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Structuring data and metadata for reusability and interoperability

Lars Thygesen, OECD

A.1.1 Introduction

When data and metadata are going to be shared between two or more parties using SDMX, evidently there must be an agreement on how the data need to be organised. There is a great degree of freedom in this as SDMX can be viewed as just a technical format that can accommodate any structure of the contents. Historically speaking, there has been an inclination to basing such structures on old data structures, e.g. on a paper publication that one wishes to publish, and which combines variables in a certain way that is influenced by the paper format.

However, it is important that the organisation should reflect the content of the data in a logical way. Otherwise the following problems will arise:

· it will be difficult to explain the structure to new participants in the data sharing and implement it in their systems, and misunderstandings are likely to accrue,

· it will be difficult to change the format according to data needs going beyond what was originally envisaged,

· it will be difficult to avoid duplications within the data structure and across different subject matter domains,

· it will be difficult to reuse parts of the data structure in adjacent statistical domains, and thus be able to subsequently use such data together from neighbouring domains.

This chapter deals with ways of avoiding these problems.

The agreed structure of the data to be exchanged is laid down in the SDMX Data Structure Definition (DSD), and linked to this there should be a Metadata Structure Definition defining the metadata that should be attached to the data. The DSD is based on multidimensional cubes as described in the following. The dimensions of such a cube should be clean concepts existing in real life, rather than just something that has been put together to fit the dimensions of a piece of paper; the “paper” dimension have a tendency to combine several dimensions into one, presenting some of them in an incomplete manner.

In order to enhance interoperability, i.e. the ease with which the data can be connected to many different systems and different data users, it is also important to use as far as possible the cross-domain concepts and codelists defined in the SDMX Content-Oriented Guidelines.

A.1.2 The multi-dimensional cube

Statistical data (macro data) should be organised in a standardised way as datasets structured as multi-dimensional cubes, where the dimensions can be:

· a reference time variable (e.g. year, year/quarter, year/month)

· one or more space variables (e.g. country, region)

· zero, one, or more additional classification variables, classifying a population of observed objects (e.g. persons, households, enterprises, goods, events, transactions, relationships)

Each cell in a multidimensional cube contains a value that represents the estimated value(s) of one or more parameters of the subset of the population corresponding to that cell; the subset is defined by a combination of values (coordinates) for each one of the dimension variables. A parameter is an operator (e.g. count, sum, mean) applied on the values of a summation variable (or vector of variables), e.g. income, of each object in a collective of objects. If there are more than one parameter in the same cube, the vector of parameters may be thought of as a “parameter dimension”, and the elementary cells of the cube will contain estimated values of the different parameters, “side by side”
. 

The multidimensional cube can be modeled as in Figure 1 below.
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Figure 1: The multidimensional cube

A.1.3 Attaching metadata

Metadata are data about the data in the dataset. In principle, all metadata concerning the data could be seen as attached to the individual data values in the individual cells of the multidimensional data cube, i.e. the estimated values of parameters of object collectives corresponding to the cells in the cube. However, this would cause a lot of redundancy, both from a conceptual and from a physical point of view. Instead one should try to factor out metadata that are common for all data concerning a certain “attachment object” and associate those metadata with that attachment (metadata) object. 

In relation to the SDMX data structures that can be exchanged, metadata must be attached to one or more of the following levels:

· a dataset (consisting of more than one data cube, to be exchanged together)

· a multidimensional data cube

· a variable (the values of which have been observed, derived, or aggregated)

· a dimension (a variable acting as dimension)

· a dimension member (one value of the dimension variable)

· a parameter (i.e. the concept that is being measured in the table cells)

· a time series

· an observation or a table cell

Metadata may also be attached to objects at a higher level :

· a statistical system (comprising a system of surveys, databases, and standards: definitions, classifications, methodologies, etc)

· a survey (by means of which values of variables have been observed and processed, and values of parameters have been estimated for one or more populations)

· a complete database (consisting of more than one dataset)

In this case, the metadata must be inherited down to the levels represented within the data cubes to be exchanged, i.e. to the dataset level or lower levels.

If certain metadata could be factored out to several alternative attachment objects, and these objects are hierarchically related to each other, one should associate the metadata with the object that is on the highest level possible in the hierarchy, “the highest attachment level”.

Figure 2 below visualises a conceptual model for organising the metadata associated with the statistical data stored in the logical form of multidimensional cubes. Both structural and reference metadata can be organised according to this model. The model is general and non-domain-specific, which means that it can be used for all kinds of statistical data, emanating from all kinds of statistical surveys (e.g. social, economic) in all kinds of statistical systems (e.g. national, international).

Figure 2 may be viewed as consisting of three major parts:

Part 1: The datasets to be exchanged, viewed as sets of multidimensional data cubes.

