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1 Introduction 

This deliverable extends what detailed in D6.1, providing practical guidelines on the use of 

the Q-ImPrESS tools platform and represents a reference manual for the software engineers. 

This deliverable specifically address recommendation R7 of First Project Review.  

 

This is a layout of the deliverable structure: this chapter is a short introduction what the Q-

ImPrESS platform aims at and its main features. Chapter 2 collects generic guidelines that 

cover most of the workflow process operations detailed in D6.1. Chapters 3,4,5 collect 

specific guidelines for the telecom, industry and enterprise domains. Chapter 6 collects 

specific tools manuals. 

 

 

1.1 Q-ImPrESS overall workflow 

Q-ImPrESS aims at helping software engineers in the quality evaluation of different system 

evolution alternatives. Different quality metrics can be predicted before implementation takes 

place. This leads to a shorter time to production while assuring a better quality of the target 

system. 

This is an overview picture of the Q-ImPrESS workflow as applied at ABB/Ericsson: 
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While the Q-ImPrESS method is described in details in D6.1, this deliverable includes some 

practical guidelines on how to effectively use the platform and collects the user manuals of 

the different tools forming the platform. The rest of the chapter describes the advantages of 

adopting the Q-ImPrESS tools and method with respect to conventional IDE tools. 

 

1.2 Advantages of Q-ImPrESS use during system design and 
software development 

Q-ImPrESS is based on the Eclipse and Eclipse EMF frameworks and can therefore be 

adopted easily and integrated in the development environment. 

With the use of the Q-ImPrESS IDE the model of a large component-based system can be 

handled efficiently.  Moreover several different evolving alternatives can be modeled and 

evaluated avoiding the implementation/testing/deployment phases of the traditional 

production cycle. 

A key feature of the Q-ImPrESS toolset is the notion of modeling abstraction level; Q-

ImPrESS allows a software engineer to describe a component either as a gray/black box in 

terms of quality attributes (stopping at a high abstraction level), while fully modeling main 

components using the analysis tools provided by the platform. 

 

 

1.3 Advantages of Q-ImPrESS use during software evolution and 
maintenance 

Especially in domains where software solutions have a long life cycle (Telecom, Industry) 

and are characterized by high quality standards, the product evolution and maintenance phase 

is crucial. This phase accompanies the product until its commercial end and may lasts years 

(and often decades), therefore very seldom is performed by the team involved in the initial 

product design and implementation. Moreover shifting maintenance to a different location 

than production is becoming a normal procedure for medium/large companies in an effort to 

cut down costs. 

In this phase, using a development tool that conveys design information and decisions is of 

utmost importance. The Q-ImPrESS platform lets perform a reverse engineering of existing 

code and can be used to easy maintenance of old software code while allowing to test 

alternative solutions without actually coding them. 
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2 Guidelines 

2.1 Overview of the Q-ImPrESS method 

The process of assessing the quality of large, distributed component-based software systems 

is quite complex. The Q-ImPrESS method, outlined in D6.1 and depicted in the following 

picture, splits the process in a sequence of phases, easing the overall procedure. 

 

The picture details the list of tools provided by the Q-ImPrESS method at each process phase: 

 

 

Figure 1 - the Q-ImPrESS toolbox 

 

The overall workflow starts with the definition of different change scenarios (alternatives) 

each potentially suited to solve the new requirements. 

Each (assembly) change scenario has to be modeled, then prediction analysis is performed for 

each model, results are then confronted pair wise unless a suitable scenario is elected as the 

best solution. 
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The next sub-chapters contain some guidelines on each identified method phase, starting from 

3.3. 

 

2.2 Model a change scenario 

Model creation (detailed as process 3.3 in D6.1) is a recursive process, where the main steps 

in the cycle are the ones that follows. 

 

2.2.1 Components selection 

Depending on the change scenario, only some components of the system will be affected. 

Moreover, the level of model details (abstraction level) can differ for different components.  

The components more interested by the change scenario should be thoroughly modelled, as 

the more fine grained the model is the more accurate the quality prediction on the alternative 

can be.  

 

The abstraction level measures the level of details and accuracy of a model with respect to the 

system modeled.  

At an high abstraction level, a system is described by few composite components or sub-

systems. As an example, if the system under analysis is a plant PCS (Process Control 

System), the legacy ERP system at level 3 could be modeled as a single component, providing 

daily production schedules (maybe updated several times a day) and requesting control data 

back, without affecting the accuracy of the analysis method on the PCS system. 

