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Dedicated to our students. Please enjoy!





Introduction

This book has been formatted using the beautiful books of Edward
Tufte as a model.1 Tufte is a famous designer of information visual- 1 Edward Rolf Tufte. The Visual Display of

Quantitative Information. Graphics Press,
Cheshire, Conneticut, 2nd edition, 2001.
ISBN 0-961-3921-2-6. Original edition
1983; Edward Rolf Tufte. Envisioning
Information. Graphics Press, Cheshire,
Conneticut, 1991. ISBN 0-961-39211-8;
Edward Rolf Tufte. Visual Explanations:
Images and Quantities, Evidence and
Narrative. Graphics Press, Cheshire,
Conneticut, 1997. ISBN 0-961-39212-
6; and Edward Rolf Tufte. Beautiful
Evidence. Graphics Press, Cheshire,
Conneticut, 2006

ization landscapes, and as we enter the design world we will look to
cases of excellent design as templates for our own work.

This book contains the complete set of course note material
for the University of Guelph School of Computer Science course
CIS*2250/Software Design II. Use this book to support your under-
standing of what is happening in the class.

Accompanying this book are other materials on the CourseLink
website to support the labs. Be sure to look at these, especially the
Lab Overview document, before you begin the labs.

Note the wide margins at the side of the page. These are provided
both to hold items to support the text, such as bibliographic refer-
ences and side note, but primarily as a place for you to add your own
notes. Make this book your own!

By using this book in this fashion, you will be able to make your
own excellent notes based on class discussion right while you are
participating in class. You don’t need to ask for “the slides” from
class, because you already have that material right here in this book!





1
Introduction to the Course

The themes of this book on software design are Study, Review,
Improve, and Scale. Design will be explored through the production
of a software system from conception through implementation. This
book will step you through all aspects of software production with
emphasis on the design process. In this chapter we will examine the
goals of this course and the logistics involved with participating fully
in the lectures, labs and seminars.

1.1 What is Software Design?

Design1 is defined to be a plan or drawing to show the look and 1 In this book key terms are identified
with this sort of highlighting. Index
terms are terms that you can look up in
the index at the end of the book to find
the locations where they are being used.

function of an artifact.2 Software design is the process of creating a

2 Oxford University Press. Oxford
Dictionary, chapter Definition of
"design". Lexico.com, 2019. URL
http://oxforddictionaries.com/

definition/english/design

specification for a software artifact.

1.1.1 Concept Maps of the Main Concepts in the Course

What are Concept Maps?

Concept maps are graphical tools for organizing and representing
knowledge.3 3 Joseph D. Novak and Alberto J.

Cañas. The theory underlying con-
cept maps and how to construct them.
Technical report, Florida Institute
for Human and Machine Cognition,
2008. URL http://cmap.ihmc.us/

Publications/ResearchPapers/

TheoryUnderlyingConceptMaps.pdf.
Retrieved Nov 22, 2019

Mind maps are diagrams used to visually outline information.
They are created around a single word with major categories radi-
ating from this central node. Lesser categories are sub-branches of
these larger branches4.

4 John W. Budd. Mind maps as class-
room exercises. Journal of Economic
Education, 32(1):35–46, 2004. URL http:

//www.jstor.org/stable/30042572.
Retrieved Nov 22, 2019

Concept maps connect multiple words or ideas whereas mind
maps focus on only one word or. idea5

5 Wikipedia contributors. Mind
map. Website, 2019. URL
https://en.wikipedia.org/w/

index.php?title=Mind_map&oldid=
926771621. Page Version: 926771621,
Retrieved Nov 22, 2019

Why are we using Concept Maps?

Design is a complex collection of concepts, techniques and experi-
ences; concept maps will help you organize your thoughts about the
course. The concept map for this course will serve as a memory aid

http://oxforddictionaries.com/definition/english/design
http://oxforddictionaries.com/definition/english/design
http://cmap.ihmc.us/Publications/ResearchPapers/TheoryUnderlyingConceptMaps.pdf
http://cmap.ihmc.us/Publications/ResearchPapers/TheoryUnderlyingConceptMaps.pdf
http://cmap.ihmc.us/Publications/ResearchPapers/TheoryUnderlyingConceptMaps.pdf
http://www.jstor.org/stable/30042572
http://www.jstor.org/stable/30042572
https://en.wikipedia.org/w/index.php?title=Mind_map&oldid=926771621
https://en.wikipedia.org/w/index.php?title=Mind_map&oldid=926771621
https://en.wikipedia.org/w/index.php?title=Mind_map&oldid=926771621
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so that you can remember how the course is structured and allow
you to find connections and links between concepts. These linkages
will make it easier to understand the course material and the projects
and assignments that will be undertaken throughout the semester.

Feel free to annotate and change the concept maps to enhance
your personal appreciation of the course material. Even better, draw
your own! This will give you more investment in the map, and the
activity will help make it familiar to your brain.

When you are reading any of the course materials or doing any
of the exercises or assignments, think about where you are in the
concept map, go to that map and then annotate it with notes or ideas
about how you can integrate this new material into the course.

When you are studying for quizzes or exams, attempt to repro-
duce the contents of your concept map. Knowing what you can and
cannot reproduce without looking will provide you a study guide.

We will be referring to the concept maps in class so that you can
link the concept map to various course materials (lectures, notes, lab
exercises, assignments, etc.).

Another good study aid is to make a mind map for each concept
so that you can explore your understanding of each concept and
discover if you are confused about aspects of the course materials on
a subject or concept.

Presentations

Team Management

Documentation

Presentations

Team Management

Oral

Written

Communications

Ethics and Social Impact

Scripting

Project Management Tools

Cloud Storage

Regular Expressions

Version Control

Underlying Principles
and Skills Needed for
Software Design and
Development

Software Tools

CIS*2250 Main

Course Concepts

Impact on Design
Methodology

Documentation

Training

Team Composition

Standards

Good Design

Reviews

Team Building

Project Management
Team Skills
in Software
Development

Bad Design

Use of Failure
in Design

Data Design

Designing Interaction

Design Principles

Design Methodologies

Agile Scrum

Extreme Programming

Lean Development

Coding Standards Code Reviews

Reading Code

Documentation

Debugging

Design Challenges

Scientific Method

Problem Solving
in Design

Figure 1.1: Concept Map for Course
Content
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1.1.2 Other Tools and Tips for Success

Using the course concept map should allow you to navigate through
the course and material, however here are some other tips and tricks
to help you be successful in the course:

1. Read the course syllabus!6 This is where you can find information 6 a.k.a. “Course outline.” It’s on our
CourseLink website.about your responsibilities as a student in this course. Information

about labs and assignments is found in the syllabus including due
dates and how much each graded course item is worth.

2. Consult learning objectives and goals (and consider making your
own). Learning objectives are given at the beginning of each lec-
ture and for each lab. Learning objectives are carefully crafted to
guide a student’s studying and clearly outline what the main goals
of the lecture or lab is. When studying, students are encouraged
to read the learning objectives prior to reviewing the material and
address each objective after studying to determine their degree of
familiarity and understanding of the course material.

1.1.3 Goals for the Semester

• develop problem solving skills
• develop team work skills
• experience agile development
• learn to read, debug and review code
• learn incremental and iterative design
• learn to evaluate and provide critique for your own work, and that

of others, in an informative, positive and goal-directed way
• build professional development habits and communication skills
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1.2 Course Logistics

1.2.1 Lectures

The course website will contain notes and references on the course
topics. The actual slides from the lecture will not be posted.7 The materials 7 All information in the lecture material

notes are already available to you in the
form of a “textbook” i.e.; this book!

on the course site are not a substitute for coming to lectures.8

8 Don’t fall for this common fallacy!
The most important thing happening
in class is the discussion. University is
about the exchange of ideas – this is
an activity that requires participation.
It is not simply collecting “facts” like
you are collecting stamps; it is about
exploring ideas. If you are not part of
the discussion, you are not getting the
value from your educational experience.

Questions for the class, illustrative examples and sample examina-
tion questions and answers will be discussed in class but may not be
in the course site materials.

What happens in class will form the basis for what is examined
in the midterm and final examinations. This class is all about team-
work, professionalism, engagement and collaboration. If you are not
present, you cannot do these things. It is your responsibility to come
to lectures, participate and be engaged. If you chose to not come to
class then you have to deal with the consequences.

For this reason, we will not answer questions about what was
discussed in lectures from those students who did not attend the
lectures. Ask your classmates who did attend the lecture; if you are
lucky they may answer you.9 9 Actions have consequences!

1.2.2 Labs

Assignments are started and finished in the lab individually, in pairs
or as a team. Attendance and satisfactory performance are required
for the labs if you wish to pass the course.

You are assigned your project team at the beginning of the
semester. For the pair programming lab exercises in the first half
of the semester, you will be assigned a pair programming partner at
the beginning of the lab. For the remainder of the course, you will be
working with your project team in the lab.

If you miss a lab session then you have let yourself down, as well
as your partner or your team, and a grade of zero will be assigned
for your work in that lab. Some labs allow submission of the lab
work after the end of the lab period.10 If you were not present in the 10 To allow those who came to the lab to

complete any loose ends.lab and collaborating with your labmates, then you can’t get marks
simply by submitting materials during the extended deadline.11 11 You have to be in the lab in order to

get grades for the lab.Lab materials will be provided to you in advance of each lab on
the CourseLink site. You should review these before your lab and
come prepared to begin work. Skills necessary for the labs (e.g.,. Perl
programming) will need to be practiced on your own time so that
you can perform at your best during the labs.

The labs will teach you to manage your time well and to communi-
cate effectively with your team or partner. Successful labs will lead to
a successful team project.
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The Software Design Lab is in Thornbrough 2420 this term. The
machines in this lab are iMacs running Mac OSX. All code developed
in this course must run on these machines for any grade to be as-
signed to the work. It is a key responsibility to ensure that your code At this point in a student’s career, it

is common to say “but I don’t like
working in environment X, and I want
to work on my own system.”

There are several important things to
think about that this attitude does not
take into consideration:

1. working on “your own system”
does not take into account that your
team or pair partner may not be
as comfortable on that system as
you are; the lab provides a standard
environment that everyone can use
and understand;

2. we are here to learn new things, so
if this is a new environment to you,
embrace this, and see what you can
learn about computational tools in
this environment; and

3. most importantly: software design
is about solving real problems for
real people, not just toy problems
for our own entertainment. If
someone wants to engage your help
in building software for them, they
will be specifying the environment
it needs to run on! You don’t get
to choose where someone else is
encountering their problem!

works in the environment it is destined to be run in.

1.2.3 Readings

One objective of this course will be to improve your ability to read
at speed for content. This is a necessary skill for professionals in any
field, especially software designers and developers since the amount
of reading needed to keep abreast of developments in the field is
large and growing larger.

There will be a quiz most Fridays on the readings. The schedule of
readings and quizzes are in the course syllabus.

A quiz will consist of three to six questions based on the material
in the assigned readings. The grading for this type of quiz is simple
— either you get a mark for a satisfactory answer to the question or a
zero if the answer is unsatisfactory in any respect.

There will not be a quiz on the first Friday, as you won’t have time
to read the material for it.12 On the first Friday there will be a semi-

12 But there are labs in the first week!
Lab section 01 actually starts the first
day!

nar on “Reading with a Purpose” to prepare you for the readings and
the quizzes.13

13 Information about how to prepare
for this seminar can be found on the
Courselink website, and the content is
provided in Chapter 5.

1.2.4 Design Challenges

On the Fridays that you have a quiz you will also have a design
challenge. What is a design challenge? On the course site you will
find design challenges that consist of an article or paper on a topic
that is current and important for the profession of software design.
There will also be a discussion question related to this article and
links to other information on the topic of the challenge.

Your tasks are:
• to read the article;
• to think about how you would answer the question; and
• to look for other information outside of the article to help you

answer the question.
These challenges are meant to be stimulating and interesting and

will force you to think about how software design and development
affects our society.
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1.2.5 Team Project

The team project will allow you to develop and practice your team-
work and management skills. It will also allow you to develop in-
dividual skills that will help with the tasks that must be done to
complete the project.

