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[bookmark: _Toc82171305]Introduction
In the digital age, overwhelming amounts of information have been generated. These amounts of data have become immensely valuable to large companies: For the first time, companies can integrate disparate data into meaningful sources for artificial intelligence algorithms to interpret and understand behaviour. The data big can be defined as: "information assets high volume or variety that require cost-effective and innovative ways of processing information and allow a better understanding, decision making, and process automation[1].
The increase in the volume of data generated by different systems and everyday social work has led to the need to modify, optimise and generate data storage and processing methods and models which address the weaknesses of databases and processing systems. Traditional data management is the term used to handle large numbers of data produced quickly from different sources in response to the Big Data.
Although the term 'big data' is mainly associated with exorbitant data amounts, it must be dealt with because 'big data' is not only aimed at large amounts of data but includes both volume and variety of data and speed of access and prosecution. At present, the transaction has moved to interaction, to obtain the best benefit from the information generated minute by minute.
A new concept was also created with the growth of Big Data: Data Science is generically used to refer to several techniques needed for the processing and manipulation of mass data based on the statistical and computer science approach. Each person trained in this profile must also be familiar with the business, the computation tool, and statistical analysis and interpretation, including the emergence of a new professional profile, the 'data scientist’.
Now, when reviewing Big Data, thinking about the creation of solutions that include problems framed in this approach, four phases can be found where the different support technologies are grouped or classified, these are generation, acquisition, storage, and analysis of data. In the first phase, generation is defined as a process typical of various activities of the society in which an immense amount of data is generated which, depending on its nature, may be stored and structured or may correspond to data without any structure but with great value features. In the second phase, the collection of all these data generated in daily life is included, the transmission and pre-processing of them are of great importance since many data sets present redundancy or useless data and if they are not treated, they can increase storage space unnecessarily and affect the results of a scan phase. The Big Data storage phase has generated the need to generate studies and proposals for new strategies that allow facing the types of data that cannot be managed with a relational database management system. Then, massive data storage technologies such as storage with direct connection and network storage emerged, as well as different NoSQL engines[2].
Finally, the analysis phase must address the need to quickly extract information from massive data to generate value in organizations and facilitate decision-making processes, it requires technologies that even facilitate analysis in real-time. Mass storage technologies such as direct-attached storage and network storage, also different NoSQL engines. Finally, the analysis phase must attend to the need to quickly extract information from massive data to generate value in organizations and facilitate decision-making processes, it requires technologies that even facilitate analysis in real-time. Mass storage technologies such as direct-attached storage and network storage, also different NoSQL engines. Finally, the analysis phase must address the need to quickly extract information from massive data to generate value in organizations and facilitate decision-making processes, it requires technologies that even facilitate analysis in real-time.
The general objective of this paper is to explain what the term Big Data is and what it refers to. How Big data could be used as a tool for decision-making in Pestron Foods.