At a medium abstraction level the number of components increases, but they still lack an 

adherent description of their internals (as obtained reverse engineering components code) and 

quality annotations are still manually inputted. Composite components reveal details of their 

structure, interfaces and connectors are fully described. 

At a low abstraction level the model precisely adheres and describes the components under 

analysis. 

 

There is a trade-off to consider in choosing the right abstraction level. While time spent in  

modeling decreases shifting toward an higher abstraction level, the deviation between 

predicted and measured quality attributes increases. Moreover complexity and size of models 

increase lowering the abstraction level. This means that it is envisaged the need of another 

inner loop to consider: a component model could not be yet at the right abstraction level and 

another cycle may be needed before passing to the next component to model. The software 

engineer should choose this based on his experience. 

 

 

 

2.2.2 Model components as grey/black boxes. 

Components and services not touched by the change scenario do not need to be modelled in 

details. The requirement is anyhow that quality annotations for these components meet 

requirements. As only component external behaviour has to be defined (we do not need any 

detail on the componentôs structure), the quickest way to model it is to instrument it at its 

connectors, deploy and run it on a reference suite test and monitor it. 
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2.2.3 Reverse engineering of selected components 

We can obtain a  model (complete of component structure) for the selected components using 

reverse engineering techniques from component code (which should be available otherwise 

the component cannot be changed). 

Software could need some adaptations before being ready to be analysed by the reverse 

engineering tools provided by the Q-ImPrESS ide. The time consumption of this phase is 

unpredictable, as it is proportional to the LOC size but also depends on the technology used 

and the subtle language nuances of that technology (example: VisualC 6 with respect to C++). 

The level of details of the component structure can increase recursively applying reverse 

engineering. This phase again needs some manual input and cannot be fully automated. 

 

As explained in D6.1 (3.3.3.4) the reverse engineering  process is basically divided in 3 steps: 

first, code is analysed to obtain an abstract structure, then information regarding components 

and interfaces is extracted and finally the user can add behaviour annotations ( in the form of 

Petri Nets or in other ways as the Q-ImPrESS platform provide interfaces to include different 

plugins to work with). 

 

As explained, the software engineer iterates the previous phases until all system components 

have been modelled. 

 

2.2.4 Model system assembly 

At this point models for all individual components are available. Now they need to be 

assembled to represent a Service Architecture Model. 

Hence the system architect takes components from repository and plugs them together using 

connectors.  

The graphical editor can be used for this phase, this makes connection creation and handling 

much an easier task with respect to using the text editor. 

  

2.2.5 Model system deployment 

The deployment model needs to be updated if the assembly change scenario involves the 

creation of new components (that need to be allocated), or in case of the HW resources are 

changed. For each alternative model the corresponding deployment scheme has to be 

modelled. 

 

 

2.2.6 Model system usage 

The workload intensity caused by the users of the service oriented system can be potentially 

extracted during the runtime monitoring process, anyhow the need for a manual update of this 

model is foreseen and therefore included in the workflow.  Moreover, modelling alternatives 

for different usage schemes, system quality attributes at different system usage settings can be 

investigated. 
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2.2.7 Add quality annotations 

The software engineer has to provide quality annotations for the modelled components in 

order to predict the impact of a change requests on the selected components. 

Quality annotations can be derived in different ways depending on their nature. 

Regarding performance quality annotation, they can be expressed defining a formula that 

relates the performance of a component (or a part of it) with other parameters ( the input 

throughput,  the quantity of RAM or the number of cpus used). To derive it code and run the 

code has to be instrumented and executed against a reference scenario. The Q-ImPrESS tool-

set provides basic instrumentation suites, but there are several more sophisticated tools 

available to perform fine resolution performance measurements. The software engineer has 

then to analyse the performance data (timestamps) and derive (linear) functions of the 

execution times with respect to the identified parameters.  

Regarding reliability quality annotations, a linear distribution representing the component 

reliability can be estimated analysing the data regarding bugs reported for the components 

covering a consistent time frame. Other formula can be found in the literature regarding this 

topic. 

 

The Q-ImPrESS ide provides editors for editing quality annotations. 

 

2.2.8 System Model validation 

For any prediction analysis to be consistent and valid, the model used to assess quality 

prediction has to adhere to the real system under investigation. Model has to be verified and 

validated before being used to evaluate change scenarios (design alternatives). 