In the team project, we will be working through the production
of a software system from conception through implementation. You
will experience all aspects of software production with particular
emphasis on the design process. This is a significant effort, so be
prepared to jump in and do work with your group.

There will be several milestones building towards a final project
demonstration. Feedback in earlier milestones should be used to
help you refine your final project. Your grade on the project is based
on your demonstrations during all milestones. Prepare for each
demonstration with your group by rehearsing how you want the
demonstration to go. We will discuss demonstration planning and
rehearsal in class, and this advice is included in Chapter 16.

You will be using an agile development technique called Scrum as
your design and development methodology. You will also be using
the tool called Trello14 to organize your teamwork. 14 This online oganizational tool is

available at https://www.trello.com.
You will have already been invited to
your team account by the time of the
first lab, which is in the first week of
class.

Using the assigned methodology and tools are mandatory — your
mastery of these will form part of your evaluation.

As with all assignments for this course, your project software must
work in the Software Design Lab. Teams have been assigned and
team resources will be created for your use. Team membership lists
are on our CourseLink website.

1.3 Getting Prepared for the Term

These are the things to start reading immediately:
• part I of this textbook;
• the Lab Overview document in the Labs section of the CourseLink

site;
• the materials for your first Lab; and
• chapter 5 “Reading With a Purpose.”

https://www.trello.com
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1.4 Review Questions

At the end of each chapter will be a set of review questions. This
list is not exhaustive but is provided to help you review what you
just read. Please do not use Google to answer these questions - the
answers are found in this text!

1.5 Review Questions - Chapter 1: Introduction to the course

1. Define software design.

2. What is the difference between a concept map and a mind map?

3. Why are we using concept maps in this course? How can you ex-
tend the use of concept maps to improve your own understanding
and familiarity with course content?





Part I

Initial Organization
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Read this section (two chapters) in order to get up to speed on the
strategies behind pair programming in perl. We will not be formally
covering the perl language in class as one of the objectives in this
course is to give you an environment in which you can learn how to
learn a new language on your own.

If you have questions, please ask, but the material in these two
chapters is expected to give you the background that you will need.





2
Pair Programming

2.1 What is Pair Programming?

Pair programming is a programming technique where two
people program on one computer, solving the same programming
problem together:
• one person is typing (the pilot or driver)
• the other person (the co-pilot) is commenting and making sugges-

tions.
It can be thought of as a dialogue between two people as they

simultaneously analyze, design, test, and code.

2.2 Why Pair Programming?

Figure 2.1: Cartoon showing a second
set of eyes finding errors. Artwork by
Allison Horst @allison_horst and posted
on Twitter. Reuse encouraged by the
artist, work published under a CC BY
4.0 license.

Many software professionals feel that pair programming
• increases productivity;
• results in code of higher; quality;
• encourages refactoring;
• encourages people to stick to other agile software development

principles such as continuous testing;
• actually speeds up the software development process because it

encourages active learning between partners1; and it aids in the 1 No wasted time in getting a new team
member up to speed on a project!finding of errors before they get into the code.

This explains how requiring two people to work at a single key-
board can be more productive than having each work separately.

Pair programming allows reflective thinking while analysis, design
and coding are being conducted and thus enhances the software
development process.

https://twitter.com/allison_horst
https://twitter.com/allison_horst/status/1213275783675822080/photo/1
https://github.com/allisonhorst/stats-illustrations/blob/master/README.md
https://github.com/allisonhorst/stats-illustrations/blob/master/README.md
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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Pair programming is an active collaboration between two people.
While the pilot and co-pilot take turns actually doing the typing, they
both are continuously working on the design.

2.3 The Pair Programming Protocol

Figure 2.2: Pilots flying a plane
cooperatively, obtained from
https://www.purdue.edu, licensed
under CC-BY

2.3.1 Pair Programming: Stage 1

Alyssa and Brandon have decided to work together on a module.
They sit together at the same screen. They decide that Alyssa will
take the first turn at the keyboard.

Alyssa (currently the pilot) starts typing in the code. Brandon (the
co-pilot) follows along, and suggests an improvement. Together they
begin to craft the module.

2.3.2 Pair Programming: Stage 2

After around 20-30 minutes, Alyssa decides that she would like
to take a break from typing. Alyssa and Brandon switch so that
Brandon is now the pilot sitting at the keyboard, and he starts typing.
Alyssa, now acting as co-pilot, provides a suggestion on the direction
that they should go in next.

Neither one is “in charge” and both are contributing all the time. As we will see in one of our design
discussions, this is different from actual
pilots, where for safety reasons, one
person is always the lead decision
maker. As in the case of Air France
flight 447, this “in charge” strategy led
to disastrous results.

2.4 The Partners in Pair Programming

The teamwork between partners in the pair programming protocol
will reflect each partner’s strengths and weaknesses. Successful pairs
have confidence in each other. The partners must achieve a high level
of mutual trust and comfort.

A person will have different experiences with different partners.
Pair programming is a dynamic and adaptive process. It takes learn-
ing and patience and can be frustrating at times but the rewards
are worth it. Pair programming is an important skill to have in your
portfolio of professional skills for individual and team work.

Much like real pilots and co-pilots, the relationship and activities
of the pilot and co-pilot must be well defined and there must be mu-

https://www.purdue.edu/newsroom/releases/2019/Q3/technology-soars-in-advancing-critical-communication,-safety-for-pilots,-passengers.html
https://creativecommons.org/licenses/by/4.0/
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tual respect and trust. The “cockpit” protocols outlined below have
been designed to manage the pair programming process and should
not be tampered with — it will work only if everyone observes the
protocol and fully buys into the process.

2.4.1 The Pilot (Driver)

The pilot controls the keyboard, mouse and major documentation
methodologies (electronic or paper). The pilot records all tests and
codes either on paper or in a file.

It is important that the pilot is actively talking to the co-pilot.
Because the co-pilot is there to catch errors, the pilot can concentrate
on creating content, e.g. correct coding, algorithm development, etc.

2.4.2 The Co-pilot

The co-pilot must be aware of everything that is going on — this
is not a passive role! The co-pilot should be looking ahead and
evaluating the progress towards the goal.

The co-pilot must also monitor details. This allows the pilot to
concentrate on the big picture and to be as creative as possible — the
pilot knows that the co-pilot is there to catch errors and to question
decisions.

The co-pilot must be ready to switch roles with the pilot at any
time. Good workplace practice suggests that office work is done best
in 20-30 minute bursts, after which it is best to get out of your chair.2 2 Linda McLean, Robert N. Scott, and

Jeremy Rickards. Measurement of
muscle fatigue in the cervical and
lumbar regions during prolonged
sitting. In Proceedings of the 19th
Annual International Conference of
the IEEE Engineering in Medicine and
Biology Society, Chicago, 1997. IEEE.
URL https://dx.doi.org/10.1109/

IEMBS.1997.757038
2.5 Using Pair Programming for the Team Project

Teams should evaluate what activities/tasks have to be done and
who should pair to work on each of these tasks. After a task is done,
new activities are planned and new pairings arranged. It is a good
policy to not always pair the same people together. Select partners
that complement each other for the particular task at hand. This will
change as the tasks change and will reflect the different talents and
experiences of team members.

https://dx.doi.org/10.1109/IEMBS.1997.757038
https://dx.doi.org/10.1109/IEMBS.1997.757038
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2.6 Pair Programming Hints

These hints for successful pair programming are based on informa-
tion in the book, Pair Programming Illuminated by Williams and
Kessler3. 3 Laurie Williams and Robert Kessler.

Pair Programming Illuminated. Addison-
Wesley Professional, 2002

2.6.1 Let the pilot have time to type

• Do not immediately interrupt at the exact moment that a typing
error is made. This is very, very annoying. It is always a good idea to have paper

and writing implements handy. It is
very difficult to think without these
tools, especially about any sort of
complex systems!

• Keep some paper handy to jot down thoughts about possible
errors and then inject these thoughts at appropriate times.

2.6.2 Start your pairing session by establishing a few rules and guide-
lines for behaviour

• Everyone works differently. Try not to impose too much of your
methodology on others unthinkingly.

• Be patient and try to learn how your partner works best.
– If your partner is doing something that annoys you, then tell

them politely and early on in the process.
Don’t sit there getting more and more angry with your partner
— they may not realize what they are doing that is so annoying
and may find it very easy to change to make things better if you
give them the chance.
Put another way:

* Attempt collaboration before conflict.

* Do work to improve collaboration.
• Establish a coding style standard, and use it.
• Make sure that you communicate a lot — talking is essential in

this process.
• Be sure that you are listening to your partner.

2.6.3 There will be disagreements

Figure 2.3: A man with a du-
elling pistol. Image source
https://publicdomainvectors.org
CC0 1.0

• Disagreements are natural and they mean that you and your
partner are actively working towards a solution to your problem.

• The trick is to be able to handle disagreements constructively.
• Record your issues and disagreements on paper:

– it is a good idea to organize your thoughts so that you can stop
coding and have a brainstorming session with your partner to

https://publicdomainvectors.org/en/free-clipart/Duelling-Pistol/62652.html
https://creativecommons.org/publicdomain/zero/1.0/
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see why these issues have arisen and what you can do to resolve
them.

• Time apart can also help:
– even just a few minutes on your own can help you get your

thoughts in order and start to approach the problem from a
fresh angle.

2.6.4 If your partner is not listening then take action!

• Tell your partner that you should both take a break and come back
in a few minutes to discuss the situation.

• If necessary, get up and walk away to signal your displeasure.
• Don’t let the situation get out of control — act immediately and

decisively.

2.6.5 Ask questions

• If you do not understand what your partner is doing or why they
are doing it, then question them.

• Both partners have to understand the code (or design, documen-
tation, etc.) so remember not to shut out a partner that questions
your code. You will find yourself in the same situation at a later
time.

2.6.6 Be considerate

Figure 2.4: A cardinal taking a bath. Im-
age source animals.desktopnexus.com
CC0 1.0

• Personal cleanliness is important! In any professional environment, it
is expected that everyone bathe daily.

• Fresh breath is important too, as you will be working closely
together.
Breath mints are better than gum — gum chewing can be annoy-
ing and is generally not seen as an acceptable business habit.

• Drinking coffee, pop, or juice is fine but food eating should take
place at the appropriate time — not during work!

• Remember, if you are annoying your partner or they are annoying
you, then you will not be a productive and effective team. A little
consideration can go a long way.

https://animals.desktopnexus.com/wallpaper/2293461/
https://creativecommons.org/publicdomain/zero/1.0/
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2.6.7 Practice test-driven development

• Write tests before writing code.
• Test and write code incrementally.

2.7 Pair Programming Problem Partner Types

Some people do not work easily in pairs.
Be aware of the following problem personality types and try to

either avoid being such a personality, or take measures to help them
be better partners if you meet such a person.

If your partner brings up that you are showing signs of one or
more of these types, don’t be defensive. They are not trying to hurt
you – they are honestly trying to help you work better with them.

If you don’t agree that you are exhibiting these traits, take the time
to figure out why they see these traits in you. By approaching this
situation professionally, you will improve your communication skills
and your work productivity. If you leap to being defensive, you are
shutting down the opportunity to see improvement on both sides.

2.7.1 The Cowboy

Figure 2.5: Stylized picture of
a cowboy obtained from https:

//www.pngrepo.com/svg/258289/cowboy,
licensed under CC-BY

This person has no patience for working with anyone that they don’t
consider to be their equal.
• Always wants to be the pilot.
• Doesn’t listen. Always knows best.
• May never learn to work in a pair (or a team) situation — a huge

liability for the cowboy
The problem here is ego. Ego is one of the biggest problems in

group development. As humans, however, we all have egos, and they
are easily bruised.

Remember that it is the success of the group that is important –
software development is less and less of an individual exercise as
time progresses. If you have a tendency to be a cowboy, translate this
into being a great team member. Watch your communication skills
grow, and value them.