[bookmark: _Toc82171306]Why is big data important?
Data plays a big part in interpreting valuable information about customer preferences and target demographics. They can explain a lot of what we are doing, personalities, and stories if they are analysed correctly. Companies can use them to improve products, corporate strategies, and marketing campaigns.
Big data have been important for years, but only little has been done with the technological speed and efficiency with which large data groups can be analysed. As the data gathered are sufficiently structured and unstructured in the coming years, unforeseen insights might be revealed and even predicted for the future.
Big data changed the way that even smaller companies doing business as the collection and interpretation of data become more accessible. New innovative and profitable technologies are constantly emerging and improving, so it will be very easy for any organization to implement solutions through big data[3].
[bookmark: _Toc82171307]What is data-driven decision-making?
A common definition of "data-driven decision making" comes from Modern Machine Shop: "Decisions that drive the manufacturing process should be based on facts, not guesses, wishes, theories or opinions."
Manufacturing companies that take advantage of data-driven decision-making will benefit from a decisive competitive advantage in the transition to Industry 4.0 [4]. 
[bookmark: _Toc82171308]Advantages of Big Data in decision-making for Pestron Foods
Data-driven decision-making offers companies several important benefits. The first and perhaps most important benefit is increased efficiency. This is demonstrated in the area of predictive maintenance. Machines sometimes break down in practice. With the help of predictive maintenance, it becomes possible to plan maintenance work in time to prevent breakdowns and at the same time late enough to minimise the impact on active production. 
The ability to isolate and consider many factors based on empirical raw data means that manufacturing companies can use analytics to identify and eliminate bottlenecks in their factories. With the use of a platform, easy-to-process data can be better analysed. One leading chemical company found that data-driven manufacturing increases production output by 18-30%. In addition, analytics can uncover bottlenecks that were not known on the business side. These new insights can make a production line unprofitable. Data-driven decision-making helps manufacturing companies improve operational excellence. (Yanqing Duan, 2019) Forbes recently published a cross-industry [5 ] survey that discussed some proven benefits of data-driven manufacturing, including:
· Increase in error detection rates by up to 90%
· Reduction of energy costs
· Scaling of inventory optimization across all sales channels
· Optimization of production processes and machine utilization to increase the performance of the production plan.

For companies, the application of big data offers extensive potential. It can be used to improve processes, adapt and develop products and services, and build entire business models. At the same time, however, these applications represent a major challenge for the economy in terms of the required investments and skills. In general, it can be shown that companies that make data-driven decisions achieve higher profits and output and are more productive.
Against this background, this chapter provides an overview of the spread of Big Data and its corresponding applications in business. First, companies are examined in a European comparison. The empirical data of the ten economies with the largest gross domestic product (Austria, Belgium, France, Germany, Italy, the Netherlands, Poland, Spain, Sweden, and the United Kingdom) and the average of the EU-28 are presented. The presentation is then limited to Big Data applications in Germany. Industry analysis is followed by a closer look at the business areas in which Big Data is used in Germany. To complete the picture, the analysis includes a detailed evaluation of a survey conducted among Global industrial companies[6].