Model validation is not performed as a single step, but usually model gets refined along a 

modeling loop, where model comes closer to the system modeled at each loop cycle. 

The already mentioned model abstraction is refined as well during these loops. So usually the 

software engineer starts modeling the system at an high abstraction level and checks model 

consistency before refining the model and scale down to  a lower abstraction level. 

If the Q-ImPrESS tool is used for prediction analysis, checking model consistency means 

instrumenting the code and checking that system performance, for a known use case, closely 

match model performance prediction running the same use case.  

There is a relationship  between the model abstraction level and the 'granularity' of code 

instrumentation too: at an high abstraction level, code instrumentation can be rather sparse, 

determining performance at component level. As the level of details in the model increases, 

instrumentation has to be performed at a finer resolution to check model consistency. Each 

time the system has to perform a known execution and the same execution has to be 

predicted. If prediction does not match system execution times, the software engineer has to 

adjust the model before advancing to a new loop cycle. 

 

To run the model we have first to complete it providing information regarding the component 

deployment scheme and user input. The time spent configuring the model for a reference 

scenario depends on the complexity of the system, but usually should be easier then running 

the entire system (at least the model can run on one machine). We collect quality prediction 

analysis results from model execution and we check how closely they match with real quality 
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data we collected for the same reference model. If differences exceed defined thresholds (say 

system model performance differs for more than 20% the system performance 

measurements), the software engineer has to go back to phase  2.2.4 checking again the 

quality annotations defined for each component. 

If the model is coherent, the software engineer, based on the required change scenario, has to 

judge if the model abstraction level is enough or some components should be modelled at a 

finer resolution. This depends on the system and the change scenario examined. If the 

abstraction level is too high the user has to start again at phase 2.2.2 either modelling black 

box components as composite components or cycling more on the reverse engineering phase. 

 

 

2.2.9 System quality prediction 

A system model  reflecting a change scenario is performed and results are collected back in 

the model. Currently prediction analysis is composed by: Performance prediction, Reliability 

Prediction, Maintainability prediction. For a prediction analysis to take place, the alternative 

model (SAM) has to be converted in the specific prediction tool format (PCM for 

performance prediction, KLAPER + PRISM for the reliability analysis). The time 

consumption of this phase depends on the complexity of the models. 

 

 

2.2.10 Results trade-off analysis 

Alternatives can then be selected for the trade-off analysis in order to select the most viable 

solution. The Q-ImPrESS ide provides a tool that performs Pareto analysis and derives the 

best alternative that meets change quality requirements. 

If no alternatives meet quality requirements, the system engineer has to identify new change 

scenarios and restart modeling them. 

 

 

2.2.11 Implement viable alternative and validate model. 

The alternative that is judged as the best match is implemented. The JPFChecker tool can be 

used in this phase to verify the consistency of a behaviour model with the actual 

implementation of a service. 

After deployment, the quality of the system is assessed and compared to the predicted. If 

analysis results offset exceeds a threshold, the alternative modeled should be checked again 

and validated (implementation may be checked as well for compliance with the model.  

 

 

 

 

 

2.3  Workflow detailed overview 

This chapter depicts in details all the practical steps for the creation and editing of different 

service models.  
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2.3.1  An example on how to edit models using the textual editor 

 

 

After adding the Q-ImPrESS nature, model files can be inserted into the alternative by right-

clicking on the alternative. 

In the following, we create a Q-ImPrESS Repository Model, a Q-ImPrESS Hardware Model, 

a Q-ImPrESS TargetEnvironment Model, a Q-ImPrESS SEFF Behaviour Model, a Q-

ImPrESS SAM Model, a Q-ImPrESS Usage Model, and a Q-ImPrESS QosAnnotations 

Model. 

 

The following figure shows how the different EMF model files are connected with each other. 
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Create a Repository Model 

 

Create a new object in the alternative (Right-click on the alternative Ą New Ą Otheré). 

 

 
 

In the following dialog, select the ñQ-ImPrESS EMF Modelsò category, and select 

ñRepository modelò.  
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Provide a file name for the repository. 
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In the next dialog step, select the root object of the EMF model. In this case, this has to be the 

Repository element. Select ñRepositoryò from the list. 

