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Working document, may contain grammar errors and is subject to change. There are 
many answers possible for many of the problems. 
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Problems 

Part 1: Fundamental 

 

Area 1: Requirements 
 
1 a) Look at the UML use-case diagram below. Which of the following statements are 
true? Answer with the statement letter only, no motivation is needed. (2) 
 

A. The rectangle named Web-shop is a class that will contain all methods to 
realize the use-cases. 

B. From the diagram we know that the actor can initiate interaction with the 
system to fulfil the use case “Place an order”. 

C. To determine whether the use case “Place an order” is fulfilled we need more 
information than is shown in the diagram. 

D. The lines between actor and use-cases have a non-sharing property, which 
means that a new actor, purchaseResponsible, could not share the “Place 
order” use-case with the customer actor 

 

 
 
B, C 
 

 
1 b) Explain the following concepts in the context of software requirements: 
Traceability, stakeholder, functional requirement, and user story. Hint: an 
explanation is typically 1-2 sentences. (4)  
 
Sample solution: 
 
Traceability is the possibility to find related artefacts to individual requirements. 
Examples could be design elements, code segments, or test-cases. 
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A stakeholder is a category of people or organizations that has a major interest in the 
project outcome. They are sources of information in requirements elicitation. 
A functional requirement describes the behavior of the software, and can be tested 
by giving input and checking the output. 
A user story is a lightweight alternative of requirements specification following the 
pattern: As a (role) I want (something) so that (benefit).  It also includes a priority 
and an estimate. 
 
1p for each sensible concept. 
 
 
1 c) Write two verifiable non-functional requirements of a social media system, for 
instance Facebook. One of the requirements shall specify a quality factor and the 
other shall be a design constraint of the system. (4) 
 
Quality requirement: The average time from the submission of a post until at least 
one friend is notified shall be less than 60 seconds if both parties have at least a 10 
Mbit/s connection. 
Design constraint: The system shall be implemented using the React.js framework. 
 
2p per sensible requirement of both categories 
1p if they are not verifiable 
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Area 2: Design and Architecture  
 
2 a) Which of the following statements are true? Answer with the statement letter 
only, no motivation is needed. (2) 
 

A. A UML class diagram governs the way objects can be instantiated. 
B. The generalization relation in a UML class diagram is used to describe 

inheritance. 
C. An abstract class in UML can only have abstract operations. 
D. By default, an association from class A to class B, means that instances of B 

visible form A are ordered and nonunique 
 
A, B 
 
2 b) Describe two expected benefits from designing and documenting a software 
architecture. Don’t forget to motivate the answers. (4) 
 
Sample solution: 
 
High level communication medium for stakeholders. This can be used for negotiating 
functions and quality factors of the system. 
 
Large scale reuse. If similar systems have common requirements, modules  
can be identified and reused. 
 
2p for each benefit with motivation 
 
2 c) Draw a UML state diagram of the class Book in a library system. There shall be at 
least three states, that are not pseudo states (for example a start state or a stop 
state). The syntax must be correct and the semantics reasonable.  (4) 
 
Take a photo of the diagram and add that as an appendix to the answer. Let the 
name of the appendix start with the characters “2c”. 
 
Sample solution on next page. 
 
-1 p per syntactic or semantic mistake, but only one minus per instance. If, for 
example, the event and action are misplaced, it still counts as -1p even if it occurs on 
several transitions. 
-1p if  only two states  
The solution does not need to have start and end states. It is OK if there is no text on 
the transition from the start state to the first non-pseudo state 
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Area 3: Testing and SCM 
 
3 a) Which of the following statements are true? Answer with the statement letter 
only, no motivation is needed. (2) 
 

A. The centralized workflow in revision control is good for large projects since 
the master (trunk) collects all commits in a structured way.  

B. The Git workflow in revision control is good for simultaneous development of 
several product versions as we can have many branches. 

C. An advantage with the feature branches workflow in revision control is that it 
is possible to use pull requests. 

D. An advantage of the decentralized workflow in revision control is that there is 
no need to provide write access to the main repository since developers use 
their own local and public copies of the repository. 

 
C, D 
 
3 b) Describe a benefit for each of the integration testing strategies: Big-bang, 
Bottom-up, Top-Down, and Sandwich Testing. (4) 
 
Sample solutions: 
 
Big-bang: no drivers or stubs are needed. 
Bottom-up: performance problems are detected early 
Top-down: Problems in the general design are detected early 
Sandwich: Good choice for large systems since top-down and bottom-up is done in 
parallel capturing both low level performance problems and general design flaws 
early. 
 
