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1. Introduction and General Guidance  
The Analysis Results & Metadata (AR&M) Project within the PhUSE Semantic Technologies Working Group is tasked with 

exploring the preparation of clinical trials results and associated metadata as Linked Data. As a proof of concept, the 

AR&M team developed a modified RDF Data Cube model and an R package that will load pre-summarized results to a 

data cube following the cube model. 

 

This document serves as technical guidance for the structure and conventions used in the Clinical Research and 

Development (CRND) cube model, based on the RDF Data Cube model [1] developed by the World Wide Web 

Consortium (W3C). As a technical reference, the target audience is anyone who wants to understand and adapt the cube 

structure to their data. It also serves as a guide for querying the cube based on the model structure. Beginners should 

first become familiar with the documentation associated with the R package rrdfqbcrnd0, where the focus is on 

creating an individual cube for each results table. Installation and user instructions are available within the R package 

documentation and code base. The PhUSE Wiki contains  additional information, related works, and references. 

 

CDISC Standards, including The CDISC Standards in RDF Version 1.0 Draft Review Package [5] are followed where 
practical. Text will be revised as the cube evolves so please ensure that you have the version of this document for the 
matching release of the R package. 

1.1  Graphing the Model 
An R Shiny App can be used to explore the cube model specification. The App was used to create the graphs in this 
document, including the full model in Appendix 2.  R code and instructions are available as part of the R package. 
 

2. Vocabulary 
The CRND cube is based on the The RDF Data Cube Vocabulary [1] with components like Slices and qb:Attachable 

omitted from the model. Code list implementation is rudimentary in this release and is optional for cube attributes. 

These aspects may be further developed in later releases of the model. 

 

Each cube observation contains a single value for the measure, in contrast with multi-measure cube models. By 

specifying a single value for each measurement, the measurement is identified by the URI for the observation.  

http://www.phusewiki.org/wiki/index.php?title=Analysis_Results_Model
http://www.phusewiki.org/wiki/index.php?title=Analysis_Results_Model
http://www.w3.org/TR/2014/REC-vocab-data-cube-20140116/
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Figure 1. CRND Data Cube : Core Vocabulary. Slices and qb:Attachable not used in the current model. Source: TopBraid, F. 

Malfait 

2.1 Ontologies 
Existing ontologies are used whenever feasible. In addition to the ontologies used for CDISC RDF (see section 2.2 in 

CDISC RDF reference [5]), the RDF Data Cube structure is based on the W3C's "The RDF Data Cube Vocabulary" [1]. 

2.2 Namespaces 
In RDF, namespaces are used for abbreviating a URI. For example, the URI for a dataset 

http://www.example.org/dc/dm/ds/dataset-DM can be shortened by defining the prefix ds: to refer to the 

namespace http://www.example.org/dc/dm/ds/, with dataset-DM as the localname. The qualified name (QName1) 

formed by combining the prefix and local name with a colon separator, allows the URI to be abbreviated as 

ds:dataset-DM. Implementers may choose to name their datasets using any number of formats, including those that 

may be specific to tables or displays:  dataset-DM-T-1-1 . The simpler naming convention is used throughout this 

document. For further discussion refer to section 2.1.1 in CDISC RDF reference [5]. 

 

The prefixes for the Results Data Cubes are presented in Table 1. 

 

Prefixes unique to the CRND Data Cube Specification use the server name www.example.org to form valid URIs as part 

of the RDF construction process. Implementers will mint their own URIs, replacing the server name to fit their purpose 

while ensuring construction of unique URIs.  

                                                           
1
 Not to be confused with QNAM in the CDISC SDTM SUPPQUAL datasets. 
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The prefix crnd is used to define a root URI for the data cube as, where “dc” servers as a parent to the cube components 

and values defined underneath it:  
@prefix crnd: <http://www.example.org/dc> 

 

Implementers may choose to define components as additional paths affixed to the prefix. When this approach is used, 

dimensions, attributes, and measures are defined as shown in these examples: 

Option 1 

Dimensions:     
crnd:dim#trt01a   crnd:code#trt01a-Xanomeline_High_Dose ; 

Attributes: 
       crnd:attr#unit    a  rdf:Property 

Measure: 

    crnd:meas#measure   "3"^^xsd:int . 

Option 2 

An alternate approach followed in this documentation defines additional prefixes specific to important cube 

components, as shown in these examples: 
@prefix crnd-dimension:  <http:///www.example.org/dc/dimension#> 
@prefix crnd-attribute: <http:///www.example.org/dc/attribute#> 
@prefix crnd-measure: <http:///www.example.org/dc/measure#> 

 

Dimensions:     
crnd-dimension:trt01a   code:trt01a-Xanomeline_High_Dose ; 

Attributes: 
         crnd-attribute:unit     a  rdf:Property 

Measure:    
 crnd-measure:measure   "3"^^xsd:int . 

 

The primary advantage of using additional prefixes is the ease of human readability in the resulting TTL file. Components 

like dimensions and code lists are easier to identify for users new to the concept of RDF Data Cubes. 

 

Use caution when creating prefixes to avoid potential QName conflicts when federating two cubes from different 

sources. The focus of this document is creation of individual cubes. Federation may be addressed in a future version of 

this document. 

 

Table 1a  Standard Cube Prefixes 

prefix URL Usage 
cts http://rdf.cdisc.org/ct/schema# CDISC Terminology Namespace 

Used for values obtained from CDISC terminology files. 
cts:cdiscDefinition 
cts:cdiscSubmissionValue 
cts:cdiscSynonyms  

dcat http://www.w3.org/ns/dcat# Data Catalog Vocabulary. 
Name of the output file using  
dcat:distribution  

dct http://purl.org/dc/terms/ Dublin Core metadata initiative DC11. 
Cube title and description 

http://www.example.org/crqb
http://www.example.org/crqb
http://www.example.org/crqb
http://www.example.org/crqb
http://www.example.org/crqb
http://www.example.org/crqb
http://www.example.org/crqb
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prefix URL Usage 
mms http://rdf.cdisc.org/mms# CDISC meta-model-schema Namespace. 

mms:nciDomain 
A reference to the CDISC meta-model-schema namespace. 
Used in the code list code.  

owl http://www.w3.org/2002/07/owl# OWL2 Ontology Language 
Code list class definition. 