If you are stuck being the cowboy, it is a lonely life.

https://www.pngrepo.com/svg/258289/cowboy
https://www.pngrepo.com/svg/258289/cowboy
https://creativecommons.org/licenses/by/4.0/
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2.7.2 The Strong, Silent Type

This person is highly skilled technically but lacks communication
skills.
• May appear to listen, but isn’t really taking in feedback. May have

difficulty being a good listener.
• Same effect as the Cowboy but for a different reason.
• A good partner may be able to make this work. A lot of the work in this course is about

communication – learning to do it
better yourself, and learning to facilitate
good communication from others.

Communication skills can be worked on. A key idea here is to be
sure to have each person summarize what the other person has said.
When you hear someone summarize your points, it helps both parties
understand whether the message has gotten across.

Investment on both sides is easier here, as the problem is less
likely to be ego, and more likely to be inappropriately tight focus on
the technical aspects of the problem, and ignoring the cooperative
aspects of the solution.

2.7.3 The Passenger

Figure 2.6: Dogs as passengers, ob-
tained from https://www.pinterest.ca,
licensed under CC-BY

This person probably lacks confidence and is worried about looking
bad in front of others.
• Never wants to be the pilot.
• As a co-pilot, they seldom contribute anything useful.
• Might learn to pair programming as they build up more confi-

dence in their skills.
• Generally responds well to positive feedback on their contributions

— this can be an effective way to get them to contribute further.
Passengers frequently suffer from “impostor syndrome” where

they may feel that they don’t have as much to contribute. If it seems
that you have a passenger in your group (they are probably the
silent one) then make sure that your group is an inviting and open
workspace. They will have more to contribute than they know, and
even small amounts of positive feedback can work wonders, as noted
above.

If you believe that you are a passenger, as you are having difficulty
having your voice heard in your pair or team, come see the instruc-
tional staff. We can help you work through how to voice your ideas
in ways that will help them be appreciated.

In particular, if you feel that you are a passenger because you are
struggling with the programming, come seek help right away!

There really are only a few different major programming ideas
in this course, so if you are at sea, we can help you get to a better
place in programming relatively quickly. Don’t wait until the end of

https://www.pinterest.ca/kennethmcgrath/bicycle-sidecars
https://creativecommons.org/licenses/by/4.0/
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the term to do this, however, as there is little we can do to help your
group work well once time has already gone.

2.7.4 The Party Animal

Figure 2.7: A drunken pink elephant
(having a good time?), obtained from
http://blogspot.com, licensed under
CC-BY

Sees pair programming as an opportunity to gossip and talk about
issues other than the task at hand.
• Lacks discipline and maturity.
• Has not learned how to concentrate.
• There may be hope for this person if other team members confront

the problem immediately
Frequently, the party animal does not notice the problems that

they are causing. Speaking directly about the issue, and ensuring that
there are clear divisions between work time and social time can help
enormously.

See section 13.1.2 in Chapter 13 for more details and ideas.

2.7.5 The Ghost

Figure 2.8: Picture of ghost holding out
a paper bag obtained from publicdo-
mainvectors.com, CC0 1.0 Universal
(public domain)

• Doesn’t contribute meaningfully to the team. May begin not
showing up to team meetings and pair programming sessions

• May have other priorities than those of the team. While everyone
needs to balance all of the things in their lives, it is critical to
teamwork that all members contribute regularly and meaningfully.

• Sometimes people “ghost” their team without realizing it. Having
a frank discussion with such a person about the team needs may
help clear the air and resolve the issue.

• If a team member is consistently absent or not contributing, this
needs to be resolved as soon as possible. Consult the instructor if
nothing seems to be working.

Some people are not as invested in the course as others, and some
simply lack the politeness to keep others up to date. In the past, we
have even had students drop the course and not bother to tell the
other members of their group! If you think that you have a ghost,
deal with it immediately!

Considering the other side: don’t accidentally be a ghost! Make
sure that there is a regular communication channel that your group
uses, and that you check it, at least a few times a day. No one should
be left wondering whether you are even aware of a message for more
than a day!

http://3.bp.blogspot.com/_wbtZLza5SIk/TPvMfaa8ozI/AAAAAAAADb4/1rQGF4tbTtM/s1600/pink_elephant_cartoon2.png
https://creativecommons.org/licenses/by/4.0/
https://publicdomainvectors.org/en/free-clipart/Ghost-with-brown-bag-vector-image/15112.html
https://publicdomainvectors.org/en/free-clipart/Ghost-with-brown-bag-vector-image/15112.html
https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/publicdomain/zero/1.0/
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2.8 Summary

Pair programming may seem frustrating at first, but with a short
amount of time and genuine investment, you will find that a good
programming partner really improves the quality and speed at which
you work.

Figure 2.9: “Crushing It” from the
O RLY? series of book covers. The full
set is available in a github repository
and is released under a CC BY-NC 2.0
license.

Having a programming partner is central to this course as this is
a real and popular technique used in industry, and leads to the best
outcomes. Once we learn to integrate other people’s ideas, everything
starts to come together.

2.9 Questions - Chapter 2: Pair Programming

1. What is pair programming?

2. List 4 advantages of pair programming.

3. Summarize the pair programming protocol. Include information
about the partners in pair programming.

https://github.com/thepracticaldev/orly-full-res
https://creativecommons.org/licenses/by-nc/2.0/
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Scripting Languages, and in particular, Perl

3.1 Scripting Languages – Choosing The Right Tool for the Right
Job

Scripting languages are generally interpreted directly from
the source code text instead of being compiled to machine code first.

In the case of perl1, when a program is run, the source code is 1 This is also true of Python, ruby
and the other common “scripting
languages.”

converted to an intermediate form called byte code in a step similar
to compilation. The byte code is then executed by an interpreter. This
improves performance over purely interpreted systems associated
with older interpreted languages.

3.2 Compiler versus Interpreters

Most modern scripting languages are easy to learn and have support
for high level structures and libraries. Immediate execution allows
for rapid development and change. Much of the work required to
get going on many applications has been done and is available in
libraries. Data structures such as lists and dictionaries are usually
built in to the language itself.

Scripting languages are often made to combine the functionality
of other programs, acting as a glue to attach other programs together
into a more complex system of interdependent programs. This allows
the script to act as the intermediary between the other programs, and
pass information between them.

3.3 Dynamic Typing

Scripting languages often support dynamic typing. The system
manages the types of variables without the need for the programmer
to explicitly make declarations on matters of length and data type.
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Some languages treat all variables as strings and modify them
when non-string operations occur with the variable. This can lead
to type mismatches when a variable is assigned a type that is not
expected. It can also cause problems if a variable name is miskeyed
(i.e.; there is a typo or misspelling). This results in two different
variables existing when only one was intended.

3.4 Memory Management

Scripting languages such as perl support automatic memory manage-
ment that controls the allocation and freeing (garbage collection) of
memory on demand. Objects/data structures can grow and shrink as
needed and are removed when no longer necessary without any need
for the programmer to be involved.2 2 This is in direct contrast to the C

programming language, where the pro-
grammer must manage each memory
allocation and deallocation.3.5 Object-Oriented Design

Many scripting languages are starting to adopt object-oriented design
structures. Traditional scripting languages tend to become difficult
to manage when used to write larger programs and the inclusion
of “OO”3 is an attempt to address the problem, e.g., ruby, Python, 3 “OO” or “O-O” means“Object Ori-

ented.”Object-Oriented Perl.

3.6 Data Structures

Most modern scripting languages have built-in support for high level
data structures. Examples in perl include:
• associative arrays (also called dictionaries or hash tables)
• lists

3.7 What is Perl?

The perl language was developed by Larry Wall.4 It started out as a 4 Larry Wall and Randal L. Schwartz.
Programming perl. O’Reilly Media,
1991. ISBN 978-0-596-00492-7. URL
http://shop.oreilly.com/product/

9780596004927.do

scripting language to supplement rn,5 the USENET6 news reader for

5 “Read News” – UN*X people are
famously terse when naming their
commands.
6 USENET was (is) a computer network
of higher educational institutions,
originally focused on the west coast of
the United States. It was established
in 1980. Within a few years, USENET
and the other major networks were
stuck together, so that a person could
send inter-network messages, and the
Internet is the result.

UN*X7 platforms.

7 The coinage “UN*X” is meant to
stand for Unix and all of the operating
systems that are like or based on Unix:
Linux, Mac OSX, *BSD, etc.

Perl is available for virtually every computer platform. It is an
interpreted language that is optimized for string manipulation, I/O,
and system tasks. Perl has built-in functionality for most of the
system functions so it is very popular with system administrators
and is used in scripts to maintain server based computer systems.

Perl incorporates syntax elements from the Bourne shell, csh,
awk, sed, grep, and C. It provides a quick and effective way to write
interactive system and web applications.

http://shop.oreilly.com/product/9780596004927.do
http://shop.oreilly.com/product/9780596004927.do
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3.8 Script Syntax

On Mac OSX (and any other Unix-like system) a file that is marked
“executable” has a special structure. If the first two bytes (referred to
as the “magic number”8 are the characters “#!”, then everything up 8 We really like describing things in

computing as “magic.” We will have
more “magic” in Chapter 15.

until the first carriage return9 in the file is understood as a command

9 i.e.; from right after the ! up to the
end of the line.

line to invoke an interpreter to run the rest of the file as a program.
For this reason, all of our programs will begin with the line:

#!/usr/bin/perl

or

#!/usr/bin/env perl

In the first case, we are running the program “perl” which must
be in the directory /usr/bin. The input to the “perl” command is
the program forming the rest of the file – so the file is “run using
perl.” The weakness of this plan is if you want to write programs
to be run on a system where perl is not installed in the /usr/bin

directory. An option is to use the second form above, which uses the
/usr/bin/env command to search all the directories mentioned in the
PATH variable (the list of places commands are found) to locate the
“perl” command in the computer file system.

After this first line, everything else in the file is understood to be
part of your perl program.

3.8.1 Basic Syntax

Perl is free form. All perl statements end in a semicolon, like C.
Comments begin with the character #. Everything after the # and

up to the end of line is ignored. The # does not need to be at the
beginning of the line. Remember that the first line of the file

is special (it is the “magic number”)
so the first line here is not actually a
comment, but all of the other lines are.

#!/usr/bin/perl

# nilcounter -- count how many fields have no data

my $COMMA = q,; # define our delimiter

3.8.2 Variables

Languages such as C and C++ have data types which are consid-
ered to be strongly typed, which means you must explicitly declare
variables before you use them.

Languages such as Lisp or Smalltalk have data types that are de-
termined dynamically. If a variable holds a number, the programmer
is responsible for making sure that the program does not try to put
strings into it.
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Perl falls in the middle. You do not need to declare a variable (and
its type) before you use it, but the way you use it will determine the
type of the variable.

For example, if you assign 123 to a variable $x, we think of this as
an integer, and it will act in that way if you calculate, for example $x

+ 2, however if you concatenate it onto a string, it will act as a string:
"hello" . $x.

Further examples of this are covered in the sections below.

3.8.3 Perl Functions

Perl has many builtin functions. Perl functions are identified by their
unique names (print, chop, chomp, close, etc.).

The function’s arguments are supplied as a comma separated list
in parentheses. The commas are necessary but the parentheses are
often not necessary.

print ( "length: ", length("hello world") );

print " and number of characters: ", length("how are you?");

A Perl Function Example

#!/usr/bin/perl

use strict;

use warnings;

my $date = ‘date‘;

chomp($date);

printf $date." is today’s date\n";

Run the program like this:

$ perl toDay.pl

Mon 10 Dec 2012 20:44:14 EST is today’s date

$

Command lines will always be shown with a leading “$” character
– this is the “prompt” that your command line interpreter (shell) will
print when it is ready to run another command for you.