1p per sensible moitvation 
 
 
 
3 c) Study the flowgraph of a program on the next page. Create a test table with the 
minimum number of test cases for ensuring branch coverage. You can use the table 
tool in Wiseflow, to avoid using the camera. 
 
What is the minimal number of test case sufficient for full path coverage? The 
answer is not obvious, so you need to write a motivation. (4) 
 
If you decide to write on paper, take a photo of the table and add that as an 
appendix to the answer. Let the name of the appendix start with the characters “3c”. 
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Sample solution: 
 
Id In: x Out: z comment 
1 1 0 false 
2 20 0 true, false, false 
3 110 220 true, true, true 

 
Minimum number of test cases for full path coverage: 4 
 
Possible paths: 
 
false 
true, false, false 
true, true, true 
true, false, true (x=75) 
 
Impossible: 
true, true, false ((100 <= x) implies (50 <= xy) can never be false) 
 
3p for a correct test-table 
-1p for each missing or superfluous test case 
-1p for each missing column, comments are not necessary as long as the answer is 
correct. 
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-1p for missing input and output 
-1p if y is in the table without marking it as an intermediate variable.  
 
Full path coverage: 
 
1p for correct number and a motivation that true, true, false is impossible  
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Area 4: Planning and Processes 
 
 
 
4 a) Which of the following statements are true? Answer with the statement letter 
only, no motivation is needed. (2) 
 

A. A project can have several goals, but a process can only have one. 
B. A toll-gate must always be preceded by a mile-stone. 
C. It is fully possible to assign two or more people to a single activity in a project 

plan. 
D. A project occurs once, but a process can occur several times. 

 
C, D 
 
4 b) Describe one advantage and one disadvantage of having very short (1 week) 
iterations in iterative development. Also describe one advantage and one 
disadvantage for having very long iterations (12 weeks). (4) 
 
Sample solution: 
 
Short iterations: 
Advantage: rapid feed-back 
Disadvantage: It can be hard to fit larger implementations in an iteration. 
 
Long iterations: 
Advantage: Less sensitive to absence due to illness of team members 
Disadvantage: Less insight in project activities for managers and customers 
 
1p per sensible answer, max 1p per combination iteration length X 
advantage/disadvantage 
 
 
4 c) Describe one similarity and one difference between SCRUM and Kanban. How is 
this difference motivated by the philosophies behind SCRUM and Kanban? (4) 
 
Sample solution: 
 
Similarities: Both are agile, both use a board for transparent synchronization of 
tasks, both deliver software often 
 
Differences: SCRUM prescribes time-boxed iterations, these are optional in Kanban. 
SCRUM cannot add items during a sprint, Kanban can. 
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Motivation of the last difference: SCRUM assumes that the team shall be committed 
to the planning and performance of the sprint, and not be disturbed during a sprint. 
Kanban focuses on lead time and can inject new tasks whenever there is an 
opportunity for responding fast. 
 
1p for a similarity 
1p for a difference 
2p for a good motivation of the difference 
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Area 5: Software Quality 
 
5 a) Which of the following statements are true? Answer with the statement letter 
only, no motivation is needed. (2) 
 

A. One of the most important parts of the CMMI process area Technical Solution 
(TS) is to develop and evaluate different approaches to the design of the 
product. 

B. One of the most important parts of the CMMI process area Requirements 
Management (REQM) is to elicit the true needs of all stakeholders. 

C. Software review is a technique that fits well in accomplishing the specific 
goals of the CMMI process area Verification (VER). 

D. You have reached a CMMI maturity level if you fulfil more than half of the 
process areas on that level. 

 
A, C 
 
 
5 b) Describe two different metrics or measurements that can be used to predict the 
maintainability of a software system. Don’t forget to motivate why the metric or 
measurement can be an indicator. Remember the headlines: Description, how to 
obtain data, how to calculate the metric, and relevant quality factor. (4)   
 
Sample solutions: 
 
Description: Non-comment Lines of Code 
How to obtain data: Count the total number of lines of code that is not a comment, 
often you get it automatically from a tool. 
How to calculate the metric: See above, one number 
Relevant quality factor: Maintainability. The fault density is higher for large products 
and time spent in testing after a change will be higher for large modules, this will 
delay the release of a changed software module. 
 
