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1 Introduction 

This report describes the industrial evaluation strategy for each of the use cases for the design 

tools. This deliverable is the final report of the task 5.2 dealing with evaluation of design tools. 

Task 5.2 is coordinated by STMicroelectronics and involves most of the project partners either 

as tool evaluators (OFFIS, STM, GMV, Cobra) or as tool providers (INTECS, iX, EDALab, 

Intel, PoliMi, PoliTo,UC, KTH, OFFIS). The task started at M19 and it ended at M33. The 

objective of task 5.2 is to evaluate the tools developed in WP2 and WP3. This task focuses on 

tools performance and not on the evaluation of the global CONTREX flow, which is the 

objective of task 5.3.  

The use-cases can be considered as “CONTREX design flow experiments”. Depending on their 

structure and characteristics, each use-case targets a specific path in the design flow and focuses 

on a specific tool subset. As an example, the avionics use case focuses on the high-level 

specifications (based on UML models), while the two other use-cases more specifically focus 

on implementation and optimization steps. The use cases should provide quantitative metrics 

to verify the compliance level of the CONTREX methods and tools with regard to the industrial 

needs and use case goals and objectives. 

Aim of this document was to provide early feedback to tools providers about tool compliance 

with the common property framework. Evaluation would have been performed on prototypes 

available at M24. Actually, most the methodologies at the base of the tools have been completed 

in this period (according to the WP2-WP3 activity schedule) and therefore the corresponding 

tools are not yet available for evaluation; therefore, for those tools this deliverable reports the 

testing plan and successive document updates are planned. The requirement under evaluation 

has been defined in D1.3.2 Definition of the industrial evaluation strategy (final) at M18 
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2 Avionics domain 

This section provides a description about the results of the validation of the avionics domain’s 

requirements that are applicable to the design tools used in CONTREX Use Case 1. 

2.1 Tools coverage 

An integrated environment for system modelling, model transformation and code generation 

has been developed for the development of the Use Case 1 (corresponding to the avionics 

domain) in CONTREX. Based on the Eclipse framework, it consists of the Papyrus modelling 

tool, the MARTE profile, the Acceleo model-to-text transformation engine and the CONTREX 

Eclipse plug-in (CONTREP). CONTREP tool includes extra profiles for the modelling 

activities (so to make UML/MARTE models that fulfil the CONTREX modelling 

methodology), as well as the model validation, code generation and model transformation 

features. 

Additionally, CONTREP includes the necessary functionality to serve “as a cockpit from where 

the user can drive most of the design flow tasks (different types of code generation, compilation, 

simulation, launching DSE, …), which enables a reduction (unless eliminating) of the 

interaction with the underlying tools.” ([3], pg.64). This way, system analysis, simulation and 

DSE can be launched directly from the Eclipse front-end (by means of a specific menu added 

by CONTREP to the Eclipse GUI), simplifying the design flow from the user perspective. 

 

Figure 1. CONTREX menuin the Eclipse front-end. 

The Use Case 1 tool-chain includes also the following tools: 

- A-DSE: enables analytical DSE for worst case time analysis. 

- eSSYN: produces the SW infrastructure of the application. 

- VIPPE: generates the performance executable model that enables native simulation of 

the system, based on the SW infrastructure, the platform information and the 

corresponding DSE parameters. The resulting executable model is configurable; i.e., it 

can be launched for different HW/SW mappings and system configurations without re-

generation. 

- MOST: enables the automatic DSE of the systemby launching different executions of 

the performance model (under different system configurations) and selecting the best 

solutions based on discrete optimization technology. 
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- iXtronics CAMeL-View: Enables the modelling of the system model to model the 

environment and the algorithms executed on the CPU (e.g. the flight control algorithm). 

Additionally it integrates with VIPPE through the CAMeL-View Stub interface and 

allows the cosimulation with the other parts of the simulation environment. 

- Intel® Docea™ Thermal Profiler: enables thermal simulation from a physical 

description of a system. Stimuli for the simulation are power traces, that tools like 

VIPPE or VP featured with power estimation capabilities can generate. 

 

In addition, the Imperas OVP tool will be used to compare results (in terms of performance and 

accuracy) from higher level native simulation performed by VIPPE with results from a lower 

level OVP-based simulation. The OVP-based simulation of the system will be based on manual 

transformations from the CONTREX UML/MARTE model to the OVP application and 

platform models. 

The execution of these tools, with the exception of OVP and Thermal Profiler, is managed by 

the CONTREP tool and thus there is no direct interaction with the user. Through its API 

(Application Programming Interface), the execution of Thermal Profiler can be fully automated 

though and could be easily integrated in the CONTREP-based environment. Moreover, the 

tools all take as input the intermediate files/models generated by CONTREP from the 

CONTREX UML/MARTE model. 

2.2 Evaluation status 

The following table shows the final validation status of the avionics domain requirements that 

are applicable to the previous toolset. 

Table 2.1: Requirements from the avionics domain. 

Requirement Priority Validation status Requirement 

coverage 

Validation method 

AVR-02 Optional. Completed. Fully covered. Review. 

AVR-13 Optional. Completed. Not covered. Test. 

AVR-15 Mandatory. Completed. Fully covered. Test. 

AVR-16  Optional. Completed. Fully covered. Test. 

AVR-17 Mandatory. Completed. Fully covered. Test. 

AVR-18 Mandatory. Completed. Fully covered. Test. 

AVR-19 Mandatory. Completed. Fully covered. Test. 

AVR-20  Mandatory. Completed. Fully covered. Review. 

AVR-21 Optional. Completed. Partially covered. Test. 

AVR-22 Mandatory. Completed. Partially covered. Test. 

Section 2.3 provides the final evaluation results corresponding to previous requirements. While 

section 2.3.1 addresses those requirements whose validation method is Review, section 2.3.2 

describes the result for those validated by Test. 
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In general, as shown by table above, there is a good coverage of the requirements applicable to 

the tools. There is only one requirement, AVR-22, that being mandatory, is only partially 

covered by the tools. This is because there are some modelling rules that are not considered by 

the model validator. However, it should be quite straightforward to improve this validator so 

missing rules are also checked and thus the requirement be fully covered. 

It has to be noted that most of these requirements are functional, as they mainly focus on the 

features and functionality that the tools should provide, and thus in the outputs produced by 

them. Other non-functional aspects, such as tool performance, usability, user experience and so 

on have been addressed in deliverable D1.4.2. There, a more general impression about the tools 

used in the avionics demonstrator’s CONTREX flow is provided as end-user’s feedback to the 

corresponding tool provider. 

2.3 Final evaluation results 

2.3.1 Requirements validated by Review method 

The validation results of requirements AVR-02 and AVR-20 (validated using the review 

method) are provided here below. 

Requirement Priority 

AVR-02 CONTREX should use open standards and tools whenever they 
exist and are suitable. 

Optional. 

Means of validation 

Review of tools used and standards supported and/or followed. 

Validation results 

This requirement was mainly intended to apply to those standards and tools supporting the 
CONTREX methodology that are developed by companies or organisations outside the 
consortium. In the specific Use Case 1 flow, corresponding to the avionics domain, these 
standards and tools are: the UML MARTE profile, in which the CONTREX meta-model is based; 
the Eclipse framework, the Papyrus model editor and the Acceleo M2T transformation tools 
(distributed as Eclipse plug-ins), which form the backbone of the CONTREX modelling 
environment; and the Imperas OVPsim tool. 

Provided that: 

- the UML profile for MARTE is a widespread open standard for modelling and analysis 
of real-time embedded systems; 
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- the Eclipse framework as well as the Papyrus and Acceleo plug-ins are open source 
tools distributed under the EPL (Eclipse Public License); and that 

- the Imperas OVPsim tool is also distributed as open source under Apache 2.0 license; 

It can be concluded that the conditions of the present requirement are fully satisfied. 

Additional considerations 

None. 