Programming Note: How to Change Permissions on a Perl File to Make it Ex-
ecutable

On a UN*X system like Mac OSX, if a file has the executable flag set
in its permission attributes, then the file can be run as a program.
This is very different that what you might be expecting if you are
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my $date = ‘date‘; This line executes the UNIX
command date and puts
the output in the variable
$date.

chomp($date); Since the string containing
the date has a newline at
the end, we want to chomp
that off.

printf $date." is today’s date\n"; Print out the date.

Table 3.1: Managing data from the
system in perl.

familiar with Windows™ where the file extension10 indicates how the 10 The extension is the part of the file
name after the last dot (“.”) character.file is to be used.

Mac OSX uses extensions as a convenience to the user (for ex-
ample, the file this book is in has the extension .pdf), but doesn’t
depend on them itself.

Executable programs are executable simply because they have the
permission set with the executable bit turned on, and that is it.

So how do we manipulate the executable permission bit?
If we want to look at the permissions on a file such as the perl

program today.pl we can do so using the command ls -l The ls command “lists” the files, and
the -l stands for “long mode” which
shows all of the permissions.$ ls -l toDay.pl

-rw-r-r- 1 andrewhw andrewhw 341 10 Dec 20:57 toDay.pl

The -rw-r-r- represents the file permissions for the owner (u), group
(g) and everyone (o) where r=read, w=write and x=executable

To run (execute) this Perl script with these permissions, you would
have to enter the following on the command line:

$ perl toDay.pl

Mon 10 Dec 2012 20:58:12 EST is today’s date $ chmod u=rwx,g=rx,o=rx toDay.pl

The u=rwx changes the permissions to read, write and executable for
the owner and just read and write for everyone else (including group
members). You could also use the command

$ chmod 755 toDay.pl
Figure out how 755 is the same as
u=rwx,g=rx,o=rx.

$ ls -l toDay.pl

-rwxr-xr-x 1 andrewhw andrewhw 341 10 Dec 20:57 toDay.pl

Now if you want to run this Perl script you can do the following:

$ ./toDay.pl Mon 10 Dec 2012 20:58:12 EST is today’s date $

We no longer need to specify perl as the command to use to run
the file – instead, the executable file is read, and the magic number
line at the very beginning of the file tells the system to use perl to run
the program.
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3.8.4 Scalars

A scalar is a single value, either numeric or a character string. Scalars
are accessed by prefixing an identifier with $.

An identifier is a variable name. It is composed of upper or lower
case letters, numbers, and the underscore (_). Identifiers are case
sensitive (like all of Perl).

Scalars are assigned by using “=”, for example:

$scalar = expression;

Scalar Example

$progname = "mailform";

This is read as the scalar progname is assigned the string mailform.
• the $ determines that progname is a scalar
• the = determines that this an assignment
• the double quotes (") define the string

3.8.5 Strings

There are several ways of quoting strings in Perl, corresponding to
the three quote characters on the keyboard.
’ (apostrophe) — The simplest quote, text placed between a pair of

apostrophes is interpreted literally — no variable expansion takes
place. To include an apostrophe in the string, you must escape it
with a backslash.

$instr = ’saxophone’;

$little = ’soprano $instr’;

# the value of $little includes the text "$instr"

" (double quotes) — The double quote interpolates variables be-
tween the pair of quotes.

$instr = "saxophone";

$little = "soprano $instr";

# the value of $little is "soprano saxophone"

‘ (backtick - same key as the tilde “∼”) — This quote performs as it
does in the UN*X shells.
The text inside the backticks is executed as a separate process, and
the standard output of the command is returned as the value of
the string.
Backticks perform variable interpolation, and to include a backtick
in the string, you must escape it with a backslash.
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$memberList = "/usr/people/conductor/roster";

$memberCount = ‘wc -l $memberList‘;

# $memberCount is the # of members in the roster,

# assuming that each member is listed on a separate line.

3.9 Perl on the Internet

3.9.1 Tutorials

Check out http://perl-tutorial.org/ for a comprehensive list of
sites that offer perl tutorials.

3.9.2 Using Google to Answer Questions

Perl is a very well documented scripting language and most of this
information is accessible online.

Finding information or answers to perl questions is as simple as
typing into Google. For example: “perl reading file into array” as
shown here in Figure 3.9.2.

Note that when looking for help I have skipped “Stack Overflow” –
largely because it is full of novices, who frequently don’t have good
answers. Use websites like “perl monks” and “perl maven” instead,
for better quality help.

You will hear, through your career, that good help can be found on
“Stack Overflow,” and this is true, but there is a lot of sorting through
the bad advice that is required to find it.

At this point in your career, it is going to be much more produc-
tive to focus your energies on resources that are unlikely to contain
a lot of “wrong” answers along with the “right” ones. Both “perl
monks” and “perl maven” are curated11 websites where all the an- 11 A “curated” experience is one where

there is a person or team responsible
for the quality of the presentation.
Typically one finds these in art galleries,
film festivals etc. but they are also
popular in other domains, such as
software education.

swers are vetted by knowledgeable users.12

12 In Stack Overflow, there is no “cura-
tion” per se, there is instead “upvoting”
which is simply a popularity contest.
There is no guarantee that the most
popular answer is in fact the most
useful (or even correct).

3.9.3 Perl Code to Help You Learn Perl

Why read perl code? Because reading code is an important skill to
cultivate! You need to read your own code carefully and you need
to read the code of others so that you can learn best practices and
aspects of a language that you are not familiar with. Reading code
does not mean “cut and paste” programming; it means that you learn
what the code you are examining does so that you can write your
own code.

The following code snippets will help you understand perl.
All of the snippets are complete programs so you can copy them to

a file and execute them.

http://perl-tutorial.org/
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Figure 3.1: Image showing the results
of a Google search of the string “perl
reading file into array”, with the
second “hit” (“How to split a text
file line by line in Perl - Perl Maven”)
highlighted. Image of Google search
result in the public domain; image
collected by the authors.

Figure 3.2: “Changing Stuff and Seeing
What Happens” from the O RLY? series
of book covers. The full set of covers is
available in a github repository and is
released under a CC BY-NC 2.0 license.

You should then change the code to do something slightly differ-
ent to make sure that you understand the code.

Coding should be like playing — you do it because it is fun and
you happen to learn things along the way.

https://github.com/thepracticaldev/orly-full-res
https://creativecommons.org/licenses/by-nc/2.0/
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3.10 Analyzing and Evaluating Perl Code

Another part of reading is reviewing and analyzing code. We will
speak formally about code review in Chapter 7.

There are often tools to help with the analysis process. For perl,
that tool is Perl::Critic.

3.10.1 What is Perl::Critic?

Perl::Critic is a perl source code analyzer that attempts to identify
awkward, hard to read, error-prone, or unconventional constructs.
Its rules are based on Damian Conway’s book “Perl Best Practices.”
These rules can be configured or disabled to suit your needs. There
are two ways to use Perl::Critic — within a perl script or by sub-
mitting perl code to a website where it is analyzed. Start by using the
website and then learn how to code using the module.

Figure 3.3: Perl::Critic Website splash
page

3.10.2 Using the Perl::Critic Website

Go to http://perlcritic.com/. You will see the Perl::Critic splash
page, as shown in Figure 3.3.

Then select your perl file and severity level and then hit “Analyze
my code!"

3.10.3 Severity Levels

Severity Name Severity Level
Gentle 5

Stern 4

Harsh 3

Cruel 2

Brutal 1

Table 3.2: Severity Levels used on
Perl::Critic web site

The names reflect how severely the code is criticized: a "gentle"
criticism reports only the most severe violations and so on down to a
"brutal" criticism which reports even the most minor violations. Each
has a numeric level, as shown here in Table 3.2.

Let’s submit the code toDay.pl code from the previous section. We
can see the results in Figure 3.10.3.

This shows that the code did not violate any perl best practices.
But that was using the Gentle severity level. Let’s go to Brutal.

http://perlcritic.com/
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Figure 3.4: Perl::Critic Level 5 (Gentle)
on toDay.pl
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Perl::Critic Level 1 (Brutal) on toDay.pl

Figure 3.5: Perl::Critic Level 1 (Brutal)
on toDay.pl

Oooh — now we have “suggestions.” Let’s look at them in detail
by clicking on the button beside the comment.
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Let’s look at the third criticism of the code:

Builtin function called with parentheses at line 19,
column 1. See page 13 of PBP.

PBP refers to Perl Best Practices by Conway13. Let’s see what is on 13 Damian Conway. Perl Best
Practices. O’Reilly, 2005. URL
https://books.google.ca/books?id=
gJf9tI2mytIC&printsec=
frontcover&source=
gbs_ge_summary_r&cad=0#v=
onepage&q&f=false

page 13 (see Figure 3.10.3.
Here you can see that it suggests that uncluttered programs are

best, and suggests that the extra parentheses used for chomp are
therefore simply adding unnecessary clutter.

3.11 Questions - Chapter 3: Perl Programming

Rather than questions for this chapter you are encouraged to practice
using perl and make sure you understand all examples that were
covered in this chapter.

https://books.google.ca/books?id=gJf9tI2mytIC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.ca/books?id=gJf9tI2mytIC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.ca/books?id=gJf9tI2mytIC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.ca/books?id=gJf9tI2mytIC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
https://books.google.ca/books?id=gJf9tI2mytIC&printsec=frontcover&source=gbs_ge_summary_r&cad=0#v=onepage&q&f=false
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Figure 3.6: Page 13 of Perl Best Prac-
tices. ©O’Reilly Media, Inc. All Rights
Reserved. Reproduced here as a fair
use excerpt of one page of a 495 page
document.
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4
Reading Text Based Files

4.1 Types of Files

Different types of files have different types of data within
them. Some files may contain programs (such as perl files, or perhaps
compiled files developed in C or a similar language). Other files may
have graphical information, such as JPEG files, or PNG files.

Other files will contain ASCII or Unicode text. Manipulation of
these “text files” will be a central focus of this course.

4.1.1 ASCII and/or Unicode

In the 1970s, a standard was created to allow different computer
systems to exchange data in a text format. This was called the “Amer-
ican Standard Code for Information Interchange” (ASCII), and it is
still commonly used today by people who are only concerned with
representing text documents made of unaccented Roman letters (i.e.;
A through Z) in upper or lower case as well as punctuation characters
found on computer keyboards, and formatting characters such as tab,
newline, etc.

In ASCII, each character is represented by a numeric code within
the range 0 (nul) through 127 (delete). This range fits neatly into
a single byte, with an extra bit left over. This allows for a strategy
of processing ASCII files one byte at a time, which makes for very
simple program writing and string processing.

The world is a big place, with lots of different languages that need
non-Roman characters, of course. In the 1960s, when a few bytes
of memory cost thousands of dollars, there was pressure to keep
representation tiny. But now that memory is cheap, it is frankly racist For a while, we only used 6 bits in a

byte, and it used to be common to be
able to examine every byte of memory
in your computer, as there were only
one or two thousand of them!

to only allow languages that use Roman characters with no accents to
be fully represented.

There has therefore been an attempt to accommodate more letters,
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both from Roman based languages using accents, and from non-
Roman based languages with completely different letter glyphs. The
most successful project to do this to date is called Unicode, and a
standard for this is available on the web1. 1 The Unicode Consortium. The Unicode

Standard, Version 12.1.0. The Unicode
Consortium, Mountain View, CA,
2019. URL http://www.unicode.org/

versions/Unicode12.1.0/. Retrieved
Dec 23, 2019

http://www.unicode.org

Unicode certainly has its faults, and there is a good bit of con-
tention around a number of the decisions the Unicode Consortium
has made2, but Unicode does have a much larger selection of possible

2 Aditya Mukerjee. I can text you
a pile of poo, but I can’t write my
name. Model View Culture, 18, 2015.
URL https://modelviewculture.com/

pieces/i-can-text-you-a-pile-of-

poo-but-i-cant-write-my-name

characters than ASCII. This means that we need more memory to
store the larger ID code from the larger range of values, and we can’t
fit everything into one byte any more. Processing files in groups of
more than one byte causes problems, as different computer vendors
treat groups of bytes differently (see section 4.4 on the BOM at the
end of this chapter).

