with the aim to create goods and services 

(DYCKHOFF 1998).  Second, a system is a collective of elements which are related to each 

other and interact in a certain way. Finally SCHUH (2006b) defines a production system as 

the describing element for the holistic organization of production. It defines all necessary 

concepts, methods and tools for an efficient and effective transformation process of 

operational factors into goods and services. Transformation processes are carried out on 

different levels within producing companies, which are more or less complex themselves. 

Levels are for example producing companies, production sites or work places which have 

direct or indirect relationships in terms of material and information flow. Each level consists 

of a steering and an operational entity which interact with its environment. Within the 

operational entity the transformation process is accomplished, whereas the steering entity 

monitors the processes and interferes in case of deviations or failures. The steering entity is 

usually named production management which describes the planning, monitoring and steering 

of all value adding processes. 

 

VI. FRAMEWORK FOR VIABLE PRODUCTION SYSTEMS 

Having defined the term production system and elaborated the VSM to develop a holistic 

regulation framework, the identified design dimensions and principles need to be transferred 

into an underlying structure. The recursive structure of the system implies a horizontal design 

axis inside of the recursion levels and a vertical design axis between the recursion levels (cp. 

fig. 4). The vertical axis assures the completeness of the autonomous recursion levels by 

defining the highest and the most detailed level. Moreover, the vertical axis describes the 



  

dimensions of the degree of freedom – what will be planned by whom until when and on the 

basis of which objectives?  

Last but not least the interaction between the recursion levels and the information flow is 

addressed by the vertical axis. The horizontal design axis assures again completeness, but this 

time completeness of the systems 1 to 5 (operational units and metasystems). Equally the 

interaction and information flow between the systems as well as with the environment is 

described by the horizontal design axis. 
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Fig. 4: Vertical and horizontal design axis in the Viable Production System 

 

In order to develop the holistic regulation framework for Viable Production Systems 

according to the depicted design principles, the system perspective has to be defined 

accurately. Taking into account the vertical design axis the highest and lowest recursion levels 

have to be determined. To gain a holistic regulation framework the highest level is assumed to 

be the producing company which is part of the production network. The most detailed level is 

defined as the shop-floor workplaces in the factory (cp. fig. 5). The amount of necessary 



  

recursion levels between those boundary levels is highly dependent of the complexity of the 

examined company. 
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Fig. 5: System perspective of the Viable Production System  

 

After having defined the system perspective, the various points of the vertical and horizontal 

design principles have to be elaborated into the regulation framework. According to the 

principles of the vertical design axis goal directedness has to be assured, thus a consistent 

target system has to be established. A continuous information transparency respectively flow 

is necessary which is the information channel. Last but not least, the interaction between the 

recursion levels has to be coordinated. Adding the principles of the horizontal design axis, 

goal directedness within the levels is required as well. Internal information flows have to be 

assured. All systems 1 to 5 need to be established and finally the internal and external 

interaction must be organized. Following these design principles a regulation framework for a 

Viable Production System is given (cp. fig. 6). 

 

Considering this framework research in the area of production and production management is 

able to identify unsolved problems by keeping a holistic perspective. Moreover, due to the 



  

framework for a Viable Production System research gets a widened perspective and is capable 

to leave beaten tracks.   
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Fig. 6: Holistic regulation framework of the Viable Production System  

 

VIII. HIGH RESOLUTION SUPPLY CHAIN MANAGEMENT 

High Resolution Supply Chain Management (HRSCM) is based on the conclusions of the 

Viable Production System approach. HRSCM describes the establishment of a complete 

information transparency in supply chains with the goal of assuring the availability of goods 

through decentralized, self-optimizing control loops for PPC. HRSCM follows the idea of 

enabling organization structures and processes to adapt to dynamic conditions. This is realized 

by a consistent set of objectives within decentralized production control mechanisms (control 

loops). The approach includes the strengths of the existing planning models as well as the 

process of decision making in organizations.  

 

The Viable Production System approach is a necessary precondition for the development of 

HRSCM. Structuring production systems with the VSM allows the definition of subsystems 



  

within companies to achieve a structure that follows the three basic design parameters for 

HRSCM: 

a) Self Optimization 

b) Consistent target systems 

c) Information transparency 

 

Self-optimizing control loops within companies have to be identified and implemented. A 

high degree of autonomy within subsystems of the production system is necessary to react on 

turbulences within the production process. This is even more relevant in small batch 

production environments. Furthermore a high degree of autonomy is advantageous for 

companies with a high skilled labor force, like in high-wage countries. Nevertheless the 

optimal degree of autonomy has to be defined as well as the control loops in which self 

optimization can occur. The structure of the viable production system defines these control 

loops. In a production company each level and its embedded systems 1 to 5 as described in 

figure 6 can be control loops themselves. The character of recursion allows the definition of 

control loops on all levels of a production company from business areas down to single 

workplaces. 

 

Once autonomous control loops are defined within the production system, it is necessary to 

define consistent target systems as proposed by the regulation framework. Each control loop 

needs a set of objectives as the basis for all decisions and optimizations. Within the Viable 

Production System approach the overall objectives are defined by system 5 in alignment to 

the VSM. Therefore an entity representing system 5 is necessary in production systems on all 

recursion levels. HRSCM needs consistent target systems to avoid contradicting optimization. 

The aim of maximizing capacity utilization applied in many companies for the production 

scheduling contradicts for instance highly flexible production as well as short lead times. 



  

Therefore the strategy of a company has to be broken down into optimization targets for all 

control loops, like done in the recursion of the Viable Production System and the depicted 

target system. 

 

The information channel of the regulation framework is providing real-time information. 