 

Requirement Priority 

AVR-20 CONTREX shall support the management of the items under 
configuration by using some kind of configuration management 
tool. 

Mandatory. 

Means of validation 

It will be verified that the corresponding configuration management mechanisms are 
provided within the CONTREX development environment/toolset in order to perform version 
control of the models, the code generated and any other item generated/used by the 
CONTREX tools and that is subject to potential changes. 

Validation results 

The Eclipse framework, which is the backbone of the CONTREX tool-chain front-end, provides, 
by means of the corresponding CVS and SVN plug-ins for versioning control, the necessary 
support for configuration management. This way, any product used or generated within the 
CONTREX design flow (system models, source code, intermediate XML files, etc.) can be kept 
under configuration control and be managed directly from the Eclipse front-end. 

Additional considerations 

None. 

2.3.2 Requirements validated by Test method 

The general evaluation strategy that has been followed for this kind of requirements consists of 

the two-step approach described here below: 
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1. Tool support analysis: Check whether there is any tool providing the functionality 

demanded by the requirement in question or supporting that requirement somehow else, 

and to what extent the requirement would be covered. 

For it, the CONTREX modelling methodology (mainly described in [3]) was reviewed. 

2. Requirement validation: If the requirement is supported, evidences about it are provided 

by testing the corresponding functionality. 

First step is documented in section 2.3.2.1. Section2.3.2.2includes the specification and 
execution results of the test cases defined in thesecond step and included in the following 
table. 

Table 2.2: Requirements – Test cases – Tools traceability matrix 

Requirement Test case Tools involved 

AVR-15 UC1-Tools-TC-08 
CONTREP, eSSYN, VIPPE, MOST 
Thermal Profiler. 

AVR-16 UC1-Tools-TC-04 CONTREP, eSSYN, VIPPE. 

AVR-17 UC1-Tools-TC-09 
CONTREP, eSSYN, VIPPE, MOST, 
Thermal Profiler. 

AVR-18 UC1-Tools-TC-06 CONTREP, eSSYN, VIPPE, Imperas OVP. 

AVR-19 UC1-Tools-TC-03 CONTREP, eSSYN. 

AVR-21 UC1-Tools-TC-05 CONTREP, eSSYN, VIPPE. 

AVR-22 UC1-Tools-TC-01 CONTREP. 

2.3.2.1 Tool support analysis 
 

Requirement Priority 

AVR-13 CONTREX should support schedulability analysis. Optional. 

Analysis results 

CONTREX meta-model inherits from MARTE the necessary constructs to support model-based 
schedulability analysis. However, according to D2.2.2 ([3]), the CONTREX tool-chain does not 
include so far any functionality for performing this schedulability analysis in an automatic 
manner. So, the requirement is considered as not covered by the CONTREX toolset. 
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Although the development of a specific plug-in to transform the schedulability-relevant 
information from the CONTREX UML/MARTE model into a suitable input for a COTS 
schedulability analysis tool would be perfectly feasible, its development was not foreseen in 
the context of the CONTREX project. 

The optional nature of the present requirement makes this feature not strictly necessary. 

 

Requirement Priority 

AVR-15 CONTREX shall allow model-based design space exploration. Mandatory. 

Analysis results 

A review of the modelling methodology shows that CONTREX provides support to model-
based DSE basically by reusing the following features provided by the MARTE profile: the input 
VSL parameters and the ExpressionContext stereotype, which enable the specification of the 
parameters to be explored (and the associated constraints), and the allocation mechanism, 
that allows assigning application components to platform resources (see [3] for additional 
details). 

 

Figure 2. DSE parameters and constraints. 
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Figure 3. Allocations from application to platform components. 

These constructs allow including in a single model several possible HW/SW mappings and 
ranges of values (instead of concrete ones) for the explorable parameters, such as processing 
frequencies, thus avoiding the need of generating a different model for each possible design 
alternative 

Based on this feature, the CONTREX tool-chain enables automatic simulation-based DSE by 
generating executable models that can be re-configured at execution time (with no need of 
recompilation) according to the different system configurations that form the design space 
(see [3] for a description of the functionality).  

In order to verify and evaluate this capability, test case UML-Tools-TC-08 have been defined. 
They aim to provide evidence about the actual exploration of the design space defined in the 
CONTREX UML/MARTE model and the correctness and accuracy of the output results (i.e., 
performance estimations and optimal solutions set). 

 

Requirement Priority 

AVR-16 CONTREX should allow automatic code generation from model 
to generate performance models that enable system 
simulation. 

Optional. 

Analysis results 

D2.2.2 states that the CONTREX tool-chain indeed enables system simulation through the 
automatic generation of performance models. The CONTREX UML/MARTE model acts as the 
unifying input for this generation ([3], pg. 52 and 53).  
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More specifically, the CONTREP tool reads the CONTREX UML/MARTE model and generates 
from it a set of XML files (see [3], pg. 53, for the complete list) that are used by eSSYN and 
VIPPE tools for producing the final executable model. 

Previous capability completely covers the present requirement. In order to check that the 
performance executable model is actually generated and produces the expected outputs 
when executed, test case UML-Tools-TC-04 has been defined. A brief review of the 
intermediate results, such as the XML input files and the SW infrastructure generated by 
eSSYN was also carried out, so to verify that they faithfully represent the system 
characteristics captured by the CONTREX UML/MARTE model and adjust to the code 
generation and model transformation rules defined in the CONTREX modelling methodology. 

 

Requirement Priority 

AVR-17 CONTREX shall support the detection and notification of 
possible violations of extra-functional properties by means of 
model-based system analyses/simulation. 

Mandatory. 

Analysis results 

D2.2.2 ([3], section 5.3) provides the complete list of the extra-functional properties 
considered in the CONTREX modelling methodology. This list includes properties such as time, 
power and temperature. 

The modelling methodology allows the association of these extra-functional properties to the 
model elements by means of the corresponding annotation mechanisms, inherited from 
MARTE meta-model. D2.2.2 ([3], pg. 20) anticipates three expected usages for this: 

- To provide the information required for certain analysis, by specifying the extra-
functional properties associated to model elements (e.g., working frequency of a 
processor or the period of a given operation). 

- To specify the performance metrics to be measured, calculated or estimated. These 
metrics can be either associated the system as a whole (e.g., total power consumption) 
or to a specific component (e.g., the response time of an application component or the 
power consumption of a processor instance). 

- To specify constraints or bounds regarding the performance metrics (e.g., a deadline 
or peak power consumption). 

It must be taken into account that, while the first and third expected usages correspond to 
the specification of input values (to be used or considered during analysis and simulation), the 
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second one is about the specification of output values (that the analyses and simulations have 
to calculate/estimate and return). 

Next figure illustrates these usages with examples extracted from the Use Case 1 model: 

 

Figure 4. Extra-functional properties associated to model elements. 

The present requirement explicitly states that the system simulations/analyses must detect 
the violation of the extra-functional properties specified. This basically pursues that the DSE 
solutions space only includes those solutions in which the constraints associated to the extra-
functional properties are satisfied (e.g., execution deadlines or power consumption limits). 
The notification of the extra-functional property violations, either in real-time or at the end of 
the simulation, are also desirable. 

In order to properly evaluate the achievement of this requirement, it is necessary to perform 
some testing on the CONTREX analysis and simulation tool-chain (applied to the Use Case 1 
flow). As already shown, the modelling language provides the necessary constructs to 
annotate the extra-functional properties and their associated constraints. Test case UML-
Tools-TC-09 has been designed to verify whether these constraints are conveniently 
considered during system analysis and simulation. This test case introduces in the system’s 
CONTREX UML/MARTE model (or in the associated functional code) the necessary 
modifications in order to cause extra-functional property violations during system simulation. 

 

Requirement Priority 

AVR-18 CONTREX shall allow early estimation of resource 
usage/consumption. 

Mandatory. 