[bookmark: _Toc82171309]Big data in small and medium-sized companies
A popular example to explain the direction of Big Data is the corner shop. Aunt Emma stood in her little shop on the corner for decades and knew every customer and their special requests. The customer just said "Hello" and Aunt Emma offered him the goods he wanted. She had it all in her mind and her experience told her what to do. Written notes were only required in exceptional cases.
In the supermarket on the corner or the green meadow, we find a completely different situation. Hundreds or thousands of customers a day flock past the troubled cashiers to their cars and home. You only rarely know each other and that doesn't matter at the checkout. To do this, the electronic cash registers save every detail of the purchases and immediately forward the data to the central IT. (Jeble, 2017) However, it can only assign the data to a specific customer if he has a customer card and uses it. The supermarket therefore only knows some of its customers "personally", which in the eyes of many experts - despite all the surveys and other market research measures - is a disadvantage. Online shops have an advantage here.
Entire industries are now emulating the ideal of seamless recording of all customer data and the individual offers that can be derived from it. Banks or insurance companies, for example, are well stocked with figures about their customers. However, many executive floors no longer want to wait for the data to be evaluated over weeks or months. This is the hour of big data and analytics]. 
Forrester Research has recorded the five most important strategic questions about big data in a current report. From this and other reports from market observers such as the ITK association Bitkom, the essential steps can be derived that small and medium-sized companies, in particular, should take if they want to venture into the big data world [7].
[bookmark: _Toc82171310]How important are big data and analytics?
It could be completely sufficient if, for example, a medium-sized manufacturer of kitchen appliances transfers its customer data to a cloud provider such as Salesforce.com, to have it systematically recorded there using tried and tested methods and sifted through according to various aspects. With its approach - all CRM (Customer Relationship Management) data is stored and evaluated in its own data centres - Salesforce.com made a name for itself as a service provider early on, which also offers corresponding evaluations. The customers come mainly from the area of ​​small and medium-sized companies, which in this way save their investments in CRM .
At the beginning of the Big Data exploration, there should therefore be a definition to derive insights into the data material in your own company. The Bitkom association comes to this definition: "Big data supports the economically sensible acquisition and use of decision-relevant knowledge from qualitatively diverse and differently structured information that is subject to rapid change and is available to an unprecedented extent." Forrester Research reads it somewhat shorter: "Big data comprises the methods and techniques that close the gap between the available data and the ability to convert it into business benefits." (Stefl, 2015)
If you follow the Bitkom Association and other experts, new methods for finding, analysing, and processing data have emerged in recent years, which replace or supplement the conventional approaches of data warehouses and business intelligence (BI) [8].
[bookmark: _Toc82171311]Identify data sources for big data
Big data is a continuous process that large and medium-sized companies alike have to adapt to. With the Internet, mobile activities, the vast number of apps and social networks, a new type of data has been added to the previous applications: They are largely unstructured, as they are not only made up of the classic structured components such as surname, first name, occupation and so on but rather from e-mail bundles or Twitter short texts, from photos, videos or similar elements. 
Structured data can be inserted into relational databases in rows and columns, sorted, and then interpreted relatively easily. In some cases, however, they have to be time-consuming and costly to transfer and merge into their applications of a data warehouse to then evaluate them according to certain Business Intelligence (BI) criteria.
The providers in this field that have been active for decades have reacted to the big data trend and expanded and supplemented their offerings accordingly.
An example of traditional BI solutions is how airlines handle their customer data. These come either from the booking (via a specific travel provider or directly), from the payment systems, or from the information that arises during check-in or from other sources. In addition, some of the passengers are members of a frequent flyer or corporate program, have taken part in surveys by the airline, or have commented on the airline, the flight, baggage handling, or their satisfaction with the meals offered or the staff on the Internet and other channels.
In the data warehouse, this information is collected from a wide variety of sources, analysed, and finally made available to the airline's management. This is still a process today that doesn't take hours or minutes (unlike current analytics methods in retail or banking). A small or medium-sized company should ask itself exactly whether it knows all of its data sources and wants to use them - and which methods are available for analysis. It also has to decide whether the BI or the Big Data approach should be tested first so that it might later be used in real life.
Forrester Research recommends creating a roadmap with three aspects in mind: First, companies should build a data-centric corporate culture. The reason is that quantitative information is more important today than subjective experiences or opinions. In many companies, however, employees still think too much in terms of "my department" and do not pass on information. Second, they should develop business know-how and management methods (“governance”) for data analysis - even before technical knowledge of big data architectures. And third, you should deal with new technologies such as the Hadoop data management platform at an early stage [9].
[bookmark: _Toc82171312]Tools and Techniques for Big Data
Today, more than one Big data software can handle large quantities of data. To implement and support the functions of such software, a special big data framework has been created. They help to process and generate large amounts of real-time data quickly. (Jane Elisabeth Frisk, 2017)
Today, the market is full of great Big Data tools. To be among the top 10, we must exclude some great ones like Kafka and Kafka Streams, Apache TEZ, Apache Impala, Apache Beam, and Apache Apex, Hadoop, Storm, Hive, and Spark.
· The most enticing ones are Flink and Heron
· The most useful such as Presto and MapReduce
· In addition, most undervalued companies such as Samza and Kudu. [10]