pav http://purl.org/pav Provenance, Authoring, Versioning. 
Cube metadata: 
pav:createdOn 
pav:createdWith 

prov http://www.w3.org/ns/prov# Provenance 
Used to identify data source. 

qb http://purl.org/linked-data/cube# Cube skeleton and components. 
Direct reference to "The RDF Data Cube Vocabulary" 
http://www.w3.org/TR/2014/REC-vocab-data-cube-
20140116/ 

rdf http://www.w3.org/1999/02/22-rdf-

syntax-ns# 
Resource Description Framework. 
Type and Property. 

rdfs http://www.w3.org/2000/01/rdf-

schema# 
RDF Schema. 
labels, comments, subclass, etc. 

skos http://www.w3.org/2004/02/skos/core# SKOS reference. 
Concepts, Notes and notations, Preferred label, etc.  

sdtmct http://rdf.cdisc.org/sdtm-

terminology# 
SDTM terminology 
Available for future use for coding purposes. 

xsd http://www.w3.org/2001/XMLSchema# XML Schema. 
types for values 

 

Table 1b  CRND Cube Prefixes 

prefix URL Usage 
dccs http://www.example.org/dc/dm/dccs Data Cube Component Specification. 

Note how /dm/ refers to a demographics cube in this 
example an changes based on the cube you are creating. 

ds http://www.example.org/dc/dm/ds/ Data Set. 
The dataset and observations are specified below this 
level.. Note how /dm/ refers to a demographics cube in 
this example an changes based on the cube you are 
creating. 

code http://www.example.org/dc/code/ Codes. 
Namespace for code lists, code list classes, and code list 
codes. The same codes may be used in multiple cubes. 
Note lack of crnd- in the name. 

crnd-attribute http://www.example.org/dc/attribu

te# 
Attributes. 
Attribute components. 
Similar to sdmx-attribute, adapted for this cube model. 

crnd-dimension http://www.example.org/dc/dimensi

on# 
Dimensions. 
Dimension components 
Similar to sdmx-dimension, adapted for this cube model. 

crnd-measures http://www.example.org/dc/measure

# 
Measure. 
Measure components. 
Similar to sdmx-measure, adapted for this cube model. 
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3. General Guidance 
Language 

● All string/text fields should contain the @en language tag, with additional languages as desired. 

At a minimum this applies to: dct:description 
     rdfs:comment 
     rdfs:label  
     skos:note 
         skos:preflabel 

 

Example:    rdfs:comment   “Code list codes from the data source.”@en 
           rdfs:comment   “Des codes provenant de la source de données.”@fr 

Additional information on the use of ISO 639-1 language codes can be found here: 

http://www.w3.org/TR/turtle/#literals . 

Serialization 

● Cube triples use the TURTLE W3C standard. 

Code Lists & Code List Codes 

● Cube Dimensions are coded. Attributes (and even Measures) may optionally be coded by applying an approach 

similar to the dimensions. Coding of Measures is considered out of scope for the process described in this 

document. 

Blank nodes 

● Use of blank nodes is discouraged, though they may be used as intermediary nodes anchored by URIs.  

4. Cube Structure 
Figure 2 provides a high-level overview of the major cube components for which details are provided in the following 

sections. 

4.1 DataSet 
4.2 DataStructureDefinition 
4.3 Observations 
4.4 Dimensions 
4.5 Attributes 
4.6 Measure 
4.7 Coding 

4.7.1 Code List 
4.7.2 Code List Class 
4.7.3 Code List Codes 

 

http://www.w3.org/TR/turtle/#literals
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Figure 2 Major Components in the Cube Structure. Optional coding of Attributes shown as dashed lines. 
 Source: Struct-CubeOverview.html 

 

Optional and Conditional triples are shown in the figures as dashed lines. A network graph of the entire cube structure is 

available in Appendix 2 . Cube Structure Network Graph.  

4.1 DataSet 
The DataSet contains the observations, organizational structure, structural metadata, and reference metadata (“The RDF 

Data Cube Vocabulary”[1], Section 5.1). The approach used here represents each results table as a separate dataset. A 

DataSet contains statistical data in a multi-dimensional space describing an observation. This space is referred to as 

Cube. The term “DataSet” has special meaning in the Data Cube definition and is easily confused with the concept of the 

SAS dataset. Please see the Data Cube Vocabulary for clarification.  

Naming Convention  

dataset-<CUBENAME> 

Datasets are named using the convention of <CUBENAME>, where <CUBENAME> is a unique uppercase identifier with no 

spaces. The name chosen by the creator of the cube should closely match names used to identify the original data 

source, the CDISC Study Data Tabulation Model, and the results table being represented. For example, if the cube 

represents the data from a demographics table labeled as Table 1.1, <CUBENAME> may be specified as ds:dataset-DM. 

This example name  will be used throughout the documentation.  

The URI for the dataset is a combination of the ds: prefix and the dataset-<CUBENAME> localname.  

@prefix ds http://www.example.org/dc/dm/ds/ 

Example observations from a Demographics cube: 

ds:obs1339  a       qb:Observation ; 

             qb:dataSet  ds:dataset-DM ; 

An Adverse Events cube: 

ds:obs1339   a   qb:Observation ; 

              qb:dataSet ds:dataset-AE ; 
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Figure 3 Dataset ds:dataset-<CUBENAME>.  
Star nodes link to other nodes in the model.  
Subgraph: ds-dataset   

 
Table 2 Dataset ds:dataset-<CUBENAME>  Predicates & Objects 

Predicate Object 
crnd-

attribute:AnalysisP

urpose 

<purpose>@en 
 
DataType 
string 
 
Details 
“The purpose of the analysis within the body of evidence (e.g., section in the clinical 
study report” 

- from Analysis Results Metadata (ARM) Spec. Version 1.0 for Define-XML V. 
2:   

Value may be obtained directly from the Define-XML document (v. 2) for the analysis 
data that includes the high level description of analysis results or another source. 
Uppercase not required. 
 
Optional 
 
Examples 
“PRIMARY OUTCOME MEASURE” 
“SECONDARY OUTCOME MEASURE” 
“EXPLORATORY OUTCOME MEASURE” 
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Predicate Object 
crnd-

attribute:AnalysisR

eason 

<reason>@en 
 
DataType 
string 
 
Details 
“The rationale for performing the analysis. It indicates when the analysis was 
planned.” 

