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ABSTRACT 

 

  The significance of cooperative logistics systems (typically virtual logistics 

enterprises) has been continuously on the rise in the recent years, thanks to the need of 

increased cooperation on the inter-organizational level and also to the continuous 

advance of the related IT background. However, a significant challenge in such 

systems is to facilitate the required level of trust among the different participants, as it 

is a basic requirement for the proper operation of any cooperative system. In light of 

this problem, the publication deals with the introduction of an emerging concept for 

creating a general risk-evaluation method that can be applied in the different 

cooperative logistics systems, thus helping the logistics companies in their decisions 

regarding the optimal level of participation in such organizations.   

   
1. THE TYPICAL ARCHITECTURE OF VIRTUAL LOGISTICS SYSTEMS 

 

  Virtual enterprises can be considered as a group of geographically dispersed, self-

autonomous organizations and enterprises, which temporarily operate in a cooperative 

manner in order to achieve a mutual goal or a set of goals, while the individual 

organizations keep their complete autonomy. Of course, this definition only gives a 

conceptual frame, as in practice, several different type of organizations could fulfill the 

previous requirement (for example business clusters, supplier networks, etc.). 

However, a main characteristic of true virtual enterprises is that the individual SME-s 

inside the organization must have their own autonomy preserved, which means that the 

cooperation has to be realized mainly through information sharing. 

  Cooperative logistics systems usually follow a similar approach, however the 

constantly changing nature of the logistical tasks and assignments mean a unique 

problem for them. For this reason, a frequently used solution of the field is the 

utilization of E-marketplaces as coordinating mediums, through which the SME-s in 

the system can find the optimal services and partners in a constantly changing 

environment. Of course, the E-marketplace alone would not be able to realize the 

wider cooperative tasks, however its function can be significantly broadend with the 

addition of different supplementary services. Such services could facilitate the optimal 

work-sharing among the different partners in an implicit manner. In the field of 

logistics, such supplementary services could be rout-optimization, cargo tracking and 

tracing, allocation of storage-capacities, realization of the automatic transfer of 

different documents and information (in other words EDI) trough the marketplace and 

so on. The combination of such supplementary services with a commonly accepted 

business-framework on the E-marketplace can lead to the foundation of a true 

cooperative logistics system, in other words a virtual logistics enterprise.  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
1. diagram 

The simplified model of the E-marketplace integrated virtual logistics enterprise 

 

2. THE INTRODUCTION OF QUALITY PARAMETERS 

 

  It is clear from the above presented concept, that one of the most fundamental tasks 

during the optimization processes is that of the objective evaluation of the participating 

SME-s from a risk-management perspective. In order to this, fundamental evaluation 

metrics has to be introduced. Basic parameters of such a metric could be: 

 

- punctuality, which describes the deviation of the realized delivery dates from 

the planned values at a certain carrier or freight-forwarder (signed by „p”), 

- reliability, which describes the general failure rate in the delivered goods at a 

certain service provider (signed by „r”), 

- calculability, which describes the deviation in the amount of the delivered 

goods from the planned values at a certain service provider (signed by „c”), 

 

  The objective function below serves as an example for how to incorporate such a 

metric into the optimization process (in this function, each risk parameter can increase 

or decrease the total cost of the given bid of the i-th service provider):  
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Where: 
 

ijq
       the total amount of the transportation capacity which the i-th carrier 

offers for the j-th route (zero value is allowed), 
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ijq

ijMinq
   the amount of the transportation capacity offered by the i-th carrier for 

the j-th route which the customer has to accept in order to keep 

the bid of the i-th carrier,   
F

ijq
      the standard unit of transportation capacity that serves as the basis of 

freightage calculation at the i-th carrier and for the j-th route, 
F

ijc
      the i-th carrier’s specific freightage, defined for the j-th route and for the 

given time interval (the cost of a single unit of transportation capacity), 

 

ib        logical variable that defines the actual status of the i-th carrier’s bid 

during the process of optimization (it equals to 1 if the bid is part of the 

solution, and it turns to zero if the bid is rejected). 
 

3. THE QUANTIFICATION OF RISK PARAMETERS 

 

  The greatest obstacle in the quantification of the proposed risk parameters is that in 

many cases, the acquiring of the necessary data for the long-term evaluation of the 

logistics service-providers is an almost impossible task. This is the primary reason 

behind the proposed application of the so called „process-capability” model, which has 

been in use in various industrial fields for many decades by now, so it has proven itself 

many times among real-life conditions. In short, the essence of the approach is that the 

deviation of many key-parameters in industrial process can be adequately described 

with the use of a few typical statistical distributions (most often with the normal-

distribution). However, this also means that an adequate sample of the examined 

parameter could be used for making assumptions about the characteristic deviation (σ) 

and mean value (µ) for this parameter. The concept of process-capability uses a 

method where the received σ and µ values are compared with the pre-defined 

tolerances of the examined process, by this way acquiring an objective assumption 

about the general „capabilities” of the process. In practice, this comparison is made 

with the calculation of the so-called „process-capability and critical process-capability 

parameters (cp and cpk): 
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  At the cpo parameter the expression in the denominator is OG-µ, while at the cpu it is 

µ-UG, therefore the difference between the two automatically shows the critical 

territory from the aspect of process-capability. It is very important that is approach has 

started to extend its way into the service-sector, therefore into the field of logistics 

services as well, even though the normal distribution alone is rarely applicable in these 

areas (usually normalization is needed). In the various manufacturing industries, these 

process capability parameters have been already in use for many decades, combined 

with various evaluation metrics. One of the most widely used of these metrics is the so 



 

 

 

called „six sigma” method, which is very significant for two reasons: first, it is widely 

used in many different industries and a lot of companies make the use of it even 

mandatory for their suppliers, therefore it is already used by certain logistics-service 

providers as well; second, in this metric discrete failure rates are connected to each 

sigma level, which could serve as the starting point for calculating the additional cost 

of a less-dependable logistics-service (with linear function in the simplest case): 

 

At 1,5 mean shift value 

cp cpk 
sigma 
level 

failure per million value of p 

1,00 0,50 3 66 810,6 1,0668 

1,33 0,83 4 6 209,7 1,0062 

1,67 1,17 5 232,7 1,0002 

2,00 1,50 6 3,4 1 

1. table 

The value of a given risk parameter in accordance with the associated σ levels 

 

  It can be seen that this approach greatly encourages the service providers to increase 

the quality of their services, as the cost of their bids can be significantly affected by 

even a single difference in the sigma level (see the difference between levels 3 and 4). 

Of course, it has to be noted that the linear function can only be applied for the „r” 

reliability parameter, while more sophisticated functions are needed in other relations. 
 

4. SUMMARY 

 

  The paper shortly presented a framework that could serve as the basis for a unique 

risk-management concept in virtual logistics systems. The importance of this concept 

lies in the fact that the role of the extended enterprise model in today’s logistics 

practice is on the rise, so as the need for the objective evaluation of these systems. 

Further research of this topic could lead to interesting new ways for the practical 

evaluation of these cooperative systems. 
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