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Linköpings Universitet     2021-01-05   
IDA 
Kristian Sandahl 
 

Written exam for Software Engineering Theory 
Course codes TDDC88, TDDC93, 725G64 
 
This is a special arrangement of an exam written in distance mode. Instructions are 
sent out in advance and are available in Lisam for reference. 
The solutions will be sent to Urkund for plagiarism checking, to avoid unnecessarily 
high similarity scores, only write the number of the problem in your solutions. Do not 
repeat the problem text in your solution file. 

Grading 
The exam consists of two parts: Fundamental and Advanced. 
 
The Fundamental part has problems worth 10 credits per area. Areas are 
Requirements, Design & Architecture, Testing & SCM, Planning & Processes, and 
Software Quality. Thus, the Fundamental part can give maximally 50 credits. 
 
The Advanced part has problems worth 50 credits in total. Each problem typically 
requires a solution of several pages. 
 
The maximum number of credits assigned to each problem is given within 
parentheses at the end of the last paragraph of the problem. 
 
Pass condition: At least 4 credits per area in the Fundamental part and at least 50 
credits in total. The total amount of credits also includes the bonus credits you might 
have got in lecture exercises autumn 2020. This gives you the mark 3. If you have at 
least 4 credits for 4 of the areas in the Fundamental part, then you can still pass if you 
have more than 60 credits in total. 
  
Higher marks are given based on fulfilled pass condition and higher amounts of 
credits according to the following table: 
 

Total credits Mark 
 0-49 U (no pass) 
50-66 3 
67-83 4 
84- 5 

 
 
Good Luck! 
 
 
Kristian   
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Problems 

Part 1: Fundamental 
 

Area 1: Requirements 
 
1 a) Describe two techniques that can be used to elicit requirements. (2) 
 
Sample solutions: 
 

• Interviews, where stakeholders are interviewed about their requirements and 
expectations of the product. 

• Observation, where the requirements engineer visit a workplace to study 
processes and problem solving as they appear naturally in real-time. 

• Prototyping where non-finished or imaginary versions of a possible system are 
implemented and demonstrated to stakeholder to get feed-back on what a real 
system would need. 

 
 
1 p per technique. A sentence description per each is enough. 

 
1 b) Write four user stories of a system for a social network system, such as Facebook 
or LinkedIn. There are many users such as members, administrators, advertisers etc. 
The user stories can have different users. Hint: A user story consists of a text and two 
attributes. (4) 
 
Sample solutions: 
 
As a user I want to post new messages so that my friends have an updated view of 
what is going on. 
Priority: 1 
Estimate: 30 
 
As a user I want to search for people active in the network so that I can connect to 
new friends. 
Priority: 1 
Estimate: 20 
 
As an administrator I want to be able to expel abusive members so that the network 
remains an attractive service. 
Priority: 1 
Estimate: 20 
 
As an advertiser I want to edit a profile so that my advertises are displayed to the most 
probable future customers. 
Priority: 1 
Estimate 30 
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1p per sensible user story 
-1p if estimate and priority are forgotten, we only deduct 1p once, so if there are 4 
good texts and one or many has forgotten estimate and priority it is 4-1=3 p 
 
 
1 c) Explain what the following concepts are: Feature, use-case, actors, and the IEEE 
standard 830. (4) 
Hint: by “explain” we mean that a student like you who has not taken the course shall be 
able to understand what you wrote. (1-2 sentences per concept) 
 
Sample solutions: 
A feature is a (high-level) externally observable characteristics of a system. A feature can 
consist of several functions and different non-functional properties. 
 
A use-case is describing is a description of a sequence of inter-related events that fulfils a 
particular need or a function of a system.  The description is typically written in natural 
language to allow many stakeholders to review it. 
 
An actor is an external entity that initiates a use-case. Actors can be both humans, 
organisational units, or systems. 
 
The IEEE standard 830 shows the structure and content of a software requirements 
specification. The standard is open to adaption of the structure of a SRS and contains 
many items to be considered for its content. 
 
1p per good explanation 
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Area 2: Design and Architecture  
 
2 a) Explain why high coupling and low cohesion of a design can give unwanted 
effects. (2) 
 
Sample solutions: 
High coupling: 

• It is hard to trace and check the consequences of a change in one module. 
• It is hard for a maintainer to understand the system. 
• It is hard for a tester to isolate the cause of a failure. 