[bookmark: _Toc82171313]What is the Hadoop framework?
For scalable and reliable distributed computing, Hadoop is highly suitable. It may be used as a general storage file. The data in petabytes can be stored and processed. (Miller & Mork, 2013) Three key components are part of the solution:  
· HDFS file system, which stores the Hadoop cluster data.
· The system MapReduce can process large quantities of data within the cluster 
· YARN, which covers the core management of resources.
How does Hadoop solve modern DBMS memory problems precisely? Hadoop uses a mid-layer between interactive and data storage databases. With the increase of data storage space its performance increases. New nodes can be added to the data store for further expansion.
In only a matter of seconds, Hadoop can store and process many petabytes of information. It also prohibits the editing of data stored during processing in the HDFS system[11].
Why is Hadoop expected to be replaced?
When it first came out, it was revolutionary. The industry chain around it was born. Big data are now migrating to the cloud and many disaster discussions take place. Is it over with Hadoop? Take into account that most data are stored in HDFS and tools are still needed to process or transform it. (Gloria Phillips-Wren, 2014)
Hadoop is still a powerful batch processing tool that can be integrated into most other big data analysis frameworks. Its components are essential for the industries themselves: HDFS, MapReduce, and YARN. So, it does not seem to be vanishing soon. 
While Hadoop is unquestionably popular, technological progress has set new objectives and requirements. More advanced options gradually enter the market to acquire market share.
[bookmark: _Toc82171314]MapReduce
MapReduce. Will this big data search engine become obsolete?
The Hadoop framework is the MapReduce search engine. Google first introduced it as a parallel processing algorithm for large quantities of raw data in 2004. Later, as we know today, it was MapReduce.
The engine processes data in three phases
1. Map (data pre-processing and filtering).
2. The Random Play 
3. Streamline 
Reduce returns most of all values (the function is the final result of the MapReduce task). Automatic data paralleling, efficient balance, and unsafe performance are provided by MapReduce. (Jeffrey Dean, 2010)
It has been the industry's core for many years and is used with other renowned Big Data technologies. However, MapReduce, especially Apache Tez can be replaced. It can be personalised very quickly and quickly. It uses YARN to manage resources, so it's more efficient in resources [12][13].
[bookmark: _Toc82171315]SPRAK is still a powerful tool like before?
The best Big Data Framework is continually Apache Spark. It was developed as a more advanced solution compared to Apache Hadoop as an open-source framework. For the processing of big data, the original framework was designed. The main difference is in the model of recovery of data.
With each step of the MapReduce algorithm, Hadoop will save data on the hard disc. Spark will use random access memory when performing all operations. Spark is therefore quick to perform and allows a large number of data streams to be processed. Spark features high-performance and fail-safe functional pillars and main features. 

It supports four languages:
1. Scala;
2. Java;
3. Python;
4. R.
It consists of five components: the core and four libraries for optimised data interaction. Spark SQL is one of four structured data processing framework libraries. DataFrame has been speeded up by 100 times and Hadoop Hive requests are resolved.
One of the industry's best alpha implementations is Spark's Sparkling Water 2.3.0. Spark also has a streaming tool that enables thread-specific data to be processed in real-time. The tool is not only a stream processor but a micro-batch processor, as proven by the benchmarking test [14].
[bookmark: _Toc82171316]HIVE big data analysis framework
Facebook created Apache Hive to integrate the scalability of one of the best-known large data frames. SQL requests are converted to MapReduce task chains by the engine.
The engine includes the following components:
· Parser (sort the incoming SQL requests);
· Optimiser (optimise requests to improve efficiency);
· Executing the program (starting tasks in the MapReduce framework)
To analyse large volumes of data, Hive can be merged with Hadoop (as server section). This is a test that shows the competitive performance of Hive in Tez (the lower the better) [15]. 
[image: ]
Fig 1: Versus other NOSQL Storage [16]
[bookmark: _Toc82171317]Storm, Twitter's first big data framework
Another excellent solution for the processing of large data streams in real-time is Apache Storm. Scalability and the ability to rapidly recover after downtime is the main function of Storm. Using Java, Python, Ruby, and Fancy, you can use this solution.
Storm has many different elements than its analogs. The first is the Tuple, which is a key element for serialization data representation. Then there is the stream that contains the Tuple name scheme. Spout receives data from external sources and sends it to Stream to form tuples. 
There are also Bolt and Topology data processing programs which are a package and associated descriptions of elements. All of these elements together can help developers to manage large quantities of unstructured data streams.
Storm offers better latency than Flink and Spark in terms of performance. Its performance is poor, however. Twitter has recently moved into a new framework, Heron (the main supporter of Storm). Yelp, Yahoo, Alibaba, and some major companies are still being used by Storm. By 2020, a wide user base and support will still be available[17][18].


