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1 Scope of this Paper 
The scope of this paper is to enable both managers and technicians understand how the SDMX 

Information Model supports a metadata-driven approach to data collection, discovery, and 

dissemination, and how an SDMX Registry is pivotal to how this is delivered. 

The objective of this paper is twofold 

1. To encourage organisations that are considering changing some of their systems to see 

whether the SDMX Information Model is “fit for purpose” to support some of their use 

cases. 

and, if yes 

2. To experiment with an SDMX Registry as a pivotal artefact in the collection, validation, and 

dissemination of statistical data. 

The examples given in this paper are from real systems using production tools based on the SDMX 

Information Model, such as Registry, validation services, and data dissemination.  

2 Validation and Dissemination Processes 
The processes covered in this paper are shown in the table below together with the fundamental 

Information Model constructs that support these. The role that these constructs play may be 

different for different processes, and these are explained in more detail in this paper. 

Process Constructs Role 

Data 
validation 

Data Structure Definition and related 
Concepts and Code lists 
Dataflow and related (valid) Content 
Constraint 
Provision Agreement and (valid) Content 
Constraint 

Validate data using the constrained 
DSD specification of the Dataflow 
Validate data using the additional 
constraints of the Provision 
Agreement 

Data 
discovery 

Category Scheme 
Concepts 
Data Providers 
Dataflow 

To enable the building of high level 
data discovery allowing the user to 
drill down to the broad data topic of 
data of interest (Dataflow). 

Query data 
sources 

Data Structure Definition and related 
Concepts and Code lists 
Actual Content Constraint 
Hierarchical Code List 

To enable the building of search 
criteria that will bring back the data 
required.  

Single user 
interface to 
multiple 
data sources 

Dataflow 
Provision Agreement 
Registration 
(Actual) Content Constraint 
Data Provider 

Building and managing a data portal. 
 

Attach 
metadata to 
data points 

Metadata Structure Definition 
Metadata Set 

Unite metadata in the metadata set to 
the data points or structural metadata 
points to which the metadata relate. 
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The example topics used in this paper are data from the Organisation of Economic Cooperation and 

Development (OECD: topics are Population and Immigration), EU Census, and Eurostat National 

Accounts. 

Two major use cases are used in this paper: data validation and data dissemination. The screen shots 

in this paper are taken from the following web locations: 

SDMX Registry: http://registry.sdmxcloud.org 

Data Validation: http://data.sdmxcloud.org 

Data Dissemination: http://demo.metadatatechnology.com/FusionMatrix 

3 Fusion Cloud Registry 
The registry used in the paper is the Fusion Cloud Registry, the same registry that is used by the 

Global Registry. 

The Fusion Cloud Registry is a free-to-use SDMX Registry and is made available both as a GUI for 

both visualisation and structural metadata maintenance, and as a web service which implements the 

SDMX web services guidelines. 

Typical uses are: 

1. Where an organisation wishes to use a registry on a production basis but does not wish to 

install the Fusion Registry in its own system environment (at least not yet), and does not 

wish to maintain or publish its structures in the Global Registry.  

2. Where an organisation wishes to experiment with structural metadata, perhaps prior to 

publishing in the Global Registry (there is a “PUBLISH” facility to enable publishing to the 

Global Registry). 

3. Where an organisation wishes to use the features (including validation) of the Fusion Data 

Cloud Service or make these features (and in particular the data validation feature) available 

to its data providers. This enables an organisation to validate its data before it is reported 

and exchanged. The data validation service is free to use and there is a very simple self-

registration facility to create an account. 

All structures in the Fusion Cloud Registry are public and available for viewing and downloading. It is 

possible to link this registry to another registry that has private structures and these can be made 

visible only to selected users (this is a Premium service). In this way the free to use validation service 

can be used in a restricted way. 

The Fusion Cloud Registry also gives access to the structures in the Global Registry and regularly 

synchronises with the Global Registry to keep itself up to date. 

Use of the Fusion Cloud Registry is free and it is supported (queries on use, bug fixing, suggestions 

for improvement etc.). 