Low cohesion: 
• Many almost unrelated things in the same module can be a receipt of a bad 

analysis. 
• Many almost unrelated things in the same module can be a receipt of a long 

history of patches, which make the code vulnerable. 
• It is hard for a maintainer to understand the non-cohesive components. 
• Many diverse test-cases are needed, with can be inefficient when setting up 

and tearing down a test environment 
 
1p per sensible explanation 
 
2 b) Describe two advantages and two disadvantages with a layered architectural 
style. (4) 
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1p per advantage, maximally 2 
1p per disadvantage, maximally 2 
 
2 c) In the UML Class diagram below there are two types of mistakes, one UML-
mistake and one domain modelling mistake. Describe what is wrong. The class-name 
Vehicle is written in italics. What does that mean? What would be the consequences if 
we wrote it in a regular font as in the other classes? 
(4) 
 
  
 

 
 
Sample answers: 
 
The UML mistake the composition arrows are wrongly directed. The Vehicle is built 
is composed with wheels. 
 
The domain mistake is the generalization from Driver to Owner. A driver can be any 
person with appropriate certificates. (My wife owns the car of the household) 
 
Italic font means that it is an abstract class, from which instantiations are not possible. 
The class can contain implementation, that can be used in inherited classes. 
 
If the class Vehicle is not abstract it means that we can instantiate it. 
 In the physical analogy world this would mean some assembly of components that is 
not yet determined as a car or a motorcycle. Hardly useful. 
In an information system context it is not so ridiculous; you might want to manipulate 
an object with generic information, for instance, register number.  
 
1p per discovered mistake, maximally 2 
1p for explanation of the meaning of italics class name 
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1p for instantiations possible with regular font  
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Area 3: Testing and SCM 
 
3 a) What is an oracle in the context of software testing? (2) 
 
An oracle is an agent, human och machine, that can judge whether a test case that was 
run on a system failed or not. 
 
1p for knowing the correct output 
1p for knowing it can be both a human and a machine 
 
3 b) Suppose that your system has a functional decomposition tree with few levels 
(not more than 3), but high fan out (7-10 descendants per node). Describe one 
advantage and one potential risk with applying:  i) a top-down integration testing 
strategy, and ii) a big-bang integration testing strategy. Remember to motivate all 
your answers. (4) 
 
Sample solutions: 
 
i) An advantage with top-down integration testing is that we get information early 
about high-level properties of the system such as interface and architecture 
A risk with top-down integration testing with the structure given is that many stubs 
are needed.  
 
ii) An advantage with big-bang integration testing is that no overhead in creating 
stubs and drivers is needed. 
A risk with big-bang integration testing that information about critical properties of 
the system will be known late.  
 
1p for an advantage of top-down 
1p for a risk with top-down 
1p for an advantage of big-bang 
1p for a risk with big-bang 
 
 
3 c) Describe the centralized workflow in Git which is an open source distributed 
version control system. Mention one advantage and one disadvantage of this 
workflow.  (4) 
 
Sample solutions: 
 
The idea is that there is always a single master branch (trunk) of a central repository 
that is changed by all developers by working on their own local copies of the entire 
system. 
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An advantage is that this approach requires very little setup and is good for small 
teams, where conflict resolution is not a bottleneck. 
 
A disadvantage it that it does not support a flexible collaborations and does only use a 
few of the available Git functions. 
 
 
2p for a good description. A description can be a diagram with correct Git commands. 
It is OK to describe the Git commands in natural language 
1p for an advantage 
1p for a disadvantage 
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Area 4: Planning and Processes 
 
 
 
4 a) What is the critical path in the context of project planning? Why is it important to 
know what tasks/activities that belong to the critical path? (2) 
 
Sample solutions: 
 
The critical path is the longest sequence of dependent tasks in a project plan. 
The critical path is the chain of dependent tasks where the delay of a single task 
delays the entire project. 
 
Knowing that a task is on the critical path is useful since you might take actions to 
minimize delays. For instance, to assign that task to the most experienced personnel. 
 
1p for a correct definition of critical path, it can be expressed informally 
1p for why it is important to know 

 

4 b) Explain the concept of a burn-down chart, for instance from SCRUM. Make an 
example and describe how it shall be interpreted. Also, explain shortly how it can be 
used by a development team. (4) 
 
Sample solution: 
 
A burn-down chart is a 2D diagram where the x-axis shows the number of days 
available for the sprint, and the y-axis shows remaining work expressed in estimated 
time or points. You plan the sprint by setting off estimated remaining work per day. 
During sprint you denote remaining work at the end of each day. 
 
This can be used by the team to check its progress relative to the plan. 
 
