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How to strengthen strategic decision-making with reliable forecast about manufacturing 4.0? As it was observed, the long-range forecasts are biased by competences and experiences of analysts. For improving reliability of strategic forecasting, it is proposed to use a combination of logistic function and problem mapping approach unified by paradigm of available-limiting resources. This paper provides an introduction how results of Researching Future methodology (RFm) can be applied for decision making. Some results, limitations, and perspectives of the current version of RFm are discussed.

INTRODUCTION

The concept of Industry 4.0 needs a lot of emerging technologies to be realized. To support strategic decision-making about emerging technologies a set of principal questions must be answered consistently. A technology can be defined as a threefold synergy of artefacts, knowledge & skills (to use, produce, and maintain that artefact), and regulations & limitations for exploiting the artefacts [START_REF] Grübler | Technology and Global Change[END_REF].

Forecasting the distant changes is serving the goalsetting, decision-making, strategic planning, policymaking, consensus building and organization of education [START_REF] Armstrong | Long-Range Forecasting: From Crystal Ball to Computer[END_REF][START_REF] Preez | Technological Threat and Opportunity Assessment[END_REF]Porter and Group 2004). It is widely recognized that reliable forecasting of technological changes is required in the 21th century more than in the 20th century due to a larger scale and a higher impact of technologies on society, economies and environment (e.g. new energy sources, synthetic biology, artificial general intelligence).

Uncertainty is a distinctive feature of technological evolution among with dynamic, systemic, and cumulative characteristics [START_REF] Grübler | Technology and Global Change[END_REF]. The mission of forecast is to reduce uncertainties of transitions to next technologies. The basic cause of technological uncertainty originates from the fact that from distance it seems there are a variety of solutions to perform a specific task-function. Meanwhile, the limited resources from economic, social, environmental and technical contexts shape a certain solution for implementation.

Since strategic decisions affect a distant future, decisionmakers confront with uncertainties about appropriate criteria and its weights.

Why does an applied technology change and is replaced? In general, the application of a technical solution leads to arising new socio-economic and market demands. That is why the today concept of Industry supposed be substituted by Industry 4.0 and the industrial economies are shifting towards circular economy.

To shift towards new paradigm of industry the numerous strategic decisions must be taken. Meanwhile, the reliability of predictions, supporting critical decisions are far from required. Internet of Things (IoT) is a core technology for Industry 4.0 and for revitalizing Big Data application in practice. However, the predictions about IoT have been changed several times during last years: in 2012 IBM predicted 1 trillion IoT devices by 2015, in 2017 CISCO predicted 50 billion IoT by 2020, in 2018 GSMA predicted 25 billion IoT devices by 2025 [START_REF] Dusmikeev | Inventive Problems in IoT[END_REF]. In that situation, companies need to update their strategic decision quite often which is a costly practice and it does not improve competitiveness of companies involved in industry.

Managers and stakeholders need reliable forecasts to prioritize their investments into new technologies. For improving trustworthiness, technological forecasts have to apply quantifiable metrics [START_REF] Armstrong | Priniciples of Forecasting: A Handbook for Researchers and Practitioner[END_REF].

The needs about forecasting in context of effective strategic decision-making can be formulated into two questions: Q1: How to know the future criteria and its weights for long-range strategic decisions about technologies? Q2: How to define an operational method for exploring the future technical criteria in accordance with socioeconomic and environmental changes?
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RELATED WORKS

The consideration about technological future grew up rapidly in the beginning of 1950s. This attention was fueled by need for decisions about next defense systems and space programs. Harold Linstone (he was founding editor-in-chief of the international journal Technological Forecasting and Social Change) distinguishes three eras of technological forecast [START_REF] Linstone | Three Eras of Technology Foresight[END_REF]): industrial society era, information technology era, and biotechnology era. Since the beginning [START_REF] Ayres | Technological Forecasting and Long-Range Planning[END_REF]) the approaches applied for technological forecasting were described by three categories: (1) quantitative (hard, statistical, objective) methods, (2) qualitative (soft, judgmental, subjective) methods, and (3) combined methods (combination of quantitative methods to improve accuracy, combination of qualitative methods to decrease biases, and combination of quantitative and qualitative methods to improve completeness of study). Those three categories were arranged about two dimensions: normative forecasting and exploratory forecasting [START_REF] Martino | Technological Forecasting for Decision Making[END_REF][START_REF] Armstrong | Long-Range Forecasting: From Crystal Ball to Computer[END_REF].