- from ARM Spec. Version 1.0 for Define-XML V. 2:   
 
Value may be obtained directly from the Define-XML document (v. 2) for the analysis 
data that includes the high level description of analysis result or another source. 
Uppercase not required. 
 
Optional 
 
Examples 
“SPECIFIED IN PROTOCOL” 
“SPECIFIED IN SAP” 
“DATA DRIVEN” 
“REQUESTED BY REGULATORY AGENCY” 

crnd-

attribute:titleSour

ce 

<title source> 
 
Datatype 
string 
 
Details 

● Source of the cube title used as the value for dct:title. 
 
Optional 
 
Examples 
"Define-XML”  
“User defined”^^xsd:string 
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Predicate Object 
dcat:distribution DC-<CUBENAME>-R-V-<n>-<n>-<n>.TTL 

 
Naming Convention 
<CUBENAME> is the name of the data cube as described in section 4.1 of this 
document.  
<n>-<n>-<n>  is the 3-digit version of the data. 
 
 
Datatype 
String  
 
Details 

● Should match the output TTL file name 
● Dataset name based on parameters supplied to the program.  
● Version is in 3-digit formation. See Examples. 

 
Required 
 
Examples 
DC-DM-R-V-0-5-0.TTL 
DC-AE-R-V-1-0-0.TTL 

dct:description <description>@en 
 
Datatype 
String  @en 
 
Details 

● Cube Description.  
● Less verbose than  crnd-attribute:AnalysisPurpose, crnd-
attribute:AnalysisReason  (if these are present) 

 
Required 
 
Example 
"Source for Demographics Summary Table 1.1 "@en 

 
prov:wasDerivedFrom 

<input file> 
 
Datatype 
String (^^xsd:string) 
 
Details 
Source data file. Tabular representation of the results with columns headings 
reflecting the name of the corresponding dimensions or measures. The definition of 
dimensions and measures is contained in a separate file. 
 

● Typically a SAS dataset or .csv results file. 
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Predicate Object 

Optional 
       
Example 
demog.AR.csv 
“Example data generated from software for testing purposes.” 

dct:title <title>^^xsd:string 
 
Datatype 
String   (^^xsd:string) 
 
Details 

● Cube Title that identifies the cube and its content. Similar to rdfs:label.  
 
Not to be confused with the title, subtitles, and footnotes present on summary 
tables, often represented in SAS as title1, title2, etc. Later drafts of the cube may 
include presentation-level metadata that captures this information, including display 
title order.  
 
 
Required 
 
See Also 
rdfs:label in this section 
Section 9 of “The RDF Data Cube Vocabulary” [1] 
 
Example 
“Demographics Summary Table 1.1"^^xsd:string ; 

pav:createdBy <person/org> 
 
Datatype 
String (^^xsd:string) 
 
Details 

● Name of the person and/or organization who created the cube. 
 
Required 
 
Example 
"Joe Programmer, BigPharma Co."^^xsd:string ; 

pav:createdOn <timestamp>^^xsd:dateTime 
 
Datatype 
^^xsd:dateTime 
 
Details 

● Set Programmatically by the software 
● Timestamp for cube creation. 
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Predicate Object 

● Should include the full date and time when the cube was created, formatted in 
xsd:dateTime format, compliant with ISO-8601 format 

 
Required 
 
Example 
"2014-10-06T13:08:51-04:00"^^xsd:dateTime 

pav:createdWith <software> 
 
Datatype 
String (^^xsd:string) 
 
Details 

● Set Programmatically by the software 
● Software used to create the cube. Should include version and software packages 

where applicable. 
 
Required 
 
Example 
"R 3.1.1, R Package rrdfqbcrnd0 version X.X and dependencies" ; 

pav:version <n.n.n> 
 
Datatype 
String (^^xsd:string) 
 
Naming Convention 

n - major release 
n.n - minor release 
n.n.n - corrections/bug fixes 
n.n.n<a>  - optional letter for testing purposes. 

 
Details 

● Cube Version number. 
● Set as a parameter by the user 
● Used to identify versions of the cube over time.  

 
Required 
 
See Also 
dcat:distribution 
 
Example 
"0.4.0" ; 

qb:structure ds:dsd-<CUBENAME> 
 
Naming Convention 
See  4.2 DataStructureDefinition 
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Predicate Object 

 
Datatype 
URI  
 
Details 

● Link from the data set to the Data Structure Definition (DSD) 
● “dsd-” is used to differentiate the dsd URI from the dataset URI “dataset-” 

 
Required 
 
See Also 
4.2 DataStructureDefinition 
 
Examples 
ds:dsd-DM 
ds:dsd-AE 

rdf:type qb:DataSet 
 
Datatype 
URI 
 
Details 

● Identifies the data set as an cube. 
 
Required 
 

rdfs:comment <comment>@en 
 
Datatype 
String    (@en) 
 
Details 

● Additional miscellaneous information about the cube.  
● What is new in this version of the cube (what differentiates it from previous 

versions). 
● Avoid repetition with dct:description.  

 
Optional 
 
Example 
"New in this version: Code list added for attributes."@en ; 
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Predicate Object 
rdfs:label <label>@en 

 
Datatype 
String  (@en) 
 
Details 

● Data set label. Identifies the source and type of data (results) 
 
Required 
 
Example 
"Demographics results data set for Table 1.1."@en ; 

4.2 DataStructureDefinition 
The data structure definition (dsd), is declared as having rdfs:type  qb:DataStructureDefinition and references the 

dimension, attribute, and measure components. Reuse of data structure definitions is permitted across data sets 

(cubes), and caution should be taken to avoid conflicts during federation of multiple cubes. This topic may be addressed 

in more detail in later versions of this document.  

Naming Convention 

ds:dsd-<CUBENAME> 

The data structure definition using the <CUBENAME> for consistency with the DataSet definition in Section 4.1. “ds:dsd- 

<CUBENAME>” is used to differentiate DataStructureDefinition URIs from Dataset URIs. 
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Figure 4 DataStructureDefinition ds:dsd-<CUBENAME> graph 
Star nodes link to other nodes in the model. 
Subgraph:  ds-dsd 

 

 
Table 3  Data Structure Definition ds:dsd-<CUBENAME>  Predicates & Objects 

Predicate Object 
qb:component dccs:<attribute> 

 
Naming Convention 
See 4.5 Attributes 
 
Datatype 
URI 
 
Details 

● Links to the data cube attributes. Multiple attributes possible per cube, depends 
of type of content in the cube. 