4 Metadata Driven Data Processes  

4.1 Metadata Models 
There is much talk of metadata driven processes in the context of the “industrialisation of statistics”. 

The industrialisation of the processes concerned with data validation and data dissemination lends 

itself to being driven by metadata. However, a pre-requisite of a metadata driven system is a 

http://registry.sdmxcloud.org/
http://data.sdmxcloud.org/
http://demo.metadatatechnology.com/FusionMatrix
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metadata model. The tools used to support this paper are built with SdmxSource, an open source 

implementation of the SDMX Common Component Architecture (www.sdmxsource.org) and are 

therefore an implementation of the SDMX Information Model (SDMX-IM). For the two uses cases of 

data validation and data dissemination this model is functionally a superset of the equivalent part of 

GSIM (Generic Statistical Information Model). For these two processes the SDMX-IM is a superset it 

has constructs additional to those in GSIM to support more granular data validation, and to augment 

data discovery. 

4.2 The SDMX Information Model (SDMX-IM) 
The key parts of the SDMX-IM used for data validation and data dissemination and the broad role 

they play are shown in the diagram below. 

 

Figure 1 Core metadata supporting data validation and data dissemination processes: 

The role that each of these metadata constructs play in data validation and dissemination is 

described below. As will be seen later most of the metadata play more than one role i.e. the 

metadata can be used both to validate data and to aid data discovery and query.  

5 Data Validation 

5.1 Information Model Constructs 
The data validation process is driven by the metadata constructs shown below. 

http://www.sdmxsource.org/
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Figure 2: Core metadata required for data validation 

5.2 Data Structure Definition 
The Data Structure Definition (DSD) is the fundamental structure in the SDMX-IM concerning data: 

it defines the valid content of a data set in terms of its dimensionality, variables, concepts, and valid 

content for the variables (e.g. code list or other data type). Note that whilst the SDMX-IM supports 

variables, there is no explicit construct called variable in the model and so this term is not used 

further in this paper unless required in a specific context. In the DSD a Dimension, Data Attribute, 

and Measure is the variable as these constructs join a Concept to its representation (“Represented 

Variable” in GSIM). 

A more granular view of the structure of DSD is shown below. 

 

Figure 3: Schematic showing the components of the Data Structure Definition 

There are three types of construct in the DSD: Dimension, Attribute, and Measure. Each of these 

combines a Concept with its representation. This can be either a reference to a Codelist or a non-

coded data type such as “integer”, “string”, “date/time”.  

The role of the three types of construct (Dimension, Attribute, and Measure) is as follows: 

A Dimension is an Identifying Component, in other models this is known as a Classificatory Variable. 

When a value is given to each of the Dimensions in a data set (this is often called a “key” or a 

“series”) the resulting key, when combined with a time value, uniquely identifies an observation. The 

DSD construct that specifies the Concept and expected representation of an observation is called a 

Measure. Additional metadata that is useful for understanding or processing the observed value is 
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called an Attribute in the DSD. Examples of an Attribute are a note on the observation, a 

confidentiality status, or the unit of measure used. 

Shown below is an example of Census data and how the values in the data set can be validated 

against the allowed values specified in the DSD. 

 

Figure 4: Metadata used to validate a Data Set 

This diagram shows the relationship between the Dimension concepts identified in a single series in 

a data set and the contents of the DSD that defines the Dimensions and allowable values. Whilst the 

data set snippet shows only the Dimensions, the Attributes and Measure have a similar relationship. 

Each series in a data set must define a unique combination of dimension values, and this identifying 

combination is referred to as the “series key”. 

The DSD supports the following validation to be performed on the data set: 

 The reported concepts used are valid, and all the expected concepts are present 

 The role of the concept is valid (i.e. Dimension, Attribute, Measure) 

 The value reported for the Concept is valid (e.g. AGE has a value of Y_15-29 which is 

contained in the code list CL_AGE) 

Note that for a coded Dimension/Attribute/Measure the data set contains the code id, and not the 

code label. 

Further metadata to aid validation can be specified in the Dataflow. As can be seen from Figure 1, 

the Dataflow references a DSD and this DSD contains nearly all of the metadata required to validate 

the contents of a data set.  

