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Introduction 
In this exam you can score a maximum of 50 points. The remaining 50 points for the final grading comes from the exercises. 

If you feel that any of the problems require information that you do not find in the text, then you should 

• document the necessary assumptions 

• explain why you need them 
Your answers should be brief and to the point. 

______________________________________________________________________________
Problem 1 – Requirements engineering (20 points) 
The case is an autopilot for an airplane. See Appendix 1 for more details.
1a – Temporal patterns – 10 points 
Use informal temporal patterns – see Appendix 2 – to describe the two upper levels of goal decomposition for the autopilot. 
---------------------------------------------------------------------------------------------------------------------





It is important that the circle (and-symbol) is used in the goal decomposition.
______________________________________________________________________________
1b – Requirements quality metrics – 5 points 
Which requirements quality metrics are available to characterize the requirements’ quality? Try to categorize the textual requirements in Appendix 1 according to these metrics.

---------------------------------------------------------------------------------------------------------------------
The requirements quality metrics:
Ambiguity: The requirement contains terms or statements that can be interpreted in different ways.

Inconsistency: The requirement item is not compatible with other requirement. 

Forward referencing: Requirement items make use of a domain feature that is not yet defined.

Opacity: A requirement item where rationale or dependencies are hidden.

Noise: A requirement that yields no information on problem world features.

Completeness: The needs of a prescribed system are fully covered by requirement items without any undesirable outcome.

The requirements for the autopilot:
Requirement 1: The requirement says ‘a button’, not which button (ambiguous).
Requirement 2: It is not defined what is the cruising speed and cruising altitude (incomplete or forward referencing). Some people would interpret that in such a situation the plane should have a constant altitude and this is inconsistent with ‘the plane will then continue at the same altitude and with the same speed as well as horizontal and vertical direction as at the moment the button was pressed’.
Requirement 3: ‘A separate button’. The button is not identified (ambiguous or noise).

Requirement 5: ‘Actuator’ is not defined. Forward referencing or incomplete.

Requirement 6: The minimum distance to nearby airplanes is not defined, and there is no requirement saying whether and how the distance should be given to the autopilot. Incomplete.

Requirement 7: This is a vague requirement which we may characterize as ‘noise’.

Requirement 8: No rationale is given for this requirement (opaque) and if response time is important then the requirement should rather be given as e.g. ‘the response time should be less than x seconds in 90 % of the responses at a 95 % confidence level’. 
______________________________________________________________________________
1c – Requirements viewpoints – 5 points 

1. What is the difference between a direct viewpoint and an indirect viewpoint?
A direct viewpoint interacts directly with clients, and receive services, and send and receive data and/or control information to/from the system. These are either operators or users of the system or other subsystems interfaced with the system being analyzed.

An indirect viewpoint has an interest in some way to the services the system offers. An indirect viewpoint does not interact directly with the system. An indirect viewpoint may generate requirements constraining the services delivered to the direct viewpoint.
2. Identify and describe the different viewpoints for the autopilot in Appendix 1.

Direct viewpoints: pilot, radar, airplane’s controls (engine, elevator etc.), alarm etc.
Indirect viewpoints: passengers, air control personnel, maintenance engineers, etc.
______________________________________________________________________________
Problem 2 – Testing methods (15 points)
2a – Methods choice – 5 points 
1. Describe strong and weak points for using scenario testing. 
Strong points:
- realistic test (reflects the users’ perspective)
- similar to the requirements finding process, but with other people

- uses user environment 

- can perform functional and non-functional testing

- will find more design faults than code faults

Weak points:

- time- and effort- consuming

- expensive and requires a lot of infrastructure and personnel to test
- not possible to automate

- does not consider code coverage
2. Describe strong and weak points for using path coverage testing.

Strong points:

- finds most errors in code

- can run fast

- can run multiple times
-tool support available

- can calculate the needed number of tests to obtain full coverage

Weak points:

- cannot be used to check against requirements

- only finds errors in the code

- can only be used on small chunks of code
3. Describe strong and weak points for using data flow testing. 
Strong points

- reduces the number of tests needed to be performed

-can be done automatically

- can generate many tests in a short time
-can be run after improvements in the code

Weak points:

- needs an oracle for automatic checking

- can only be used on small chunks of code
4. Give one example where we should use scenario testing, one example where we should use path coverage testing and one examples of where we should use data flow testing.
Scenario testing: Most useful in functional and acceptance testing

Path coverage testing: most useful in unit testing

Data flow testing: most useful in unit testing as a an alternative or as a supplement to path coverage testing
______________________________________________________________________________
2b – Testing methods – 10 points 
1. Explain why scenario testing is a good way to test the autopilot system. 

Scenario testing is a good test strategy for acceptance testing the autopilot system because it will give a realistic test of the system covering combinations of functions and sub-functions. The pilots doing the scenario testing will also be able to give feedback to the ‘soft’ goal that the system should be easy to use.
2. Give examples of scenarios that can be used in the scenario testing of the autopilot. 
Some possible scenarios:
1. The pilot tries to switch the autopilot on before the plane reaches it cruising altitude and cruising speed. This will reveal whether the button is there and whether the autopilot will start. The autopilot should not be able to be activated in this situation.

