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EXECUTIVE SUMMARY  
This document provides an RDF-based model describing streams and other data from products in 

use, social networking systems and collaboration processes relevant for the Smart Vortex use cases. 

 

The aim of the document is to provide a high level semantic description of data, which can be used 

when locating and searching streaming information sources as well as other kinds of data. The model 

will be the basis for the design of the Smart Vortex software architecture. 

 

The model itself will continually evolve throughout the project. 
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1 INTRODUCTION 
A central feature of the Smart Vortex project is efficient search and processing of data 

streams produced during the life cycle of a functional product. The functional product, 

composed of hardware, software and services, produces many kinds of data streams of 

potentially very high data rates. The approach is to use a Data Stream Management System 

(DSMS) in order to cope with the explosive data volumes when the system is scaled up. The 

different kinds of data streams involved include the following: 

 

 Streams from sensors and analysis equipment. Such streams are produced by products 

in use by customers and contain measurement data and potentially incomplete 

runtime parameters and are consumed by the engineers of the manufacturer for 

monitoring and maintenance of the equipment. The data is also valuable for gaining 

new insights about the usage of the equipment in general.  

 Streams of simulation and testing data. Such streams are produced during repeated 

simulations and testing for the evaluation, cross referencing, and verification of 

individual design versions. The consumers of these data streams are engineers and 

engineering software. Each simulation and test generates millions of data sets, and it 

is impossible to evaluate the complete results manually for verifying and optimizing 

designs. 

 Streams of design data. These streams are produced by the engineers and scientists 

and contain logical circuit design, physical layout of printed circuit boards, 3D 

designs of mechanical components, etc. The consumers of these streams are other 

engineers from potentially different domains or organizations, simulation tools, and 

collaboration tools.  

 Streams of multi-media collaboration data. Collaboration data streams are generated 

by collaboration tools and domain specific systems and include decision points, 

meeting notes, access logs, user interaction, social interaction, user behaviour, chat 

logs, conferencing sessions, domain specific operations, business process execution, 

etc. Consumers of these streams are all users and tools of such systems. The 

heterogeneous nature of these streams and their information density often makes it 

impossible to process this information manually. 

 Streams of higher level inferred events. By analyzing raw data streams, it is possible 

to produce higher level inferred events, such as equipment malfunctions, important 

changes on design data, unusual behaviour, etc. These data streams can be consumed 

by users through notification services, or by tools and services for automated 

intervention. To be able to produce these streams, the massive heterogeneous data 

streams introduced above have to be analyzed. 

 

In order to design a DSMS-based system to manage the different data streams generated 

during the product life cycle, the semantics of data streams and additional (non-streaming) 

data must be understood and modelled. This is the objective of this document. 
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2 DOCUMENT OVERVIEW AND RELATION TO OTHER 

DELIVERABLES 
 

2.1. Document overview 

 

The semantic models that are presented in this document have been created in a modelling 

toolkit based on RDF Schema (Protégé). The models are shown as a number of selected views 

(projections), in order to give an overview of the full model, which is difficult to visualize in a 

document like this, due to its size and complexity.  

 

The selected views are 

 Products-in-use view (Functional products view) 

 Data stream view 

 Collaboration view 

 Social network view 

 

2.2. Relation to other deliverables 

 

This document focuses on modeling the semantics of relevant data and data streams, as well 

as the relations between different concepts, components and subsystems of the Smart Vortex 

architecture. The models are intended to be used as a basis for the design of software 

components, which will be specified in D2.3 "SMART VORTEX Suite architecture and 

technical specification" [2].  

 

In D2.1 "SMART VORTEX Information model," [1] an information model focusing on 

capturing of business values and giving a high level picture of the Smart Vortex framework is 

given. D2.1 also includes processes models. In D3.1 "Semantic models of data streams," [3] 

detailed semantic models of data sources, such as sensors and simulators are provided. All 

these documents are strongly related, but with slightly different aims and focuses. 

 

2.3. Modelling languages and tools 

 

For the modeling presented in this document, an RDF-based framework has been used. This is 

a strategic choice, since some of the software components of the Smart Vortex suite will rely 

heavily on Semantic Web technologies. The modeling has been done using the Protégé tool 

and the RDF Schemas are generated using the Ontoviz visualizer. 
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3 IMPORTANT CONCEPTS 
 

In this section, important concepts of data stream management and semantic modelling are 

defined.  