Following the VSM analogy within parts of seconds human beings absorb information of 

their environment and react. In some cases reaction occurs even as an instinct e.g. in 

dangerous situations. Companies need those capabilities as well. The key is an information 

transparency, giving a real-time overview of the company. Nevertheless even though all 

information should be available, the possibility of filtering information by importance is 

necessary to provide decision makers in companies only relevant information, especially all 

critical information. 

 

IV. CASE STUDY INVENTORY MANAGEMENT 

According to the VPS inventory management is a sub system of the network level for raw 

material and finished goods, whereas work-in-progress inventories are controlled by sub 

systems of the production. In the following a case study inventory management on the 

network level is presented in order to illustrate the VPS and HRSCM approach in greater 

detail. 

 

Following the design parameters for HRSCM a control loop for inventory management can be 

defined and consists again of three different control loops to achieve the greatest autonomy. 

First, the control loop “Forecasting” is implemented. On the basis of historical demand and 

market intelligence a forecast for the next planning period is carried out. This control loop is 

aligned with the goal to meet the effective demand of the next planning period, measured by 

the forecast error. By parameterization of the forecast algorithms or heuristics the quality of 



  

the forecast is increased iteratively. Second, the control loop “Inventory Control” is 

established, which gets the forecast information of the first control loop. Moreover, additional 

information is provided as e.g. lead times, variance of lead times and variance of the forecast 

error. The result of this control loop is the reorder level which can be adapted by the so called 

k-factor (part of a formula to calculate the reorder level). In order to measure the quality of 

the reorder level the defined To-Be service level is compared with the As-Is service level. 

Finally, the third control loop “Procurement” defines the orders and the respective order 

quantities. Reference input is the economic order quantity. These sequential control loops are 

linked by the inventory management control loop which measure the As-Is inventory and 

As-Is service level (cp. Fig 7).  
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Fig. 7: Control Loop Inventory Management 

 

Thereby, the depicted control loop fulfills the HRSCM design principles self-optimization, 

consistent target systems and information transparency. In order to validate the design of the 

control loop for inventory management on the network level, master and transaction data of 

several companies has been analyzed. In the following the results of the analysis of the data of 

a German company is presented.  

 



  

The company is active on the round wood market throughout all types of forest ownership in 

the northern German region producing more than 350,000 solid cubic meters raw timber per 

year. In addition to the company-owned machinery for wood harvesting - harvesters and 

forwarders - other alliance partners operate for the company as subcontractors. The extensive 

assortment contains all from the light pile timber to strong trunk wood. Suppliers and 

customers of the company are sawmills, milling plants, biomass power stations as well as the 

panel- and paper industry. 

Inventory As-Is
Inventory
Control Loop

Demand
Forecast

Reorder Level
Safety stock

Order
Inbound

Inventory As-Is
Inventory
Control Loop

Demand
Forecast

Reorder Level
Safety stock
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Inbound

 

Fig. 8: Inventory Chart of exemplary stock item 

 

The provided historical data about 1.5 years has been analyzed by an individual developed 

simulation software that applies the depicted control loop for inventory management. Figure 8 

shows an example of a stock item comparing the As-is inventory of the company with the 

To-Be inventory reached by the control loop methodology. The chart illustrates clearly that 

the inventory level of the company (bold blue line) could be decreased considerably by 

applying the presented control loop (bold red line) by reaching the necessary service level.  



  

 

Taking all stock items into account evidence for significant potential for improvement of the 

inventory management is given (cp. fig. 9). The To-Be service level of 90% is outreached 

with 94%, the stock value can be decreased by 42.3% and the inventory costs decreased by 

40.7%. The analysis shows that the designed control loop according the design principles of 

the VPS respectively HRSCM delivers significant value to a company. The analysis of master 

and transaction data of additional companies has shown similar results.  
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Fig. 9: Aggregated improvement potential on all stock items by control loop application 

 

X. DISCUSSION 

In this paper the application of Stafford Beer’s Viable System Model (VSM) on production 

systems has been discussed as a holistic regulation framework for production systems. The 

application of the VSM approach to production systems yields to the concept of the Viable 

Production System, in which self-optimizing units with consistent target systems can be 

identified. Information transparency among the units has to be assured to achieve a high 



  

resolution supply chain. The regulation framework for Viable Production Systems and the 

constitutive concept of HRSCM deliver a relevant contribution to the resolution of the 

polylemma of production which has to be resolved in order to keep production in high-wage 

countries and thereby increases the probability of the further development and application of 

sustainable production concepts.  

HRSCM reduces the dilemma of planning and value-orientation with decentralized 

production control mechanisms which dissolve the hierarchical PPC by consistent objectives 

and a defined logic of decision making. Similarly, the dichotomy between scale and scope is 

addressed. Flexible planning- and controlling processes as well as complete information 

transparency enable a dynamic process synchronization in production. Usually, 

synchronization of flow and assigned resources is not possible in individualized production 

because of the heterogeneous processes with small lot sizes and low repetition rates. In order 

to produce efficiently and be able to react on order-variations at any time, the structures must 

be most flexible. HRSCM allows an adaptive control, which ensures a synchronized global 

process by a flexible information network over all sub-processes. As a result, sub-processes 

are synchronized by an intensive information flow which enables efficiency within a turbulent 

environment. Thus, standardized and synchronized production processes accomplished with a 

consistent tact (scale) can adapt themselves to changing demands fulfilling today’s individual 

customer needs (scope). The efficiency of customer individual production is therefore 

enhanced by making production in high-wage countries competitive to mass production by 

keeping its advantage of individuality of products. 
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