2. The pilot tries to activate the autopilot when the plane has reached cruising speed and altitude. The check whether the plane continues with same speed and altitude by reading the meters.

3. Autopilot is turned on and the pilot uses the stick. Check whether the autopilot gives control back to the pilot.

4. The autopilot is deactivated and the speed and the altitude are reduced. The pilot presses the button to reactivate the autopilot. Check that previous speed and altitude are regained.

5. The autopilot is active and the pilot inputs a changed course, altitude and/or speed. Check that the autopilot reestablishes the previous speed- altitude and course.
6. Another airplane is closer than the minimum distance; check that the alarm is given.

All these testes will also make it possible for the pilot to check whether the response times and the easy to use requirements are fulfilled.
______________________________________________________________________________
Problem 3 – Non-functional requirements (15 points) 
3a – Usability requirements and tests   – 10 points 

One of the requirements to the autopilot is that it shall be easy to use. 

1. How will you characterize this requirement?

This is a non-functional and ‘soft’ goal (there are no ‘clear-cut’ criteria for deciding whether the requirement is fulfilled).
2. Write a set of requirements with corresponding tests for usability for the autopilot system.
There are several alternatives. The solution proposal below proposes to use the ISO9126 standard

Usability is decomposed into: 

Understandability:

Requirement: The pilot shall understand how the autopilot is to be used in different situations and understand the different conditions for its use.

Test: Observing the pilot using the autopilot in practical use.

Learnability:

Requirement: The pilot should have a session to learn the use of the autopilot by studying the user manual and experimenting with use of the autopilot.

Test: Check that the pilots are able to learn how to use the autopilot after one day training by observing the practical use of the autopilot.

Operability: 

Requirement: The pilot shall be able to use the autopilot in different situation (switch it on/off, change parameters, deactivate it by using manual controls etc.)
Test: One could e.g. let the pilots run the scenarios described in task 2b and observe the pilots.

Attractiveness:

Requirement: The pilots should feel that the system is attractive to use.
Test: Perform a survey among the pilots that have used the system. On a scale from 0-10 the avarage score should be higher than 7.

____________________________________________________________________________

3b – Response time   – 5 points 
Describe how you will test the response time requirement for the autopilot.

The test cases which are expected to yield independent, identically distributed random variables as test results should be executed in the following steps, based upon the above discussion:
1. Define the test validation criteria 

 and 

.
2. Make k (k>30) trial runs and register the test results t1,......, tk.
3. Calculate the mean of t1,......, tk: 

 which is an estimator of the true mean of tis.
4. Calculate the variance of t1,......,tk (

) as an estimate of 

.
5. Insert

 and (

) in (3) together with the validation criteria 

 and 

 and calculate n, the necessary number of runs to satisfy the validation criteria.
6. If  

, perform 

 additional runs, else

.
7. Calculate 

, the estimator of 

 which satisfy the validation criteria 

 and 

. 
8. Print a graph showing the distribution of t1,........,tn, or make an approximation to a defined probability distribution.  


Decide PASS-FAIL of the test case on the basis of 

 and an appraisal of the distribution of t1,......, tn.

Appendix 1 – Autopilot for an airplane
You are hired to design an autopilot system for an airplane. You are asked to first build a GORE model of the requirements for the autopilot.

1. The autopilot is switched on and off with a button on the instrument panel in the cockpit of the airplane.

2. When the airplane has reached its cruising altitude and speed the pilot presses the button to turn on the autopilot. The plane will then continue at the same altitude and with the same speed as well as horizontal and vertical direction as at the moment the button was pressed.

3. The autopilot takes control over the stick and the throttle in the plane. If the pilot uses the stick or the throttle to take over control, the autopilot is automatically deactivated. A separate button will when pressed to re-establish the altitude, speed and direction the plane had when the autopilot was deactivated. When the autopilot is in action, the pilot may enter a new speed, direction and/or altitude and the autopilot will adjust the speed/altitude/direction according to the entered data.

4. The autopilot is connected to the airplane’s controls, such as engine (speed), elevator, side rudder and flaps/stabiliser. The autopilot receives signals from the altitude meter, speedometer, compass and stability meter (measures the angle of the plane with respect to a horizontal coordinate system). 

5. The autopilot controls the plane through actuators connected to its control systems. It also receives signals if the pilot is moving the stick or the rudder manually.

6. The autopilot is also connected to the airplane’s radar which can be used to measure the distance to nearby planes. It shall give a warning to the pilot if the distance is shorter than a given minimum distance.

7. The autopilot shall be easy to use.

8. The autopilot shall have a response time (time from pilot presses the set button and until the control is executed) shorter than 2 seconds on the average.

Appendix 2 – Temporal patterns for requirements
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