Example 
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3p for a good explanation including what is on the x- and y-axes 
1p for how it can be used. 
 
 
4 c) Describe the idea behind iterative development. Also explain 2 advantages and 1 
potential problem with using an iterative development method. (4) 
 
The idea is to select a subset of requirements and implement and test them during a 
time-boxed interval called iteration. For the next iteration yet another subset of 
requirements is selected and implemented. Ideally, the resulting partial system of an 
iteration is evaluated by stakeholders and the result is fed forward as input to 
requirements selection and change of forthcoming releases. The same can be applied 
to the way of working, which is then iteratively improved. The development ends 
when stakeholders accept the system. 
 
Advantages: 
A demonstration of the system in one iteration can provide non-technical stakeholders 
with an opportunity to change or suggest new requirements for coming iterations. The 
cost of this change is normally small since no time has been invested in 
implementation, and the benefit is that the final system will be more relevant. 
 
The development team can learn from experience early in the project and 
continuously improve. With the waterfall model, most improvements come after the 
entire project is finished. 
 
Disadavantage: 
The requirements selection process adds overhead and a risk of suboptimization.  
 
 
1p for a description 
1p per advantage, maximally 2 
1p for a potential problem  



Please, do not repeat the question text in the answer. 

Page 11(21) 

 

Area 5: Software Quality 
 
5 a) What characterizes an organization on CMMI maturity level 3 compared to an 
organization on CMMI maturity level 2? (2) 
 
On CMMI level 3, there are standardized processes that tailored to the particular 
projects. These standards cover a large span of different projects and are continuously 
improved. At level 2, on the other side, the focus is to have processes working for a 
single type of projects. 
 
2p for a sensible description 
 
5 b) Peer-review (buddy-check) is a popular method for quality work in coding. 
Describe how it works in terms of: 

• Goal 
• Participants 
• Process 
• Output 

(4) 
 
The goal is to find defects of the code early, before larger integration and testing 
efforts. 
The participants are fellow programmers, colleagues of the programmer making the 
original code (peers). Normally you have a process prescribing how many peers that 
re required. 
The process is often organized around the continuous integration flow where new 
changes are highlighted for the peers, eg by pull requests or special-purpose tools 
such as Gerrit. The changes are reviewed by the peers giving feed-back. 
Output can be action lists or issues in Git. Sometimes also oral feed-back  
 
1p per item 
 
 
5 c) How do you calculate the cyclomatic complexity of a flowgraph of a program? If 
the cyclomatic complexity is high, what are the consequences for maintainability and 
testability of the program? (4) 
 
The cyclomatic complexity C of a graph G is defined as  
 
V(G) : e – n + 2p 
 
Where e is he number of edges, n is the number of nodes, and p are the number of 
disconnected graphs of G. 
 
If V(G) is too high, it is normally very hard to understand what the software is doing 
making it hard for a maintainer to perform changes. 
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If V(G) of a module is too high it requires many test cases to assure for instance path 
coverage. Thus the effort in testing is high. 
 
 
2p for a correct formula 
1p for maintainability consequences 
1p for testability consequences 
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Part 2: Advanced 
 
 
6. Scenario: Your firm developed a telephone answering service ten years ago, and 
now your non-technical manager wants to read the requirements specification in order 
to compare it with other products on the market. The problem is that the development 
team forgot to write a requirements specification, all you find is the UML state 
diagram in version 0.9 below. 
 
Task:  

• Formulate the requirements in natural language that are fulfilled by the state 
diagram.  

• There is a fairly obvious transition missing. Describe what that is.  
Please note that your manager doesn’t understand terms such as state, transition, 
triggering event or action so don’t use them in the requirements. 
 
One example can be: 
 

1. If the receiving phone is busy, the answering service starts 
immediately 

 
 (10) 
 
 
 

 
 
 
Sample solutions: 
 
The requirements can be: 
 

1. If the receiving subscriber does not answer after 4 signals, the 
answering service starts. 
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2. If the receiving phone is busy, the answering service starts 
immediately 

3. The answering service plays a message and accepts voice input from 
the calling subscriber. 

4. If the receiving subscriber answers the phone when the answering 
service is working, the service is cancelled, started recordings deleted, 
and the conversation can start as a normal phone call. 

5. If the calling subscriber hangs up when the answering message is being 
played, the service is cancelled. 

 
The missing transition is what happens if the receiving subscriber answers during 
playing the message.  
 
Variant: You can also add the requirement that hung up in the recoding state means 
that you cancel service and delete recording. Then you need an transition from 
Recording to Idle as well. 
 