 
Required  
At least one. 
 
See Also 
4.5 Attributes 
 
Example 
dccs:unit 

qb:component dccs:<dimension> 
 
Naming Convention 
See 4.4 Dimensions 
 
Datatype 
URI 
 
Details 

● Links to the data cube dimensions.  
● Multiple dimensions per cube. 

 
Required  
    At least one dimension per cube 
 
See Also 
4.4 Dimensions 
 
Example 
dccs:sex 

qb:component dccs:measure 
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Predicate Object 

Datatype 
URI 
 
Details 

● Link to the data cube measure.  
● One measure per observation, always identified as dccs:measure.  
● Different types of measures are differentiated by the dimensions (and attributes). 

 
Required  
    One measure per observation 
 
Example 
dccs:measure 
 
See Also 
4.6 Measure 

rdf:type qb:DataStructureDefinition 
 
Datatype 
URI 
 
Details 

● Identifies ds:dsd-<CUBENAME>  as a data  structure definition (dsd). 
 
Required  

4.3 Observations 
Observations are represented in the cube as instances of qb:Observation with the predicate qb:dataSet providing the 

link to the data set (Figure 5). Dimensions, attributes and measure are attached to each observation, either directly or 

by coded values in the case of dimensions. By convention, CRND data cubes contain a single measure per observation. 

This approach is illustrated in Table 2, where each value in the table is an observation in the RDF cube. The values of 

count (e.g, 12) and percentage (e.g, 42.9) are two individual result observations,  differentiated by the statistic 

dimension having a value of count or percentage, respectively.  

 

Table 2  Abbreviated Demographics Table.  

 Baseline          Placebo        LowDose        HighDose 
 Characteristic    N=28           N=30           N=29 
 ------------------------------------------------------------ 
 Sex 
        F          12  (42.9)     14  (46.7)     16 (55.2) 
         M          16  (57.1)     16  (53.3)     13 (44.8) 

 

Naming Convention 
ds:obs0001, ds:obs1379, etc. 
 Alternative:  ds:DM/obs0001, ds:AE/obs0001 
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Observations are named using the ds: prefix followed by the cube’s (local) name. By convention, a number for each 

observation is appended to the string "obs"  (in  lower case) to form the identifier, padded with zeros as needed to allow 

sorting. The numbers identifying individual observations have no significance other than creating the  local part of the 

URI to prove a unique identifier for that observation. The use of the “obs” prefix is a general guidance and can be used 

with or without padding zeros (examples in the W3C specification use the letter ‘o’ with no padding).  Implementers may 

choose alternate naming conventions that can include cube identifiers to ensure unique URIs for observations. For 

example, ds:DM/obs0123  , ds:AE/obs0123 . 

 

 
 

Figure 5 Observations ds:obs<000(n)> graph 
Star nodes link to other nodes in the model. 
Subgraph:  ds-obs 

 
Table 4  Observations  ds:obs<000(n)> Predicates & Objects 

Predicate Object 
crnd-

attribute:significa

ntDigits 

 

<n> 
 
Datatype 
^^xsd:integer 
 
Details 

● Significant digits for the stored value. 

● NOT a presentation attribute. I.e. not the number of decimal places shown in a 

table display. A separate presentation metadata definition determines the 

display. 
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Predicate Object 

● Corresponds  to the definition in Define-XML specification. The Define-XML 

document is expected to include the definition of the underlying data point used 

in the computation of the result, for each underlying data point with 

DataType=”float”. 

 

Conditional  
    Data dependent. 
    Required if the result has DataType=”float” 
 
Example 
“1”   
“5” 

crnd-

attribute:<attribut

e> 

<value> 
 
Datatype 
Value dependent, based on type of attribute:  string, property, literals, resources... 
 
Details 

● Attributes applied to the value.  

● Value depends on type of attribute. 

● There may be multiple attributes per observation. 

● May or may not be a coded value. 

● May include values like "_ALL_" (sums across all values), "NONE", "_NULL_" 

● Usage may include rendering as a footnote or in a value/table mouseover, etc.  

Required 
 
See Also 
4.5 Attributes 
 
Example 
crnd-attribute:denominator  “SEX”  

crnd-

dimension:<dimensio

n> 

code:<codeList>-<CODE> 
 
Naming convention 
<codeList>   code list name (no spaces) 

-   dash between code list name and code list 
code 

<CODE> Code list code in uppercase. 
 

 
Datatype 
URI 
 
Details 

● Provides the link to the code list code for the dimension. 
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Predicate Object 

● Multiple dimensions per cube (and therefore per observation) 

Required 
    At least one dimension per cube 
 
See Also 
4.4 Dimensions 
4.7 Coding 
 
Example 
code:sex-F 

crnd-

measure:measure 
<value> 
 
Datatype 
Typed literal (measure dependent)*. 
 
Details 

● The value of the measure.  

● Single measure per observation. 

● * Measures are typed (integer, double, string…). RDF 1.1 standard states literals 

are always typed. When a type is not specified, the default is string. (RDF 1.1) 

Required  
    One measure per cube. 
 
See Also 
4.6 Measure 
 
Example 
"52"^^xsd:integer 
"2.6723"^^xsd:double 

qb:dataSet ds:dataset-<CUBENAME> 

 
Datatype 
URI 
 
Naming Convention 
See 4.1 DataSet. 
 
Details 

● Provides the link to the data set definition. 

● Single data set / table per cube. 

● DATASET name in uppercase with additional identifiers as needed.  

Required 
 
See Also 

4.1 DataSet 
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Predicate Object 

Example 
ds:dataset-DM 
ds:dataset-AE 

rdf:type qb:Observation 

 

Datatype 
URI 

 

Details 
Identifies the observation as a Data Cube Observation. 

 

Required 
rdfs:label <label> 

 
Datatype 
String (^^xsd:string) 
 
Details 

● Observation number - the number portion of the obs(n) identifier. 

Required 

 

Example 

“11” ^^xsd:string 

“976”^^xsd:string 
rdfs:comment <comment>@en 

 
Datatype 
String (@en) 
 
Details 
A comment about the observation.  

