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Introduction
The Italian National Statistical Institute (Istat) is currently engaged in a modernization programme [1] involving a significant revision of the statistical production model. The principal concept underlying this important change is the use of statistical registers integrated in a single logical environment to support the consistency of statistical production processes and improve outputs for users. This new system, named as the Italian Integrated System of Statistical Registers (ISSR) called for a big investment in architecture, methodology and competences. In particular, the ISSR, consists of two main sets of registers [2]:
· Base Statistical Registers, composed by a collection of statistical units belonging to populations relevant for official statistics. The variables characterizing such units, derived from administrative sources, are “core” variables, meaning that they are highly identifiable and stable in time. In particular, the base registers identified for the ISSR are: (i) Population (individuals, households and cohabitations); (ii) Economic Units (enterprises, farms, institutions); (iii) Places (e.g. addresses, geographical coordinates) and (iv) Activities.
· Satellite Registers, containing thematic variables derived from administrative sources or direct surveys. 
The ISSR has been created by a massive integration of administrative sources and survey data. At microdata level, different statistical techniques have been adopted, e.g.: record linkage, statistical matching, projection estimators, model predictions for single units, Hidden Markov Models, etc. At the macrodata level, an ensemble of other techniques has been used: e.g.: calibrated estimates, Small Area Estimation (SAE), Bayesian Models, etc.  Many of these techniques, however, result in defining predictions at the unit level. As a major and relevant consequence of using ISSR for statistical production, we have an increase in the amount of available information as compared to each source individually taken. In this paper, we will provide some insights on solutions adopted for solving some major issues encountered in building the system, namely: (i) the integration between surveys and registers, exemplified through the case of the relationships between the Continuous Population Census and the Population Register; (ii) the problem of stock-flows harmonization; (iii) the measure of accuracy of register aggregates; (iv) the data architecture design and implementation, including specific architectural solutions for privacy. We conclude by highlighting the major challenges that are still open.
Overview of Solutions
Population Census and Population Register
The new Census Population programme carries out each year a Population Coverage Survey (PCS), based on an area sampling addresses from the register of places. Since Register-based counts are affected by undercount and by an important component of over-count (note that under-counted person in a municipality contributes to over- counting in another one), the PCS corrects the register population counts for coverage imperfections. The methodological framework – based on  the Dual System Estimation method extended for taking into account the over-coverage [3], assumes that  the number of usual residents in a given municipality, , can be expressed as follows:



where: g denotes a post-stratification cell; , is the register total of the number of people in the post-stratum g;  is the PCS estimate of proportion of usual residents among those registered, being  the estimate of the over-coverage proportion in the register; is the PCS estimated proportion of people registered among those usual residents, being ( the estimated under-coverage proportion; and   for  is the individual weight used for estimating the register counts. The post-stratification cells g are defined at geographical level by the cross tabulation of the variables age class, sex, citizenship and household size. This architectural methodology ensures that (i) the census and register counts are aligned, (ii) the register counts are corrected for coverage problems, (iii) the estimated register totals  are subject to uncertainty the register users should be aware of (see section 2.3), (iv) the relative uncertainty of the estimates  decreases as the value of  increases.

Stock-flows Harmonization
Ideally, register-based counts of population (‘stocks’) should be consistent with information about demographic events (‘flows’) available from municipal civil registries. In particular, population size estimates at different reference times should fulfill the demographic balancing equation (DBE), which states that the final population counts are equal to the starting population counts plus the sum of natural increase and net migration:
= + (B – D) + (I – E)           (2)
where:  and  are the register counts obtained by equation (1), (B – D) is the difference between births, B, and deaths, D, in the period , the net migration (I – E) is the difference between immigrants I and emigrants E in the same period.
In practice, in a production setting, each component of the DBE will be estimated independently and, owing to sampling and non-sampling errors affecting all the involved data, the DBE will not be trivially satisfied. Therefore, suitable methods have been investigated in order to obtain consistent final estimates. These methods simultaneously adjust both the initial estimates of register counts and the rough civil registry figures, in such a way that the resulting microdata exactly fulfill the DBE.