 
8 p for a set of requirements capturing requirements of the given state diagram 
-1p per missing transition 
-1p if the requirements are not full sentences 
-1p if vague verbs, such as “should” are used 
-1p if state diagram terms are used 
 
2p for detecting a missing transition  
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7.  Scenario: Diana the Developer lives in a house with white walls. She installed a 
high-tech lighting equipment that project colors on the wall in mild and sober tones 
during Christmas. She has designed 10 different light settings and has a system that 
automatically changes light settings every 30th minute. When the setting is changed 
the transition is spectacular with a myriad of colored spots moving fast in advanced 
trajectories for a few seconds until the new setting is shown steadily.  
 
Diana likes to impress on her neighbors and has sensor that can determine if a person 
has stopped outside her house. If a person has stopped and it is less than five minutes 
left until the next scheduled change of settings, the change will happen immediately to 
allow the person to enjoy the change even though it is a bit early compared with the 
schedule. The next change is then scheduled in 30 minutes after the current time. 
 
 
Task: Your task is to test the system governing when the changes occur. Find 
equivalence classes and create a test table with one test case per equivalence class. 
(10) 
 

 
 
 
Input variables: 
 
t = time remaining to next change (minutes) 
ps = a person has stopped outside the house (bool) 
 
Output variables: 
 
ch = perform change (bool) 
reset = t := 30 
 
Valid Equivalence classes: 
 
EQ1: 0 < t < 5 ˄ ps 
EQ2: t ≥ 5 
EQ3: t = 0 
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Test table: 
 
 input output  
nr t ps ch reset EQ 
1 4 T T T EQ1 
2 15 - F F EQ2 
3 0 - T F EQ3 

 
 
 
10 p for correct inputs, outputs, EC’s, and test cases. It is OK to only have valid EC’s 
-1p per wrong or missing i/o parameter 
-1p missing column in the test table 
-1p per wrong or missing EC  
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8. Scenario: You are developing the software of a system for monitoring and 
controlling an industrial process of importance, such as a factory for covid-19 vaccine 
production. Your release in May 2021 will contain new AI technique for data analysis, 
prognosis, alarm, visualisation etc. Some characteristics of your environment are: 
 

• You have three teams in Sweden, one in India, one in South Chorea, and one 
in Canada.  

• You have a tight relationship with a Polish vendor which you are thinking of 
buying if they perform well this year too. 

• You have strategic partnerships with experts in production control in various 
domains. 

• Three key persons are retiring at the end of 2021. 
• Most of the data management is handled in the cloud apart from some 

especially valuable information that is handled on a dedicated hardware with a 
trusted provider.  

• The operator interface with all privileges can be run on a desktop workstation 
running Windows, macOS, or Linux. There is also an administrator interface 
for system configuration, data management, and user administration.  

• There are also apps available for operators working remotely with lower 
privileges on major mobile devices and web-browsers.  

• You maintain API’s for most vendors of sensors and actuators. 
• The competition is tough, you are one of four world-leading development 

companies. 
 
Task:  

• Perform a risk identification leading to ten project-specific risks.  
• Make a reasonable risk analysis leading to a prioritized list of risks.  
• Make a risk planning for the risks.  

For full credits you shall make use of all four types of risk planning. You only need 
one plan per risk, but all four types of plans shall occur at least once in your list of ten 
risks. You may invent new characteristics of the system and the environment as long 
as you write them down. (20) 
 
Risks: 
 
Sample solutions 
 (important risks first) 
 
The new AI technique will not be accurate enough. 
Probability: 2 
Impact: 3 
RMI: 6 
Mitigation: Assign a team to evaluate existing techniques already from the beginning. 
 
The prognosis interval will not be large enough to be usable. 
Probability: 3 
Impact: 2 
RMI: 6 
Avoidance: Do not include prediction in the release. 
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The visualizations will not be possible to interpret by the users. 
Probability: 2 
Impact: 2 
RMI: 4 
Mitigation: Work with prototyping with short sprints 
 
There is a vulnerability when the valuable data is integrated with the other data. 
Probability: 1 
Impact: 4 
RMI: 4 
Transfer: Outsource all data management to the same trusted vendor 
 
The apps might display an outdated view due to communication problems. 
Probability:2 
Impact: 2 
RMI: 4 
Contingency plan: Implement manual sync with indicator when sync is complete 
 
There will be communication problems between the teams 
Probability: 2 
Impact: 2 
RMI: 4 
Risk mitigation: Invest in efficient work-flow management tools 
 
The operator interface requires native functions which triples the variants of the 
system. 
Probability:1 
Impact: 3 
RMI:3 
Avoidance: Only support one platform in this release. 
 