Part 2: The statistical system and its surveys and processes, from which the datasets emanate.

Part 3: Statistical concepts referred to in the structural metadata of the statistical datasets: populations and object types, variables and value sets, parameters

The contents of Figure 2 will now be analysed in some more detail, indicating also which metadata objects could be suitable attachment levels for which metadata items.
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Figure 2. A model for organising all kinds of metadata concerning a dataset of statistical data.

A.1.4 Datasets, multidimensional data cubes, and associated concepts

The highlighted area in Figure 2 is actually the skeleton of what should be exchanged by means of the SDMX standard. There is an object hierarchy in the highlighted box starting with DataSetInstance and ending with DataCubeCell. In addition to the data in the data cube cells, the dataset should be enriched with metadata properly placed on the relevant attachment levels in the hierarchy.

According to the model proposed here, a DataSetInstance (corresponding to the physical dataset to be exchanged) should always be conceptually broken down into a number of multidimensional cubes (i.e. at least one), where each cube is associated with one primary (generic) population, e.g. in the case of migration statistics, either Persons or Households or MigrationEvents. The primary population is the population whose objects are counted and measured. In the dataset to be exchanged (and in the survey(s) behind the dataset), one may have counted and measured both Persons and Households and MigrationEvents, but, if so, one must break down (conceptually at least) the dataset into one cube for Persons, one for Households, and one for MigrationEvents; cf. the normalisation of relational tables in a relational database. Obviously, the three cubes will be related to each other and may have exactly the same structure. Thus data associated with objects belonging to one object type in one cube may be associated with objects belonging to another object type in another cube. For example, household data may be associated with the persons belonging to the household, and vice versa, and the data about MigrationEvents in a MigrationEvents cube may be enriched with data about Persons and Households involved in the MigrationEvents.

Box 2: Terminology

A Dataset is a collection of all data that describe a certain domain, e.g. a survey.

A Data cube (or cube) is a multi-dimensional data space that contain all or part of the statistical data belonging to a dataset; a data cube has a number of dimensions and one or more parameters

Thus each DataCube belonging to a DataSetInstance will be associated with exactly one ObservedPopulation. A population is a collective of objects of interest. They share a common property (a rule) that define them as members of the population, the population property (e.g. persons aged 65 and above living in Sweden). A population may be subdivided into subpopulations or domains of interest. One often subdivides a population into subpopulations by cross-classifying it by means of a number of classification variables.  

An ObservedPopulation (e.g. persons living in Sweden as of 1 January 2006) could be seen as an instance of a GenericPopulation (e.g. persons living in Sweden), which means that metadata, which are common (as a rule) for all instances of a certain GenericPopulation, could (and should) be attached to the latter rather than to the former. However, if there are exceptions to such a “commonality rule”, these should be noted on the instance level (in this example, information on the geographical delimitation of Sweden and the definition of what it means to be “living in Sweden” should be attached at the generic level).

On an even higher generic level, object instances, object populations, and generic populations may be seen as belonging to (or being composed of) an ObjectType (also called StatisticalUnit). Examples of basic object types in official statistics are Person, Enterprise, Building, Commodity, Vehicle, Service, FinancialAsset, NaturalResource, Livestock, Crop. Other common object types in official statistics are compound objects like events, transactions, and relationships involving more than one basic object, e.g. PersonMigration, TradeTransaction, RoadAccident, MarriageEvent, MarriageRelationship, DivorceEvent, EmploymentEvent, EmploymentRelationship. Like basic objects they may be counted and measured, but compound objects are associated with other objects, which may also be counted and measured in their own right. For example, a trade transaction is associated with a seller, a buyer, and a product, and a road accident is associated with a number of vehicles, a number of persons, and a road segment.

The association of an object with certain fundamental object types are permanent. For example, a person will always remain a person. The association with other objects types may be temporary and dependent on the role of the object for the moment. Examples: sellers, buyers, drivers, passengers, students, patients, employees, etc.

A TimeDimension (if time exists as a dimension) of a DataCube will refer to a TimeScale, which may be regarded as a kind of Variable with certain typical types of ValueSets.

A SpaceDimension (if space exists as a dimension) of a DataCube will typically refer to some kind of geographical variable, taking values from a standardised regional Classification.

A ClassificationDimension of a DataCube will refer to a qualitative variable or a quantitative variable, whose values have been grouped into intervals or classes (dimension members). The ValueSet of a classification variable may be a standard (national or international) Classification or some variant of such a standard.

During a survey one collects values of a number of observation variables for each object in one or more populations. Values of other variables may also be obtained for the same objects from other surveys, or by deriving values of new variables from the values of other variables.