The subject of long-range strategic forecasting might be considered at least from three perspectives: from strategic planning, from decision-making and from forecasting methodology [START_REF] Martino | Technological Forecasting for Decision Making[END_REF][START_REF] Armstrong | Priniciples of Forecasting: A Handbook for Researchers and Practitioner[END_REF][START_REF] Roper | Forecasting and Management of Technology. 2nd Revise[END_REF]. In other words, the corporate strategy, business strategy, and functional strategy have to be consistent with future internal, external and technological contexts [START_REF] Nakano | Supply Chain Management : Strategy and Organization[END_REF]. The selected list of publications relevant to technological forecasting (partially presented in Table 9) considers more than 260 titles [START_REF] Slupinski | Technology Forecasting -State of the Art Update / Deliverable 2.3 FORMAT Project[END_REF][START_REF] Cascini | FORMAT -Building an Original Methodology for Technology Forecasting through Researchers Exchanges between Industry and Academia[END_REF] of forecasting approaches.

The growing number of reviews on Technology Forecasting (TF) during last two decades [START_REF] Firat | Technological Forecasting -A Review[END_REF][START_REF] Miles | Development of Technology Foresight: A Review[END_REF][START_REF] Kang | A Review on Technology Forecasting Methods and Their Application Area[END_REF]) confirm a steady interest for consistent prediction of technological future. Nevertheless, the rapid growth of publications, institutions and companies involved in technological forecasting for last decades generated multiple approaches. The current situation might be described as "methodological chaos", which is not likely to vanish rapidly.

Different TF review articles developed from disparate perspectives propose various classifications and barely compatible conclusions. For instance, one group of publications emphasize on TF methods [START_REF] Makridakis | FORECASTING: Methods and Applications[END_REF][START_REF] Martino | Technological Forecasting for Decision Making[END_REF]; when second group is focused on development of approaches to select appropriate techniques [START_REF] Armstrong | Priniciples of Forecasting: A Handbook for Researchers and Practitioner[END_REF][START_REF] Glenn | [END_REF]; third one is centered on various fields of TF, its purposes, evolution and application [START_REF] Firat | Technological Forecasting -A Review[END_REF]; fourth one is focused on trend in TF research and application areas of TF methods [START_REF] Kang | A Review on Technology Forecasting Methods and Their Application Area[END_REF]. It is not a completed list since different objectives cause various classifications. There are many overlapping activities to study future of technologies (Porter and Group 2004):

• technology monitoring (analyzing relevant information and data, e.g. patent analysis) • technology intelligence (using collected data and information for decision-making) • forecasting ("describing the emergence, performance, features, or impacts of a technology at some time in the future") • roadmapping (connected predicted technological changes and products into strategic plans) • assessment ("…concerned with the impacts of technology") • foresight ("…to identify future technology developments and their interactions with socie-ty…") • "la prospective" ("…focuses more on proactivity and building the future…") [START_REF] Godet | To Predict or to Build the Future[END_REF]. Some latest books about forecasting principles and practice suggests a rich toolbox of methods [START_REF] Hyndman | Forecasting: Principles and Practice[END_REF].

Numerous quantitative are useful for forecasting and supporting operational and tactical decisionmaking, but they are limited to support strategic decision making. Explorative qualitative methods are widely applied to forecast changes, but they are limited for answering questions When and Where. The effective strategic decisions are limited by information-processing capabilities, cognitive biases and believes of decisionmakers.

In addition to reliable knowledge about future criteria for assessment of new technologies, it is critical to have solutions for dealing with limited capacity of processing information, cognitive biases and believes of decisionmakers.

CONTRIBUTION

Problems are more important than solutions. Solutions can become obsolete when problems remain.

-Niels Bohr A method for long-range technological forecasting faces conflicting requirements for being qualitative and quantitative at the same time. A long-range forecast must be qualitative to be explorative for predicting qualitative changes (e.g. emerging of Internet because of high number of personal computers in use) and for exploring unobvious features. Meanwhile, the forecasting method must be quantitative for providing reproducible results, testing the relationship among variables in dynamic way and to minimize biases and cognitive limitations of experts.
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In order to answer suggested contradictions a mixed method [START_REF] Creswell | Research Design : Qualitative, Quantitative, and Mixed Method Approaches[END_REF] for strategic forecasting was suggested. The Researching Future method (RFm) was designed as a synergy of qualitative and quantitative approaches. RFm facilitates mainly bounded rationality model for strategic decision-making and provides incentives for intuitive decision-making. For clarifying the basic paradigm of limiting resources of mixed method approach applied for designing RFm the working hypotheses are presented below and illustrated by Figure 2.

Hypothesis 1: natural growth of a system under competition might be modelled by logistic S-curve.

Hypothesis 2: pace of growth and upper limit of growth depends on available and limiting resource (e.g. niche capacity for market, available energy sources). Hypothesis 3: knowledge about available and limiting resources allows a list of distinctive features of next system(s). years Population / growing variable limit of system's resources (midpoint of growth) limit of available resources (end of exponential growth) physical limit of resources (asymptotic limit of growth)

Figure 2: Main working hypothesis of the Researching Future methodology that allowing connection of qualitative and quantitative parts of study.