Analysis results 

Early estimation of resource usage is expected to be enabled by the simulation phase of the 
CONTREX flow. This resource usage can be understood as the usage of a platform resource, 
such as a CPU (CPU load), a bus or a memory device (total number of accesses to the device), 
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or as the usage of an abstract resource such as time (execution time associated to a given 
function or task) or power (power consumption of the system). 

As described in the above analysis of requirement AVR-17, the CONTREX meta-model provides 
the necessary means to specify the performance metrics that are required to be estimated, 
either they refer to the system as a whole (as shown by the figure below) or to a specific 
component. In principle, performance metrics can be specified for any extra-functional 
property considered by the CONTREX modelling methodology. 

 

Figure 5. Specification of a performance metric. 

The simulation tool is expected to read these performance metrics from the CONTREX-
UML/MARTE model and provide the corresponding values for them. 

In Use Case 1, high-level system simulation is performed by VIPPE tool (a lower level 
simulation is performed by Imperas OVP tool). D2.2.2 ([3], pg. 95) states that VIPPE can 
currently provide both time and power consumption performance metrics. In order to verify 
this, test case UML-Tools-TC-06 has been designed. This test case checks whether these 
metrics are considered during system analysis and simulation and compares their output 
values with those produced by the OVP-based simulation in order to evaluate their accuracy. 

 

Requirement Priority 

AVR-19 CONTREX shall support the traceability from system 
requirements to models. 

Mandatory. 

Analysis results 

The verification of support of the CONTREX meta-model for the association of system 
requirements to model elements is covered by D5.1.2 ([4]). 

The support provided by the tools concerns mainly the annotation of the generated code (the 
SW infrastructure for the performance model) with the system requirements that demand 
each specific functionality. 

This way, test case UML-Tools-TC-03 has been created for verifying this capability. 
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Requirement Priority 

AVR-21 CONTREX should allow the re-use of existing model libraries. Optional. 

Analysis results 

The aim of this requirement was twofold: 

- First, it was aimed to promote the reusability of pre-existing model libraries, consisting 
of pre-defined model elements, such as a specific platform component (either HW, for 
instance a processor, or SW, like a driver or an OS). 

- Second, it asked for the capability (of the CONTREX Use Case 1 tool-chain) to assign 
functional code to the modelling components or SW libraries to the generated code. 

While the first point is not covered by the tool-chain used for Use Case 1, both the modelling 
language and tools explicitly support the second one. 

Test case UML-Tools-TC-05 has been defined to check whether this second capability is 
actually supported by the CONTREX Use Case 1 tool-chain. 

Note: Test case UML-Tools-TC-02, defined in the preliminary version of this report, is no 
longer applicable as it was aimed at testing the first point listed above. As the corresponding 
capability is not actually supported by the tools, the test case has not been executed. 

 

Requirement Priority 

AVR-22 CONTREX shall assure model consistency by means of model 
validators and consistency checks. 

Mandatory. 

Analysis results 

The CONTREX meta-model ([5]) is based on the UML MARTE meta-model, being essentially a 
sub-set of it. The implementations of the UML profiles for the Eclipse framework provide their 
own validation tools so any model can be easily checked against its meta-model. However, in 
order to enable the automatic generation and execution of the performance models for 
analysis, simulation and DSE, the CONTREX modelling methodology adds a series of rules that 
need also to be observed independently of the language used. These rules affect the syntax 
and, mostly, the semantics of the model. They are incorporated by an independent model 
validator integrated into the CONTREP tool. 
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The validation of this requirement includes: 

- Confirming the existence of a (model validation) rule for any aspect relevant for the 
automatic generation and execution of the performance models. 

- Verifying that the model validator actually checks these rules, and provides the 
corresponding error/warning notifications when they are violated. 

First activity consists of reviewing the explicit definition of the rules. Test case UML-Tools-TC-
01 has been defined for the second one. 

2.3.2.2 Test cases 

 

UC1-Tools-TC-01 

Purpose 

To verify that the consistency of the input model is correctly checked; i.e., model errors are 
detected and notified. 

Inputs 

An UML/MARTE model including several non-compliances with the CONTREX modelling 
methodology, such as invalid constructions regarding both the application and platform 
components. 

In particular, the following non-compliances are introduced: 

- Case #1: A model lacking the mandatory CONTREX views. 
- Case #2: A model lacking the main system component. 
- Case#3: A model without application components and without source code 

associated to the system component. 

Procedure 

The CONTREX-UML/MARTE model validator is launched from the CONTREX Eclipse application 
front-end. 

In case that the notification of some errors hides the notification of others, first ones will be 
fixed and the model checker will be launched again. 
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Expected results 

Non-compliances listed above are detected as violations of the CONTREX meta-model or the 
CONTREX modelling methodology rules. These violations are notified by means of the 
corresponding error/warning messages. 

Tools involved 

CONTREP. 

Requirements covered 

AVR-22. 

 

UC1-Tools-TC-01 execution report Status: PASSED* 

 
For all the different cases of this test, the CONTREP | Model Validation menu is executed, 
being the corresponding model selected in the Project explorer. 

 

 

Figure 6. Model validation menu in Eclipse’s CONTREP menu. 

Case #1: The model validation is performed over a model lacking the mandatory CONTREX 
views. 
An empty model, lacking all the mandatory CONTREX views is created. 
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Figure 7. Empty model. 

The tool notified, as expected, a series of errors informing about the absence of the model 
views. 

 

Figure 8. Error notifications: lack of mandatory CONTREX model views. 

Case #2:The model validation is performed over a model that includes all the mandatory 
CONTREX views but does not define the main system component in the Application view. 
 
The tool notified, as expected, the corresponding error message about the absence of the 
Application view’s main system component: 
 

 

Figure 9. Error notification: lack of the Application view’s main system component. 

Case #3: The model validation is performed over a model without application components and 
without source code associated to the system component. 
 
In this case, no error or warning is notified via the Eclipse’s Error log. However, in the 
modelValidationLog.txt file outputted by CONTREP, the following warning is included: 
 

WARNING: The main application path is not annotated 
 

This warning seems to reflect the fact that no functional code has been associated to the 
system component. However, the clarity of the message could be significantly improved, and 
should be also outputted via the Eclipse’s Error log.  
 
Note: There were a set of modelling rules that were not checked by the model validator. 
During the development of the use case, this turn out to be a problem due to the fact that the 
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performance model generator assumes these rules are effectively observed by the model. 
When it is not the case, problems arise during the generation of this performance model and 
no information is provided to the users in order to guide them finding the source of the errors. 
Thus, although this test shows that, when modelling rules are considered by the model 
validator, the checks performed work as expected, the validator should be enhanced in order 
to guarantee that, when executed, it checks all the modelling rules defined for the CONTREX 
UML/MARTE modelling methodology. 
 

 

UC1-Tools-TC-02 

Purpose 

To verify that the UML/MARTE tool-chain supports the generation and reuse of model 
libraries. 

Inputs 

A CONTREX UML/MARTE model including the HW Resources view. 

Procedure 

1) A model library is generated from the HW Resources view of the model. 

2) A different CONTREX UML/MARTE model is created independently. 

3) The previous model library is imported into the new model so the HW platform 
description of the new model is a copy of the previous one. 

Expected results 

A new model with a HW Resources view identical to the one defined in the input model. 

Tools involved 

CONTREP. 

Requirements covered 
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AVR-21. 

 

UC1-Tools-TC-02 execution report Status: NOT EXECUTED 

This test case is no longer applicable, as the functionality to be tested is not supported by the 
tools. 

See AVR-21’s tool support analysis results (pg. 14) for further details. 

 

UC1-Tools-TC-03 

Purpose 

To verify that the requirements the model is annotated with also appear associated to the 
corresponding functionality in the outputs of the tools, so requirements traceability is kept. 

Inputs 

A CONTREX UML/MARTE model including some application components annotated with 
system requirements. 

In particular: 

- An active application component (RtUnit) annotated with the corresponding period 
and deadline. 

- A constraint on the total power consumption. 

