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 Before you begin  1 

 

Before	you	begin	

You have an online questionnaire where you have to introduce the results of the tasks 
developed and your opinions about the method. There is also a pre-exercise 
questionnaire with a set of questions you should fill-in about your previous 
background. Once you have finished with the first sheet of the questionnaire the 
system will show you a break screen for you to put the time when you start the task 1.  

Please, do not close the web browser until the end of the exercise. 

The questionnaire is at: 

https://docs.google.com/forms/d/1wyKNk95tfwiS_byzTD98801vAMD
v8shsgMbxR2C7TwQ/viewform			

Problem Description 
The CarCarSPL is Software Company which develops control systems for the automotive 
domain. They integrate sensors and computation nodes from different vendors and on top 
of that, they build their vehicle control system software. For managing the huge possible 
number of configurations, they are applying the software product line approach. 

Now, one of their customers, BWM, a multinational automotive company is opening new 
market niches and has started to modify one of their cars, their top-class W5 station-wagon 
to become an ambulance (called W5-Ambu).  

The Application Requirements Engineer has captured the customer requirements, and now 
we should configure the “best” possible vehicle control system. 

System Requirements 
The first point about the requirements is that they do not have, initially, budget constraints, 
the Control System’s cost is going to be added to their production costs, so what they need 
is a configuration that fulfills their requirements.  

The system should integrate the highest possible number of security and multimedia 
systems but, at least to have a Control System that has ABS, traction control and the stability 
control, the GPS-Navigator and the cruise control are also desirable. The description of the 
different features can be found in Annex I. 

They have also a lot of non-functional requirements. Our customer plans to sell their 
ambulances to EU countries, and there is an EU council regulation which establishes that 
ambulances should pass some safety tests and their control system should be considered as 
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“Safety Critical System”. This implies that the Vehicle Control System should have minimum 
levels of reliability, and some constraints are also defined for the system’s performance.  

The reliability characteristic in our systems is broken down in: 

 Fault Tolerance: the degree to which a system, product or component operates as 
intended despite the presence of hardware or software faults. 

 Maturity: the degree to which a system meets needs for reliability under normal 
operation. 

We measure the fault tolerance with, among others, the probability of failure of each system1 
which is extracted from the architecture.  

The probability of failure of our systems usually is below 0.00006 but in this specific case 
the requirements state that the probability of failure should be below 0.00004. 

For achieving the levels of reliability to meet the safety critical system consideration, some 
non-functional requirements are defined related to the reliability of the system. Safety 
Critical Systems should also have a maximum level of CPU utilization so as to assure that, in 
every single situation, the systems is able to compute a response in less than a specific time 
(a.k.a Latency time) that also is critical for safety critical embedded systems.  In addition, since 
the system is going to be deployed in a new set of distributed high-performance set of 
embedded computation nodes, the memory needs to be also reduced. The performance in 
our systems is broken down in: 

 Time behavior: the response and processing times and throughput rates of a 
system when performing its function, under stated conditions in relation to an 
established benchmark. 

 Resource Utilization: the amounts and types of resources used when the software 
performs its function under stated conditions in relation to an established 
benchmark. 

We measure the time behavior of our system among others with the latency time. Latency 
time measures the time elapsed between the reception of an input event and the 
computation of the results. The resource utilization is measured by means of the CPU 
utilization and the memory consumption 

In this specific case, the systems should have a latency time that goes below the 
common specific level established for the products of the Vehicle Control System 
which is 55 μs. our customer needs, to accomplish the regulations, the systems to be 
below 50 μs. 

The Resource Utilization is also critical. EU regulations establish that a safety critical 
system should have a CPU utilization of less than 80%. The threshold for our vehicle 
control systems SPL establishes a maximum CPU utilization of 85% and all the possible 
combinations are below the 85% level. However the most CPU-intensive features will 

                                                            
1 We will use the term system to refer also to the system (ABS, Traction Control etc.) that integrates the 
Vehicle Control System 
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