[bookmark: _Toc82171318]Machine Learning model in Knime.
There are two aspects to take into consideration when we talk about machine learning, two complementary and parallel aspects: one refers to the learning purpose, the other to the learning modality.

Learning purpose
The purpose of learning is essential to understand which techniques to use. We need to understand the type of what we want to predict to apply the right algorithms and therefore have a correct result. We have to ask ourselves the question: what kind is the value of what we want to predict? Based on the answer to this question, therefore on the value we want to predict, we have a number of possible areas of analysis:
· If what we want to predict is a continuous numeric variable, or a number that represents a mathematical entity and which can have an infinite number of values, the area of analysis is that of regression. Cases of regression are, for example, the predictions on how much the supply chain Pestron will earn, the height of people based on a series of characteristics, the price of product.
· If what we want to predict is a categorical variable, that is, it can only assume a finite series of values, the analysis area is the classification. The classification can be binary (only two possible values, such as yes or no or 0 and 1), or multi-class, for example A, B and C, or Male, Female. The contexts in which I can use the classification can be many, for example we can predict if a client will leave our company or not, what kind of product to sell in Pestron supply chain[19].

Learning mode
The process by which the algorithms we use learn something from the data is called training. In this phase, two main learning modes are possible: supervised learning and unsupervised learning.
· In supervised learning, we study the relationships between a series of variables and a variable that represents the object of our prediction target. Our algorithm will learn from the data the relationship between features and target and will be able to predict the value of a target starting from the input characteristics. This is the case we have seen previously of regression and classification: from a set of data, I know that when the customer pays with cash or online payment or in base of the product they buy. What the algorithm will do is identify these characteristics, understand how they relate to the target, and be able to guess whether a customer will purchase more or not if I presented him with a set of characteristics without already knowing the result.
· The other learning mode is the unsupervised one, one in which the target variable is not known a priori. As we said before, this technique is particularly useful when you need to make groupings. Pestron customers can be seen as points in a space, and their characteristics as coordinates that arrange them in space. In this way it will be possible to group together customers who have similar characteristics and offer targeted solutions based on those characteristics. Once the clusters have been found, you can proceed to define them, assign a name and descriptions to the clusters: there will be nerds, web grandparents, cinephiles[20].
[image: Diagram

Description automatically generated]
Fig 2: Knime dataset model
As we can see above, we have applied various models to train our data and the end all those model are suitable for the dataset sale, as the predictor is 75%
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                                                                        Fig 3: Predictor Scorer result
After using the same structure in the dataset2 for the product sale, we come across that the predictor is higher than the first dataset.
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Fig:3 Pestron Product sale


[bookmark: _Toc82171319]Result.
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Description automatically generated]To better understand the trend of Pestron, we have analysed the data and thanks to them we can show the charts as long as the CEO of Pestron understands what is happening and how they can implement their production.




Fig 4: Number of WIC in Columbus Area
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Description automatically generated]Fig 5: Number of EBT in Columbus Area














Fig 6: Rating Product by gender
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Fig 7: Type of payment in different Branch
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Fig 8: Product Purchase by gender
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Fig 10: Product purchase by Gender order by date 
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Fig 11: Amount of product sold by customer 


[bookmark: _Toc82171320]Conclusion
The lack of integration of company information systems could cause some divisions to ignore fundamental information in better finalizing the operations but also the services aimed at customers. Using all this information to provide a visual approach to data, suggesting patterns and interpretation models seems to be the most sensible path that companies can take. Unlike various fashions and business trends that have followed one another over the years, Big Data currently represent a real management need on which the growth and innovation of any type of business depends. With the analysis we carried out Pestron can implement their system by adding new system self-service to boost their supply chain.
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