 

 
 

After clicking on finish, the EMF file is being created. These steps are similar for the other Q-

ImPrESS models. In the ñQ-ImPrESS EMF Modelsò category, the corresponding element has 

to be selected and the appropriate root object has to be selected. 
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If the model is not opened automatically, it can be opened from within the Eclipse Package 

Explorer view (currently, it is not possible to open the file from within the Project Explorer). 

Open the view (WindowĄShow ViewĄOtheréĄselect Package Explorer from the ñJavaò 

category) and navigate to the folder containing the EMF model element (the folder name is 

the alternative id). 

 

 

 
 

Open the file by clicking on it (or right clickĄOpen WithĄStaticstructure Model Editor). 

 

In the following, we create the Repository contents. 

 

DataTypes 

 

First, data types have to be created. The example system contains interfaces with an operation 

that takes the user id (integer) as parameter and returns user data (string). 

Both parameter and return value data types have to be created. 

 

We create the user id datatype by right-clicking on the repository root element, selecting 

ñNew Childò, and selecting ñPrimitive Data Typeò. 
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For this datatype, the type attribute has to be set to string. 

Attributes can be set in the properties view. If it is not displayed, right-click on the datatype 

element and select ñShow Properties Viewò. In the properties view, set the type to ñstringò 

and the name to ñuserDataò. 

 

 

 
 

The same has to be done for the second primitive data type. Set the name of this data type to 

ñuserIDò and the type to ñintò. 
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MessageTypes 

 

For the operation parameters, input and output message types have to be created. 

 

Right-click on the repository, select ñNew Childò and ñMessage Typeò. Set the name of the 

message type in the properties view. The example system contains two message types simply 

named ñmessageOutputò and ñmessageInputò. 

For a message type, you can provide references to parameters the message type contains. 

For the message type ñmessageInputò, right-click on the message-type and select ñNew 

Childò and ñParameterò. For this parameter, set a name in the properties view and the 

parameter type (the userID parameter). 

 

 

 
 

A messageType ñmessageOutputò referencing the ñuserDataò parameter type has to be 

created in the same way. 

 

Interfaces 

 

Once the message types are created, we can create the interfaces. 

The GUI component of the example system provides one interface containing a operation 

ñwhoisOperationò.  

Create this interface by right-clicking on the repository, then select ñNew Childò and 

ñInterfaceò. Set the name of the interface in the properties view (e.g. ñGuiInterfaceò). Add the 

operation to the interface by right-clicking on the interface, then select ñNew Childò and 

ñOperationò. 

In the properties view, set the name of the operation to ñwhoisOperationò. Set the operation 

Input attribute to the messageType ñmessageInputò and the Output attribute to the 

messageType ñmessageOutputò. 

 

PrimitiveComponents 
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This interface is provided by the client component. This is a composite component containing 

two primitive components, the Gui component and the DataRetriever component. 

We first create the two primitive components and then the composite component. 

 

Create the primitive component GUI component by right-clicking on the repository, then 

select ñNew Childò and ñPrimitive Componentò. Provide a name for the component by setting 

its name attribute in the properties view, e.g. ñGuiComponentò. 

To provide or require components, a component has to contain ports. 

Add a provided interface port to the component by right-clicking on the component, then 

select ñNew Childò and ñProvided Interface Portò. Set the name of the port by setting its 

name attribute in the properties view, e.g. ñGuiComponent Provided GuiInterfaceò. Besides, 

set the interface type to the interface ñGuiInterfaceò. 

 

 
 

In the example system, the GuiInterface also requires an interface. Since this interface 

contains the same operation, the GuiInterface element is being reused. To require the 

interface, we add a ñRequired Interface Portò to the component. This is done in a similar way 

as described above. Right-click on the component, then select ñNew Childò and ñRequired 

Interface Portò. 

 

Behaviours can be specified for components or component operations. The example system 

contains SEFF behaviours for the primitive component operations. 

The SEFF behaviour is specified in a SEFF Behaviour model (see below). However, a 

behaviour stub has to be created in the component element which is then be referenced by the 

actul behaviour. 

To add a SEFF behaviour stub to a component, right-click on the component and select ñNew 

Childò and ñSeff Behaviour Stubò. Set the operation in the property view for the stub. This is 

the operation for which the behaviour is to be specified, i.e. whoisOperation. 
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In the same way, we can now create the other primitive components of the example system 

(DataRetriever, DataService, DatabaseManager and Database). Confer to D2.1 or the example 

system instance for details. 