Procedure 

The generation of intermediate XML files will be triggered from the CONTREX menu in Eclipse 
front-end. 

Expected results 

The intermediate XML files reflect the association of the system requirements to the 
corresponding application components. 
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Tools involved 

CONTREP, eSSYN. 

Requirements covered 

AVR-19. 

 

UC1-Tools-TC-03 execution report Status: PASSED 

The model including the corresponding annotated elements was generated: 

a) An active application component (RtUnit) annotated with the corresponding period 
and deadline. 

 
b) A constraint on the total power consumption. 

 

 

It has to be noted that previous values come directly from the demonstrator’s extra-functional 
requirements: 

a) The demonstrator shall be capable of receiving and processing sensor data at the 
following rates: 

Device Frequency 

GPS 2 Hz 

… 

 
b) The power consumption of the demonstrator (including all the components of the 

selected platform, such as external memory, flash or IO devices) shall be smaller than 
5 W. 
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The CONTREP | Performance Model | Generation Step | Generate XML Description menu was 
executed. 

The following data can be found within the Requirements.xml file generated by the tool: 

 

  
In Threads.xml file can be found in turn a line specifying the period of the gpsIO element of 
the model: 

 

As shown, XML files correctly reflect both the period and the deadline that was assigned to 
the application component (gps, of type GPS)and the total power consumption constraint 
defined in the model. 

 

UC1-Tools-TC-04 

Purpose 

To verify that the CONTREX tool-chain used in the Use Case 1 flow correctly generates the 
performance executable model that enables system simulation. 

Inputs 

- A CONTREX UML/MARTE model. 

- The functional code associated to the previous model. 

Procedure 

The following actions will be triggered from the CONTREX menu in Eclipse front-end: 

- Generation of the intermediate XML files. 

- Synthesis of the SW infrastructure for the performance model. 
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- Generation of the performance model source code and the corresponding makefiles. 

Expected results 

- All the necessary XML files are correctly generated according to the CONTREX 
modelling methodology transformation rules and suitably represent the system 
defined by the CONTREX UML/MARTE model. 

- The SW infrastructure is correctly generated according to the code generation rules 
and suitably represents the application structure reflected by the model. 

- The performance model is successfully compiled and executed and the system works 
as expected. 

Tools involved 

CONTREP, eSSYN, VIPPE. 

Requirements covered 

AVR-16. 

 

UC1-Tools-TC-04 execution report Status: PASSED 

A CONTREX/UML MARTE model was created and associated the functional code 
corresponding to it application components. 
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After selecting the CONTREP | Performance Model | Generation Step | Generate XML 
Description menu, the tool outputted the expected XML files that correctly described the 
system. Here below are shown two snapshots that reflect the set of XML generated by tools 
and part of the contents of the ApplicationFunctionalityAndApplicationStructure.xml file, 
where the corresponding application component is described based on the info introduced in 
the model (for instance, it is correctly assigned the source file as specified in the model, etc.): 

 

Next, the CONTREP | Performance Model | Generation Step | Generate Makefilesand 
CONTREP | Performance Model | Generation Step | Generate Wrappers options were 
selected. The first one outputs the corresponding makefiles that enable compiling the 
corresponding performance model, whose SW infrastructure is produced when the second 
option is executed. The SW infrastructure includes, among others, the source files 
corresponding to the executables to be generated for each memory partition. Here below can 
be found some snapshots that show the list of makefiles generated for the corresponding 
model, the source files generated for the safety critical memory partition (scmp.h and scmp.c) 
and part of the contents of the scmp.c file. These contents show the definition of the periodic 
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thread that executesRxGPS function of the gps component, assigning it the period indicated 
by the corresponding model element (also shown below). 

 

 

UC1-Tools-TC-05 

Purpose 

To verify that the UML/MARTE tool-chain supports the reuse of code. 

Inputs 

- A CONTREX UML/MARTE model including at least an application component in the 
Application view. 

- The functional code associated to the corresponding application components. 

Procedure 

The following actions will be triggered from the CONTREX menu in Eclipse front-end: 
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- Generation of intermediate XML files for the native emulation. 

- Synthesis of the SW infrastructure for the native emulation. 

- Generation of the native emulation model and the corresponding makefiles. 

- Compilation and execution of the native emulation model. 

Expected results 

- The intermediate XML files reflect the assignment of the functional code to the 
corresponding application component. 

- The generated SW infrastructure includes the original functional code. 

- The native emulation model is successfully compiled and executed (the system works 
as expected). 

Tools involved 

CONTREP, eSSYN, VIPPE. 

Requirements covered 

AVR-21. 

 

UC1-Tools-TC-05 execution report Status: PASSED 

A CONTREX/UML MARTE model was created and associated the functional code 
corresponding to it application components. 
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XML files, makefiles and SW infrastructure for the native emulation model are generated 
following selecting successively the menus CONTREP | Native Emulation | Generation Step | 
Generate XML Description,CONTREP | Native Emulation | Generation Step | Generate 
Makefiles and CONTREP | Native Emulation | Generation Step | Generate Wrappers. 
All files were correctly generated and included the expected contents.  
After that, the native emulation model was compiled by selecting the CONTREP | Native 
Emulation | Generation Step | Compile menu and the executed. 
In order to easily demonstrate the correct execution of the code, in this case “dummy” source 
code was used. This source code only prints a message indicating that it is executing. 
As an example, here below are shown the contents of the source code associated to the IMU 
component. 

 
 
The following execution trace shows how the functional code is executed and that the SW 
infrastructure generated created and executed the corresponding threads according to the 
periods specified in the model (see the snapshot below on the right.) 
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UC1-Tools-TC-06 

Purpose 

To verify that the CONTREX tool-chain used in the Use Case 1 flow provide the requested 
estimations. 

Inputs 

- A CONTREX-UML/MARTE model where several performance metrics have been 
requested. 

- The functional code associated to the previous model. 

Procedure 

- A (high-level) system simulation based on the CONTREX UML/MARTE model is 
launched from the CONTREX Eclipse application front-end. 

Expected results 
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- All the outputs (XML files, makefiles) needed to perform the system simulation are 
automatically generated. They include the DSE file containing the performance metrics 
to be reported by the simulation tool.  

- A simulation report including the measured/estimated values for each performance 
metric present in the model. 

Tools involved 

CONTREP, eSSYN, VIPPE, Imperas OVP. 

Requirements covered 

AVR-18. 

 

UC1-Tools-TC-06 execution report Status: PASSED 

A CONTREX UML/MARTE model specifying the expected output performance estimations was 
created. These metrics are requested by including a UML constraint that specifies them, as 
shown by figure below. 

 

Component-specific estimations can be also requested, as illustrated by the next snapshot of 
the model, where the simulation tool is requested to provide the load and the power 
consumption of a specific processor. 

 

The generation of all the XML files, makefiles, SW infrstructure and compilation of the 
performance model can be launched all at once from CONTREP | Performance Model | 
Generate menu. 
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The corresponding output files were correctly generated. Here below an excerpt of the 
design_space_4simulation.xmlis shown. There, it can be observed how this file contains, 
among others, the correct description of the performance estimations to be outputted by the 
simulation tool as requested in the UML/MARTE model. 

 

Some other required estimations, such as functions response times, were also extracted from 
the information in the model. These estimations needed to be provided as deadlines were 
specified for the application components’ functions.  

 

After executing the corresponding simulation by selecting CONTREP | Performance Model | 
Simulate menu, the corresponding report file including the required estimations was 
provided. An excerpt of it, including the estimations associated to the application components 
is shown below. 

 

 

UC1-Tools-TC-08 

Purpose 
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To verify that the automatic simulation-based DSE enabled by the CONTREX tool-chain 
explores the different design alternatives encompassed by the design space. 

Inputs 

- A CONTREX UML/MARTE model including several parameters to be explored and at 
least two different allocations for a given application component. 

- The functional code associated to the previous model. 

Procedure 

The DSE loop execution is triggered from the CONTREX Eclipse application front-end. 