 

3.1 Semantic Models 

 

A semantic information model is an ontology that describes the various kinds of data used in 

an information system. The model includes descriptions of how different kinds of data 

concepts are classified and relate to each other. A semantic information model documents the 

data and makes them understandable both for humans and for the software processing the 

data.  

 

In Smart Vortex a product information model (PIM) is a semantic information model that 

describes the different kinds of data produced during the life cycle of a product. The PIM is in 

Smart Vortex represented and encoded using the RDF-Schema (RDFS) meta-data modelling 

language [4]. RDFS provides simple ontology constraints for the basic semantic web meta-

data representation language RDF [5]. The PIM in Smart Vortex describes the many different 

kinds of data used during the product life cycle. 

 

3.2 Data Sources 

 

Various kinds of data are used by different parties during the life cycle of a product. The data 

is represented in many different ways, including files, relational databases, inside CAD 

systems, and delivered directly from various kinds of equipment. A data source is data 

represented in some particular way and processed by some data processing software. For 

example, a relational database is one kind of data source, which is processed by a relational 

DBMS (DataBase Management System), while a sensor is a data source producing a stream 

of measured values processed by a DSMS (Data Stream Management System), as will be 

elaborated below. 

 

3.3 Data Streams 

 

Of particular interest for preventive maintenance and changes in the product life cycle is data 

delivered as streams from different kinds of artifacts, such as product-in-use, products-being-

developed etc.  A stream can be seen as a time sequence that continuously grows as new data 

arrives, for example as new temperature readings are continuously delivered by a sensor. A 

stream thus represents sequences of measured values continuously growing and changing 

over time. As a stream grows it may become very large or even infinite. 

 

In Smart Vortex data streams are produced by different kinds of equipment, but also by 

simulations and humans. Examples of streams are temperature readings on machines, 

positions of equipment-in-use, the operations performed by an equipment’s operator over 

time, the interactions between different parties in a collaboration, etc. 

 

The stream rate measures how often the new values are added to the end of a stream, 

measured in number of added values per second or MBytes added per second. For example, a 

sensor may be read the temperature of a machine 10 times per second as an integer, producing 

a temperature stream with rate 10 Hz or 40Mbytes/s. If the stream rate is low it is possible to 

permanently materialize the stream as a continuously growing log file. However, this may be 

infeasible if the stream rate is too high. Therefore, streams with very high rates must be 



 

SMART VORTEX WP2/D2.1 9 / 16  

processed immediately as new measured data values arrive. Often only stream sections of 

limited size, called windows, can be processed at the time.  

 

If stream rates are too high to process immediately by available computational resources, it 

may be necessary to drop measured values considered more or less unimportant by some 

criteria; this is called shredding. Shredding should be avoided if possible since it causes 

information loss, which, e.g., may make continuous queries not detect operator errors that can 

cause machine failure. With traditional logging the user has to specify very restricted 

conditions of what data values to monitor, which effectively causes the system to be unable to 

look for unforeseen faults. 

  

In Smart Vortex data streams are used for continuously monitoring data from equipment with 

minimal information loss. The monitoring continuously computes new parameter values from 

existing streams, meta-data, databases, and other streams. Since the equipment is distributed 

geographically the streams themselves and their processing are also distributed. Some 

computations over the streams can be made directly in the equipment-in-use while other 

computations are made in some central processing site using some standard communication 

protocol to ship streams from the data producing equipment.  

 

3.4 Queries 

 

A query is a request for the retrieval of some data from a database. A query is executed 

immediately to retrieve the desired information, for example: 

‘What machines are currently operating at too high temperature?’ 

This is called a passive query since the system processing the query passively waits for users 

to send the queries for execution. Queries are expressed in terms of some query language. For 

example, queries to relational databases are usually expressed in the query language SQL, 

while queries to RDF based information models are usually expressed in SPARQL [6]. 

Queries provide for users and programmers a very general way to specify data selections 

(filters), combinations (joins), and computations over data stored in databases. 

 

In Smart Vortex queries expressed in terms of the PIM allows users and tools to flexibly 

search, combine, and analyze different kinds of information produced during the life cycle of 

products. For example, a maintenance department may need to search for those particular 

installations of a particular kind of equipment operating at significantly higher temperatures 

than desired.  

 

Smart Vortex will support SPARQL queries to the PIM. The PIM will describe data from 

many different kinds of data sources. The queries will search, combine, and analyze data from 

the data described by the PIM. 

