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Introduction
The failure of safety critical systems is an issue which is thoroughly discussed and analysed by both practitioners as well as academic researchers. Business continuity Management is a topic which is strongly related to the safety science. More precisely, the part of an integrated business continuity management entitled Business Impact Analysis defined as “a process that identifies and evaluates the potential effects (financial, life/safety, regulatory, legal/contractual, reputation and so forth) of natural and man-made events on business operations” [4].
Business Continuity Management [16] aims to the rapid restoration of all the critical systems and business functions in the enterprises, the public organizations and the industry. Business Impact Analysis [13], which is a crucial part of the BCM, deals with the efficient settlement of recovery priorities based on the criticality of each business function. In its turn, the criticality prioritization is highly dependent on the defined by industry experts and business continuity managers recovery time [5]. These experts have proposed a 4-level criticality ranking system in accordance to the defined resumption timeframes. 
Neither a standard mathematical method for classifying an individual business function as critical/non-critical, nor sophisticated software tools which could support such a process have been proposed so far. In order to fill this gap, a standard mathematical method for classifying individual business functions, entitled business continuity testing points (or simply business continuity points) [8] has been recently developed. Its principle is the focus on estimating the recovery complexity of an individual business function. This estimation can help classify a business function as critical or non-critical with the help of specific mathematical calculations.
The goal of the present article is the proposal of a star schema data warehouse solution which is aimed to support the computation of the recovery time effort for interrupted business functions and its supported information systems. Additionally it is discussed its possibility to improve industrial safety via reliability engineering and system availability measurement.
Related work and problem statement
“A Safety Critical System is such a system which has the potential and may cause accidents either directly or indirectly. Failure of such systems can result in loss of life, property damage, environmental harm and financial loss. Safety is dependent on proper operations of such systems” [11]. It is thus, important to classify such systems as highly critical with regard to their recovery priority, if we consider that such systems should operate virtually without interruptions. As a consequence, the incorporation of mathematical tools for criticality ranking of industrial business functions which are dependent on such systems becomes a clear necessity. An interesting mathematical approach by [14] refer to proactive recovery time estimation and criticality ranking of a group of BF which is extremely useful but does not thoroughly examine all the possible technical and environmental elements of an individual BF. In addition to the above mentioned facts, the business continuity points is based on simple mathematical calculations which makes it more comprehensible by business stakeholders.
Moreover, software tools which have been designed and developed for the BCM domain [10], though proactive, they serve as tools which rather react to operational failures, focus exclusively on the technical aspects of business functions, and do not take into account the environmental aspects (i.e. experience of the end user) of an individual business function. Additionally, mathematical models which are proposed in conjunction with software based solutions [9] serve as reactive (not proactive) BCM and disaster recovery planning (DRP) solutions for the resumption of critical operations after their failure. 
Finally, “data collection is an important activity throughout the BCM development process” [2] and “the resilient organization, through an enhanced sensing capability, integrates business intelligence in order to improve situational awareness” [12]. The current work describes how business intelligence tools and data warehouses can efficiently support data collection towards the precise classification and recovery time estimation of a given business function.
The business continuity points (BCPTs)
The approach has been developed by the author and his research team [8] and focuses on the proactive estimation of the recovery time effort for an individual business function and its corresponding criticality ranking [7]. The approach has been thoroughly analyzed and validated. The algorithmic process for calculating the Recovery Time is below depicted (see Fig.1). For the better interpretation of the derived results we briefly mention that for the estimation of the recovery time effort we have to consider the following recovery complexity parameters:
Unadjusted Business Function Recovery Points (UBFRP): In order to compute the specific value human and application level actors have to be considered along with their corresponding impact (weight) on the recovery process. 
Adjusted Business Function Recovery Points (ABFRP): For the computation of the specific value the following recovery complexity paparemets are considered:
Technical Recovery Factors (TRF)
Environmental Recovery Factors (ERF)
Unexpected Recovery Factors (URF), and 
UBFRP
The RTE value is provided by the Formula 1:

		(1)
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The summarized model of BCPTs (Source:Author)
Tools and methods
Star schema data warehouse
“A data warehouse is a particular database targeted toward decision support. It takes data from various operational databases and other data sources and transforms it into new structures that fit better for the task of performing business analysis. Data warehouses are based on a multidimensional model, where data are represented as hypercubes, with dimensions corresponding to the various business perspectives and cube cells containing the measures to be analyzed” [15]. 
In data warehouses data is organized as multidimensional facts, where each fact “represents a business event that has been recorded in a transactional database, is identified by a node for each dimension, and described by one or several measures. Each dimension is given by a leveled hierarchy of nodes, whereby each node is described by a set of non-dimensional attributes and all nodes of the same level have the same attributes with different attribute values“[6].
 For the design of a multidimensional data warehouse model two basic types of multidimansional schemas are proposed, namely a) the star schema (Mendoza et al., 2015) (see Figure 2) and, b) the snowflake schema [1]. 
Computing system availability
In reliability engineering, the system availability is calculated according to the formula (2) [3]:

		(2)
MTBF = Mean Time between Failure, MTTR= Mean Time to Repair, and A= Availability of a system for a given time period. MTBF is also calculated as the ratio 1/λ, where λ is the failure rate (number of failures N per X number of hours. The current contribution discusses the possibility of validating RTE value by including it to the Formula 2.
Results and Discussion
The proposed data warehouse solution is currently analyzed and illustrated (Figure 3):

Facts Table: BF_Recovery_Data. This table includes the calculated values of the recovery complexity parameters as well as the primary keys used for its connection with the dimensions tables. The facts table informs us of the Total Unadjusted Actor Weights (TUAW), Unadjusted Unadjusted Business Function Weights and the UBFRP values after considering the input parameters in BF_Data table.
Dimension Tables: BF_Data: The specific table includes information about the business function for which the criticality classification is implemented. Moreover, the table is used as an input entity regarding the number of simple, average and complex actors (both human and application level types) which participate in the execution of the business function, as well as the number of the involved simple, average and complex business processes. 
Business_Entity: The specific table is utilized for defining the type of business entity, which might be a department, a division or even an SME.
RTE_Interval: The table informs us of the recovery time effort (RTE) value based on the classification proposed by Gibson. Furthermore, information regarding the corresponding impact value levels is included (IVL types).
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The data warehouse star schema regarding the RTE estimation and classification of a Business Function (Source: Author)

Recovery Scenarios: The table includes the list of possible recovery scenarios. During the speedy classification of a business function the scenario type can be determined by the system, after the input of the data regarding the involved Actors and Business Processes has been terminated. Speedy classification is based on predicting IVL based on UBFRP [7].
A practical way to validate the derived by the BCPTs model RTE value, is to replace the MTTR value by RTE in Formula 2.The following schema is proposed as an integrated solution for the timely restoration of safety critical systems and functions (see Figure 3).
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A proposed solution for implementing effective safety management for critical systems and functions (Source: Author)
Conclusions – Implications for further research
In order to further increase the value of the BCPTs method and consider it as a standard approach for integrated safety management solution the following contributions are currently presented: a) a new data ware house model which can support the BCPTs approach and compute the RTE values of functions that are safety critical, and b) utilization of the system availability formula in order to control the validity of the computed RTE. Future tasks include the construction of a more detailed data model base on snowflake schema and normalized entities, a physical form of the proposed data model and a practical implementation of the RTE value to the availability formula in a practical case study from the business or industrial sector.
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Summary
Business continuity Management is a topic which is strongly related to the safety science. The article introduces a data model for enterprise business continuity management as a software solution for supporting timely restoration of safety critical systems. The illustrated data model is constructed with the business intelligence data warehouse star schema and depicts a non-arbitrary solution for computing proactively the recovery time effort of an individual business function which differs from the currently applied vague and arbitrary criticality prioritization, even when the business continuity management process is supported by modern software solutions and mathematical tools. Data collection is an important activity throughout the BCM development process and resilient organizations, through an enhanced sensing capability, integrate business intelligence in order to improve situational awareness. The entities as well as the corresponding attributes of the data model stem from the already proposed by the author business continuity points approach to the classification of business functions based on their recovery complexity, which, in its turn, stems from the use case points method of software complexity estimation. The computed resumption timeframes for an individual business function which are supported by safety critical systems can be used as an input for computing the availability of safety critical systems. A summarized illustration of this proposal is also included. 
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