 

CompositeComponents 

 

Once all primitive components have been created, composite components which hold 

encapsulated primitive components can be created. 

 

We create a composite component that contains the two primitive components GuiComponent 

and DataRetriever. This component holds the client logic of the example system. 

 

Right-click on the repository, select ñNew Childò and ñComposite Componentò. The 

composite component element is being created in the EMF tree. Set its name in the property 

view to ClientComposite. 

 

A composite component can provide or require interfaces in exactly the same way as 

primitive components do. Add a provided and required interface to the ClientComposite 

component by adding a provided interface port and a required interface port. Both times, the 

GuiInterface can be used. In the example system, the ports of the ClientComposite component 

are called ñClientComposite Provided GuiInterfaceò and ñClientComposite Required 

GuiInterfaceò. 

 

In addition, the nested components have to be specified. This means that instances of existing 

component types (i.e. instances of the GuiComponent and the DataRetriever component) have 

to be specified for the composite component. Right-click on the composite component, select 

ñAdd Childò and ñSubcomponent instanceò. The newly created subcomponent instance 

element has a property name which is to guiComponentInstance. Besides, its ñRealized byò 

attribute is set to the primitive component GuiComponent. 
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Repeat the steps described above to specify a subcomponent instance for the DataRetriever 

component. 

 

Finally, the nested subcomponent instances have to be connected with the outer interfaces of 

the parent composite component. 

The ClientComposite component has a GuiInterface provided port. Calls that occur on this 

port have to be delegated to the GuiInterface provided port of the nested GuiComponent. 

Calls on the GuiInterface required port of the GuiComponent have to be directed to the other 

nested primitive component, i.e. the GuiInterface provided port of the DataRetriever 

component. Finally, calls on the GuiInterface required port of the DataRetriever Component 

have to be delegated back to the GuiInterface required port of the outer ClientComposite 

component. 

 

All three kinds of interface connectors are specified by the Connector element. First, we 

create the delegation connector that connects the outer GuiInterface provided port of the 

ClientComposite with the inner GuiInterface provided port of the GuiComponent. Right-click 

on the ClientComposite component and select ñAdd Childò, then ñConnectorò. A new 

Conector element is being created. For this connector, two endpoints have to be specified that 

reference the both interface port. Right-click on the connector, select ñAdd Childò and 

ñComponent Endpointò. This is the endpoint that belongs to the outer GuiInterface provided 

port. In the properties view of this endpoint, select the outer interface port (ñClientComposite 

Provided GuiInterfaceò) for the port attribute. 
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Then right-click on the connector, select ñAdd Childò and ñSubcomponent Endpointò. This is 

the endpoint that belongs to the inner GuiInterface provided port of the nested 

GuiComponent. In the properties view of this endpoint, select the corresponding interface 

provided port (ñGuiComponent Provided GuiInterfaceò) for the port attribute. 

Besides, the subcomponent instance has to be specified for the subcomponent endpoint (since 

a component can be deployed twice in the same composite component, just specifying the 

interface port would be ambiguous here). Set the Subcomponent attribute to the 

Subcomponent instance guiComponentInstance. 

 

 
 

The connector connecting the two nested components has to be created in the same way. It 

holds two subcomponent endpoints instead of one component endpoint and one 

subcomponent endpoint. The last connector has a subcomponent endpoint referencing the 

required interface port of the nested DataRetriever component and a component endpoint 

referencing the required interface port of the ClientComposite endpoint. Confer to D2.1 or the 

example system instance for details. 

 

The other composite component called ServerComposite has to be created in the same way. It 

contains subcomponent instances referencing the DataService and the DatabaseManager 

component. 
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Note that composite components holding other composite components as nested components 

can be created in the same way. The subcomponent instance has to reference a composite 

component in this case. However, the example system does not contain composite 

components that contain other composite components. 

 

Now, all components have been created. 

 

Finally, set the name of the repository. Select the repository root element and set its name in 

the properties view, e.g. ñexamplesystem Repositoryò. The example system repository should 

be complete now. To make sure no necessary information is missing (e.g. unset attributes), 

right-click on the Repository element and select ñValidateò. An OCL validation is performed 

that checks if all attributes are set correctly. All validation errors should be fixed because 

further Q-ImPrESS tools depend on valid model instances. 

 

 
 