 
Description: Average cyclomatic complexity of methods. 
How to obtain data: Calculate the cyclomatic complexity of all methods, often you 
get this automatically from a tool. 
How to calculate the metric: Take the average value of the values in the step above. 
Relevant quality factor: Maintainability. It is generally harder to understand the 
function of a module with high cyclomatic complexity, Thus it will take time to 
implement changes correctly, this will delay the release of a changed software 
module. 
 
1p for a sensible Description, how to obtain data, how to calculate the metric. 
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1p for a sensible motivation of why the metric or measurement can predict 
maintainability.  
 
 
 
5 c) Describe the different phases of the PDCA cycle. You may use an example. 
PDCA = Plan Do Check Act. (4) 
 
 
Sample solution: 
 

 
 
1p per correctly described phase. 
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Part 2: Advanced 
 
 
6. Originally eXtreme Programming, XP was composed of the following rules: 
 

 
Suppose you are building a highly interactive software for the consumer market, for 
instance a mobile multiplayer game, in a team of eight skilled programmers. You are 
the team leader and have been asked to select five of the rules that you think would 
be the best for your project. State the five rules you select and for each rule, state: 
 

a) The name of the rule. 
b) A description of how it works. 
c) A description of expected benefits for your project. 
d) A short suggestion of how the effect of the rule can be evaluated.  
e) Potential drawbacks or risks of using the rule. 

 
(20) 
 
Sample solutions:  
 

a) The name of the rule. All production code is pair programmed. 
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b) A description of how it works. Two programmers program together in 
front of a common screen. Discussions are taken during the programming. 

c) A description of expected benefits for your project. Since the code has 
been discussed and read by two people, we can expect fewer failures. 

d) A short suggestion of how the effect of the rule can be evaluated. 
Compare the failures in code that is not pair programmed to pair 
programmed code. The number of failures is a crude measure; more in-
depth analysis set of the failure handling cost against the development 
cost. 

e) Potential drawbacks or risks of using the rule. Higher development costs, 
less skilled programmers become passive. 

 
 

f) The name of the rule. User stories are written. 
g) A description of how it works. Requirements are captured in short user 

stories, that are prioritized and estimated. The stories come from 
different stakeholders. 

h) A description of expected benefits for your project. It is fairly easy to 
collect user stories directly from stakeholders, since stories don’t require 
high system expertise. 

i) A short suggestion of how the effect of the rule can be evaluated. 
Compare how many user stories that must be added by developers for a 
set of projects. Calculate redundant user-stories obtained. 

j) Potential drawbacks or risks of using the rule. In our project for the 
consumer market, it may be hard to find good representatives of user 
needs. Non-functional requirements are not in focus. 

 
k) The name of the rule. Code the unit tests first. 
l) A description of how it works. Before a story is coded, unit test cases are 

created for the function to be ready to run in different test and 
integration loops. 

m) A description of expected benefits for your project. Unclarities of the 
stories are sorted out early since the unit tests will become the goal for 
the programming. Thus, all aspects of the stories must be identified. 

n) A short suggestion of how the effect of the rule can be evaluated. 
Compare the time spent in fault handling to earlier projects when test 
cases are written after the code. 

o) Potential drawbacks or risks of using the rule. Initially it is very hard to 
learn how to write test cases before coding. 

 
p) The name of the rule. Refactor whenever and wherever possible. 
q) A description of how it works. The code is improved in various ways, for 

instance to merge spike solutions into more generic code. Make sure that 
all unit tests (see above) pass for the new code. 

r) A description of expected benefits for your project. Increased 
understandability and performance of the code. 
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s) A short suggestion of how the effect of the rule can be evaluated. 
Compare execution time between refactored and non-refactored code. 

t) Potential drawbacks or risks of using the rule. It takes time, that might 
affect the lead-time. 

 
u) The name of the rule. Integrate often. 
v) A description of how it works. This is best done by automating the 

integration chain. Consistency of code is secured with the version 
handling system; merge conflicts are easier to resolve with small 
increments. The execution of the unit tests can be automated. 

w) A description of expected benefits for your project. Fast feed-back will 
speed the development of good quality code. 

x) A short suggestion of how the effect of the rule can be evaluated. 
Compare time to release with projects of less frequent integration. 

y) Potential drawbacks or risks of using the rule. Setting up the automated 
integration chain is complex and time consuming to maintain. 