 

Optional 

4.4 Dimensions 
Dimensions are components that give the context for measure in the observation. Dimensions are instances of the 

qb:ComponentProperty class by way of its subclass qb:DimensionProperty. Values for dimensions are represented at 

the observation level by their coded value. All dimensions in this model use code lists. The combination of values for all 

the dimensions provides the unique identification of that observation.  

 

Naming Convention 
crnd-dimension:<dimension(n)>  
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<dimension(n)> is the name of the dimension in all lower case with no spaces in the name. Periods are acceptable 

(example ae.aeout to folllow naming convention per CDISC Standards in RDF Reference Guide[5]). 

 

 
Figure 6  Dimensions:  dccs:<dimension>, crnd-dimension:<dimension> graph  
Star nodes link to other nodes in the model. 
Subgraph: dccs-dimension 

 
Table 5  Dimensions crnd-dimension:<dimension(n)> , dccs:<dimension> Predicates & Objects 

Predicate Object 
crnd-dimension:<dimension(n)> 

qb:codeList code:<codeList> 
 
Naming Convention 
See 4.7.1 Code list 
 
Datatype 
URI 
 
Details 

● Dimensions are coded using codes that are part of code lists (qb:codeList).  

Required 
 
See Also 
4.7.1 Code List  
 
Example 
code:sex 
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Predicate Object 
rdfs:label <label>@en 

 
Datatype 
 
Details 

● Label for the dimension 

Required 
 
Example 
"Sex (Gender)"@en 

rdf:type qb:CodedProperty 
 
Datatype 
URI 
 
Details 

● Identifies the dimension as being a coded property (has an associated code list 

and code list code). 

Required 
  All dimensions coded. 

rdf:type qb:DimensionProperty 
 
Datatype 
URI 
 
Details 

● Identifies the component as a cube dimension. 

Required 
 

rdf:type rdf:Property 
 
Datatype 
URI 
 
Details 

● Identifies the component as an rdf property. See also qb:DimensionProperty 

Required 

 
rdfs:range code:<codeList Class> 

 
Datatype 
URI 
 
Naming Convention 
See 4.7.2 Code List Class 
 
Details 
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Predicate Object 

● Identifies the range (list) of values for the dimension. Values for the range are 

obtained from a reference code list when one is available or directly from the 

data values themselves when one is not. 

Required 
 
See Also  
4.7.2 Code List Class 
 
Example 
code:Sex 

dccs:<dimension> 
qb:dimension crnd-dimension:<dimension(n)> 

 
Datatype 
URI 
 
Details 

● Linkage from the Data Cube Component Specification (dccs:) to the crnd-dim 
 
Required 
 
Example 
crnd-dimension:sex 

rdf:type qb:ComponentSpecification 
 
Datatype 
URI 
 
Details 

● Identifies the dimension as being part of the data structure definition of the 
cube 

 
Required 
 

rdfs:label <label>@en 
 
Datatype 
string 
 
Details 

● Label for the cube component specification 

Required 
 
Example 
“Sex (Gender) component” 
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4.5 Attributes 
Attributes provide metadata that allow the interpretation of a (measured) value or for presentation purposes. In 

contrast, dimension metadata allows the identification of the value. Attributes are instances of the 

qb:ComponentProperty class by way of its subclass qb:AttributeProperty.  

 

 

Figure 7 Attributes crnd-attribute:<attr(n)> graph  
Star nodes link to other nodes in the model. 
Subgraph:  dccs-attribute 

 
Table 6  Attributes crnd-attribute:<attr(n)> Predicates & Objects 

Predicate Object 
crnd-attribute:<attribute> 

qb:codeList code:<codeList> 
 
Naming Convention 
See 4.7.1 Code list 
 
Datatype 
URI 
 
Details 
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Predicate Object 

● Attributes may be coded using codes that are part of code lists (qb:codeList).  

Optional 
 
See Also 
4.7.1 Code List  
 

rdf:type qb:AttributeProperty 
 
Datatype 
URI 
 
Details 

● Identifies the component as an attribute. 

Required 

 
rdf:type qb:CodedProperty 

 
Datatype 
URI 
 
Details 

● Identifies an Attribute that is coded  (has associated code lists and code list 

codes). 

Optional 
  Attributes may or may not be coded. 
 

rdf:type rdf:Property 
 
Datatype 
URI 
 
Details 

● Identifies the component as an rdf property. See also qb:AttributeProperty 

● Required 
rdfs:label <label>@en 

 
Datatype 
string 
 
Details 

● Label for the Attribute 

Required 
 
Example 
“Unit component"@en 

rdfs:range code<codeList Class> 
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Predicate Object 

 
Naming Convention 
See 4.7.2 Code List Class 
 
Datatype 
URI 
 
Details 

● Identifies the range (list) of values for the attribute. For the CRND cube it may be 

built from the values in the source data or from a reference code list. 

Optional 
 
See Also  
4.7.2 Code List Class 
 
 

dccs:<attribute> 
qb:attribute crnd-attribute:<attribute> 

 
Datatype 
URI 
 
Details 

● Linkage from the Data Cube Component Specification (dccs:) to the crnd-dim 
 
Required 
 
Example 
crnd-attribute:unit 

rdf:type qb:ComponentSpecification 
 
Datatype 
URI 
 
Details 

● Identifies the attribute as being part of a data cube specification. 

 
Required 
 

rdfs:label <label>@en 
 
Datatype 
string 
 
Details 

● Label for the cube component specification 

Required 
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Predicate Object 

 
Example 
“Unit component” 

 

4.6 Measure 
The measure represents the measured value for the observation and is an instance of the qb:ComponentProperty class 

by way of its subclass qb:MeasureProperty. Each observation in the CRND cube records a single value for one measure 

(confusingly termed the measure dimension approach versus a multi-measure cube - see the W3C specification for 

additional information [1] ).  

 

Naming Convention 

Because there is only one measure per observation it is always named crnd-measure:measure.  

 

 

Figure 8 Measure: dccs:measure graph  
Star nodes link to other nodes in the model. 
Subgraph:  dccs-measure 

 
Table 7  Measure crnd-measure:measure Predicates & Objects   

Predicate Object 
crnd-measure:measure 

rdf:type qb:MeasureProperty 
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Predicate Object 

Datatype 
URI 
 
Details 

● Identifies the component as a cube measure. 

