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Abstract. The general context of this paper is the strategic planning of distri‐
bution centre warehouses. The idea is to anticipate changes in the warehouse
based on objectives and issues generally linked to market (e.g.: electronic trade,
etc.) and environmental developments (e.g.: last-mile logistics, etc.). Planning
requires overcoming the consequences of the choices made as well as their inter‐
actions. To inform and justify projected technological choices, it is crucial to
identify and understand design rules which are often contradictory. Problems arise
out of contradictions! To support strategic planning, the decision-making aid
proposed in this paper consists of extracting and formalising all problems in the
form of contradictory design rules.
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1 Introduction

To a large extent, the logistics costs of warehouses are determined during the design
phase [1]. As a general rule, based on a functional description, the warehouse design
phase consists of choosing a layout and associated technologies of the four core activities
(receiving, storage, order picking and shipping), as well as a planning mode for the
operations related to these activities [2, 3]. Changes in this functional description are
primarily correlated with the rapidly evolving market [4]. The emergence of new
consumption patterns, such as e-commerce for example, is likely to impose the intro‐
duction of new dedicated storage technologies, involving substantial investment and
high financial risks to boot.

As a result, it is imperative to plan and control the strategic evolution of logistic
warehouses. Strategic planning decisions, generally characterised by a 10 to 15 year
timeframe, relate to the determination of the general policies and plans for the use of
the resources of the future warehouse [5].

In some cases, these evolutions can be promptly addressed via planned decisions;
the activities associated with the decision are execution activities [6]. Conversely, when
there are no decisions relating to the new situation, a problem solving activity is required.
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These unscheduled decisions are more difficult to examine as they involve a wide-
ranging body of knowledge (endogenous and exogenous to the warehouse). This body
of knowledge is often contradictory.

Research projects undertaken in warehousing design primarily focus on endogenous
warehousing parameters [7, 8]. Few projects simultaneously factor in endogenous and
exogenous parameters. The warehouse of the future depends on environmental devel‐
opments. Market demands, limitations and trends bring about operational, technological
and organisational innovations and changes [4]. This context raises two research ques‐
tions. First question: what are the key characteristics for strategic decision-making in
terms of warehousing design? Second question: how to define a systematic method for
identifying key warehousing design parameters?

This paper proposes a contribution to the first question only. The expected contri‐
bution is the formalisation of a number of generic design rules (means/effect) using an
adapted language [7]. The expected nature of design rules is contradiction.

The paper is structured as follows. Section 2 presents the theoretical framework.
Section 3 presents the methodological framework to identify and extract generic design
rules. Section 4 presents an industrial application by a 3PL logistics provider. Finally,
Sect. 5 concludes this paper and outlines research prospects.

2 Literature Review – Theoretical Framework

A warehouse can be represented as a storage tank [9]. It has a buffer function in light of
the variability and uncertainty inherent in the supply chain. Its life cycle includes three
major stages: design and construction; operation, development and reorganisation;
decommissioning or reprocessing. To consider conceptual design on a 5 to 10 year
timeframe in terms of organisational architecture and processes, a reliable vision of the
demands, limitations and trends of the future warehouse is needed [4]. The strategic
decision relating to warehouse evolution must take account of the dynamic changes of
the activities and functions, as well as the specific characteristics of the system’s life
cycle [10].

Strategic decision-making in warehousing design is linked to the following generic
questions:

– What are the achievable and unachievable performance levels?
– Is it necessary to modify the condition of the existing system?
– What is the effect of decision criteria on the new situation?
– What are the most significant decision criteria in terms of system performance?
– When decision criteria cannot be modified simultaneously, in what chronological

order should these criteria be modified?
– Etc.

The traditional approach in the design phase consists of inventing, creating possible
alternatives from which to choose. The rational decision-making model [11, 12], is a 6-
step process [13]: 1. define the problem; 2. identify decision criteria; 3. weight the
criteria; 4. develop alternatives; 5. assess alternatives (rule if criterion=… then
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alternative=…); 6. choose the best alternative. This model is a sequential and logical
structuring of the information to be analysed [5, 14]. The multi-criteria approaches
generally undertaken [6] help select the best solution or the optimal solution from a
broad range of solutions, the YES-NO type alternative being one particular case as part
of a more general case. When alternatives are incompatible with the decision criteria
values, a position must be taken in relation to these contradictions.