 
We might not have the time for proper training of new key personnel. 
Probability: 1 
Impact: 3 
RMI: 3 
Contingency plan: Offer key personnel a golden contract for working half-time Q1 
2022. 
 
We might not recruit competent people that can replace those that will be trained to 
take over key personnel task. 
Probability: 1 
Impact: 3 
RMI: 3 
Contingency plan: Buy the Polish for earlier than planned. 
 
 
There are frequent changes in the API’s of the sensors and actuator. 
Probability: 1 
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Impact: 2 
RMI: 2 
Mitigation: Appoint a group monitoring the technology development 
 
 
 
 
 
 
 
 
 
2p per project-specific risk with a plan 
-1p if not all types of plans are used 
-2p if no motivation for how the priority was done 
-1p per risk over 10 
deduction for unrealistic priority order 
with some hesitation we accept hardware redundancy at server-side as Avoidance 
hardware problem externally are the same kind of risk regardless of the service 
provider  
 
 
9.  There are many practices that are popular when using agile methods. Some of 
them, not mentioned earlier in this exam are: 

• Refactoring 
• Pair-programming 
• Test-first programming 
• Planning poker 
• Cross-functional teams 

Describe two of them thoroughly, 4-5 sentences each. In addition to this, describe 
expected benefits and potential risks of using the practice. (10) 
Sample solutions: 
 
Refactoring means that the current implementation is changed without adding 
functions. These changes are supposed to optimize different quality factors, for 
instance, time performance and code readability. You can also rearrange the design of 
the system to allow for reuse of components and factor out commonalties which will 
ease the implementation of future functions. 
 
A benefit of this is that you can spend less effort when implementing user stories for 
demonstration. Once the demonstration is approved you spend the time tidying up the 
code and thinking of good structure. If the demonstration was not approved by 
stakeholders, you have not invested so much in the system design and can bear the 
cost more easily.  
 
A risk is that you introduce bugs while changing the code, which put very high 
requirement on the regression tests. 
 
Pair-programming means that two programmers sit together with the same task and 
the same equipment. Typically, one programmer makes all input and the other 
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watches and comments. If a larger disagreement appear a mor thorough discussion is 
held. You normally want to change the roles between programmer often and build 
pairs with different team-members to allow for knowledge transfer 
 
A benefit from this is that the dose is peer-reviewed at the same time as it is written, 
which implies less delay and rework. 
 
A risk is that the cost gets higher since, there are two people doing the same task. 
 
Test-first programming means that you first develop the test-cases for the module 
you are about to implement, and then you do the actual implementation and test. This 
can also be used for micro iterations where you develop code, observe which test-
cases that passes and fails, then you gradually implement more code until all test-
cases pass. 
 
An advantage is that you are forced to focus on what the essential properties of the 
module really are before coding, which make the coding more lean and efficient.  
 
A risk is that it is generally harder to build full covering tests without the experience 
of implementing the module, especially for non-experts. 
 
Planning poker is a fast estimation process where the team members write down the 
estimated effort of a requirement or user story on a card and then all the team 
members disclose their estimations to the entire group at once. The outcome is 
discussed, and clarifications made. The procedure is repeated until you have a fairly 
good consensus. You can also draw estimations cards from a pre-printed deck, which 
makes the process even faster. 
 
An advantage is that all members’ input is considered, and you only spend time in 
discussion of things were there is significant disagreements. 
 
A risk is that you will not be consistent over a long time, estimating many small user 
stories. A related risk is that you are afraid of using very low or very large estimates in 
the beginning of the process. 
 
Cross-functional teams mean that the team members have all necessary competence 
areas and responsibilities represented within a team, for instance, requirements, 
design, implementation, and testing. Members can also have different technical 
competencies, for instance, network, back-end, front-end. In agile frameworks, such 
as SCRUM, there is no restriction of who does what within a team, all help to fulfil 
the goal. 
 
An advantage is that intra-team communication is faster compare to inter-team 
communication. For instance, you don’t need to call the testing team for information 
during a team meeting; the competence is already there, and you can go fast to 
decision. 
 
A potential risk is that people might have hard being up to date with the development 
in their competence areas in longer projects.  
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3p for a thorough description 
1p for a benefit 
1p for a risk 
In total maximally 5p per practice. 
Maximally two practices are graded 
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