5.3 Dataflow 
The Dataflow is a pivotal construct in the SDMX-IM: it is the construct for which data is both 

reported against, and disseminated against. It makes use of the structural information defined by 

the DSD, but enables for further restrictions to be specified for the allowable content.   

 It links to a DSD that defines the valid structure and content for a data set. 
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 A Content Constraint can attach to a Dataflow to further constrain the permissible values for 

the Dimension/Attribute/Measure of the DSD. For example, there may an organisation-wide 

code list for geography, or occupation, or industry but the Dataflow may restrict the valid 

codes to a sub-set of these in the context of a specific data collection (Valid Content 

Constraint), or data dissemination (Actual Content Constraint) scenario. 

The Dataflow links to the Provision Agreement. 

5.4 Provision Agreement 
The Provision Agreement contains information about the supply of data by one Data Provider for 

one Dataflow. In a data collection environment it can contain a link to a Constraint that further 

constrains the allowed values that can be reported by a Data Provider and which can be used in a 

validation process. An example would be that the Data Provider would normally be restricted to 

report data only for the country for which the Data Provider is responsible. 

 

Figure 5: Dataflow and Provision Agreement and related metadata supporting data validation 

5.5 Example Validation Service 
This service uses the Fusion Cloud Registry (https://registry.sdmxcloud.org).  

 

Figure 6: Typical processes in a validation system 

Depending on the requirement not all of the processes will be used: Mapping, Visualisation, and 

Export are optional processes in this service. 

https://registry.sdmxcloud.org/


8 
 

  

Figure 7: Loading a file to the service 

Note that the service is able to detect the data structure if this information is included in the data 

set. 

 

Figure 8: Validation result – note that these errors have been deliberately introduced to show examples 

The validation comprises multiple types of check. 
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6 Web Data Dissemination 

6.1 Dissemination Processes 
Once the data and metadata are made available in the databases and metadata repository there are 

five major processes involved in Web-based data dissemination. 

 

 

Figure 9: Typical processes in a Web-based data dissemination system 

Each of these is discussed below in terms of how the constructs in the SDMX-IM support the process, 

together with an example of a dissemination system using these constructs. 

6.2 Data Discovery 
The SDMX-IM supports data discovery in three ways, filtering the search by Data Provider, by 

Category, and by Concept. Note that for each option the search is for one or more Dataflows that 

match the filter criteria. 

The examples below are taken from the demonstration dissemination service of the Fusion Matrix 

(http://demo.metadatatechnology.com/FusionMatrix/). 

Filter by Data Provider 

This uses the following constructs in the Information Model. 

 

Figure 10: Information Model support for filtering by Data Provider 

Each Provision Agreement represents one Dataflow linked to one Data Provider. 
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An example of this method of data discovery in a dissemination system is shown below. 

 

Figure 11: Data discovery filtering by Data Provider 

Filter by Category 

This uses the following constructs in the Information Model. 

 

Figure 12:  Information Model support for filtering by Category 

Note that each of the Dataflows can be connected to one or more Categories and any one Category 

can be connected to zero or more Dataflows. Only the Categories that are connected to Dataflows 

are shown in the Fusion Matrix GUI so this ensures that the data discovery will result in at least one 

Dataflow with data. 
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An example of this method of data discovery in a dissemination system is shown below. 

 

Figure 13: Data discovery filtering by Category 

Here two Categories have been chosen which has resulted in three Datasets that meet the selection 

criteria i.e. the Dataflow is related to a Category. 

Filter by Concepts 

This uses the following constructs in the Information Model. 

 

Figure 14:  Information Model support for filtering by Concept 
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An example of this method of data discovery in a dissemination system is shown below. 

 

Figure 15: Data discovery filtering by Concept 

Here the Dataflows matching any one of the filter Concepts are shown. The Dataflow displays all of 

the Dimensions relevant to the Dataflow, and any matching Dimension matching the filter is 

highlighted. 
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6.3 Querying Data Sources 
This uses the following constructs in the Information Model. 