This paper hypothesises that the problem solving process during the design phase
involves the identification of one or more contradictions resulting from the new decision
context (e.g. market developments). Consequently, contradictions are the expression of
a problem by consequences of the choices made, but obviously at least two opposing
consequences are required for a problem to arise. By expressing the cause-and-effect
relationships between means and performance, the contradiction identification process
reveals the rules used. This helps clarify conflict areas, but also and most importantly
the reasons for projected technological choices.

To advance the decision-making process towards a choice of technological solution,
literature proposes several technological forecasting methods. Initial significant research
dates back to the early 20th century [15–17]. The primary purpose of these methods is
to provide a consensual view of the future technological situation [18]. A review of
scientific journals, institutional reports and publications [19–21] highlights methodo‐
logical advances in terms of technological forecasting for socio-economic and techno‐
logical levels, rather than for the technological level itself. The major improvements
identified by the methods used to forecast technological changes relate to a combination
of existing techniques and models, and the refinement of existing methods [22, 23]. The
exponential increase in the number of publications, institutions and researchers involved
in forecasting and the development of technological forecasting methods in the past five
decades has yielded a multitude of techniques and methodologies [24].

After reviewing the current practice of long-term technological forecasting methods,
these methods can be classified into four categories [25]:

(1) phenomenological models (for example time series data extrapolations, regres‐
sions),

(2) intuitive models (for example the Delphi method, structured and unstructured inter‐
views),

(3) monitoring and mapping (for example by reviewing the literature and sources
published, scenarios, mapping of existing information),

(4) and finally, the causal models used in this paper to analyse warehousing system
evolution rules.

The next chapter describes the method based on causal models.

3 Research Methodology

The research-intervention method selected relies on the “Researching Future” method
(technological forecasting method) [26, 27]. This method combines maps of contradic‐
tions [28] with S-curves of logistics functions [29, 30]. The research method follows the
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methodological triangulation principle. Triangulation is often used in management
sciences. According to [31, 32], “triangulation should support a finding by demonstrating
that independent measures of it agree with or, at least, do not contradict it”. Denzin [33]
highlighted three types of triangulation: the use of different data sources (time, space,
persons); the use of different researchers; the simultaneous use of different methods.

To obtain the map of contradictions, the “Researching Future” method used in this
paper connects the principles of the following methods:

– the “System Operator” model from the Theory of Inventive Problem Solving - TRIZ
[34],

– the “Contradiction” model derived from TRIZ is developed to model networks of
problems within OTSM-TRIZ [35],

– S-curves [30],
– technology substitution models are used to measure the time and capacity of evolution

and substitution processes [36, 37],
– interpretation patterns of the knowledge obtained from the DITEK model [38].

The contradiction representation language is illustrated in Fig. 1.

Fig. 1. Contradiction description model.

An example of contradiction is described in Fig. 2 corresponding with the following
interrogation:

Fig. 2. Example of contradiction: handling productivity = number of (parcels or pallets)/hour;
storage profitability = (storage turnover/m2)/cost per m2 of the storage surface area
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In the <distribution centre> system, the trend <significant flow heterogeneity>
encounters a barrier <storage profitability>.

The semantics used are as follows:

– Element – everything (tangible or intangible) used in a combination to form a whole
or a unit,

– System – group of elements interacting with each other, linked and interdependent,
performing a certain function as part of a super-system.

– Trend – change in a system characteristic over a long period.
– Barrier – limitation of resources (e.g., space, time, energy),
– Parameter – characteristic of an element which can be acted upon,
– Result – consequence of an action due to the value of a parameter (e.g. desired result);

every indicator has a measurable value, measurement unit – standard required to
measure an indicator.

The following syntax is used:
Contradiction – model to describe a problem through the description of a conflict of

interest. The contradiction model includes an element, a parameter, a parameter value
and an opposing parameter value, desired results (R1+, R2+) and unwanted results
(R1−, R2−). Contradiction appears in the following case: when the evolution in the
value of a parameter towards the R2+ desired leads to an unwanted R1−, and when the
change in the opposing value of a parameter towards the R1+ desired leads to an
unwanted R2−.

