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ABSTRACT

Bases of each efficient analysis of Large Logistics 
Networks are valid input data in the right quality, 
quantity and granularity. Considering these demands a 
goal and task oriented information acquisition by using 
several techniques of data acquisition, statistics and 
visualization is needed. This article gives an overview 
of current research results including theoretical 
definitions of terms like information, data, knowledge, a 
process oriented procedure model for information 
acquisition as well as different taxonomies of methods 
from data acquisition, statistics and visualization and 
their utilization. Finally, the article presents prospects of 
future research with the focus on the utilization of the 
information acquisition procedure model in 
applications. 

INTRODUCTION

Large logistics networks LLN exist wherever a large 
number of different items are transported via several 
stations sometimes using alternating transport carriers. 
In accordance with delimitation and position, these 
logistics systems are called supplier networks, 
production networks, distribution networks, freight 
forwarding networks, container cycles, transportation 
networks etc. The components of these large networks 
(e.g. people, companies, resources, orders) are linked to 
each other by a multitude of various relationships. 

The current developments in LLN lead to new 
structures and rules. Thus, in recent years, a multitude 
of new network-based enterprise structures such as 
alliances, joint ventures, supplier networks, fractal 
factories, segmented factories, virtual enterprises and 
process-orientated organization forms have been 
propagated and discussed. 

These demands lead to added use of model based 
analysis and planning methods like simulation and 
optimization. In this context the input data in an 
appropriate quality, quantity and granularity are 
prerequisite for high-value results. Therefore, an 
interdisciplinary research team with partners from Data 
Acquisition, Statistics and Visualization decided to 
develop a methods utilization model for the gathering of 
qualitatively high-value input data. 

In spite of or perhaps because of the current information 
overload the investment for a goal-oriented information 
acquisition in simulation projects is much too high with 
almost 50% of the total project time (Rabe and 
Hellingrath 2001). Therefore the logistics planner needs 
a toolbox for an efficient goal-oriented information 
acquisition, which offers a support of all planning 
activities. 

Therefore, a primary research goal is the development 
and adaptation of procedure models for the acquisition 
of context based information for the determination of 
specific input data for the model based analysis 
(especially simulation and optimization) of LLN. The 
results lead to the development of a method toolbox for 
supporting the process of the information acquisition 
with respect to target group and task oriented method 
utilization. 

DATA, INFORMATION, KNOWLEDGE 

Any adequate approach to the acquisition of 
information for the modeling of logistics systems 
requires an exact differentiation between the terms data, 
information and knowledge and a distinct use of them. 
Mainly based on the information theory (Shannon and 
Weaver 1949; Nonaka and Takeuchi 1997) and an 
existing DIN standard (DIN 1995) following definitions 
were fixed: 

Data consist of analog or digital signals or indications 
(syntax) and are used for the representation of 
information for the purpose of further processing. 



Information covers statements and descriptions of 
characteristics and structures of certain objects or 
circumstances (semantic). Information is sent and 
received and due to this sender-receiver relation it is 
only valid for a specific purpose. Information is coded 
by data; it represents communicated and formalized 
knowledge and serves the increase of knowledge. 

Knowledge ("mental models", skill, proficiency, know-
how, experience, etc.) is bound to the consciousness and 
arises with the owner of the consciousness (individuals 
and/or collectives of individuals); knowledge is often 
difficult to formalize and hard to communicate. 

These definitions for data and information built up the 
bases for all following sections. 

INFORMATION ACQUISITION IN 
SIMULATION

The utilization of information acquisition in modeling 
depends basically on the purpose of modeling and the 
related modeling method. For example, if a purely 
descriptive model has to be developed, different 
information will be required than during an 
optimization task or a simulation. In the following, the 
information acquisition for simulation is focused. 