In general, a Variable takes its Values from a ValueSet. Standardised value sets are called Classifications. New classifications and value sets may be formed from existing ones by combining intervals or groups of values into new values. Classifications are often built hierarchically in levels in such a way that a group value on one level consists of several more elementary values on the next lower level. Regional classifications are typical examples of hierarchical classifications: a country may consist of counties, which again consist of municipalities. The values in a value set or a classification are often represented both by verbal labels (names) and by codes. For hierarchical classifications the hierarchy is usually reflected in the codes in some way or other.

A ParameterDimension will refer to one or more EstimatedParameters. If there are more parameters than one, they must all apply to the same population and subpopulations (domains of interest), as defined by the cross-classification of the other dimensions.

When values for a number of variables are available for all objects in the population (or a random sample of the population), either as the result of direct observations or by more or less complex derivations from such observations of other variables, the values of a number of parameters of the population (and subpopulations) are estimated by means of an aggregation or calculation process. A parameter summarises the values of a variable (or a vector of variables) for the objects in a population or subpopulation. Examples of parameters are frequency counts of the number of objects, sums, averages, and medians of quantitative variables, modes, variances, covariances, correlation coefficients, etc.

A DataCubeCell of a multidimensional DataCube will contain the estimated value of a parameter for a subset (domain of interest) of a population; the subset is defined by combining one value in the value set for each one of the classification variables (dimension members)
.

Thus the number of cells in the data cube will be the product of the number of estimated parameters and the number of values of each one of the classification variables.

Example: International trade

A DataCube can contain the (estimated) values (in USD) and quantities (in kg) of trade flows for 5 years between 200 exporting countries and 200 importing countries, broken down by a classification of 6000 commodities; this DataCube has 2 EstimatedParameters and 4 dimensions, and it will (ideally) consist of 2*5*200*200*6000 cells
.

If the data cube turns out to become very sparse, meaning that a large number of cells are empty, data compression techniques may be used for economising with storage space and access speed. From a conceptual point of view, however, this is of no importance.

Even the individual data cube cells may be appropriate attachment objects for certain types of metadata, e.g. so-called footnotes and flags.

A.1.5 Use standardised classifications and concepts

When specifying the data model for the data, it is important to use, where ever possible, internationally standardised variables and concepts. This is the case for the dimensions of the data cubes as well as for the parameters in the tables.

If a concept is defined in the SDMX Cross-Domain Concepts and codelists, it should evidently be used. Furthermore, internationally agreed classifications should be used as far as possible
.

A.1.6 Use of the generic data/metadata model with SDMX

The statistical data/metadata model presented above is general and domain-independent. This means that it will cover all kinds of statistical data and metadata to be made publicly available on the Internet or to be exchanged or shared between national statistical agencies and international organisations. 

Furthermore, all of the components of this model can be transformed in a systematic way into an SDMX-compliant generic model expressed in XML. 

Since cube models, as actually practiced in national statistical agencies and international organisations, differ slightly between themselves and cannot always be said to be standardised,  the transformation takes place in two steps:

Step1: Non-standardised cubes are transformed into normalised cubes as defined in this chapter; this means for instance that in cases where several logical dimensions have been concatenated into one dimension, this should be corrected.

Step 2: Normalised cubes are transformed into standardised SDMX messages, defined in Data Structure Definitions. This is a straightforward one-to-one operation.










� In exceptional cases there may be more than one time variable, e.g. if the statistical data contain “change matrixes”, where a certain cell (i, j) in the matrix shows the change in a variable between time (i) and time (j). In other cases the time dimension may seem to be missing, but this usually means that time has a constant value, i.e. all data are implicitly associated with the same time (point or interval).


� In the case of migration statistics there are (at least) two space variables, the origin location and the destination location respectively. In other cases the space dimension may seem to be missing, but this usually means that the geographical dimension has a constant value, i.e. all data are implicitly associated with the same country, region, etc.


� This is what is called in SDMX a cross-sectional dataset; there is a special SDMX-ML data message for this kind of data. An example is international trade statistics, where dimensions may include Country of export, country of import, commodity, and the parameters may include value, weight and other quantity measurement


� In order to fully understand the meaning of the term ”generic” one may consider the parallel with human beings as a species (i.e. generic), on the one hand, and as instances of this species on the other. Human beings have certain properties in common, such as (usually) having one head, two eyes, one nose, one mouth, two arms, two legs, etc. However, on the instance level there will be exceptions for almost all such properties; a person may have only one eye and be missing arms and legs, but we will still be able to recognise this person as a human being.


� Often, two of the dimensions are space and time.


� The cells of one country exporting and importing from itself would of course be empty, and in real world statistics, the import estimate of country x from country y would not equal the export estimate of country y to x.


� The UN Classifications Registry can be found at � HYPERLINK "http://unstats.un.org/unsd/cr/registry/default.asp" �http://unstats.un.org/unsd/cr/registry/default.asp�
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