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1. Introduction

The approach of the Italian National Institute of Statistics (Istat) with respect to the new complexity of both phenomena and data has been to adopt new strategies to integrate data from traditional surveys, administrative bodies and innovative sources such as Big Data. The aim is to reduce the statistical burden on respondents while enriching the offer, the quality and the timeliness of the information produced, always having in mind that statisticians working in a NSI should be at the same time researchers but also producers, and should always guarantee the quality of official statistics. Accordingly, a project was launched for the enlargement of the informative content of the SBR to provide concrete support for statistical production, taking advantage of the opening of the new Istat Laboratory for Innovation (LabInn) that provides useful infrastructures to strategic research projects in a dedicated physical and technological space. To proceed in a structured and integrated manner, a register-based approach to the Big Data was chosen, placing the register at the centre. The main idea was to use Big Data as an additional source in the SBR updating process, through web scraping and text mining technologies, with the aim of integrating the ‘structured’ business data with the ‘unstructured’ data coming from web pages. Furthermore the new information on enterprises will be used to start a more detailed statistical analysis, finding new classifications and new taxonomies to support a better interpretation of new emerging economic phenomena. 

2. Methods

The usage of web mining methods and techniques for the automatic detection of characteristics in websites has recently emerged as a very important task in several contexts. A huge amount of information is freely available through websites, and it could, for instance, be used to accomplish statistical surveys. However, the information of interest for the specific task under consideration has to be mined among that huge amount, and this turns out to be a difficult operation in practice. Indeed, the sheer size of the problem makes implausible to non-automatic intervention. The main contributions of this work is the presentation of a practically viable methodological approach to perform automatic detection of enterprise’s characteristics by using the information contained in their websites. For this purpose, a complex strategy has been defined and developed. This strategy includes 3 main phases: web scraping, text mining and machine learning.
2.1. The Web Scraping phase
In the Web Scraping phase the procedure extracts the information from each corporate website and saves it into a NoSQL DBMS. In this phase, there are two steps:

1. First step: the procedure identifies each enterprise on the web and creates an URLs list by means of two different ways:

· in case of available URL from administrative sources the procedure checks whether the URL is valid or not and finds a valid one if it is not valid. In particular, it proceeds with the syntactic validation of the strings, the check of the recurring errors and the authority of the web addresses. Then, in case of non-existing URL it performs a web search using search engines in order to find the most similar URL and computes its probability of correctness by using a machine learning approach.

· in case of non-available URL the procedure uses either the URL Retrieval techniques performing batch queries on the search engines by means of the enterprise identification characteristics, or it directly download information from some proper thematic directory sites. In particular, it uses the denomination of the enterprise as a search string, then it makes a query on a search engine and collects the first 10 links returned as the result of the query. For each link its probability of correctness is evaluated by using a machine learning approach, and the link whose probability exceeds a given threshold is accepted as valid.

2. Second step: the procedure extracts all the information from websites by using web scraping techniques. Besides the text appearing in the pages, it reads also some additional information, such as images, HTML tags, meta-keywords, pdf files, etc.
Two kinds of web scraping approaches have been considered: i) generic web scraping; ii) specific web scraping.
2.2. The Text Mining phase
The automatic extraction of statistical information from Internet is extremely appealing considering the huge amount of data freely available through this channel. However, the amount of data is also a big problem and it is worsened by its completely not standardized structure and by noisy and not completely homogeneous data. Therefore, to identify the relevant parts of the extracted information, a quite articulated procedure has been developed, that requires the use of several steps of text mining methods and techniques.

Text Mining is the branch of Data Mining concerning the process of deriving high-quality information from texts [1]. Modern text mining methodologies require the integration of natural language processing techniques (see e.g. [2]) with several advanced machine learning techniques. 

Natural language processing is an approach which allows to find meaning of the free text. This is done by using several techniques such as:

· Tokenization: splits string into still useful linguistic units.

· Lemmatization: removes the inflectional ending to return the word to its basic lemma.

· Part-Of-Speech recognition: identifies a word as a particular part of speech (such as: noun, verb, etc.).

· Word embedding: maps words or phrases from the vocabulary to real numbers vectors.

In general, a very high level model for text analysis includes several text processing tasks, such of these are:

· Language identification: detects the language(s) present in a document. 

· Information retrieval: gathers results relevant for the specific needs of the user.

· Information Extraction: extracts structured information from unstructured and/or semi-structured machine-readable documents. 

· Summarization: provides a self-contained and internally cohesive text which serves as a selective account of the original.