Required 

rdf:type rdf:Property 
 
Datatype 
URI 
 
Details 

● Identifies the component as an rdf property. See also qb:MeasurePropert.  

Required 

rdfs:label <label>@en 
 
Datatype 
string 
 
Details 

● Label for the Measure. Note how this label must be somewhat generic to 

describe all the various measures in the different observations.  

Required 
 
Example 
"Value of the statistical measure"@en 

dccs:measure 
qb:measure crnd-measure:measure 

 
Datatype 
URI 
 
Details 

● Linkage from the Data Cube Component Specification (dccs:) to the crnd-
measure 

 
Required 
 
Example 
crnd-measure:measure   
     Note: Always this value since only only measure per observation. 

rdf:type qb:ComponentSpecification 
 
Datatype 
URI 
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Predicate Object 

 
Details 

● Identifies the Measure as being part of a data cube specification. 

 
Required 
 

rdfs:label <label>@en 
 
Datatype 
string 
 
Details 

● Label for the cube component specification 

Required 
 
Example 
“Measure component” 

4.7 Coding 
Code lists contain codes to represent the values of the dimensions in the data cube. Use of code lists for attributes is 

optional. Code list classes are used to represent the collection of values within a code list, which permits validation of 

values using closed-world assumptions. 

 

The CRND cube includes the definition of codes and code lists based on the source data. It therefore represents the 

range of values present in the data and not all permissible values. Future versions of the cube may synchronize more 

closely with coding concepts in Define-XML. 

 

Individual code list codes are named using the name of their code list followed by a dash and then the code, using form 

code:<codeList>-CODE. Example: code:sex-F for female. Code list codes are tied to their code list by 

skos:hasTopConcept (Figure 9) as well as skos:inScheme. Code lists are related their class code:<Class> by 

rdfs:seeAlso and the codes to the class by rdf:type (Figure 10).  

4.7.1 Code List 
Dimensions are defined using code lists for consistency and unambiguous representation of values. Although not 

implemented in the current model, Attributes and Measures may also use code lists. Where possible, Define-XML is 

used as the code source, with skos:Concept used to represent individual coded values and skos:ConceptScheme2 for 

the overall set of values. 

 

                                                           
2
 In our current implementation, skos:ConceptScheme is used as the collection of all the different values of the code list present 

within the data cube. This is a deviation from the W3C specification where it represents all permissible values. skos:Collection 
could also be used  as per the W3C guidance. 
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Naming Convention 
code:<code list name> 

 

The code list name is in all lower case to differentiate it from its Class, which is named with the first letter in uppercase.  

 Example: code:sex -> code list 

             code:Sex   -> code list class 

Each code list has an associated Class to represent all the codes within a code list. The Class allows the range of a 

qb:ComponentProperty to be defined using rdfs:range. This in turn provides validation of the code list using closed-

world constraints. 

Codes in the cube use the prefix code to reference code lists and code list codes.  

@prefix code <http://www.example.org/dc/code/>  

Coding is defined at this level because multiple cubes may reference the same code lists. For example, a Demographics 

cube (DM) and an Adverse events cube (AE) may both reference the same gender code list under the path 

http://www.example.org/dc/code/. 

 

 
 
Figure 9  Code List: code:<code list name> graph  
Star nodes link to other nodes in the model. 
Subgraph:  codelist 

 
Table 8  Code Lists code:<code list name> Predicates & Objects   
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Predicate Object 
crnd-aux:codeType <code source> 

 
Datatype 
string 
 
Details 

● Source of the code list codes. 

 

Optional 

 

Example  
“SDTM” - from SDTM terminology file 
 “DATA” - from source data 
  “DEFINE-XML” - from Define-XML 

crnd-aux:R-

columnName 
<RColumnName> 
 
Datatype 
string 
 
Details 

● Name of the column vector in the R dataframe from which the code is obtained. 

Should also reflect the column name from the source data. 

 

Optional/Conditional 

      May be present when R was used to construct the data cube. Not mandatory if R 

used. 

 

Example  
“trta”  
 “procedure”  

mms:inValueDomain <CDISC value domain> 
 
Datatype 
 
Resource* (See Details) 
 
Details 
CDISC Value domain 
 

● In the CDISC meta-model schema, inValueDomain has domain PermissibleValue 

and range EnumeratedValueDomain which is the equivalent of a code list. 

Permissible values and enumerated value domains are resources. 

 
Optional 
Example 
"C66731"^^xsd:string 
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Predicate Object 
rdf:type skos:ConceptScheme 

 
Details 

● Identifies the code list as being part of a SKOS concept scheme.  

● Allows better range checking by RDF tools. 

Required 

rdfs:label <label>@en 
 
Datatype 
string 
 
Details 

● Preferred label for the code list.  

● Usually identical to skos:prefLabel in this table. 

● Include the name of the code list in the label 

Required 
 
Example 
"Code list scheme: sex"@en 

rdfs:seeAlso code<codeList Class> 
 
Naming Convention 
See  4.7.2 Code List Class 
 
Datatype 
URI 
 
Details 

● A cross reference to the code list class 

Required 
 
See Also 
  4.7.2 Code List Class 
 
Example 
code:Sex 

rdfs:seeAlso <external code list> 
 
Datatype 
URL or URI 
 
Details 

● External code list name, location or URI  
 
Optional 
   Some code lists may be generated directly from the data and have no direct 
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Predicate Object 

external reference. Sources will be cited when possible.  
 

skos:definition <external definition> 
 
Datatype 
URL or URI 
 
Details 

● An external link (http://) to a definition of the broad concept covered by the code 

list. 

● Part of W3C spec. 

 

Optional 

Alternative:  cts:cdiscDefinition   
 
Example 
Example to be added in later draft. 

skos:hasTopConcept code<codeList>-<CODE(n)> 
 
Naming Convention 
See 4.7.1 Code list  
 
Datatype 
URI 
 
Details 

● Lists the codes that are a part of the code list 

● One reference for each code 

Required 

 

See Also 
4.7.1 Code List 

 
Example 
code:sex-F,code:sex-M 

skos:notation CL_<CODELIST> 
 
Naming Guideline 
"CL_"  followed by the name of the code list in uppercase. 
 
Datatype 
String 
 
Details 

● Optional 
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Predicate Object 

● Records a short form code that may appear in other serializations 

● SDTM's CL.SEX is represented in the cube as "CL_SEX" 

Required 
 
Example 
"CL_SEX" 

skos:note <note>@en 
 
Datatype 
string 
 
Details 

● Description of the code list, including and special code values found in the data. 