 
1p per sensible item that is not just the description of the rule. 
 
 
 
 
 
 
7. In several courses we use a system used to manage a gym, such as Campushallen, 
as a scenario for exploring different concepts in Software Engineering. The feature 
list is found in Appendix. 
 
Now it is your task to make an overall architecture description of the system. You 
don’t need to use UML; box-and-line diagrams will do. Hint: Don’t be too detailed 
about the architecture, about 7 boxes will do. If you are not using UML, make sure to 
label all your boxes and arrows to clarify the relationship between the different 
elements. 
 
Take a photo of the diagram and add that as an appendix to the answer. Let the 
name of the appendix start with the character “7”. 
 
In text, describe a quality factor that you think your architecture supports. Don’t 
forget the motivation.  
 
You are allowed to make assumptions beyond the feature list, as long as you write 
them down. (10) 
 
Sample solution: 
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Quality factor: Reusability. Elements of the system, for example, database and 
payment handling are very common for many systems and ready made solutions 
exist. 
 
2p for each important part of the system is identified, max 8p : 
 

- Membership management 
- Database 
- Communication 
- Payment 
- Member app 
- Reception system 
- Door opening system 

 
-1p for unclear links between elements 
 
2p for a quality factor with a good motivation. 
 
8. From the gym system in Appendix, give examples of how the following 
relationships between classes in an UML class diagram can be used: 
 

a) Association 
b) Composition 
c) Generalization 
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d) Realization 
e) Dependency 

 
You don’t need to draw a complete UML class diagram, just create examples of the 
relationship involving 2-3 classes each from a gym system. 
 
Take a photo of the diagram and add that as an appendix to the answer. Let the 
name of the appendix start with the character “8”. If you decide to use one diagram 
per page, name them 8a, 8b, etc. 
 
You are allowed to make assumptions beyond the feature list, as long as you write 
them down. (10) 
 
Sample solutions: 
 

 
 
2p per sensible example 
-1p for syntactic or semantic errors 
Association needs a name, navigation arrow is optional 
Multiplicity is not needed as it is not asked for in the text 
Obvious examples as the ones above don’t need a motivation 
 
9.  Use the gym system again, but this time you write five functional requirements of 
the system. For each requirement, describe how it can be tested. (10) 
 
Sample solution: 
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Requirements about the Chat function: 
FR1: A member shall be able to select an alias for posts the system. 
 
Testing: Select an alias and check that it works for at least 2 posts. 
 
FR2: If a member has not specified an alias in personal data, the first name is used 
for posts in the system. 
 
Testing: Unselect an alias check that the first name is used in at least 2 posts. 
 
FR3: The chat room is divided into one to ten different channels. 
 
Testing: open a chat room check that it is possible to create 10 channels. 
 
FR4: Creation and naming of a channel can only be made by a staff user. 
 
Testing: Create and name a channel as staff user check that the channel has the 
correct name. Try to create and name a channel as other roles check that it does not 
create a channel and that the error message is correct. 
 
FR5: A symbol with three periods shall be displayed to the member if another user is 
typing in the chat channel that the member is reading. 
 
Testing: Create a channel and instantiate two users, check that the “…” occurs when 
one of the users are typing in a conversation 
 
1p per correct item 
The testing procedure is informal but must be related to the requirement. We don’t 
give credits to over-generic descriptions such as “provide input variables and check 
that the expected output is produced.  
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Appendix: Features of a gym system 
 

• Membership management used by administrators to handle membership 
type, duration, different ways of payment, etc. 

• Membership management used by personal trainers to set goals and follow 
up on progress. It also notifies if a member has been absent for more than 
two weeks. 

• Member’s app for viewing and updating personal data, including password. 
The app can be accessed on the web or installed on all major smart-phones 
and tablets. It’s also possible to use an entrance card and log in at a 
computer in the reception. 

• Communication module. Staff can send individual messages to members or 
broadcast to all. 

• Chat function for members and staff on different topics. 
• Automatic personal trainer. When a member using a smartphone app comes 

close to a work-out machine, it automatically displays preferences, e.g. 
height of seat, weight of resistance, number of repetitions, for that machine. 
After the exercise, the app asks you if you want to adjust anything for the 
next time. The result is stored with your progress data, which can be 
monitored by yourself and your personal trainer. 

• Gold member’s key. Gold members can open the front door and use the gym 
outside opening hours. 

• Booking system for classes offered in the big hall. 
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