Expected results 

The DSE execution report shows the performance results for all the different design 
alternatives captured in the model. 

Tools involved 

CONTREP, eSSYN, VIPPE, MOST, Thermal Profiler. 

Requirements covered 

AVR-15. 

 

UC1-Tools-TC-08 execution report Status: PASSED 

The generation of the intermediate files required for the execution of the DSE was launched 
from the CONTREP | DSE | Generate All menu. After it, the execution of the DSE itself was 
invoked by selecting CONTREP | DSE | Launch Exploration. 

All the intermediate files were generated as expected and the DSE outputted the expected 
performance results for the different alternatives. 
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All the intermediate files were generated as expected and the DSE outputted the expected 
performance results for the different alternatives. 
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It was demonstrated thatthe DSE tool was effectively able to filter out the corresponding 
design point whentheydid notsatisfy the constraints specified in the model. It also correctly 
provided, during the execution of the DSE loop,the different XML configuration files to 
simulation tool according to the different system configurations (HW/SW mappings or 
parameter adjustments) specified in the corresponding XML file (which is in turn automatically 
generated from theinfo on the data specified in the UML/MARTE model). 

 

 

UC1-Tools-TC-09 

Purpose 

To verify that the CONTREX tool-chain used in the Use Case 1 flow detects the violation of the 
extra functional properties included in the model. 

Inputs 

- A CONTREX-UML/MARTE model including in the Architectural view a performance 
constraint requesting the total power consumption of the system to be 0. 

- The functional code associated to the previous model. 

Procedure 

The DSE loop execution is started by executing DSE from the CONTREX Eclipse application 
front-end. 

Expected results 

- All the outputs (XML files, makefiles) needed to execute the DSE loop are automatically 
generated. 

- The total power consumption extra-functional property is violated for every possible 
system configuration so no solution is provided by the DSE. 

Tools involved 

CONTREP, eSSYN, VIPPE, MOST, Thermal Profiler. 
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Requirements covered 

AVR-17. 

 

UC1-Tools-TC-09 execution report Status: PASSED 

A CONTREX UML/MARTE model including a constraint requiring the total power consumption 
to be 0 was created. 

The generation of the intermediate files required for the execution of the DSE was launched 
from the CONTREP | DSE | Generate All menu. After it, the execution of the DSE itself was 
invoked by selecting CONTREP | DSE | Launch Exploration. 

All the intermediate files were generated as expected and the DSE tool outputted a result of 
0 valid points due to the unachievable constraint imposed. 

 

 
 

Apart from this, the violation of the corresponding constraint was notified as expected by the 
tool-chain, as shown by the following screenshot. 
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3 Automotive domain 

This section provides a description about the current status and preliminary results of the 

validation of the automotive domain’s requirements that are applicable to the design tools used 

in CONTREX Use Case 2. For those requirements whose evaluation is still in progress, the 

corresponding validation strategy to be applied is described. 

3.1 Tools coverage and status 

In the scope Automotive domain, the following tools will be used and evaluated:  

 Intel® Docea™ Power Simulator. Power modelling tool, used for the SeCSoC platform. 

 BBQLite. Low-cost sensor node run-time management firmware, used for the iNemo. 

 N2sim: N2Sim augmentation for automotive telematics network scenario. 

3.1.1 Evaluation status 

 Table 3.1:  Tool requirements from the automotive domain 

Requirement Priority Validationstatus Requirementscovergae 

AUT-T01  Mandatory Completed Fully covered 

AUT-T02  Mandatory Completed Fully covered 

AUT-T03  Optional Completed Fully covered 

AUT-T04 Mandatory Completed Fully covered 

AUT-T05 Mandatory In progress Fully covered 

AUT-T06  Optional Completed Fully covered 

AUT-T07 Mandatory In progress Fully covered 

Note. The original statement of AUT-T06 in D1.3.2 erroneously mentioned N2Sim. The correct 

statement is reported here. 

Below is the list of requirements whose validation is still in progress. 

Requirement Priority Meansof Validation 

AUT-T01 Intel® Docea™ 

Power Simulator shall 

interface to standard Iss and 

systemC simulation model 

trace for power state. 

Mandatory 

At design time. The system will be 

designd to fulfill the identified 

requirements. 

AUT-T05 The overhead of 

introducing run-time 

management should never 

exceed 10%maximum in 

Mandatory 

Calculation of performances, power 

and memory consumption (jobs, 

database) with and without GRM at 

simulation/run-time management. 
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time, power and memory 

footprint.  

AUT-T07 Crash processing 

services shall be ported on 

the cloud infrastructure 

Mandatory 

At design time. The system will be 

designd to fulfill the identified 

requirements. 

a. Comparing the design effort with past projects experiences. 

3.1.2 Evaluation status 

Table 3.2:  Tool requirements from the automotive domain 

Requirement Priority Validation status Requirements covergae 

AUT-T01  Mandatory Completed Fully covered 

AUT-T02  Mandatory Completed Fully covered 

AUT-T03  Optional Completed Fully covered 

AUT-T04 Mandatory Completed Fully covered 

AUT-T05 Mandatory Completed Fully covered 

AUT-T06  Optional Completed Fully covered 

AUT-T07  Mandatory Completed Fully covered 

Note. The original statement of AUT-T06 in D1.3.2 erroneously mentioned N2Sim. The correct 

statement is reported here. 

3.2 Final evaluation results 

This section includes the validation results. 

Requirement Priority 

AUT-T01 
Intel® Docea™ Power Simulator shall interface to standard Iss 
and SystemC simulation model trace for power state. 

Mandatory 

Means of validation 

At design time. The system will be designed to fulfil the identified requirements 

Validation results 
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Outputs of the virtual platform augmented with the power model are: 

 a textual trace in time of all the transition in the power state machines, triggered by 
any even of signals feeding the power state machines. 

 a vcd file that contains the power or energy values of any variable corresponding to 
the power state machines and their states. As defined in the input file where the 
power state machines are described. Any other signal in the system can be specified 
for tracing the same file. 

The two outputs are used as input to Intel® Docea™ Power Simulator in a straight forward 
way. 

 

Requirement Priority 

AUT-T02 BBQLite shall provide an ANSI C implementation. Mandatory 

Means of validation 

At design time. The system will be designed to fulfil the identified requirements. 

Validation results 

The infrastructure to support run-time management is based on a set of APIs designed to 
perform the following functionality: 

 Reading the current functional status of the system 

 Reading the non-functional status of the system (i.e. one or more metric values) 

 Setting, reading and testing system-wide, run-time management related flags 

 Changing the status (i.e. behaviour) of application tasks and hardware devices 

 Allow microcontroller power management at very short time granularity 

The core implementation of the BBQLite run-time management engine is provided by the 
function BBQL_Manage(). This function can either be invoked from one of the existing 
application tasks (provided that the execution of the task is always guaranteed over time 
and the period is compatible with runtime management requirements) or from a dedicated 
periodic task. This second solution has been adopted to have maximum flexibility of the run-
time management period. For the application being considered, the period has been chosen 
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equal to 1 minute. This period is more than sufficient since most of the management 
decision are a consequence of a change of the system status or of the system environment 
and need not to be highly reactive. As an example consider the case of a vehicle that passes 
from the “driving” state to the “parked” state or vice-versa. In this situation, the change of 
the operating mode of the application can be managed with timings that can range from 1 
to 5 minutes without affecting the quality of service nor the overall energy consumption. 

For fine-grained power optimization at a much shorter time scale (i.e. to basically control 
the microcontroller duty-cycle, no standard implementation can be provided, since this kind 
of control is tightly related to the microcontroller architecture and to the operating system 
structure and offered services. Nevertheless a skeleton of a standard function, namely the 
function BBQL_SetCoreMode(),is provided. The developer only needs to: 

 Implement the architecture-specific functionality for mode/frequency changes 

 Add invocations of the function in suitable points of the existing code 

This second point mostly depend on the support provided by the operating system. In 
particular, the current version of ARM RTX-RL does not allow registering custom hooks to 
be executed before or after the scheduler (while this is allowed by the new release of RTX), 
and this implies adding calls to the BBQL_SetCoreMode() function in two positions: 

 In the idle task, where the function is called to switch to low-power mode 

 In the ISR of those devices that are allowed to re-awaken the system, bringing it to 
its normal operation mode. 