The basic simulation study 
process is described in the 
Part 1 of the VDI-guideline 
3633 (VDI 2000). The 
information acquisition 
represents a part step of this 
process and replaces the 
data acquisition. Input 
information for the 
procedure of information 
acquisition are the project 
task, the object of study, the 
determined investigation 
goal as well as the 
conceptual model (see 
Figure 1). The existence of a 
first conceptual model, 
which determines the model 
boundary and the planned 
abstraction level, is pre-
requisite to carry out a 
purposeful and goal- 
oriented model information 
acquisition. The information 
acquisition itself delivers the concrete input data for the 
simulation model. 

PROCEDURE MODEL OF INFORMATION 
ACQUISITION

The procedure model of information acquisition links 
the information view to the data view in a process 

model. This includes the process steps of information 
collection and -estimation as well as the process steps of 
data management. Figure 2 gives an overview over the 
single process steps in their temporal sequence and in 
the respectively focused view of information and data. 
Where appropriate, iterations are necessary depending 
on the results of single process steps. For the processing 
of each process step several specific methods can be 
used.

The procedure model of information acquisition is 
based on the analysis of the given problem by 
considering the object of study, the aims of the study 
and the selected method of modeling. The goal setting
process step is aided by taking characteristic 
information requirements of standard processes in 
logistics networks into account. After all this process 
step leads to principal information requirements for the 
given task and therefore for the model. 

The following step Identification of Information is 
divided in three sub-steps: The Analysis of Information 
Demand, which derives the needed information from 
the principal information requirements, the Analysis and 
Evaluation of the Existing Offer of Information,
including the detection and evaluation of all known and 
potentially useful sources of information, and the third 
sub-step Assessment of the Available Information which 
covers the comparison of the identified available 
information with the needed information by regarding 
aspects of expenses (e.g. availability, usability, costs, 
etc). This leads to the determination of potentially 
usable information. 

The process step Preparing the Collection of 
Information and Data deals with the Selection of 
Adequate Sources and the Identification and Selection 
of Appropriate Collection Methods as well as the 
accomplishment of the corresponding preparation 
arrangements. With the aid of the evaluation of 
available information sources a decision is made on the 
sources to be used. Goal-oriented aspects of effort and 
benefit are the basis for the Identification and Selection 
of Appropriate Collection Methods to obtain an 
economical and goal-oriented utilization of the acquired 
information. 

The Collection of Information and Data is composed of 
two sub-steps. By using the selected collection methods 
together with the chosen information sources the needed 
information is collected. Depending on the used 
collection method the collected information, for 
example as plain text, has to be transformed into 
corresponding data. In the next step the information and 
data has to be validated by the Comparison of the 
Collected Data with the Needed Information. This 
process step of information and data collection ensures 
that usable information with associated data is derived. 

Figure 1: Information 
acquisition in the 
context of a simulation 
study. 
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Normally parallel to the process step described above 
the process of Data Recording includes all manually, 
semi-automatically or automatically operations to 
transfer data in a machine-readable structure and store 
them on a data medium. After this process step the data 
is available in digital form. 

Data Structuring is a preprocessing step for the 
preparation of the recorded digital data for the 
following processes. This includes the clearing up, 
check on inconsistencies, as well as a scale-
transformation taking the aims and the granularity level 
of the model based analysis into account. Also the 
definition of relations in data base systems by 
connecting indices and compatible variables leads to 
new logical rules. 

The Statistical Data Analysis provides usable input data 
for the model based analysis of LLN. By using statistics 
methods for consistence checks (e.g. outlier 
identification, cross-validation), for reducing 
dimensions and complexity (e.g. variable selection, 
principal component analysis, classification methods 
and pattern recognition) or for a forecast the data are 
prepared, analyzed and interpreted with regard to 
quality and plausibility. On the one hand the data 
analysis works on the data, but on the other hand it 
depends directly from the previously identified 
information requirements. 

The connected use of different statistical data analysis 
methods guarantees highly compressed and well 
prepared potentially usable input data only losing a min-
imum of information with respect to the collected data. 