 

 

3.5 Continuous Queries 

 

Regular passive queries are not sufficient for searching inside data streams. Data delivered as 

streams requires continuous queries, which are queries over streams that continuously deliver 

new results as new data arrives to the queried stream. For example, if some machines 

continuously deliver streams of temperature readings, a continuous query may be: 

‘Continuously show me the temperature readings for sensor X on equipment of 

model Y operating at 20% higher temperature than what is recommended.’ 

Continuous queries (CQs) are sent to a data stream management system (DSMS) for 

execution. Once a continuous query is started to be executed it will deliver results until some 
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stop condition is fulfilled, e.g. at some particular time point or when the user signals that the 

continuous query result delivery should stop. 

  

In Smart Vortex continuous queries are used for monitoring critical parameters of products-

in-use, for monitoring how operators use the equipment, and for monitoring collaborative 

interactions. 

 

 

3.6 Meta-data and Meta-data Streams 

Meta-data, often referred to as "data about data" can be defined as "...structured information 

that describes, explains, locates, or otherwise makes it easier to retrieve, use, or manage an 

information resource." [7] This can for instance be information about the origin of the data 

(the data source), the purpose of the data, the time and date of creation, etc.  

 

A meta-data stream is a stream containing meta-data. 

 

 

3.7 Data Stream Management System 

 

A Data Stream Management System (DSMS) is a general software system to manage data 

streams. Figure 1 illustrates the principle of a DSMS. 

 
Figure 1. Data Stream Management System 

 

In Smart Vortex a DSMS is used for processing queries over data streams produced during 

the product life cycle. The meta-data is represented by the PIM. Continuous Queries combine 

data from data streams with data stored inside a DSMS and in other data sources. For 

example, data streaming from equipment-in-use may be matched by CQs against data stored 

in a relational database containing statistics about the monitored equipment.  

 

It becomes particularly critical to process efficiently CQs over data produced by equipment-

in-use since: 

 The stream rates from equipment-in-use are often very high. The processing of CQs 

must keep up with the stream rates in order not to miss opportunities by losing 

information, e.g. to detect problems requiring preventive maintenance.  
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 There are many pieces of equipment being monitored, each producing a substantial 

amount of streaming data. Therefore scalability for very high stream volumes 

becomes even more critical when data from different equipments are combined. 

 The equipment is geographically distributed and the equipment itself has substantial 

computational power, so distributed processing of CQs becomes an issue. 

 The computations made while processing CQs may require substantial resources, in 

particular relatively expensive numerical and statistical algorithms will need to be 

processed in real time over streaming data. The system should scale with the 

resources to do the computations.  

 

From the above it is clear that the DSMS itself must be distributed, parallel, and scalable. It 

must be possible to specify CQs that search and combine information from many distributed 

stream sources. Expensive computations are handled by scaling out and parallelizing the CQ 

processing. 
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4 SELECTED VIEWS 
A number of views, showing subsets of the full semantic model of streams and other data, 

have been selected to give a good picture of the relations between different components of the 

Smart Vortex platform. The selected views are: 

 

 Products-in-use view (Functional products view) 

 Data stream view 

 Collaboration view 

 Social network view 

 

4.1. Products-in-use view (Functional products view) 

The Products-in-use view is a model that describes how a functional product is composed of 

services (maintenance, monitoring, training) together with hardware (machines) with sensors 

installed, that generate various types of raw data streams.  

 

An overview of the products-in-use view is given in Figure 2. The central concepts here are 

the functional product (FunctionalProduct, at the top), which consists of services (Services) 

and hardware (MachineInstallation, an instance of Machine). One or more data-producing 

sensors (SensorInstallation, an instance of Sensor) are connected to the machine, resulting in 

raw measurement data streams (RawDataStream). A raw data stream is a specialization of the 

data stream class (DataStream), described in more detail in section 4.2 below. 

 

 

 
Figure 2: Products-in-use view  

 

No attributes are given in the model in Figure 2, for readability. In the full model, there are 

many attributes for each class.  

 

Note the relationship between the Monitoring service and the DataStream (i.e. 

monitoringUses). This models the fact that the monitoring of machines is performed by 

processing data streams (RawDataStream) originating from sensors (SensorInstallation) in 

the product in use. Note also how the Maintenance and Development services are influenced 

by the Monitoring. This models the fact that the monitoring can detect issues leading to a re-

development of a machine or to a changed maintenance procedure. Similarly, the monitoring 

can lead to new training procedures for the machine operators.  
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4.2.  Data Stream view 

The Data Stream view is centered around the DataStream class, which is the generic class for 

all types of data streams, to be processed by a DSMS. Moreover, a DataStream is modeled as 

a DataSource. Stored data (e.g. file repositories, databases) are also modeled as DataSources. 