The implementation of the entire system is written in standard ANSI C code, well structured 
and well documented (technical in-line documentation). For this reasons, integration has 
successfully been done, with a very limited effort. 

 

Requirement Priority 

AUT-T03 
A configuration tool for customizing the metric sensing 
infrastructure shall be available. 

Optional 

Means of validation 

At design time. The system will be designed to fulfil the identified requirements. 

Validation results 
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The metric sensing infrastructure is a key component of the run-time management system. 
Defining, describing, collecting, propagating and exposing the metrics of interest for a 
specific application requires a tedious and error-prone development activity, with little 
“original” contribution. For this reason, a metric description formalism based on XML has 
been developed and a tool for automatic code generation has been implemented.  

The language and the tools allow defining three concepts: 

 Metrics. A metric is an indirect measure (normally model-based) of a certain physical 
(e.g. current consumption, temperature, …) or logical (e.g. communication 
bandwidth, command decoding error rate, …) quantity. The set of metrics constitute 
the lower level of the infrastructure. 

 Monitors. A monitor is an accessor to metric values. In its simplest form it allows 
reading the value of one of the metrics (e.g. temperature), but, more in general, it 
can combine more basic metrics into a more compact or more useful information 
(e.g. power, as a combination of voltage and current metrics). 

 Profilers. A profiler is a collector of the quantities read through Monitors over time. 
Profilers allow, for example, to keep track of averages, minimum/maximum values, 
cumulated values and so on. 

One described in XML, these entities are converted into an ANSI C source code 
implementation that has the advantage of being correct by construction, easy to read (and 
possibly modify, even if this is discouraged), well documented and very efficient. 

A tool for graphical entry of the specification (envisaged but no required) has not been 
developed since the XML-based specification language is very simple and straightforward. 

 

Requirement Priority 

AUT-T04 
BBQLite shall use all power modes necessary for reducing 
power consumption. The quality of service is indeed maximal 
to meet the power budget. 

Mandatory 

Means of validation 

Comparison with a hand-written optimized version of the code. 

Validation results 
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As discussed in the description of AUT-T02, to the BBQL_SetCoreMode() function is 
responsible for short-term (10-20 ms) power management, while the BBQL_Manage() 
function controls the behaviour of the system over much longer periods of time (1-5 
minutes). The support offered by BBQlite, inherently allows controlling the system by 
exploiting all its possible power modes. 

Policies, defined through non-functional simulations performed with N2Sim have led to a 
preliminary yet efficient power management policy. Some limitations with respect to the 
best possible exploitation of the microcontroller’s power states is an avoidable consequence 
of very strict functional requirement of the Vodafone Automotive application. 

A one-to-one comparison of the power consumption with a hand-written code has not been 
possible. This is mainly due to the fact that the original code was developed for a different 
system architecture with a different microcontroller and a different sensor. Still, a partial 
comparison has been possible (and more results are being collected) by “hard-coding” some 
of the management policies that have been identified. The performance of the automated 
version in terms of power consumption seem to be better by a factor of 10-15% (to be 
further refined). It shall be noted, though, that the custom implementation has required an 
effort and development time higher by a factor of 2 – 3 with respect to the custom solution. 

Here is a summary of the preliminary power figures measured in three cases (no power 
management, custom power management, BBQLite) and two operating modes (driving, 
parked). 

OpMode No optimization Custom Mgmt BBQLite 

Driving 60 – 80 mA 20 – 25 mA 10 – 15 mA 

Parked 40 – 50 mA 6 – 9 mA 5 – 8 mA 

These results have to be considered preliminary, since the selected operating points are the 
result of qualitative discussions, rather than the results of a well structured N2Sim-based 
simulation campaign. 

 

Requirement Priority 

AUT-T05 
The overhead of introducing run-time management should 
never exceed 10% maximum in time, power and memory 
footprint. 

Mandatory 
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Means of validation 

Calculation of performances, power and memory consumption (jobs, database) with and 
without GRM at simulation/run-time management. 

Validation results 

Both simulation and measurement results show that the constraints on the overhead of the 
runtime management have been fulfilled, as the following table shows. 

Figure Overhead 

Timing  7.9 % 

Power 2.3 % 

Flash memory footprint 9.1 % 

RAM memory footprint 2.7 % 

The timing and power figures have been derived in average operating conditions (in active 
state, i.e. excluding the idle task) where 12% of the time is consumed by the interrupt service 
routines and 88% of the time is spent executing tasks. For power, it is necessary to take into 
account the fact the overall application duty-cycle as measured from actual execution is 
28%, leading to the estimated energy overhead reported in the table. 

For more details see Deliverables D3.1.3 and D3.3.3. 

Requirement Priority 

AUT-T06 
A standard protocol for communication between nodes and 
the cloud infrastructure shall be adopted. 

Optional 

Means of validation 

At design time. The system will be designed to fulfil the identified requirements. 

Validation results 
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The device to cloud approach adopted in UC2 relies on a machine-to-machine (M2M) 
protocol for the communication between the remote devices installed in the vehicles and 
the cloud platform. The M2M protocol is fundamental because it represents the glue that 
keeps together the entire pervasive IoT system. During the design phase, we decided to 
adopt the publish-subscribe message brokering protocol known as MQTT.  

MQTT is a transport protocol, which uses a hierarchical topic namespace and a flexible data 
payload.  It is bandwidth efficient and simple to implement, providing both security and 
reliability of transport. It also allows the decoupling of data producers from application 
consumers, in a one-to-many message distribution.  Considering the historical important of 
this telemetry protocol for the industrial world, the IoT approach adopted in UC2 selected 
MQTT as the standard data communication feature. 

MQTT has been recently approved as an OASIS international standard. OASIS is a non-profit 
consortium that drives the development, convergence and adoption of open standards for 
the ICT domain. The Consortium promotes industry consensus and produces worldwide 
standards for security, Internet of Things, cloud computing, energy, content technologies, 
emergency management, and other areas. EUROTECH is a member of the OASIS 
Consortium. Version 3.1.1 of MQTT protocol is available at the link: 

http://docs.oasis-open.org/mqtt/mqtt/v3.1.1/mqtt-v3.1.1.html 

 

Requirement Priority 

AUT-T07 
Crash processing services shall be ported on the cloud 
infrastructure 

Mandatory 

Means of validation 

At design time. The system will be designed to fulfil the identified requirements. 

Validation results 

The automotive cloud console has been designed to provide full visibility about the crashes occurred 
to vehicles and, for each crash, to provide specific details related to acceleration, position, speed 
and severity. The automotive cloud console has been developed using the functionalities offered by 
the cloud platform and adopting the related REST API. 

During a crash, the vehicle parameters are collected and pre-processed by the iNemo and 
by the SecSoc. The Minigateway orchestrates the activities of the iNemo and of the SecSoc, 
collects the pre-processed information about the crash and upload them on the cloud 
platform. On the cloud platform, the crash information is stored in a non-relational 



CONTREX/STM/R/D5.2.2  Public 

Report on evaluation of design tools (final) 

 Page 43 

database, according to the semantic topics associated to crashes. The cloud platform makes 
this information available through B2B services that can be accessed using the cloud REST 
API. Finally, the automotive cloud console uses these services to provide the crashes 
information to the operator. 
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4 Telecommunications domain 

4.1 Tools coverage and status 

In the Telecommunication domain, the following tools were used and evaluated:  

 EDALab’s extensions to HIFSuite for virtual platform integration (note that EDALab’s 
automatic abstraction tool named HIFSuite/A2T was used but not evaluated because 
it was not developed in CONTREX project) 

o HIF-to-VP: generator of the top-level layout for the virtual platform 

o IPXACT-to-HIF for descriptions involving extra-functional properties 

o HIF-to-IPXACT for descriptions involving extra-functional properties 

 Docea Power: Power modelling tool. 

o Power modelling functionality; 

o Thermal modelling functionality 

4.2 Evaluation status 

Table 4.1:  Tool requirements from the telecommunications domain 

Requirement  Priority/Character Means of validation 

TLC-T01 It must be possible to 

perform sufficiently realistic 

simulation of critical tasks in 

realistic network scenarios by 

using SCNSL. 