To solve the problem that we want to read one byte at a time, but
we also want to access code numbers greater than 127, a strategy
called “UTF-8” for Universal Transformation Format (8 bit) was
created. This maps from our one-byte-at-a-time reading strategy
into Unicode values. We will speak about how this mapping works
later in the term, but for now, we can assume that we can view a text
based file as a sequence of character values, stored as bytes.

4.2 Reading Text Files

A file is organized on a disk in much the same way as a string is
organized in memory. It is defined as a sequence of bytes, identified
by position, starting at position zero. This true for all files, not just
text files. Referring to a“text file” just means that we expect that the
data in the file is meant to be understood as character text, but every
file can be understood to simply be composed of a sequence of bytes.

We access the bytes in a different way than we do in a string,
however. This is because files can be very large, and it is usually not
practical to load an entire large data file into memory at once, so we
cannot simply walk through the data in memory in an “array,” as we
do with a string.

We therefore have a metaphor of “reading” the file, where we keep
track of the current position, or “how far we have read (or written)
to.”

The steps to process all the bytes in a file are as follows:
1. “open” the file, which is identified by name
2. “read” data from the file and “process” it take action depend-

ing on what the value of the byte is (for example, a “new line”
character)

3. once processing is done, “close” the file

http://www.unicode.org/versions/Unicode12.1.0/
http://www.unicode.org/versions/Unicode12.1.0/
http://www.unicode.org
https://modelviewculture.com/pieces/i-can-text-you-a-pile-of-poo-but-i-cant-write-my-name
https://modelviewculture.com/pieces/i-can-text-you-a-pile-of-poo-but-i-cant-write-my-name
https://modelviewculture.com/pieces/i-can-text-you-a-pile-of-poo-but-i-cant-write-my-name
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4.2.1 Text file Organization

We typically think of the organization of a text file as sequences
of characters on “lines”. This is achieved in the file data by simply
having a special marker character indicate where we go from one line
to the next – a “new line character.”

Imagine that we had the 26 ASCII byte file to read shown in
Figure 4.2.1 (the arrows mean “new line” and the square boxes mean
“space”):

l e .IH a me a sl m al l lo f i! Figure 4.1: A 26 byte ASCII file con-
sisting of a sequence of characters
composed of letters and spaces sepa-
rated by four newline characters shown
as arrows. Figure drawn by the authors.If we were to open this file using a text editor, we would see it

displayed like in the familiar form of Figure 4.2.
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a

Figure 4.2: The same file from Fig-
ure 4.2.1 but now shown separated
into lines where each newline character
moves the subsequent text down to a
new line in the displayed presentation.
Figure drawn by the authors.

Notice that each “new line” does what the name implies, and the
two “new line” characters in a row make a “blank line”.

4.2.2 Reading a file

Once you “open” a file, you can copy some data from the open file
handle into your program. The file handle keeps track of where you
have read to within the file. When you open the file, the file handle
location is situated right before the very first byte of the file, and
for every byte read (or written) it moves one byte ahead. The next
time the program asks to “read” from the file, the next bytes after the
current file handle position are brought into the program, and the file
handle position is updated. In between calls to “read” or “write”, the
file handle simply marks the place, patiently waiting until the next
“read” or “write”.

Think about how you read a book: moving ahead, but staying in
the same place if you stop reading for a while, and you will resume
reading later where you left off.

4.3 Reading a file in perl

Here is a perl program to read a file and print it, line by line:

use strict;

use warnings;

open my $dataFH, ’<:via(File::BOM)’, "data.txt"

or die "Cannot open file";

while ( my $aLineFromTheFile = <$dataFH> ) {

print "read: " . $aLineFromTheFile;

}

close $dataFH;
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The line beginning with the word “open” creates an open file han-
dle for reading (sometimes we say this “opens the file ‘data.txt’ for
reading”). Reading is specified via the ’<’ character. The “encoding” If we wanted to store data to the file we

would open it for writing by specifying
the ’>’ character.

part after the ’<:’ is about using Unicode with a Byte Order Mark
(BOM) – more on this in the next section.

The while loop reads each line from the file in turn into the (string)
scalar variable $aLineFromTheFile. Each time the loop runs, the next
line from the file will be read in.

A read occurs when an assignment is made from the file handle
(in < > brackets). In perl, when you assign to a scalar variable from
an open text file handle, an entire line from the file is assigned to the
string variable.

Any amount of work can then be done using the string value, and
when you are ready to read the next line, the file handle will have
kept track of where you had read to in the file up to the end of the
last read.

The last line of the program closes the file when we are done.

4.4 BOM (Byte Order Mark)

If a text file is a Unicode text file, the current (and becoming widely
adopted) standard is that there should be a “Byte Order Mark” or
BOM at the beginning of the file. The idea behind putting this BOM
at the beginning of the file is to allow computers with different
processor architectures (for example, Intel versus IBM versus Oracle)
to be able to look at this initial value and determine:
• that the file is a Unicode file;3 3 Something that is important for us.

• which encoding of Unicode is being used (e.g.; UTF-8 or some-
thing else);4 and 4 We will only be using UTF-8 in this

course.• the ordering of the bytes in memory, if they were to be read more
than one byte at a time.

Some of the files that we will use in this course will be plain
ASCII files, and some will be UTF-8 text files. Some UTF-8 files are In particular, any CSV file created from

a recent version of Microsoft Excel will
be in UTF-8.

recognizable because there will is a BOM at the beginning of the
file in UTF-8 format. If there are no Unicode characters in the file
whose code value is greater than 127, then the rest of the file will be
identical to an ASCII file.

The BOM value for UTF-8 is another type of “magic number”
in the first three bytes of the file made up of characters with the
hexadecimal values of: 0xEF 0xBB 0xBF Note that all three of these
characters have values greater than 127 (0x7F).

If you open such a file in an ASCII text editor, you will see some
“goofy characters” at the beginning of the file. A Unicode aware edi-
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tor should treat the file seamlessly, though you should be able to get
some indication from the editor what is going on. (In “vim” for exam-
ple, you can find out where there is a BOM by using “:setlocal” –
the word “bomb” will appear in the list.)

For our purposes, this is important because we want to ensure that
we do NOT ignore these characters and pretend that they are simply
part of the first values in the file.

We can read a UTF-8 file by specifying the encoding of the file
when we open it, as in the line:

open my $unicodeDataFH, ’<:via(File::BOM)’, "utfdata.txt";

Opening a file in this way will cause all non-ASCII characters to be
converted to their Unicode values properly.

In Figure 4.4 is an picture of the bytes in our earlier file, but with a
BOM:

H e
0
x
B
B

Il al m ao s m! a l l
0
x
B
F

f i l
0
x
E
F

e . Figure 4.3: A file consisting of a three
byte BOM followed by a 26 character
sequence composed of letters and
spaces separated by four newline
characters shown as arrows. Figure
drawn by the authors.If we omit the encoding part, then it is assumed that the file con-

tains only ASCII characters, and any values in the BOM in the file
will simply be read as bytes. This would happen if we used this line
to open the file, which doesn’t do any special handling for Unicode
or BOMs:

open my $asciiDataFH, ’<’, "asciidata.txt";

The perhaps frustrating part of this is that the purpose of the BOM
is to ensure that we know in which order to read the bytes in the file
for cases in which we are not reading one byte at a time — however
by definition in UTF-8 files we are reading one byte at a time, so none
of this information is necessary, other than to indicate that this is
indeed a UTF-8 format file.

Figure 4.4: “No brains allowed” sign ob-
tained from publicdomainvectors.com,
CC0 1.0 Universal (public domain)

As you will learn in your careers, however, we cannot control what
Microsoft does, and must dance to their whim, regardless if there
seems to be any sense to the plan. Since Excel produces files with a
BOM at the beginning, if we want to be able to read Excel-produced
CSV files, we have to take these BOM marks into account.

4.5 Questions - Chapter 4: Reading Text Based Files

1. Compare and contrast ASCII and Unicode.

2. What are the steps for ’reading’ files? What do we mean when we
say ’reading’ files?

https://publicdomainvectors.org/en/free-clipart/Thinking-forbidden-sign-vector-image/17922.html
https://creativecommons.org/publicdomain/zero/1.0/
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3. How are text files organized? (Hint - think special characters)

4. Write code to read a file in perl. Describe what each line is doing.

5. You open a Unicode text file in an ASCII text editor and notice
some strange characters at the beginning of the file. Explain what
is going on here (Hint - what is a magic number.



5
Self-study Seminar Preparation: Reading with a Purpose

Reading is an essential skill in software engineering, design,
and any field where communication is the central focus. You must
learn to read all of the time, and at speed, all while retaining rel-
evant information. Reading is searching — for data, information,
inspiration!

There are no questions for this chapter as it is seminar preparation.

5.1 What is Reading with a Purpose?

Why have you decided to read an article or document or book? You
never just read randomly chosen items!

Start with your goals — what are you looking for in the article?
Definitions? Techniques? Rationale, inspiration? Code?

Write down your goals. This forces you to express your thoughts Keep a notebook handy! If you can’t
take notes as you go, you will lose
a lot of what you want to learn and
remember from your reading. Taking
notes and structuring your thoughts
in reading, as in any other learning
activity, helps you retain the ideas, and
integrate them into your own. You can
practice this using this text too. This
sidebar is a great spot to keep notes as
you read.

concisely and precisely. Never treat the articulation of your goals as a
static statement. Adjust your goals if and when your reading changes
your ideas or gives you new ones! Your new goals will likely focus
and refine your old goals. As you read, you will find that you better
understand your own questions, and your own needs.

5.2 How to Read with a Purpose

First, skim the article to observe its structure: look at organization
of the sections and subsections. At this point, we are focusing on
structure, not content. What does its organization tell you about the
article? Where are the parts that you want to focus on?

Now determine the major concepts that are in the article and how One of the major concepts may be
the thesis of the article, but this not
necessarily the case, and certainly ,
there may be several major concepts.

they are presented. Do they match your goals?

• The main concepts may not be identified in the title and first sen-
tences – usually they are, but it is also common that the idea of the
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most value is not the idea that is advertised in the title.

• To find the main concepts throughout the article, we skim the
article for content, scanning for the main ideas.

It is quite likely that each section will have its own topic, or poten-
tially multiple topics.

Now we are ready to read the article for its content, so at last we
read the entire thing — this time, slowly — and make notes. Use However you do this, be sure to record

your reading goals in the same place –
your focus on the document will change
depending on your goals so knowing
your goals when you look at your notes
is helpful!

markup within the document or make notes separately — whatever
works for you.

Using markup within the document has the very strong advantage
that your notes stay with the document, however it does suffer from
these problems:

Figure 5.1: Image of an article covered
with hand-written annotations

• you are limited by the amount of space that is available for your
visible notes (PDF “comment” utilities can help with this, but
a collapsed comment is almost invisible, and even a note in a
sidebar has only a limited amount of visible space); and

• the notes change the document, so if you ever want a fresh copy,
you will need to locate the document again (or keep two separate
copies, which reduces the value of having everything together in
the first place).
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5.2.1 Example: Excerpt from Data Finds Data by Jonas and Sokol

As an example, we will look at part of this article1 by Jonas and 1 Jeff Jonas and Lisa Sokol. Beautiful
Data: The Stories Behind Elegant Data
Solutions, chapter Data Finds Data,
pages 105–118. O’Reilly Media, 2009.
URL http://jeffjonas.typepad.com/

DataFindsDataCreativeCommons.pdf

Sokol.
You can read this article at the URL listed in the bibliographic

information. We provide bibliographic support both here in the
margin, right where items are cited, and again at the end of this book
where all the bibliographic materials are collected together in one
place.