Applied paradigm of limiting resources was inspired by two books 'The limits to growth' [START_REF] Meadows | The Limits to Growth[END_REF] and 'Creativity as an Exact science' [START_REF] Altshuller | Creativity as an Exact Science[END_REF]. This paradigm is applied to interconnect qualitative and quantitative studies and to satisfy most of the conflicting requirements about cognitive limitation. At the same time, the concept of limiting resources allows cross verification of forecasts performed with S-curve studies and with mapping the contradictions.

According to certain practical evidence RFm will give useful forecasts when (1) the causal relationship cannot be estimated precisely, (2) the limiting resources change considerably over time, and (3) the change in limiting resources is not evident for decision makers. The RFm was introduced mostly for satisfying needs of organizations about consistent knowledge for supporting strategic decision-making.

PRELIMINARY RESULTS

The earliest results of the project about future of logistics warehouse system was presented during the MOSIM'18 conference in Toulouse [START_REF] Kucharavy | Entrepôt Du Futur : Formalisation Des Caractéristiques Clefs[END_REF]) and in recent publication in Logistique & Management journal [START_REF] Kucharavy | Entrepôt Du Futur : Le Concept de Cartographie de Contradictions[END_REF]. In this section we are discussing the application of produced map of contradiction for strategic decision making.

When mapping problem-contradictions, the set of problems is transformed into a system of problems, when missed problems is identified and excessive contradictions are aggregated. A system of contradictions provides a synergetic effect when key problems can be identified. Knowledge about key problems facilitate the assessment of necessary and available resources. Those knowledges provide criteria MOSIM'20 -November 12-14, 2020 -Agadir -Morocco for assessment of new technologies and they are useful for strategic decision making. The map of contradictions can be applied for evaluation of a potential for emerging technologies and for construction of a roadmap of development for examined technical system.

How does it work? When decision is taken the different options can be evaluated using multi-criteria method [START_REF] Roy | Méthodologie Multicritère d'Aide à La Décision[END_REF] when criteria and their weights are applied to compare the alternatives. When using map of contradictions, the alternatives are compared to number and importance of problems on the map that can be answered using a certain alternative technology.

The developed map of contradictions for logistics warehousing [START_REF] Kucharavy | Entrepôt Du Futur : Le Concept de Cartographie de Contradictions[END_REF] 

AND PROSPECTS

This paper has introduced a methodology for learning about long-range technological changes. From a decision-making viewpoint, the suggested approach provides a systematic comprehension of stakes and links between technological advances and the business opportunities.

The timed map of contradictions suggests a transparent description of challenges vs. time required. Resulting maps for various emerging technologies are comparable and allow learning about future when minimizing personal and professional biases of experts.

When answering the first question about criteria and weights for strategic decisions, the hypothesis that knowing problems is more useful than information about emerging technologies has been tested. The results of several projects were appreciated by partners and clients. Meanwhile, it is still required to find a quantifiable way to validate obtained results.

To address the second question about operational method, the suggested case study illustrates the recognized advantages and weak points of applied RFm methodology. The mixed methods approach allows compensating disadvantages of quantitative studies and reinforcing the explorative features of qualitative studies. Nevertheless, the process of mapping contradictions needs significant improvements.

The following limitations of present version of Researching Future methodology have to be noticed: (1) application of RFm requires a high level of expertise and quickly goes to the limits of known; (2) the forecasting study takes a considerable time and human resources; (3) contradiction models are difficult to apply without sufficient practice; (4) quantitative study using S-curves and logistic substitution models require practical skills in regression analysis; (5) the completeness of study about technical, economic, environmental and social contexts depends seriously the competences of the core team; (6) definition of the aims of and the scope of study before starting the project is vital for project success.

What are prospects for RFm? The methodology is currently under development, application and testing with industrial partners, research, and academic institutions. The next steps of our research about RFm for decisionmaking include:

• testing approaches from system dynamics [START_REF] Sterman | System Dynamics: Systems Thinking and Modeling for a Complex World[END_REF]), • testing some concepts from cognitive mapping [START_REF] Gray | Using Fuzzy Cognitive Mapping as a Participatory Approach to Analyze Change, Preferred States, and Perceived Resilience of Social-Ecological Systems[END_REF]), • evaluating and testing certain techniques for modelling complex adaptive systems using Big Data and AI technologies.

For improving the operational level of the methodology, it is planned to examine some visual analytics tools, business intelligence approaches, and recent ideas from data science and machine learning for enhancing forecasting capacity of RFm when reducing forecasting expenses and project time.

Figure 1 :

 1 Figure 1: Flow chart of RFm for strategic forecasting Within RFm the quantitative study with logistic S-curves answers for questions about timing (when?) and location (where?) of pivotal changes, when the qualitative study using mapping contradictions answers about principal characteristics (what?) of next technology. The entire forecasting method applies qualitative and quantitative data simultaneously and interactively (Pascal, Aldebert, and Rouziès 2018) for answering the forecast questions. For clarifying the basic paradigm of limiting resources of mixed method approach applied for designing RFm the working hypotheses are presented below and illustrated by Figure 2.
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