Some Optional and 

some Mandatory 

priorities of sub-

requirements 

Simulation of system 

operation in a realistic 

network scenario and 

verification of the correct 

behaviour of the critical tasks 

TLC-T02 Technology  provider 

of CONTREX shall provide 

Intecs lab with the definition of 

the virtual platform representing 

the ZYNQ platform.   

Mandatory Intecs lab will verify the 

possibility to automatically 

generate the definition of the  

virtual platform for ZYNQ 

starting from a description of 

its components 



CONTREX/STM/R/D5.2.2  Public 

Report on evaluation of design tools (final) 

 Page 45 

TLC-T03 Technology  provider 

of CONTREX shall provide to 

Intecs lab a power analysis 

environment to organize and 

trace power related data to 

ensure getting consistent power 

estimates 

Mandatory Power simulation analysis 

using technology provider 

tools and methodologies. 

 

The strategic aim is to acquire 

competences in using the 

combination of the simulation 

/ trace generation / power 

analysis that are core 

CONTREX innovations, for 

incorporation into the Intecs 

engineering practices in new 

product development. 

 

TLC-T04 Technology  provider 

of CONTREX shall provide to 

Intecs lab a power analysis 

environment to make it easier to 

collect, reuse and share power 

related data 

Mandatory 

TLC-T05 Technology  provider 

of CONTREX shall provide to 

Intecs lab a power analysis 

environment to develop a 

holistic (covering all component 

types) and scalable 

(hierarchical) approach 

Mandatory 

TLC-T06 Technology  provider 

of  CONTREX shall provide to 

Intecs lab a power analysis 

environment to make power 

estimation dependent on 

additional parameters/metrics 

(eg activity), i.e. not 

systematically rely on maximum 

power 

Mandatory 

TLC-T07 Technology  provider 

of  CONTREX shall provide to 

Intecs lab a power analysis 

environment to improve power 

estimation accuracy 

Mandatory 

TLC-T08 It must be possible to 

abstract the legacy VHDL IP 

blocks into SystemC/TLM to be 

integrated in the virtual platform 

Mandatory Verification that the SystemC 

abstraction is consistent with 

the current system design  

4.3 Final evaluation results 

4.3.1 TLC-T01 

TLC-T01: It must be possible to perform sufficiently realistic simulation of critical tasks in 

realistic network scenarios by using SCNSL. 
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This requirement had a principally optional character and was not on the primary critical path 
of the demonstrator (as were the power and thermal requirements and the virtual platform 
implementation requirements). A management decision was taken at mid-course to 
consolidate effort behind those more critical requirements. 

4.3.2 TLC-T02 

TLC-T02: Technology providers of CONTREX shall provide Intecs lab with the definition of 

the virtual platform representing the ZYNQ platform.   

Intecs collaborated with OFFIS in order to run the Ethernet Over Radio code on the Cadence 

Virtual Platform for the Zynq platform abstraction. 

In a first step, OFFIS successfully completed a full implementation of the simulator of the Zynq 

platform including the mechanisms for simulation of the power and thermal characteristics and 

outputting the results to trace files. Specifically, the following were completed: 

 ZYNQ Virtual Platform ready 

 Xilinx Linux running on it  

 A way to cross-compile code for this Linux  

 Ethernet connection to the VP (there is a web-server running in the VP 

which is accessible from the host) 

4.3.3 TLC-T03 

TLC-T03: Technology providers of CONTREX shall provide to Intecs lab a power analysis 

environment to organize and trace power related data to ensure getting consistent power 

estimates 

In a second step, OFFIS was able to run the Intecs application and generate sample power and 

thermal traces for Intecs to analyse and compare to the application behaviour on its real Zynq 

environment. 

4.3.4 TLC-T04 

TLC-T04: Technology providers of CONTREX shall provide to Intecs lab a power analysis 

environment to make it easier to collect, reuse and share power related data. 

The characteristics of the power analysis environment provided by the CONTREX technology 

partners are such that the traces can be conveniently stored in standardized file formats suitable 

for inclusion in appropriate databases, and easily sharable among the partners. This was in fact 

done throughout the experimentation phase of the project, whereby the technology partners 

regularly exchanged power analysis traces with each other through standard communication 

channels and discussed them together, also providing sample traces, tutorial traces, and the like. 
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4.3.5 TLC-T05 

TLC-T05: Technology providers of CONTREX shall provide to Intecs lab a power analysis 

environment to develop a holistic (covering all component types) and scalable (hierarchical) 

approach. 

In particular, the capabilities provided within the simulation environment of the virtual platform 

made it possible to scale up and down the power analysis over component hierarchies at will. 

This proved to be extremely useful, since the Intecs telecommunications lab habitually 

developed applications over an extremely broad range of sizes, going from small, embedded 

applications up through large and self-standing products with a significant array of components 

and a heavy power footprint. 

In the following we provide more technical details on the stream-based simulation and tracing 

of power implemented by partner OFFIS: 

The stream-based simulation and tracing framework has been used to implement the power 

model for the processing system of the Zynq SoC and integrate it into the virtual platform. The 

stream-based simulation and tracing framework has been described in detail in [6]; the power 

model and the virtual platform are described in [7]. Here, we describe the realisation of the 

power model with timed value streams and the evaluation of the simulation results.  

As described in [7], the power model requires ten parameters as inputs:  

1. the number of active cores (nCores), 

2. the clock frequency of the processor cores (clk_cpu),  

3. the load of the processor cores (load_cpu),  

4. the clock frequency of the memory (clk_mem),  

5. the rate of read accesses to the external DDR3 memory (readrate_mem),  

6. the rate of write accesses to the external DDR3 memory (writerate_mem), 

7. the clock frequency of the AXI interface (clk_axi),  

8. the usage rate of the AXI interface (usage_axi), 

9. the bitwidth of the AXI interface (axi_bw), and  

10. the clock frequency of the IOs (clk_io). 

For the evaluation, the power model is split into three parts that represent different contributions 

to the total SoC power:  

1. P_PINT: Processing System Internal Logic 

2. P_PAUX: Processing System Auxiliary Logic 

3. P_1V5: Processing System DDR I/O  

The input parameters are gathered from the virtual platform and fed to primary streams. Then, 

the primary streams are connected to a stream processor that implements the power model and 

has three output streams for the individual power contributions. The three individual 

contributions are fed to a further stream processor that adds them up to a total power value and 

outputs it in another stream. Finally, the four power streams are fed to a stream sink that writes 

them to a VCD file. The general architecture of the stream-based power model is shown in 

Figure 10.  
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Figure 10: Power model architecture 

The static parameters (2, 4, 7, 9, and 10) are given as constants. Although they do not change, 

they are written to streams to facilitate the further processing and to allow easy changes when 

the system configuration is changed. The dynamic parameters (1, 3, 5, 6, and 8) are gathered 

from the virtual platform with help of the OVP introspection API described in [8]. The number 

of active cores and their current workload are calculated by using the 

icmGetProcessorICount function. Memory and AXI usage rates are analysed by using 

callbacks registered to specific address regions. The address regions of the memory and AXI 

interfaces can be found in the memory map of the platform. Then, the API allows registering 

callbacks that are triggered whenever a read or write access to that region happens. This allows 

counting accesses in a given timespan. These dynamic stream sources are triggered with a pre-

configured timestep, calculate the rates and feed them to the individual streams for further 

processing. An example for a generated power over time trace is given in Figure 11. It shows a 

trace of the P_INT power contribution of a benchmark application.  