Required 

Example 
"Specifies the sex for each observation, group of obs., or all categories (_ALL_) 

skos:prefLabel <label>@en 
 
Datatype 
string 
 
Details 

● Preferred label for the code list. Provide the name of the code list in the label for 

cross reference. 

Required 
 
Example 
"Code list scheme: sex"@en 

4.7.2 Code List Class 
Denotes all the codes within the code list. Defining a class for the code list permits validation of the code list using 

standard RDF closed-world checks.  

Naming Convention 
code:<codeList Class> 

Code list class is named using the same name as the code list but with the first letter as upper case. 

Example:         code:sex -> code list    

            code:Sex -> code list class 
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Figure 10  Code List Class: code<Class name> graph  
Star nodes link to other nodes in the model. 
Subgraph:  codeListClass 

 
Table 9  Code List Class code:<codeList Class> Predicates & Objects   

Predicate Object/Description 
rdf:type  owl:Class 

 
Datatype 
URI 
 
Details 
Identifies the component as a Class. The W3C specification employs both owl:Class 
and rdfs:Class. 
 
Required 
 

rdf:type  rdfs:Class 
 
Datatype 
URI 
 
Details 
Identifies the component as a Class. The W3C specification employs both owl:Class 
and rdfs:Class. 
 
Required 
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Predicate Object/Description 

 
rdfs:comment <comment>@en 

 
Datatype 
string 
 
Details 
A description of the class. 
 
Required 
 
Example 
"Specifies the gender for each observation"@en 

rdfs:label <label>@en 
 
Datatype 
string 
 
Details 
Label for class. Specifies the code list to which the class applies. 
Include a reference to the code list. 
 
Required 
 
Example 
"Class for code list: sex"@en 
 

rdfs:seeAlso code:<codeList> 
 
Naming Convention 
See 4.7.1 Code List 
 
Datatype 
URI 
 
Details 
Reference to the code list. 
 
Required 
 
See Also 
4.7.1 Code List 
 
Example 
code:sex 
 

rdfs:subClassOf skos:Concept 
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Predicate Object/Description 

Datatype 
URI 
 
Details 
Identifies the component as a Concept. 
 
Required 
 

 

4.7.3 Code List Codes 
Code list codes are the "coded values" in a code list. They provide consistency within and across data cubes. Multiple 

codes can be present in each code list. The code list reflects the values shown in an analysis results display, which may 

be the distinct values in the underlying data or combination of the values. For example the total may be identified by a 

specific code (example: sdmx-code:sex-T, see http://purl.org/linked-data/sdmx/2009/code#sex-T), or the non-missing 

values of the variable age. 

Notes on CDISC Codes 

The model currently includes triples extracted from CDISC Controlled Terminology files as an example of how to enrich 

the cube with additional data: 

 cts:cdiscDefinition 
cts:cdiscSubmissionValue 

 cts:cdiscSynonym 
 mms:nciDomain 
Implementers may instead choose to insert a single URI that links out to the appropriate term if CDISC terminology is 
available as RDF. 
 
Naming Convention 
code:<codeList>-<CODE> 

<codeList> The name of the code list. See 4.7.1 Code list . 
- A dash separates the code list name from the code 
<CODE> The code list code in uppercase with no spaces in the name. 

 

http://purl.org/linked-data/sdmx/2009/code#sex-T
http://purl.org/linked-data/sdmx/2009/code#sex-T
http://purl.org/linked-data/sdmx/2009/code#sex-T
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Figure 11  Codes: code:<code name> graph  
Star nodes link to other nodes in the model. 
Subgraph: codelist 

 

Table 10  Codes code:<codeList>-<CODE> Predicates & Objects 
Predicate Description or Object Descr. 
cts:cdiscDefinition <definition>@en 

 
Datatype 
string 
 
Details 

● CDISC Codes only 

● CDISC definition as documented in the CDISC terminology file. 

Optional 
    Optional for CDISC codes 
 
Example 
"A person who belongs to the sex that normally produces sperm. The term is used to 
indicate biological sex distinctions, cultural gender role distinctions, or both. (NCI)" 

cts:cdiscSubmission

Value 
<submission value> 
 
Datatype 
string 
 
Details 
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Predicate Description or Object Descr. 

● CDISC Codes only 

● CDISC submission value as documented in the CDISC terminology file. 

Optional 
    Optional for CDISC codes 
 
Example 
"M" 

cts:cdiscSynonym <synonym> 
 
Datatype 
string 
 
Details 

● CDISC Codes only 

● CDISC synonym value as documented in the CDISC terminology file. 

Optional 
    Optional for CDISC codes 
 
Example 
"Male" 

mms:nciDomain <domain> 
 
Datatype 
string 
 
Details 

● CDISC Codes only 

● CDISC ncidomain value as documented in the CDISC terminology file. 

Optional 
    Optional for CDISC codes 
 

Example 
"C66731.C20197" 

rdf:type code:<codeList Class> 
 
Datatype 
URI 
 
Details 

● Identifies the code as belonging to a specified code list class. 

Required 
 
See Also 
4.7.2 Code List Class 
Example 
code:Sex 
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Predicate Description or Object Descr. 
rdf:type skos:Concept 

 
Datatype 
URI 
 
Details 

● Identifies the code as a Concept. 

Required 
 

skos:inScheme code:<codeList> 
 
Naming Convention 
See 4.7.1 Code list  
 
Datatype 
URI 
 
Details 

● Associates the code with its code list.  

Required 
 
See Also 
4.7.1 Code list  
 
NOTE:  The object code:<codeList> in this graph has two predicates: skos:inScheme 
and skos:topConceptOf  
 
Example 
code:sex 

skos:prefLabel <label>@en 
 
Datatype 
string 
 
Details 

● Preferred (long-form) label for code list code. 

Required 
 
Example 
"Female"@en 

skos:topConceptOf code:<codeList> 
 
Datatype 
URI 
 
Details 

● Associates the code with its code list.  
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Predicate Description or Object Descr. 

● W3C specification uses both skos:topConceptOf and skos:inScheme  

Required 
 
See Also 
NOTE:  The object code:<codeList> in this graph has two predicates: skos:inScheme 
and skos:topConceptOf  
 
Example 
code:sex 

                              

4.8 Slices 
Slices are not implemented in the current cube model.3 Slices for subsetting and grouping can be defined using SPARQL 

queries.  