 

Figure 16: Information Model support for data selection 

The DSD and associated Code Lists (e.g. sex code list) and Concepts (e.g. Sex) can supply to the 

dissemination system information to enable the building of a query selection function. 

The Dataflow supplies the information on the topics e.g. Population. 

The Actual Content Constraint for the Dataflow, if used, can contain all of the series keys of the data 

sources registered for the Provision Agreements. A typical use of this is to grey-out or hide codes for 

which there is no data in any of the data sources based on the current selection in all of the 

Dimensions. This is important as it prevents the user querying for data that does not exist. 

An example of this method of data discovery in a dissemination system is shown below. 

 

 

Figure 17: Making a query selection 
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In the screen shot above a selection of “Native-born” and “Unknown place of birth” for the Place of 

birth Dimension will not result in any additional data being returned, and so these boxes have been 

greyed-out.  

6.4 Using a Hierarchical Code List 
A simple hierarchy of codes can be created in a Code List and this hierarchy can be visualised to 

assist in creating a data selection. 

 

Figure 18: SDMX Code List content showing a simple hierarchy taken from the NUTS (geography) classification for the UK 

The principal restrictions on the hierarchy in a Code List are: 

 there can only one hierarchy, though here is no limit to the number of levels in the hierarchy 

 a code can have only one parent 

 the levels cannot be named 

The SDMX Information Model also has a construct called the Hierarchical Code List (HCL). This 

removes these restrictions. The principal features of the HCL are: 

 multiple hierarchies to be built 

 a code can be used in more than one hierarchy 

 perhaps most important from a data dissemination perspective, the hierarchies can be built 

from multiple Code Lists thus allowing codes to be introduced such as grouping codes (e.g. 

continents or economic communities that group countries taken from a geography code list) 

The Information Model for the HCL is shown schematically below. 
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Figure 19: Information Model constructs for the Hierarchical Code List 

The HCL can have one or more Hierarchies each comprising Levels (optional) and Hierarchical 

Codes. The Hierarchical Code can be linked to a Level in the Hierarchy. Note that the Level is used to 

give semantic information about the Level and does not control the physical hierarchy which is 

specified by the hierarchy of Hierarchical Codes. 

The Hierarchical Code references a Code in a Code List. This Code List can contain a flat list of Codes 

or a simple hierarchy of Codes. The Hierarchy in the HCL need not reflect the hierarchy in the Code 

List as the Hierarchical Code references the Code and this is placed in the context its position in the 

hierarchy of the Hierarchical Code. 

The HCL can be an extremely useful construct in a data dissemination system as it can introduce 

grouping codes and hierarchies that aid data discovery and data query. Importantly, the HCL can be 

built by organisations that do not maintain the Code Lists used by the DSDs which specify the 

structure of the datasets. In other words an HCL can be added to the dissemination system without 

interfering with or changing existing structural metadata that control the content of structure of a 

data set. 

However, whilst the HCL is a part of the SDMX Information Model there is no standard way of 

relating the HCL to a construct such as a Dimension or Dataflow and it is left to individual systems to 

make and use these links. 

The example below shows the use of an Annotation to create the link to a dataflow.  
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Figure 20: Linking and HCL to a Dataflow by means of an Annotation (Fusion Registry screen shot) 

Here the Annotation Title is used to specify the SDMX URN of the HCL to be used for the Dataflow 

and Annotation Type identifies the Dimension for which the HCL is to be used. 

The use of the SDMX constructs is shown below. 

 

Figure 21: Showing part of an HCL where codes are taken from two code lists (Fusion Registry maintenance view) 

An example of displaying this HCL in a dissemination system is shown below.  
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Figure 22: Dimension selection in the dissemination GUI using the HCL 

Note that the codes taken from the Topic codelist are shown in the GUI as being not selectable for 

query, as they do not exist in the DSD and consequently there are no data series. The Hierarchical 

Code used in this example is used solely for grouping the codes in the Series Code List. 