This article is provided to us under a “Creative Commons Attribution-
Noncommercial-No Derivative Works 3.0 United States License” (typ-
ically referred to as “CC BY-NC-ND 3.0”), so we are able to read it
freely without cost, and restricted only by the terms of the licence, These terms are in fact the same as this

textbook, which is distributed under
the newer version of this licence, CC
BY-NC-ND 4.0.

which state that we may use and redistribute, but:

• we must give attribution,

• we cannot charge for the item, and

• we cannot modify the content with our own extensions (i.e.;
change or extend what the authors are saying) and redistribute in
that form.

.

Figure 5.2: First three paragraphs of
the “Data Finds Data” article, with
highlights on the first paragraph,
and the third and last sentences of
the second paragraph. Two notes are
associated with the first and second
highlighted section. The first note reads
“Objective – subject of the paragraph”
while the second reads “Benefits of
“data finding data”.”

What do the highlighting and notes tell you about the goals of the
reader?

Figure 5.2.1 on the next page shows further annotation of the
second page of the article.

http://jeffjonas.typepad.com/DataFindsDataCreativeCommons.pdf
http://jeffjonas.typepad.com/DataFindsDataCreativeCommons.pdf
https://creativecommons.org/licenses/by-nc-nd/3.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
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Figure 5.3: The second page of the arti-
cle, with highlights and notes further
demonstrating content identification.

The first shown highlight begins
in the first sentence at the word “dis-
coverability” and extends to the end
of the first clause of the next sentence.
Its accompanying comment reads
“discoverability is a major concept.”

The second highlight includes the
last sentence of the first paragraph
and extends to the title of the next
section; its note reads “another ‘benefit’
– competitive advantage.’

A third highlight and note begins
in the paragraph after the subheading
“Cross-compartment exploitation” and
highlights the definition of “compart-
ments” with a note reading “Definition
that might be useful to know.”

The fourth highlighted region is the
heading “Corruption at the Roulette
Wheel” and its note reads “I have not
highlighted various ‘stories’ of exam-
ples since they are fairly compelling
and thus easy to remember.”

The two remaining highlighted
regions refer to the footnotes. The first
of these identifies the “Non-Obvious Re-
lationship Awareness (NORA)” paper
with the note “Interesting concept and
pointer (URL) to an interesting paper.”
The second highlighted region in the
footnote is the definition “Recognizing
when two objects are the same despite
having been described differently” and
is annotated with the words “Definition
of semantically reconciled.”
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The highlights in Figure 5.2.1 capture two important things for us:
they capture the key points of the article in a way that a simple high-
lighted sentence can not (e.g., “discoverability is a major concept”)
and they allow us to rephrase the article in terms of our goals.

The value of our notes is really to ourselves when we come back
and want to remind ourselves what this article was about in terms
of our goals, so you can think of these notes as being “crib notes” to
support the purpose that you had in mind when you set your goals.

The notes in the footnotes within Figure 5.2.1 are interesting

If an article refers to other articles, in
a reference section or like here in a
footnote, then look up the article to see
if it can give you more or better (for
your purpose) information.

because they are actually noting a link to another article, describing
“Non-Obvious Relationship Awareness” (NORA).

This NORA concept was introduced previously in the article
and is now being used to illustrate some definitions — good way
to understand the definitions particularly since this concept is also
explored in the referenced paper.2 2 Jeff Jonas. Threat and fraud intelli-

gence, Las Vegas style. IEEE Security
and Privacy, pages 28–34, 2006. URL
https://jeffjonas.typepad.com/

IEEE.Identity.Resolution.pdf. Re-
trieved Nov 22, 2019

Figure 5.4: Header and first paragraph
of the NORA paper just discussed as
being identified in the previous article.

5.2.2 After Reading

• Reread the paper concentrating only on your markups or notes.
Are your notes sufficient in all areas or should you reread some
sections of the article?

• Summarize what the article told you with regards to your goals.
Once again, write things down — it will concentrate your thinking.

• Organize your article summaries, along with proper referencing of
the articles so that you can use this material in the future.

https://jeffjonas.typepad.com/IEEE.Identity.Resolution.pdf
https://jeffjonas.typepad.com/IEEE.Identity.Resolution.pdf
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5.3 How to Read an Article: Key Steps

A literal checklist for these tasks and those in section 5.4 is provided
on page 53. Make yourself checklists like this for the other tasks in
this and other courses!

5.3.1 Have a purpose

Why are you reading this article? What are your goals? Jot down
things that you need to find in the article.

5.3.2 Make notes

Write down facts that you think will be useful for accomplishing
your goals. Try to write things down in your own words as much
as possible. Do not just highlight the text! Writing is a necessary
part of reading. Keep notes in a special, dedicated notebook (paper
or electronic) of all materials that you read in this course. Jot down
notes to yourself about things to do that you discover because of your
reading.

5.3.3 Organize your notes after you finish the article

Read your notes over and organize or re-order the points that you
have made. You may see things differently after you have finished
reading the entire article.

5.3.4 Do some background research

Look for information outside of the article. You should look up
references from the article itself or do a search on terms or concepts
that you do not fully understand. Any term or concept that is used in

the article that you are not able to
define fully on your own will make it
very difficult for you to comprehend
the article unless you resolve the
situation. Take a few moments with
a dictionary (there are lots on the
Internet) or a bit of searching to find
what is being discussed. This is exactly
what Wikipedia was invented for!

5.3.5 Re-read the article

Now that you know more than you did when you first read the
article, re-read it to make sure that you have understood everything
that it had to say.

5.3.6 Critically evaluate what you have read

Articles are not perfect! Evaluate what you have read and judge what
contributions it has made towards reaching your goals.
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5.4 Critical Evaluation: Questions to ask about an article

Here are some questions that you should be able to ask and answer
about any article that you have read. Formulating an answer to these
questions will help you gauge to what extent you have understood
the article, and determine its quality and importance.

5.4.1 What is this article about? (What is its “thesis?”)

Every article has a topic. A well written article should identify its
topic clearly and unambiguously. A good title helps with this, but
you may need to look carefully to find the thesis. This is the central
point that the work is making.

The thesis provides the central idea around which the rest of the
article is built. You are likely familiar with this from essay writing,
but it is just as true in any clear communication: from a tweet up to a
multi-volume book. Figure out what the article is about, and you are
well on your way to understanding it.

5.4.2 What is the contribution? (What new thing does this article con-
tribute to the world?)

Each written work was created for a purpose. If there is nothing new,
we sometimes say that it is “derivative” of other work, and therefore
not very interesting. A good article has something new to say: a new
technique, a new algorithm, a new way of analyzing or thinking –
something that has not been done before. We call this the novelty that
the article contains or embodies. What does this article bring to the
world?

5.4.3 What is its value? (How important is it to have this new thing?)
We frequently see a difference between
the value of an article and the topic of
an article when the item that the author
thinks is interesting is not the same as
the most interesting thing to the rest of
the world!

The novelty of an idea is not directly related to whether it is a good
or useful idea. What is the value of the contribution of this article? Is
the world a better place in some way because of this new idea? How
so? If not, why not?
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5.4.4 How do the authors evaluate their contribution? (How do they show
that what they have done is of value?)

A good author evaluates their own work, and makes a case for the
value of their new idea. Are they trying to sell you something?

Not all “advertising” advertises itself
as such. There are a lot of articles
which attempt to sway your opinion
by appealing directly to emotion and
belief, and are not rooted in fact. These
are very dangerous, and you should
be on the watch for these, especially as
they have been increasing dramatically
in number of late.

This case should be made based on identified, established facts,
and should avoid appealing to emotion, made-up arguments (a.k.a.
“straw man”) and other logical fallacies.3

3 A nice summary of logical fallacies
is available on this poster by Michele
Rosenthal. Link to the poster overview
here (visited Dec 31, 2019).

Pay attention to whether the articles you are reading do this. If not,
then something is wrong — is the author hiding something? Are you
sure that everything is as it seems?

There is a lot of written work that is more interested in fooling
you into a particular way of thinking than in demonstrating a real
contribution. What exactly are you reading?

5.4.5 What questions do you have after having read this article?

A good article should give you new ideas, and raise questions — not
because it wasn’t fully explained, but because it makes your brain
hum. What does this article make you think? Does it make you
excited? Angry? Interested? Bored? Think about what has happened
in your head because you have read this article.

https://dribbble.com/shots/3315791-Logical-Fallacies/attachments/716729
https://dribbble.com/shots/3315791-Logical-Fallacies
https://dribbble.com/shots/3315791-Logical-Fallacies
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5.5 Checklist for Reading Articles

Use this checklist to help in your reading.

2 Have a purpose
2 list of goals
2 (updated after first skim for structure)
2 (updated after second skim for topics)

2 Note taking
2 Do you have a dedicated place to take notes?
2 Writing in your own words?

2 Organization after reading
2 Reorganize notes

2 Background Research
2 look up any required definitions
2 look up any shaky concepts
2 look up references

2 Re-read article
2 look for anything that you didn’t get the first time

2 Critical evaluation (sec 5.4)
2 article thesis
2 article contribution/novelty
2 author evaluation
2 my questions

Table 5.1: A Checklist for Reading
Articles





6
Reading Code

Reading code is a critical skill for a professional program
designer. This chapter describes some of the issues to keep in mind
as you work on your code reading skills.1 1 Surender Reddy Gutha. 10 sim-

ple code review tips for effec-
tive code review. Evoke Technolo-
gies, April 2 2015. URL https:

//www.evoketechnologies.com/blog/

simple-effective-code-review-tips/.
Retreived Nov 25, 2019; and Greg Wat-
son. Effective code reviews. Technical
report, New York University, 2017a.
URL https://nyu-cds.github.io/

effective-code-reviews. Retrieved
Nov 25, 2019

Before you begin, you need to have a purpose or goal in reading
code. In general, you should never begin any professional activity
without a clear goal or purpose in mind.

Your reading technique needs to support your chosen goal.
You will need to focus on the coverage needed for your purpose.

Do you need to read the entire program? If so, how do you do this in
the time available?

Let’s think about these points in more depth. . .

6.1 Purpose or Goal

Why are you reading the code? Are you:
• looking for bugs?
• trying to learn and understand the program so that you can main-

tain it or modify it?
• trying to see if the code can be improved?

6.2 Who are you?

The role that you play in relation to the code is important. Are you: Figure 6.1: XKCD cartoon #974 by Ran-
dall Munroe, “The General Problem”
in which a seated and eating character
asks for the salt, and after some time, is
told “I’m developing a system to pass
you arbitrary condiments! It’ll save time
in the long run!” Licensed under CC
BY-NC 2.5

• a developer?

• performing maintenance?

• making an assessment for quality assurance purposes?

• a tester?

• a manager of a development team?

https://www.evoketechnologies.com/blog/simple-effective-code-review-tips/
https://www.evoketechnologies.com/blog/simple-effective-code-review-tips/
https://www.evoketechnologies.com/blog/simple-effective-code-review-tips/
https://nyu-cds.github.io/effective-code-reviews
https://nyu-cds.github.io/effective-code-reviews
 https://xkcd.com/974/
https://creativecommons.org/licenses/by-nc/2.5/
https://creativecommons.org/licenses/by-nc/2.5/


collaborative design fundamentals for software engineers 56

• a student trying to learn something from the code?

• a trainee determining how code and process work at a new organi-
zation?

6.3 Reading Techniques

Use a checklist for the best results. A good checklist to start with is
available from NYU (New York University).2 2 Greg Watson. Code review check-

list. Technical report, New York
University, 2017b. URL https:

//nyu-cds.github.io/effective-code-

reviews/03-checklist/. Retrieved Nov
25, 2019

A checklist will guide you to the questions that need to be an-
swered and what to look for to answer these questions. It makes
answering questions reliable and reproducible.

Using the checklist, readers read through the source code, looking
for areas related to the questions.

It is productive to work through the program in this order:

• begin with the function names – these guide the flow of control
through the program;

• then look for variable names – these should provide strong clues
to the importance and meaning of the data; then

• move on to loops– particularly how they begin and end – these
provide the iterative structure that lets us process lists, files and
dictionaries; next

• examine your branching (the if statement structure), looking for
logical errors and finally,

• look for libraries or modules that are being used.