In some cases, according to the specific needs the sequential application of some of these tasks allows to obtain directly the requested information as, for instance, to estimate the presence in website of links or references to the enterprise's social media. Other cases, as the problem of automatic detection of enterprise’s characteristics, need the use of machine learning methods. For instance, determining whether an enterprise website offers online job application facilities is a supervised classification problem [3, 4].
2.3. The Machine Learning phase
Engineering a statistical production process which includes Big Data sources could include Machine Learning (ML) techniques to guarantee their automation. In general, ML algorithms embody the principles of Data Mining aspiring to enables computer systems to learn behaviour from data in order to take autonomous decisions [5]. There are many different kinds of machine learning algorithms for discover patterns in Big Data that lead to actionable insights. At a high level of abstraction, these different algorithms can be classified into three groups based on the way they ‘learn’ about data to make predictions: supervised learning, unsupervised learning, semi-supervised learning. In case of the automatic detection of enterprise’s characteristics it needs to involve supervised classification techniques [3, 4], for the use of algorithms that simulate a learning process for the construction of predictive models. For this task a training set is required, that constitutes the source of information to build a classifier able to automatically categorize the enterprise websites. The classification algorithms used are Deep Forest, Random Forest and Support Vector Machine.
3. Results

The experimentation considered a sample of enterprises from the SBR (about 100,000 active corporations or partnerships) stratified by size, in terms of employment and turnover, and by economic activity, in order to take into account the differences in the structure and contents of the web sites possibly caused by these factors. The main challenge for using Big Data is to move from experimentation to production, thus the first output has been a prototype with new enterprise-level information, linked to the SBR. Table 1 shows the units in four groups according to the approach used for identifying them on the web. For all types of source the procedure verifies the correct identification of URLs, in order to confirm the exact correspondence between websites and enterprises in the SBR. To all the extracted test the Information Retrieval techniques have been applied for the recovery of the relevant textual information contained in it. In particular, through pattern matching on strings. Table 1 shows some examples of the results obtained when the retrieved information is compared with the same characters available in the SBR, through matching techniques and string similarity metrics, as described in §2.
Table 1. Sampled enterprises by identified characters and by source of info for the URL
	CHARACTERS
	Total
	URLs available from admin source
	URLs from certified mails
	URLs from web portals
	URLs from search engine

	Company name
	100,000
	64 %
	14 %
	5 %
	17 %

	Tax code/VAT number
	80,440
	60 %
	9 %
	5 %
	26 %

	Enterprise street address
	103,000
	70 %
	8 %
	7 %
	15 %

	E-mail Address
	198,000
	60 %
	10 %
	3 %
	27 %

	Telephone number
	230,000
	63 %
	8 %
	7 %
	22 %

	Company capital
	21,580
	40 %
	4 %
	35 %
	21 %

	Presence on Social Media
	131,830
	65 %
	9 %
	6 %
	20 %

	Presence of online job application facilities
	15,000
	52 %
	16 %
	2 %
	30 %

	Total sampled units
	115,751
	64 %
	14 %
	5 %
	17 %


4. Conclusions

Thanks to the register-based approach to the Big Data there is a ‘two-way’ information flow, to and from the register. On the one hand, the register acquires the new and earlier information from the web and catalogues it in a coherent way for multiple purposes, enlarging its content, for a concrete support for statistical production; on the other hand, the data of the web, once inside the informational world of the register, are integrated with all the other variables from administrative and statistical sources, and in this way the unstructured data of the web acquire a ‘structure’ and could benefit from all the available statistical classification: the link with the register provides information on the subpopulations of interest and on the reference universe; web data receive a name, a size dimension, a collocation in the territory, etc. using all the classifications in the register. The wide coverage of the SBR becomes a support platform for Big Data.
Without any doubts Big data present evident benefits, enriching statistical production with new information, increasing the timeliness of statistical products in a short time and increasing the relevance of business statistics at a lower cost than enlarging the existing data. A point of strength is that the web is an independent source of data, while all the other sources, administrative and statistical, can be considered in some way linked to each other and influencing each other. The picture provided by the Big Data may be a representation closer to reality: this is how the enterprise sees itself and how it wants to present itself to the outside. Despite benefits there are also serious risks: the difficulty to manage rapidly growing volumes of data resulting in a high consumption of computing and storage resources;  technical limits like the long run time necessary for the crawler to get the entire content and the restrictions caused by the security barriers inside the website preventing automatic access. Statistical problems are even more critical: the difficulty of certifying the quality of information and the data reliability; how to attribute information with certainty to an SBR enterprise; and how to classify with certainty the universe to which a set of data extracted from the web belongs.
The Big Data change the way we collect, analyse and integrate data. To integrate the Big Data analytics tools in the context of current production processes means to combine data-driven processes – based on input data that do not come from sources that are specific for statistical purposes, as they are not homogeneous, not structured or semi-structured, and not stable over time – with processes based on an output-oriented approach, since in the context of official statistics, production processes are constructed with a view to obtaining statistical outputs. The lesson learnt is that the best way to integrate these two logics is to use a register-based approach combined with a multidisciplinary investment. The different professional skills worked together, sharing their high level skills, facing problems by collaborating on a shared competence base, thus creating synergy: there were step-by-step advances obtained thanks to these interactions and to the critical analysis of results carried out together. While previously the use of data mining and machine learning techniques use mainly methodological/engineering skills, in this new context the thematic expert becomes crucial, to guide and closely follow the integration of web data, large and unstructured, with those well-known and structured of the register.
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