6.5 Querying Metadata Sources 

6.5.1 Reference metadata 

In SDMX, Reference metadata covers all metadata that are not capable of being described in 

structural or process metadata. Examples of this type of metadata are quality frameworks and 

“footnotes”. Typical use of this metadata is to explain and describe in more detail some aspect of 

the data provenance (e.g. surveys used), a particular Dimension value (e.g. the effect on the data 

resulting from the re-unification of Germany) or observation value.  

Reference metadata often relate to data either directly (e.g. Dimension value, Observation value) or 

indirectly (e.g. metadata relating to a Concept, a Code, a Dataflow). The important thing to 

understand about Reference metadata is that these are often collected using different processes 
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and at different times and frequency from data collection. These metadata are often stored and 

maintained independent of the data.  

From a systems perspective the data does not reference the metadata but the metadata identifies 

the data to which it relates. Therefore, one job of the data dissemination system is to unite the data 

and the metadata so that the user has access to both. 

6.5.2 Reference Metadata Structure 

The Information Model for Reference metadata is shown below: 

 

Figure 23: Information Model support for Reference metadata 

Reference metadata can cover many topics and so a (metadata) Report Structure identifies the 

Metadata Attributes that will contain the metadata when reported in a Metadata Set. This is similar 

to the Attribute construct in the DSD but in the Metadata Structure Definition (MSD) the Metadata 

Attributes can be built into a hierarchy. Like the Attribute, the Metadata Attribute can be coded in 

which case a Code List is referenced to specify valid content, or it can be text, HTML markup or a 

number of other types of representation. Again, like the (data) Attribute, the Metadata Attribute 

must reference a Concept as this gives it semantic meaning. 

When the metadata are authored, reported, or exchanged it can only give true meaning if it relates 

to the construct or constructs to which it pertains. Therefore, the MSD also specifies the type of 

construct to which metadata can relate (the Metadata Target) and this can be an Identifiable 

construct such as Concept, Code, Code List, Dataflow etc. or a data key or partial key. For example if 

it is required to author or report metadata for the value of a specific Dimension (e.g. where the 

Country is Germany) or a specific observation, then both the DSD (or Dataflow) and the key will need 

to be specified in the Metadata Set (e.g. Dataflow for Population and the value “Germany” for the 

Country Dimension). In this example the Metadata Target will contain two constructs, the 

Identifiable construct (Dataflow) and the Key Descriptor. The specification of the Key Descriptor as a 

target simply states that the target is a key or partial key which will be specified in the Metadata Set 

when the metadata are authored. 
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If the type of construct is an Identifiable construct then it is possible to specify the valid content of 

the construct when the metadata are authored by referencing any Item Scheme (Code List, Concept 

Scheme, Category Scheme, Organisation Scheme) that contains the valid content.  

The MSD is a flexible mechanism for supporting any type of metadata and many Report Structures 

and many Metadata Targets can be specified in an MSD. Each Report Structure must link to at least 

one, and can be linked to many, Metadata Targets in the same MSD. 

6.5.3 Metadata Set 

The metadata are contained in a Metadata Set. This is analogous to a Dataset with important 

differences: 

 The Metadata Set does not report data values and so there is no observation value. The 

metadata report is comprised solely of (metadata) Attributes. 

 Whilst the metadata can be for a specific observation it can equally be for a Code, a 

Dimension value and may other types of “target”. Therefore, the terms “Target” (of the 

metadata) and Attribute Set are used in the Metadata Set. 

6.5.4 Metadata Dissemination 

It is important that reference metadata related to data values, data sets, specific Dimension values 

etc, are made available to the user when the data are requested by the user. It is rare that the data 

database contains links to metadata so the responsibility falls on the metadata repository to add the 

metadata after the data set is retrieved from the database. 

One way of doing this is by means of one or more Annotations.  

 

Figure 24: Content allowed for an Annotation in SDMX 

Annotations are supported in the SDMX-JSON specification and the SDMX-ML. It is therefore 

possible and quite practical to place the URL of a REST query that will return the relevant Metadata 

Set pertaining to the current data selection. One advantage with this approach is that this type of 

metadata can be inserted into the data response message by a separate process that is independent 

of the current database application. This is achieved by passing to this application the same data 

query so that it can query the metadata repository to determine the relevant metadata to post-

attach to the data set. 