The Validation deals with the sufficient usability of the 
prepared data regarding the needed information and 
with its correctness and usage within the implemented 
simulation model. First, it has to be examined how 
much of the identified needed information is covered by 

the potentially usable input data. This validation process 
is supported by the usage of different methods of 
information visualization for the comparative and 
explorative analysis. In the second stage, the two steps 
of verification and validation of the potentially usable 
input data take place by regarding its correctness and 
usage within the implemented simulation model. These 
steps are equivalent to parts of the verification and 
validation process of the simulation model itself (VDI 
2000). Finally the validation process yields usable input 
data for modeling, simulation and optimization of LLN. 

TAXONOMIES FOR USING INFORMATION 
ACQUISITION METHODS 

The utilization of the procedure model seen above 
necessitates enhancements for the purposive application 
of methods. 

Therefore, parallel to the development of the procedure 
model different data acquisition, statistical and 
visualization methods were analyzed and classified 
regarding their use in the context of the information 
acquisition process. The worked out classification 
criteria represent the basis for the method taxonomies 
using in the different process steps to select a method 
for the concrete application. 

In the area of the data acquisition, a comprehensive 
method screening was made for this both in internal 
areas of data acquisition discipline and in external areas, 
for example market research, development psychology 
and empirical social research. On basis of a direct cost-
benefit-comparison the analyzed data acquisition 
methods were classified and rated with respect to their 
applicability for the data acquisition in LLN. Basis for 
the work within the range of the information and data 
acquisition is the distinction of the data acquisition 
methods in two method classes, the primary and the 
secondary collection. For primary collection 
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Figure 2: Procedure model of information acquisition. 



information and data are acquired directly for the 
investigation purpose, for example by means of 
questionnaires or interview as well as by self- and 
foreign-observation. A secondary collection is based on 
already existing data like external business data, internal 
business data collected for other purposes, official 
statistics etc. Known techniques are the inventory, the 
analysis of documents and the comparison of business 
companies. These primary and secondary methods have 
been analyzed by the authors especially in view of their 
usability to collect information on logistics systems 
(Hömberg and Jodin 2003). Goal-oriented aspects of 
effort and benefit are the basis for integrating the 
collection methods in category schemata. Only by 
choosing the most capable method, the economical and 
goal-oriented utilization of the acquired information can 
be achieved. 

Based on multitude of different statistical analysis 
methods for basically different tasks and objectives, the 
applicable and useful groups of methods for the context 
of modeling of LLN were identified (Fender and Kuhnt 
2003). The classification of a single method within a 
group by regarding the use in LLN could be carried out 
exemplary for the extensive method group Cluster 
Analysis. At this especially not only the complexity and 
quality of data, but also the data size becomes main 
criteria for the taxonomy. 

An important step in the information acquisition process 
is the analysis of usable information and available data, 
whereby these often originate from different, 
heterogeneous data sources. The choice of suitable 
statistical analysis methods depends directly on the 
given goal and task, the kind of the available 
information, the structure of data records as well as the 
necessary granularity of the needed input data. For the 
multiplicity of different tasks and objectives as well as 
different data types in LLN usually a group of possible 
statistical methods exists for each area of application. 
Within these individual groups, different user-specific 
sources of error during selection and application of the 

suitable analysis method have to be considered, as for 
example the formulation of wrong assumptions, the 
neglecting and mistaking of relevant information as 
well as the deriving of wrong conclusions from an 
assumption. Due to these errors there also arises 
strengthened likewise error in input data for the 
simulation, so that the results of a simulation, based on 
this input data, have no force of evidence (Gather et al. 
2000; Wenzel et al. 2001). Against this background 
groups of statistic methods could be identified, from 
which a suitable procedure can be selected, depending 
on the use within the information acquisition. Only 
within these selected groups, the taxonomy of the 
methods specific for the application in LLN can be 
made. This taxonomy and their criteria have to consider 
the complexity and quality of the data, the size of the 
available data sources as well as statistical quality. 