The data stream view is given in Figure 3. 

 

 

 
Figure 3: Data Stream view 

 

Note that the model depicted in Figure 2 (Products-in-use) can be seen to be connected to the 

model in Figure 3 (Data Stream view) through the RawDataStream/DataStream classes. This 

gives a high level overview of the central sensor data stream monitoring concept in Smart 

Vortex. What is mainly missing is the Collaboration view, capturing how collaboration and 

decision making is connected to the sensor data streams. This perspective will be added in 

section 4.3     

 

A DataStream is an ever growing sequence of  stream tuples. The StreamTuple class models 

the attributes of the values of the data streams. A stream tuple has a time stamp recording 

when it was produced by a sensor or a DSMS. This is shown in Figure 4. 

 

 
Figure 4. A Data Stream is composed of a sequence of stream tuples 

 

Different kinds of data streams will produce streams consisting of different stream tuples. The 

different specialized streams are modeled as specializations of class DataStream. The tuples 

of the specialized streams are modeled as subclasses of StreamTuple.  

 

4.2.1. Data sources 

The source of a data streams can be either a sensor (i.e. measurements of physical properties) 

in which case it is represented as a RawDataStream in the model, or a simulator 
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(SimulationStream) or validator (ValidationStream). It can also be generated from values 

stored on disk (in StoredStream). Validation streams and simulation streams are subclasses of 

DerivedStream, indicating that they are computed streams, rather than generated by a sensor. 

 

A more detailed description of data streams, including the associated data sources 

(specifically the sensors) is given in D3.1 [3]. 

 

4.3. Collaboration view 

The Collaboration view shows how the services of a functional product are dependent upon 

collaboration between many stakeholders, and how the collaboration uses and produces data 

streams. The collaboration view is depicted in Figure 5 below. 

 

 
Figure 5: Collaboration view 

 

Collaboration in relation to a service of a functional product is typically triggered by an Alert 

origination from a Monitoring service, or by needs identified in a Development process. The 

participants of the Collaboration are modeled as Agents, who are also participants of the 

Services.  

 

Note how the Collaboration is supported using a number of CollaborationTools, that are part 

of a CollaborationPlatform. These are the collaboration software components of the Smart 

Vortex suite. The collaboration tools are used for sharing and collaboratively analyzing data 

streams, typically generated by sensors in machines. The collaboration tools also generate 

data streams. These data streams can also be searched and processed using the DSMS. 

 

To perform the data stream processing, the collaboration tools use the DSMS, through the 

Collaboration Platform.  

 

An important aspect of the collaboration view is that the collaboration produces operational 

knowledge, representing the fact that the collaborative work to solve problems or develop 

new functions increases the knowledge of the collaborative team and the organizations 

involved. This is modeled by the producesOperationalKnowledge relation between 

Collaboration and OperationalData. This knowledge is typically stored in databases, PLM 

systems or similar. The collaboration tools can also have built-in support for storing 

knowledge or collaboration data sets, represented by the relation toolStoresData between 

CollaborationTool and Repository. 

 

4.4. Social network view 

The social network model is intended to capture how competence and knowledge of a 

collaborative team can be represented in a structured way for use by applications. The social 

network view is shown in Figure 6. 
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Figure 6: Social network view 

 

Social relations in general can be quite diverse and can have different semantics and 

connotations in organizations. To be able to capture all significant scenarios, the general 

social ontology used in Smart Vortex accommodates for all possible constellations by 

introducing a central term to represent social constructs (SocialConstruct in Figure 6). 

Relationships are not represented by direct vertices, but rather by memberships in a social 

construct. That way they can easily be qualified and annotated with different attributes. Note 

that no distinction is made between human and software agents in this respect, every agent 

can be a member of a social construct. This will be used to model associations with the tools 

of a relationship. 

 

Users and applications are acting parties within a network. By definition that makes them 

agents [8]. Agents define and act upon environments, of which the different collaborative 

applications are only one example. Therefore, every environment enables a set of actions 

which may or may not be executable in a situation. 

 

The execution of an action is called an activity in this model and it is a vital concept for the 

actual infrastructure to be used within Smart Vortex in general and the cross-organizational 

mechanisms in particular.  

 

Open questions include 

1. to what extent environments need to be represented directly, 

2. actual implementation of the "skill" concepts in the domain ontologies, 

3. how best to combine the models of the other team efforts in this ontology. 
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