6.3.1 What’s in a Name?

Function and variable names provide clues to the meaning of the
function or variable.

Could the names be better? Don’t be afraid to do a global replace
as part of any maintenance activity!

Improving the code without changing its function is a technique
we call refactoring. We will discuss this in more detail in Chapter 11,
in section 11.7.

6.3.2 Loops

Loops are the source of many errors so if you are reading for errors,
pay special attention to loops.3 3 Loops are one of the most common

sources of confusion, so:

• look for “fencepost” or “one off”
errors; and

• pay attention to the ranges of values
(do they start at zero? Is there a
maximum? Why or why not?).

Looking specifically for these types of
common errors can save you a great
deal of time debugging.

Loops do much of work of a program - they are one of the keys to
performance.

https://nyu-cds.github.io/effective-code-reviews/03-checklist/
https://nyu-cds.github.io/effective-code-reviews/03-checklist/
https://nyu-cds.github.io/effective-code-reviews/03-checklist/
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6.3.3 Branching – reading if statements

The if statements of a program control what code is actually exe-
cuted. If we think about running the program as following a path
through the various instructions, the if statements are the forks in
the road on this path.

The common errors here are the “off by one” errors of looping, as
well as errors of sign: think about what happens when the program-
mer typed < when they meant <=, or even > instead!

Other common errors here have to do with “short circuit logic.”
Think about this line of code:

if ( $x < 100 and searchAndUpdateOurGraph( $g ) > 0 )

In the case where $x is less than 100, the function searchAndUpdateOurGraph()

doesn’t even get called. Perhaps this is on purpose, perhaps not, but
the fact that the name indicates that some sort of “update” hap-
pens when the function is called probably means we need to know Consider what would happen if we

reversed the two sides of the And

logical statement in this if.
whether we are intentionally avoiding this update when $x is less
than 100.

6.3.4 Libraries and Modules

Different programming languages and different programmers use
the words “module” and “library” in different ways. Be sure that
you understand how the words are being used by the people you are
working with!

Libraries are Other People’s Code

Examine all calls to libraries closely by:

• reading documentation on the library and this particular call; and

• examining the parameters to the call itself — how were they set
and how does this affect the called procedure?

If you are using “third-party tools” such as libraries from other
authors, be sure that you understand how your tools work!

If you do not, good strategies to ensure that you have a good
understanding are to:

• read the documentation about the library,

• experiment by writing small examples to explore what happens, Writing tiny programs to answer
questions is an excellent way to learn.
Professional programmers do this all
the time.

and

• test some code, again using small examples to make sure that your
expectations about what is happening are correct.
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6.4 Modularity

If the code is long, then break it into chunks.4 This will help you 4 Maybe the original authors of the
software should have done this?to read it and then see if indeed it should have been made more

modular.
Here we use “module” to mean “logically collected block of

code” while when we used“library” above we referred to tools
brought in from an externally written source. This is common in the
discussion of perl programs, but note that in other languages5 the 5 For example Python.

word “module” is used for what we just called a “library” here!

6.5 Problem Areas

There are many known potential problems with code but your fo-
cus should depend on why you are reading the code: debugging,
security, refactoring.

A major problem area involves dependencies. How does one part
of the code affect the other parts? What are the ramifications of using
various libraries or code written by others? Dependencies are a major
reason why reading code is difficult.

6.6 Example Checklist of Issues in the C Language

You are familiar with the C programming language, having taken the
prerequisite for this course, so we can think about some of the issues
that arise in that environment, as they are familiar discussion points.

Here are some things to look for in any C program that you re-
ceive:
X gets() — this allows unbounded amounts of data to be shoved

into a C program through I/O, potentially overwriting memory6 6 This is how “worm” attacks are
performed.X break — this allows exit from the middle of a loop, and is fre-

quently a source of confusion
X goto — this allows the control flow to teleport around inside of a

function, is always confusing, and since 1968 has been widely criti-
cized7; if you find goto statements, it is a sign that the program is 7 Edsger W. Dijkstra. Letters

to the editor: Go to statement
considered harmful. Communications
of the ACM, 11(3):147–148, March
1968. ISSN 0001-0782. doi:
10.1145/362929.362947. URL http://

doi.acm.org.subzero.lib.uoguelph.ca/

10.1145/362929.362947

very old, or the author was very, very cocky – both of which are
problems.

X all loops — see our discussion in section 6.3.2 above
X all pointers in C — pointers allow the same data to be accessed

under different names and from different locations, which is
almost always confusing8 8 But pointers are also powerful, and

frequently there is no simpler method
available.

X error handling (signals in C, try and catch in Java) — these are
the modern way of doing the things that goto statements used to
provide, before we had exceptions, etc.

http://doi.acm.org.subzero.lib.uoguelph.ca/10.1145/362929.362947
http://doi.acm.org.subzero.lib.uoguelph.ca/10.1145/362929.362947
http://doi.acm.org.subzero.lib.uoguelph.ca/10.1145/362929.362947
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Error handling is also usually less commonly run than the
regular code – and code that is not commonly exercised is always
a likely source of problems. How many of these are relevant in perl?

Which ones are the relevant ones?
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6.7 How to Approach Reading Code

The advice here is provided in the form of a checklist, as checklists
are how we get things done!

2 Prepare Yourself
2 Get all documents that are needed — code, documentation,

references
2 Locate and prepare your checklists
2 Determine your goals
2 Identify: Why are you reading the code?

2 Get Dirty
2 Print out the code (it is easier to work with your hands and

pens/pencils)
2 Mark it up!

2 Write notes and questions that need to be answered
2 diagrams — outline “blocks” of code, arrows to

connect actions on variables
2 Draw flowcharts

2 Take Notes
You should record each of the following:
2 Functions and what they do
2 Where each variable is first given a value
2 Any variables with the same names in different parts

of the program
2 Also any variables with similar names (why is this

important?)
2 Any if statements without else clauses
2 Any while loops that might not end
2 Any code that you can’t understand

2 Explanation Time
2 What does each module do?
2 What does each variable mean and how is it used through-

out the program?
2 Can you trace all data as it moves through the program?

Table 6.1: A Checklist for Reading Code

6.7.1 Don’t just be passive!

• Run tests
• Refactor
• Follow a coding standard
• Rename variables
• Restructure the code to be more modular.
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6.8 Questions - Chapter 6: Reading Code

1. Why is the role that you play in relation to the code important
when reading the code?

2. You were given an example checklist of issues in the C Language.
Brainstorm & create a checklist that you can use when reading perl
or other scripting languages. Keep this in your notes, and add to it
as you learn this semester.

3. Expand on what you’ve learned in the chapter - how will learning
how to read code make you a better programmer and software
designer?

4. Use the checklist provided in Table 6.7 on the most recent pro-
gram that you have written, and then try it on a program that you
have been given (either in this course or from a textbook). What
are the easiest parts of the checklist to use? The hardest?





7
Code Review

Now that we have thought about how to read code in general,
we can talk about how to formally do a code review.1 1 Karl E. Wiegers. Seven truths

about peer reviews. Technical re-
port, Process Impact, 2002. URL
https://www.processimpact.com/

articles/seven_truths.pdf

A code review is a process done regularly to improve the quality
of existing code. The idea is to have fresh eyes look at a program im-
plementation to allow for insights into how to improve the program
at the level of the written code.

7.1 Objectives

The main objectives are to:

• find as many errors as possible In programs of any size, it is quite
likely that there are existing undetected
errors. Testing can help with locating
these, but so will code reviews.

• improve the quality of the software

• familiarize designers/programmers with standards

7.2 Benefits

• Spreads good ideas A particularly valuable benefit!

• Improves team confidence in the software being produced.

• Improves consistency of coding styles.

• Provides cross-pollination of ideas and techniques among the
programming team.

• Provides essential training in using standards for coding.

• Motivates programmers to produce better code.

• Shortens debugging phase.

• Programmers are forced to more clearly and completely document
their code, which benefits everyone. Few people like writing comments as

they go, so writing them as part of a
review is better than nothing.• Code becomes more readable.

https://www.processimpact.com/articles/seven_truths.pdf
https://www.processimpact.com/articles/seven_truths.pdf
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• Motivates programmers to produce better code before the review.

• Testing the code becomes easier.

• Misunderstandings about interface issues are caught earlier in the
coding process.

• Code reviews typically find 30% to 70% of the logic design and
coding errors in software.

7.3 Logistics of a Code Review

Select an appropriate review team.

• Teach the members of the team how to review code.

• If possible, include some people who already understand how to
review code and can mentor others.

• Select a team leader — someone to manage the process and the
team.

Plan the code review

• Give the team adequate time to review the code.

• Make sure that the team understands the objectives of the review
and how it is to be documented, i.e.; standard forms.

7.4 Code Ownership

“. . . There are many owners over time. So that also means that the
responsibility for successful, continued functioning of a software unit
gets shared over time. Not one person is solely responsible for any one
piece of code over the life of that unit.”2 2 John Stenerson. A case for code

review. Gamasutra: the Art and Business
of Making Games, 2000. URL https:

//www.gamasutra.com/view/feature/

3440/a_case_for_code_review.php.
Retrieved Dec 28, 2019

Who should do the code review?

It is difficult for the original designer of the code to be objective.
This is the best person to correct or improve software, but not the
best person to find errors or weaknesses.

Additional eyes are important, because as software ages, other
coders will take over the code. Reviewing ensures that knowledge
hidden only in the head of the original author gets recorded. This
process also helps ensure that standards are maintained, which also
helps make sure that the code can be well and easily understood.

7.5 Pitfalls to Avoid

Everyone’s (fragile) ego hates taking their code to code review. Make We are all fragile. We need to take care
of each other. Yes, even those colleagues
that you don’t really like.

https://www.gamasutra.com/view/feature/3440/a_case_for_code_review.php
https://www.gamasutra.com/view/feature/3440/a_case_for_code_review.php
https://www.gamasutra.com/view/feature/3440/a_case_for_code_review.php
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sure that the code review is a positive process for all. This is an
opportunity to build community – don’t waste it by making about
negative feedback and feelings.

These are the issues that cause code reviews to be unproductive:

• Be sure to avoid personal assaults on the skills and style of the
author(s) of the code.

Remember that everyone is learning to improve their coding all
the time. Take a look a code you yourself wrote

a year or more ago if you don’t believe
us. Yeesh! This will remain true for
your entire career – even after decades
of coding, we are all learning to do it
better.

• Be sure that the review is treated as a task (and is allocated time)
rather than as a milestone (which is simply a marker that you pass
by in time – it doesn’t take up any time itself.)

• Don’t let reviews turn into problem solving sessions. This activity
is about providing a critique – the solving of the problems comes
later.

If you start trying to solve problems during another activity
such as a code review, you are quite likely to get distracted into
the problem solving, and never finish the review itself. Finish the
review task, writing down the problems that need solving as you
go, and then schedule a problem-solving time once you know how
many problems you are trying to solve.

• Be sure that the reviewers focus on the substance of the design, not
simply the style (of either the design or the code)

7.6 Checklist for a Code Review

A checklist for you is provided in Table 7.6.

7.7 Questions - Chapter 7: Code Review

1. What are the main objectives of code review?

2. What are the benefits of code review?

3. You are assigned to be the team leader of a code review. How will
you handle the logistics?

4. Why is it important that someone other than the original designer
of the code is the reviewer?
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2 Comments and Documentation
2 are there sufficient and consistent comments?
2 are important sections dated?
2 are comments out of date?
2 are the comments meaningful?

2 Functionality and Correctness
2 Does the code correctly reflect the algorithm and com-

ments and documentation?
2 Is there meaningful error checking?
2 Are there arithmetic errors?

• division by zero
• overflow
• floating point issues
• type conversion errors

2 Is the logic complete?
2 Are all pathways in the code able to be executed?

2 Program Structure
2 Is the code modular?
2 Cut and paste programming?
2 Does the structure make sense? Does it model the algo-

rithm or the problem or some other model? What is the
model? Is it clear?