For the development of the taxonomy of visualization 
methods, different visualization techniques used in the 
area of Scientific Visualization and Information 
Visualization (e. g. Chi 2000; Harris 1999; Robertson 
1991) were identified and analyzed. Furthermore a 
catalog of criteria together with the criteria 
specifications was built up by using existing 
taxonomies. Also research results of Visual Data 
Mining have been taken into account. But the existing 
taxonomies only obtain graphical criteria or are built up 
from the viewpoint of the simulation in production and 
logistics (VDI 2003). Criteria from the information-
related point of view, that offer the utilization of the 
methods with respect to the task and target group, 
previously were not considered. The developed 
taxonomy represents on the one hand the basis for the 
classification of application relevant visualization 
methods on the other hand the need inquiry from user 
view for the method selection (Wenzel et al. 2003). 

In addition to the criteria from the graphical point of 
view the taxonomy for visualization methods is 
completed by a survey of the criteria from the 
information-related point of view. These are the primary 
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Figure 3: Taxonomy for visualization methods from the information-related point of view 



functions of the visualization method in terms of its 
potential use and the description of the information 
which can be represented and imparted by the chosen 
visualization method. The taxonomy is shown in 
figure 3, a detailed description of all criteria and their 
specifications can be found in (Wenzel et al. 2003). 

The taxonomies were developed to match the 
requirements of a user with the specific characteristics 
of data acquisition, statistical or visualization methods. 
The precondition is the complete classification of all 
methods which are relevant for model-based planning 
of LLN. The user specifies his/her requirements with 
regard to task and purpose and other requirements, e. g. 
working field conventions, by means of the same 
taxonomy. However, this does not require a complete 
specification. By comparing his/her requirements with 
the entirety of available methods the user is led to a 
category of possible methods or, ideally, to just one 
method (see Figure 4). This comparison could be 
realized by an appropriate software program. The final 
selection has to be done manually by the user himself 
on the basis of extended criteria such as preparation 
effort and interpretation effort of the target group. 

STANDARD LOGISTICS PROCESSES AND 
DATA FOR INFORMATION IDENTIFICATION 

To assist the process step Information Identification of
the procedure model a systematic and standardized 
classification, description and evaluation of the needed 
input data in the context of the logistics processes are 
meaningful and necessary. For this reason typical 
standard processes on different levels of abstraction 
were and still has to be identified and - on the 
assumption that the simulation is used as analysis 
method - characteristic input data for the analysis and 
planning were assigned to logistics processes. 
Thereupon the relevant data for the modeling with the 
identified standard processes were selected and the 
needed quality, quantity and granularity was defined 
(e.g. topicality, accuracy, view period etc.). The 
modeling of the LLN based on the process chain 
paradigm (Kuhn 1995 and VDI 2001) and the use of 
these standard processes with the assigned data leads to 
an aggregating of all necessary input data on the 
necessary level. 

FUTURE PROSPECTS 

The future research activities focus on a comprehensive 
definition and evaluation of the classification criteria for 
data acquisition, statistical and visualization methods. 
These classification criteria serve the development of 
method categories for simplifying the selection and 
utilization of specific methods. Also the derivation and 
definition of information categories, which are directly 
diverted from identified standard processes of logistics, 
as well as the generalization of the procedure model for 
the scope of LLN and not only for single applications 
are in the focus of the future work. The integrative 
methods utilization by using the procedure model has to 
be expanded with respect to a synergetic utilization of 
the methods. This requires the recognition of use and 
application specific dependencies of the methods of 
data acquisition, statistical analysis and visualization 
among each other. These dependencies have to be 
formulated as meta-information. In this context, 
especially several quality criteria are useful to get 
appropriate information as well as the corresponding 
input data. 

The described results complement the methods toolbox 
and - together with the procedure model – lead to an 
integrated methods utilization model (see Figure 5), to 
carry out a purposeful information acquisition based on 
a given task definition and analysis method. 

ADDITIONAL INFORMATION 

Additional information can be found under 
<http://www.sfb559.uni-dortmund.de>. 
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