4 Case Study

Intervention research is conducted in a French 3PL. Their turnover in 2016 was €2.045
billion. The scope of the study consists of 25 warehouses. Customers are mainly from
the agri-food, retail and healthcare industry.

A working group was assembled. The group includes 6 individuals, respectively 3
experts in 3PL and 3 researchers. The group had 26 meetings of 4 working hours over
a 12-month period. The project management method is applied in generic stages:

– identification of needs,
– study scope specification,
– identification of stakeholders,
– consolidation of principal expert questions,
– analysis accuracy definition,
– consolidation of the expression of expected results.

To define the scope of the warehousing system (WS), the primary function is formu‐
lated and specified: “Provide customers with the desired quantity of products within the
desired deadline”.

To comprehend significant changes in warehousing design and process, we collected
chronological data on the surface area of the LP’s warehouses (m2). As the built-up
surface and expected values are confidential information for the LP, no actual figure will
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be presented. The partial results of the study are presented in Figs. 3 and 4. The S-curves
obtained help position the current WS in relation to its life cycle. S-curves are developed
on the basis of 25 WSs spread over 13 countries.

Fig. 3. Example of changes in the surface area of WSs built in France in m2 (Tm = 2005.5; ∆t
= 30.1; Rsquare = 0.993)

Fig. 4. Changes in the surface area of WSs built worldwide in m2 (Tm = 2008.9; ∆t = 27.2;
Rsquare = 0.996)
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The increase in the surface area of existing WSs in France should stop by 2020
(Fig. 3). At global level, it is estimated that saturation will be reached by 2022. New
warehousing technologies should drive revenue growth without increasing the surface
area of WSs.

The major characteristics of these new technologies are justified by the WS’s map
of contradictions. Every contradiction is developed based on an interrogation, trend and
barrier.

When formulating contradictions, certain interrogations were excluded from the
study as they were deemed irrelevant. Two new contradictions were identified. A number
of interrogations were aggregated and represented by the same contradictions.

As a result of the work carried out by the working group, the outcome is characterised
by: 21 trends, 48 drivers, 49 barriers and 281 desired results. To facilitate the connection
of contradictions, the 281 results are classified into six indicator categories (Table 1).
Figure 5 presents a fragment of the map of the 58 resulting contradictions.

Table 1. Distribution of performance indicators and desired results by category.

Category Number of performance
indicators/category

Number of desired
results/category

1. Lead-time 6 37
2. Logistic cost 35 115
3. Investments 15 43
4. Delivery method 8 33
5. Productivity 16 34
6. Flexibility 8 19
Total 88 281

Fig. 5. Extract from the map of 58 contradictions
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To achieve a definitive description of the most significant contradictions (in terms
of changes in the WSs), the direct links between the contradictions formulated must be
examined. This activity is under review.

The map of contradictions represents the conflicts of interest between seven major
players (Fig. 6). The number of most significant contradictions concerns the logistics
provider and the industrial producer, who are therefore the key players in the change
process.

Fig. 6. Number of connections classified by stakeholder

5 Discussions and Prospects

The issue dealt with in this paper is as follows: “what are the key characteristics for
strategic decision-making in terms of warehousing design?”. The result is the definition
of a map of ware-housing system contradictions. Problems are represented in the form
of contradictions for identifying major future WS characteristics. The result achieved is
described by a map of 58 contradictions. These contradictions are obtained by linking
281 desired results (e.g. location of the ware-house) with 88 performance indicators (e.g.
delivery times, etc.) classified into 6 categories (e.g. logistics cost, etc.). These contra‐
dictions concern 7 stakeholders (e.g. end user, distributor, etc.). The concept of contra‐
diction is pertinent for initiating issues pertaining to the strategic evolution of WSs.

The results obtained only allow for partial generalisation, as the scope of application
is characterised by 25 WSs from the agri-food, retail and healthcare industry. The pros‐
pects of this study are the prioritisation of contradictions and the development of a
systematic method designed to identify contradictions.
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