See http://www.unece.org/fileadmin/DAM/stats/documents/ece/ces/ge.40/2013/WP9.pdf for a 

discussion on the various approaches for uniting data and metadata) 

An example of using Reference metadata in a dissemination system is shown below. 

 

Figure 25: Showing a metadata link for the Australia code 

http://www.unece.org/fileadmin/DAM/stats/documents/ece/ces/ge.40/2013/WP9.pdf
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Figure 26: Showing Population Metadata for Australia 

This system places a small  icon at the place to which the metadata relate and clicking on the icon 

will reveal the metadata (retrieved from the URL in the relevant Annotation). 

6.6 Visualise Data 
Whilst the SDMX-IM contains no metadata relating to data layout, it contains a wealth of metadata 

to support a data visualisation system. For instance data structures enable a system to pivot tabular 

data, and all structural metadata can have multi-lingual labels. Reference metadata can be united 

with the data. 

The SDMX-JSON format is particularly useful for web dissemination as it is a simple format for web 

developers to use without a requirement to understand the SDMX-IM, and JSON libraries are 

available for many forms of data visualisation. 

6.7 Export Data 
It is a simple task to transform SDMX formatted data into other formats e.g. SDMX-JSON to SDMX-

ML, CSV, Excel etc. using a transformation engine built on the fundamental constructs of the Data 

set in the SDMX-IM (dataset, series dimensions, attributes, observation). 

6.8 Connecting to Multiple Data Sources (Building a Data Portal) 
In a data dissemination environment the ability to link to many sources enables the development of 

a data portal. In the data portal the user will have access to data from many sources accessed by the 

same GUI, visualised, concatenated (if the data structured in the same way), and downloaded all 

from a single interface. 
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This is achieved by using the Registration feature of the Registry. The artefacts that support the 

building of a data portal are: 

 

Figure 27: Information Model support for data portal 

The key construct in the SDMX Information Model to support the building of a data portal is the 

registered data source (called a Registration in the SDMX-IM) and the Actual Content Constraint.  

The choreography of using the constructs in the diagram above is as follows. 

1) The user makes a query starting with the Dataflow. In a portal environment the data sources 

for the dataflow can be within the organisation or in an external data source, or both.  

2) The Dataflow can link to one or more Provision Agreements. Each Provision Agreement can 

have zero to many Registrations, each one containing a URL from which the data can be 

retrieved (this can be a file at a web-accessible location or a SDMX web service). Both types 

of source will return an SDMX dataset.  

3) A Content Constraint is built for each registered data source by querying the registered data 

source for all the available series at that source (this is a function of the SDMX REST query 

for data). 

4) The Content Constraint for each Registration can be rolled up to form a single Content 

Constraint per Dataflow.  The Content Constraint for the Dataflow can be used to assist in 

data query creation by, for example, greying out invalid values that will not return data 

based on the current selections made, and reporting the number of series that will be 

returned based on the current selections.  

5) On data query, the Content Constraint for each Registration for each Provision Agreement is 

used to determine which data sources contain the data selected.  This prevents data sources 

being queried if they do not contain data pertinent to the query.  If multiple data sources 

contain data for the query, then each source is queried in parallel, and the resulting data 

sets can be concatenated into a single data set in the format requested by the client (e.g. 

SDMX-ML, SDMX-JSON). 

7 Summary 
Access to metadata is the key to the industrialisation of statistics as it is pivotal to the realisation of 

metadata-driven processes. For this to succeed the metadata must be made available in a consistent 

way according to a known information model, and made accessible using standardised APIs. 

The SDMX standard includes an information model which is realised in a Common Component 

Architecture upon which re-usable and shareable software components can be built. The SDMX 

standard also includes web services for accessing data and structural metadata. 
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Use of, and access to structural metadata can help realise the goal of the industrialisation of 

statistics. 

An SDMX Registry built with re-usable software components supports both the SDMX Information 

Model and the web services to access it. It can help to achieve the goal of industrialisation of 

statistics. 