More specifically, the DBE is exploited [4] by jointly enforcing (i) the time consistency of estimated population counts (obtained by the Population  register) to consequent points in time, as well as (ii) the space consistency between natural increase figures and population size estimates referred to different geographic areas, obtained by independent demographic flows. Given initial, rough estimates of stocks and flows entering the demographic balancing equations defined for all the geographic areas of a given territorial level, the final estimates are balanced, i.e. (i) they satisfy all the DBEs, and (ii) they are as close as possible to the initial estimates. To this aim, we use as objective function a weighted distance, so that aggregates whose initial estimates are more reliable will tend to be changed less. To solve the optimization problem, we exploit methods that are commonly adopted inside National Statistical Institutes for balancing large systems of national accounts (see e.g. [5]). In practice this methods slightly modify the weights  of equation (1), ensuring time and space consistency of register aggregates.
Accuracy of Register Aggregates
The register values are the output of statistical processes subject to statistical uncertainty with respect to both units and variables. We have chosen not only to make the different stakeholders aware of their level of accuracy but also to adopt a solution allowing them to compute the accuracy of their estimates autonomously. In the ISSR statistical setting the uncertainty of the register aggregates derives from both the surveys sampling design (P) and  the model (M) used to estimate the micro-level values in the register. The proposed measure of accuracy of a register aggregate  (which is an estimate of the total unknown Y) is the anticipated variance which has been introduced in literature for dealing with different inference problems (see [6] and [7]), and can be defined as:
		(3)
where   and   denote respectively the sampling and model expectations.                
Data Architecture
The aim of the ISSR is to integrate the data of all the registers, to this end the units of the registers are uniquely identified within the system by a specific code. This information is used to connect each unit in a register to other units in the various registers of the system. 
The ISSR data architecture (see Figure 1) includes two layers [9]: data virtualization and data consumption. Data virtualization is the new data integration approach, which offers flexibility and agility to quickly retrieve data from all registers on the fly. Data virtualization overcome in this way the limitations of older approaches such as those based on ETL and data replication. This layer is composed by Physical Integration that combines data by foreign-key constraints using the unit identification link (the code), and by Integrated Micro Layer that integrates and transforms data, then exposing them as views. 
The Macrodata Layer positions itself upon the Integrated Micro Layer and provides aggregated data to users to conduct analyses or business intelligence activities. The semantic level provides access to data via OBDM (Ontology Based Data Management), which is the approach implemented in the Semantic layer.
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The OBDM approach includes three different components, namely: (i) Ontology: formal, shared and explicit representation of the conceptualization of the domain of interest expressed through the formal language which makes it "machine-actionable". (ii) Data sources: consisting of sources heterogeneous both semantically and technologically. (iii) Mapping: set of rules expressing the correspondence between data and concepts/attributes of the domain of interest defined in the ontology. This approach allows, not only to document the domain of interest, but also to realize and/or manage the semantical integration of the data in the ISSR.  The ontology design process is iterative and  is based on the cooperation between domain experts and ontology designers. The ontology modeling phase is iterated until the ontology does not represent completely and correctly the domain. After the ontology’s validation, the mapping rules are defined allowing an integrated, ontology driven, access to data. 
A relevant aspect of the architecture is the privacy design.  In the system, there are three specific architectural solutions that have been designed and are under implementation: (i) a unique, numeric identifier used only internally to Istat, replacing identitity numbers (e.g. fiscal code) as well direct personal identifier (e.g. name and surname). (ii) Restricted and controlled access to data in the ISSR. (iii) A software layer that permits to aggregate only according to some “pre-defined” rules. 
Conclusions
In this paper, we described the methodological and architectural solutions we put in place to build the Integrated System of Statistical Registers (ISSR). Many of the adopted methodological and architectural solutions are highly innovative and impact processes and data assets at enterprise level.
In order to harness the complexity of the ISSR, we stressed the role of Enterprise Architecture [9] both at organizational and technical levels. In this way, we had the possibility of monitoring the alignment of the strategical directives with operational projects in a continuous way.  
Further developments in the next future are mainly related to continue the development of the ISSR according to the described solutions, mainly investing in a full-fledged production of aggregates from the ISSR.
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