 

 
Figure 11: Power over time trace 
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The evaluation of the simulation results is done with four different benchmark applications. 

The first is the calculation of a Fibonacci sequence, the second a calculation sequence very 

similar to Fibonacci but based on floating point operations. The third benchmark is a memory 

benchmark that runs different access patterns to memory, and the fourth scenario is idle, i.e. no 

program running in the platform. The results of the virtual platform simulation are compared 

with results calculated by the Xilinx Power Estimator (XPE) [9]. Here, we can compare average 

values only, because the XPE does only steady state calculations. The input values are averaged 

over the entire benchmark run and entered into the XPE. The value calculated by XPE is then 

compared to the power values calculated as an average over the power streams (VP).  

Table 2: Stream based power model evaluation 

 Fibonacci Floating Point Memory Idle 

 VP XPE VP XPE VP XPE VP XPE 

P_PINT/mW 276.807 279 290.853 295 412.672 427 101.000 103 

P_PAUX/mW 181.828 182 190.515 190 262.140 261 181.800 182 

P_1V5/mW 232.755 233 315.853 316 755.813 770 232.500 233 

P_total/mW 691.390 694 797.221 801 1430.625 1458 515.300 518 
 

The results listed in Table 2 show only a very small difference between the results from the 

virtual platform and the XPE. Hence, the power model is well suited for application level design 

decisions. Furthermore, the implementation based on timed value streams allows configurable, 

hierarchical, and scalable evaluation of the SoC’s power behaviour.  

4.3.6 TLC-T06 

TLC-T06: Technology providers of CONTREX shall provide to Intecs lab a power analysis 

environment to make power estimation dependent on additional parameters/metrics (e.g. 

activity), i.e. not systematically rely on maximum power. 

This was a particularly important improvement of CONTREX over the previous power 

estimation environment in the Intecs labs. Previously, there was little attention paid to activity 

(i.e. application) dependent power and thermal behaviour of the hardware, for a number of 

reasons. One reason was that the tools available were not fine-grained enough to recognize all 

of the parameters involved power consumption related to application activity. Another reason 

is that the legacy technology in use by the Intecs labs previous to the CONTREX project did 

not really permit any reasonable optimization of the application with respect to power and 

thermal characteristics. Evaluation is currently being carried out with respect to different levels 

of activity. The legacy application does not permit multi-core investigations, but we are 

nevertheless concentrating on activity-dependent behaviour as much as feasible. 

OFFIS developed the PSM model as a tool for power estimation and analysis (described in 

D3.1.3 section 3.2.3) and a semi-automated characterisation methodology for abstracting gate 

level power values to the system level PSM model (described in D3.1.3 section 4.1.3.2). With 

this model, the designer can compare different design decisions against each other with high 

accuracy and performance to improve the power consumption of the overall system. 

To show the high accuracy the PPM component of the copter use case is simulated together 

with a representing PSM model. The output power values are compared to gate level as well as 

the execution times. The next section describes shortly the characterisation process. 
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To achieve the gate level power traces following process is executed: the ppm component is 

synthesized to gate level on the Zynq 2020. The resulting gate level netlist is saved as a Verilog 

file. With this file, the gate level design can be simulated with selected stimuli. While simulation 

the activity is recorded into a vcd (value change dump) file. This file can be transformed into a 

power trace with cycle-accurate resolution. Additionally, the values of the I/O ports are 

recorded. 

The PPM (Pulse Pause Modulation) signal is a timed signal, which modulates multiple channels 

on one bit. A timer value increments as long as the signal is high. When the signal switches to 

low, the timer value is converted to a corresponding value. This value belongs to the first 

channel. After a defined pause in the low state, the PPM signal switches back to high and the 

timer value increments for the next value. This belongs to the second channel. If for all channels 

a value was transmitted, the value is again for the first channel. Additionally, if the high pulse 

is longer than a defined threshold, the value is fort the first channel, too. The PPM component 

of the copter use case has one PPM input port and several output ports for the individual 

channels. Furthermore, there are a reset port and a clock port for synchronisation.  

Since we know the functionality of the PPM component, we can construct the PrSM out of this 

information. Following figure shows the functional model. 

 

Figure 4-12: Functional model of PPM component 

The figure shows that state changes can happen after a specific time in some states, but the 

PrSM cannot model this kind of state change. The PrSM only models function state changes, 

which are visible at the ports of the examined component. Timed state changes are called 

internal state changes, which can be modelled in the PSM. For this reason, the PrSM can only 

model the two states of the PPM input port, which is shown in the following figure. 

 

Figure 4-13: Protocol State Machine for the PPM component 
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The next step is to create the PSM. Therefore, the power trace is analysed. Here, it can be seen 

the power consumption is always the same if the PPM signal does not change. When the PPM 

signal changes, the power consumption is higher for one clock cycle. This behaviour can be 

modelled in the PSM with a timed transition, which changes the state after one clock cycle. 

Therefore, the PPM is modelled as shown in the following figure. 

 

Figure 4-14: Power State Machine for the PPM component 

The resulting power trace of the PSM model differs less than 0.1% in average compared to the 

gate-level reference power trace. This shows the high accuracy of the PSM model for this 

example. 

4.3.7 TLC-T07 

TLC-T07: Technology providers of CONTREX shall provide to Intecs lab a power analysis 

environment to improve power estimation accuracy. 

The combination of both the virtual platform environment provided by OFFIS and the power 

estimation tools provided by DOCEA / Intel has resulted in a powerful environment for the 

estimation of thermal and power characteristics, not only for the intrinsic accuracy of the 

individual tools (that is, on the one side the power and thermal estimation capabilities of the 

simulation environment, and on the other side the direct power and thermal estimation 

capabilities of the Docea tools), but also for the ability to compare the results of using each of 

these two toolsets. It has created the possibility of a very effective workflow methodology, 

whereby the simulation environment is first used to experiment with different workloads and 

application configurations, and then the “real” environment is used together with the Docea 

tools is used both to confirm the simulated results and suggest room for further improvement. 

This generally results in further iterations until the desired precision is reached in the power 

and thermal estimates. 

Note: The enhancements of the Intecs power analysis environment through the CONTREX 

toolset have been described above. At the same time, it should be noted that the Docea power 

tools and methodologies are being exploited at the end of the porting phase of the Intecs 

application to the Zynq abstracted on the Cadence virtual environment. For that reason, the list 

of requirements T03 - T07 is still under study and being evaluated in ongoing fashion with the 

support of Docea and OFFIS.  
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4.3.8 TLC-T08 

 

TLC-T08: It must be possible to abstract the legacy VHDL IP blocks into SystemC/TLM to be 

integrated in the virtual platform. 

The evaluation consisted of first identifying and circumscribing the legacy VHDL IP around a 

micro-controller interface. This was followed by a step involving the generation of 

SystemC/TLM code from the VHDL description of the micro-controller interface by using 

HIFSuite/A2T (not developed in the CONTREX project, and therefore not subjected to the 

formal evaluation process). 

The process continued with the generation of an IP-XACT description of the micro-controller 

interface, followed by the generation of the OVP configuration by using IP-XACT-to-HIF and 

HIF-to-VP. 

Thermal analysis scenarios 

The process was completed with a successful the simulation scenario with respect to the actual 

behaviour of the Use Case prototype. 

Some examples of typical thermal analysis follow. 

 

In the above thermos graph, a baseline is established on the Zynq board running only the 

operating system. 
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Above, the Intecs application is run on the board, and one can observe the thermal effect in 

terms of increased heat in more places. 

 

The above thermograph is a zoom on the CPU in idle state, without applications running on it. 
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In the above thermograph, the CPU has a processing load, and a noticeable spread and intensity 

of the thermal snapshot appears. Experimentation with distributing the application load across 

cores has been underway in the last reporting period. 
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