 

5. Specifics for analysis results 
This section describes how the RDF data cube is used for storing analysis results. 

5.1 Observation 
Below is one observation representing the median for the variable weightbl for the treatment group Xanomeline Low 

Dose. There is no subsetting of age group, ethnic group, race nor sex. For descriptive statistics the link between an 

observation and the underlying data is defined as: 

- the qb:dataset defines the dataset that contains the value 

- the dimensions define categorical subsetting. In the observation below, _ALL_ shows the value represents a 

summary across all values of that dimension (eg: Male, Female, Unknown…) 

- the procedure dimension defines the univariate descriptive statistic (median in this case) 

- the factor dimension defines from which variable in the dataset the univariate statistics is derived 
ds:obs098 a qb:Observation ; 
     rdfs:label               "98" ; 
     qb:dataSet               ds:dataset-DM; 
     crnd-attribute:denominator  "" ; 
     crnd-attribute:unit      "NA"^^xsd:string ; 
     crnd-dimension:agegr1    code:agegr1-_ALL_ ; 
     crnd-dimension:ethnic    code:ethnic-_ALL_ ; 
     crnd-dimension:factor    code:factor-weightbl ; 
     crnd-dimension:procedure code:procedure-median ; 
     crnd-dimension:race      code:race-_ALL_ ; 
     crnd-dimension:sex       code:sex-_ALL_ ; 
     crnd-dimension:trt01a    code:trt01a-Xanomeline_Low_Dose ; 
     crnd-measure:measure     "64.9"^^xsd:double . 

 

                                                           
3
 The concept may be implemented at a later time if individual cubes are formed into hypercube structures, at which point specific 

"dataset" slices could be formed. 
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5.2 Dimension for univariate statistics 
Below is the code list for representing the median.  

code:procedure-median 
     a                  code:Procedure , skos:Concept ; 
     rdfs:comment       "Descriptive statistics median"@en ; 
     skos:inScheme      code:procedure ; 
     skos:prefLabel     "median" ; 
     skos:topConceptOf  code:procedure . 

 

5.3 Attributes for univariate statistics 
Additional information on the observation is captured in the attributes. For descriptive statistics this is: 

     crnd-attribute:denominator  "" ; 

     crnd-attribute:unit      "NA"^^xsd:string ; 

 

5.3.1  crnd-attribute:denominator 
This attribute is used for the code:procedure-percent and identifies the variable or variables used for defining 

the denominator. However, if instead another code, say code:procedure-percent-univ, is introduced and the 

notion of more general percentages with more than one variable used as denominator as something else than univariate 

statistics (which makes sense), then this attribute is not needed. 

5.3.2 crnd-attribute:unit 
The unit is part of the interpretation of the measure. The W3C RDF Data Cube Specification includes a discussion of the 

use of the data cube. In the ADAM specifications the unit is implicit for each variable and not part of the data, whereas 

for SDTM the unit is captured as a separate variable. It is considered to use the unit as dimension, as the same results 

may be reported in different units. In diabetes HbA1c is reported both as % and also as mmol/mol. The CDISC ADAM 

Implementation Guide [7] specifies to use one variable for each version of the measure value, but that may also make it 

more difficult to identify the same result. 

5.4 URI Pattern 
This section is a placeholder for possible development in future versions of this document. 

The table below shows the URI patterns for the concepts discussed above. The notion of providing URI patterns follows 

http://csarven.ca/linked-sdmx-data#uri-patterns. 

Entity type URI Pattern 

qb:DataStructureDefinition  

qb:ComponentSpecification  

qb:DataSet  

qb:Observation  

http://csarven.ca/linked-sdmx-data#uri-patterns
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skos:Collection  

skos:ConceptScheme  

skos:Concept, 
sdmx:Concept 

 

owl:Class, 
rdfs:Class 

 

rdf:Property, 
qb:ComponentProperty 

 

qb:DimensionProperty  

qb:MeasureProperty  

qb:AttributeProperty  

 

6. Validation 
This section is a placeholder for possible development in future versions of this document. This may include a 

reference to the validation scripts in the R package, citation to the W3C document, citation of the tools used, etc. 

Tools for validating data cube may exist on several levels: 

- RDF Data Cube integrity constraints – defined as part RDF data cube 

- Verification of existence of data set 

- Consistency between dataset and code lists/dimensions 

- Verification of derivation of summary statistics using the data set 
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Appendix 1. Acronyms and Abbreviations 

Acronym/Abbreviation Details 

AR&M Analysis Results & Metadata” (AR&M) team, a sub-team of the PhUSE “Semantic 
Technologies” working group 

CDISC Clinical Data Interchange Standards Consortium 
www.cdisc.org 
 

CRND Clinical Research & Development. Used in the naming of the R package. 

RDF Resource Description Framework 

rrdfqbcrnd0 R Package for creating RDF Data Cubes 

PhUSE Pharmaceutical Users Software Exchange 

QName A “qualified name" that defines a valid identifier for elements and attributes.  

SKOS Simple Knowledge Organization System 

TTL Terse RDF Triple Language. The RDF syntax used for the RDF Data Cube created 
by the R package rrdfqbcrnd0.  

URL Uniform resource locator 

URI Uniform resource identifier 

W3C World Wide Web Consortium 

 

 

  

http://www.w3.org/TeamSubmission/turtle/
http://www.w3.org/TeamSubmission/turtle/
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Appendix 2 . Cube Structure Network Graph 
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Appendix 3. Technical Notes 
 

Prefix Definitions & Apache Jena 

 

Technical note: When an RDF file is uploaded to an endpoint, RDF resources are stored in their expanded form, using the 
prefixes defined at the top of the RDF file content. If a prefix is not defined, the RDF resource is stored as it is (not a fully 
qualified URI) and this may lead to unexpected results. Also note that when importing Turtle files, the prefixes may be 
changed anywhere in the file (“Turtle allows prefix and base declarations anywhere outside of a triple”, 
http://www.w3.org/TR/turtle/#sec-diff-sparql ). Therefore, exercise caution when concatenating RDF files prior to 
import to an endpoint. 

http://www.w3.org/TR/turtle/#sec-diff-sparql