2 Coding Style
2 variable names + intializations
2 loops and control segments
2 size of subroutines or classes consistency (indentation,

naming, etc.)

Table 7.1: A Checklist for Performing
Code Reviews



Part III

Design as an Intentional
Activity





8
Design: What makes it sing, and what makes it stink?

“Good design, when it’s done well, becomes invisible. It’s only when
it’s done poorly that we notice it.” — Jared Spool1 1 Jared Spool. UIEtips: Communicate

quick — first impressions through
visual web design. Technical report, UIE,
2007. URL https://archive.uie.com/

brainsparks/2008/10/01/uietips-

communicate-quick/. Retrieved Nov 25,
2019

Design is everywhere. We life in a “built environment” which
means that all the structures and surfaces around us have potentially
been designed — some well, some badly.

Some have been designed for one purpose, and this causes prob-
lems for other uses and purposes. Some have not been designed at all
– which usually causes problems for everyone and every thing.

We want to learn to design well, and allow easy and productive
use of our designs.

This will require not only recognizing what is bad about bad
designs, but learning to look for and appreciate good designs. As
the quote above indicates, learning to find good designs is itself a
challenge.

8.1 Defining Design

8.1.1 What makes design good?

A good design shows a respect for the user of the object, and an
understanding of their needs, goals and experience. To achieve good
design, there must be:

• a conscious focus on helping the user meet their goals, and

• an understanding of the needs of the user, and the constraints that
these needs may impose.

The means by which the design will meet the goals and needs
must be communicated well. This can only be done by understand-
ing the experience that interaction will bring to those using the
design.

https://archive.uie.com/brainsparks/2008/10/01/uietips-communicate-quick/
https://archive.uie.com/brainsparks/2008/10/01/uietips-communicate-quick/
https://archive.uie.com/brainsparks/2008/10/01/uietips-communicate-quick/
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We therefore must focus our design ideas on the human aspects of
what interacting with designed objects is all about.

Good design requires us to peer up from our computers and
take a look at the world around us. What is the goal of what we are
designing and how can we address challenges other people might
have with it? How will we consider others (especially those who are
oppressed or of less privilege or ability) in our design? This might
be difficult to accomplish without interacting with others and using
empathy and thought when designing (this is another benefit of pair
programming and working in teams).

8.1.2 What makes design bad?

The most common reason for bad design is a lack of thought, or a
lack of consideration.

In the best case, bad design arises simply through incompetence:
• it might be a rushed job, or
• it is poorly planned, but usually because of a
• focus on the wrong areas.

The most common factor across bad designs is a lack of value for
the user, their needs, goals and experiences. You are likely to see:
• arrogance, in which the designer believes that they “know every-

thing” and do not need to consult – they “know what the user
wants” or there may be

• disdain for the users, in which the designer believes that their
goals are more important than those of the users. There may also
be

• a lack of knowledge/understanding of the tools being used, lead-
ing to major pitfalls in design.
The entire focus of this course is to convert arrogance and disdain

into empathy, good communication, and understanding.
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8.2 Bad Design

8.2.1 An Example of Bad Design – The Remote Control

Buttons, Buttons, Buttons . . .

Figure 8.1: Photo of several remote
controls, courtesy of the authors.

Problems

Look at the design of the remote in Figure 8.2.1.

Figure 8.2: Picture of a remote with
rocker switches as primary control.
Photo courtesy of the author.

• Large number of buttons and other controls

• Steep learning curve for basically a simple task

• Notice the similar control for very different functions
– and also need to know English!



collaborative design fundamentals for software engineers 72

Now look at the remote in Figure 8.2.1.

Figure 8.3: Picture of a remote with a
grid of tiny buttons. Photo courtesy of
the author.

• Quite a field of buttons!

• To use this we must either:
– read all the labels or
– memorize where the desired functions are
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Some Good Design Features of Remote Controls

Remotes aren’t all bad!
Examine the remote in Figure 8.2.1.

• Volume and Channel controls are different shapes
• The design is still using labels, but there is a visual and tactile cue

that allows you to tell the difference between the two functions
• How does the cue relate to the function of the buttons themselves?

Figure 8.4: Picture of a remote where
the primary buttons differ both visually
and through tactile means based on
their function. Photo courtesy of the
author.
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8.2.2 Historical Design Artifacts

Consider the picture of the aircraft cockpit shown to the right in
Figure 8.2.2.

Figure 8.5: Picture of an aircraft
cockpit with the red-coloured
push/pull knob for the throt-
tle circled. Obtained from http:

//aviationknowledge.wikidot.com/,
licensed under CC-BY

How would you expect you would make the plane go faster? Does
pushing or pulling on this control speed up the vehicle?

Early aircraft controls were primarily “sticks,” and pushing for-
ward was “go” and back was “whoa!”

Figure 8.6: Picture of the cockpit from
a Tiger Moth airplane with various
“stick” based controls circled. The
Tiger Moth was a biplane used in
the First World War. Obtained from
https://commons.wikimedia.org,
licensed under CC-BY

The “main stick” controls the plane’s attitude in the air, where
pushing forward makes the plane go down (and usually faster),
while pulling back makes the nose of the plane point upwards and
the plane will rise (and usually slow down). The main stick is the
largest of several stick controls shown in Figure 8.2.2.

http://aviationknowledge.wikidot.com/
http://aviationknowledge.wikidot.com/
https://creativecommons.org/licenses/by/4.0/
https://commons.wikimedia.org/wiki/File:Cockpit_of_VH-DWD_Bert_Filippis_Tiger_Moth_at_Serpentine_June_2011_(6806059964).jpg
https://creativecommons.org/licenses/by/2.0/
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Sometimes confusing design features are caused by historical use
or design adaptations, as in the 1905 Oldsmobile in Figure 8.7.

Figure 8.7: Picture of the “tiller” control
in the 1905 Oldsmobile. Obtained from
https://hymanltd.com/, licensed under
CC-BY

https://hymanltd.com/
https://creativecommons.org/licenses/by/2.0/
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8.2.3 Sometimes Awkward is Good

Sometimes confusing design features are on purpose. . . For exam-
ple. . .

Train Doors

• The handle for train doors are on the outside (Figure 8.8).
• Why?

– Safety - slow is better
– Safety - make the user think
– History - porters opened the door for passengers

Figure 8.8: Instructions for opening
a British Rail train door, involving
opening a window first and reaching
through to access the handle on the far
side of the door. Photo courtesy of the
authors.

Hi-rise Stairs

Figure 8.9: Stairs in the Vatican mu-
seum. Photo by flickr user B.B. Wijdieks
https://creativecommons.org/licenses/by-
nc-nd/2.0/

Have you ever wondered why it is so hard to find the stairs to the
basement in a hotel or other apartment building?

This is done on purpose: in case of fire, if people could just follow
the stairs down, everyone would get trapped in the basement in the
panic of a fire!

Here daily inconvenience pays for safety. Intentionally awkward
design is being used to prevent fire deaths.

https://www.flickr.com/photos/78377156@N07/11692050356
CC BY-NC-ND 2.0
CC BY-NC-ND 2.0
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8.2.4 Making Observations

Good design involves understanding how the artifact is really used.
Bad design does not value this - some other issue is given more

priority to the detriment of the utility of the design.

Some Observations. . .

What happens if you reach for the controls on the stove in Fig-
ure 8.10 if one of the burners is on? Feel the heat? Hope you don’t
have loose clothing!

Figure 8.10: Picture of stove with con-
trols low and at back. Photo courtesy of
the authors.

This is in fact so dangerous, that if we look at a gas range top,
the manufacturers are not allowed to place the controls at the back,
and must arrange them where no reaching over the heated area is
required. Why would this be done differently in this case?

Figure 8.11: Picture of gas range with
controls in front of range top. Photo
courtesy of the authors.
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8.2.5 Give us a Clue!

Good design advertises its functionality naturally. Bad design does
not cue the user and forces them to use memory or trial and error.

Figure 8.12: Picture of USB plug. Is this
easy to use? How about in the dark?
Photo courtesy of the authors.

Think about the common USB interface. The common USB 2.0
plug is shown in Figure 8.12.

What is the most common frustration in using this USB plug?
Trying to plug the (square) plug in 180◦ relative to the way it fits into
the socket, of course!

Why is this problem so common? Does it arise from the design, or
the use of the plug?

To “solve” this problem, each USB plug is supposed to be labelled
to indicate which side of it is “up.” Look at Figure 8.2.5 – which side
of the plug is the “upwards” side?

Figure 8.13: Picture of USB plug. Which
side is up?. Photo courtesy of the
authors.

What does “up” even mean?
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Figure 8.14: Picture of USB sockets.
Which side is “up” now?. Photo
courtesy of the authors.
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Figure 8.15: Picture of Type B USB plug.
Photo courtesy of the authors.

A good bit of the problem here arises because of the false symme-
try of the USB type A plug. Contrast this with the USB type B plug,
shown in Figure 8.15.

Figure 8.16: Picture of Type C USB plug.
Photo courtesy of the authors.

8.2.6 Do We Really Need a Clue!

What if we have real symmetry? Consider the USB type C plug
shown in Figure 8.16.

Is it possible to plug this in the wrong way?
Apple decided to move to USB C on their devices a few years ago,

which made a number of people frustratecd and angry. Usually frus-
tration is a marker for bad design. Is this the case in this instance?
Was this a bad design decision?

8.2.7 Who needs standards?

Figure 8.17: Picture of a Lightning plug
being held in front of a 1/4" audio
socket placed to provide an audio
interface at an automated banking
machine. Photo placed into the public
domain.

Figure 8.17 shows another aspect of Apple’s recent move to a new
“standard” for audio jack.

Clearly there is a compatibility issue here. What drives this sort of
design problem?

Is Apple’s “standard” a “real standard?” What is a “real stan-
dard?” What is the value of using standards?

How can we ever move forward with design if we need to keep
compatibility?
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8.2.8 Working for Everyone

Let’s examine the towel dispenser shown in Figure 8.2.8.

Figure 8.18: Two-handed operation
towel dispenser

What is the concern here? It is clear from the instructions what
is intended in the operation, and indeed, the instructions seem to
describe the operation that many might do anyway.

So what is the issue?

Not everyone actually has two hands.

If a person only has a single hand, it is going to be quite difficult
to use this type of towel dispenser. Have you ever tried?

Figure 8.19: A parachutist shortly after
leaving the plane in their wheelchair.
Image from Wikimedia Commons,
licensed under CC BY-SA 4.0

Disabled people are commonly marginalized and even forgotten
by designers. While many disabled people can do many things, fo-
cusing on an expectation of a normative body structure can thought-
lessly and pointlessly exclude many people from being able to use a
design.

https://commons.wikimedia.org/wiki/File:Disability.jpg
https://creativecommons.org/licenses/by-sa/4.0/deed.en
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8.2.9 Working under Bad Conditions

Conditions are not always as you would like but your design has to
work ALL of the time!

Dark/Cold

Figure 8.20: Photo of window controls
built into the door armrest of a car.
Photo courtesy of the authors.

Consider the window controls shown in Figure 8.20

• Try opening the right window in the dark, or with gloves on!
• Layout of controls mirrors the window positions (good!), but . . .

– they are too close,
– black on a black background (in a dark grey dashboard no less),

and
– not near what they control.

• Proximity of controls is a basic design principle in many control
situations

When different is not enough. . .

• Humans need meaning
• Make design choices that help people find meaning — why is the

situation in Figure 8.21 not the best?

Figure 8.21: Photo of fan with identical
pull controls for completely different
tasks. Photo courtesy of the authors.

Yes they are different colours and have different controls but . . .
• At the very least, do no harm. . . do not create opportunities for

mistakes or confusion
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8.2.10 Recipe for disaster. . .

Consider the set of controls shown in Figure 8.22.

Figure 8.22: Photo of fire alarm and
light switch mounted confusingly close
together. Photo courtesy of the authors.

Yes they are different colours and have different controls but . . .
When would you be reaching for a light switch? . . .
In the dark?
When you enter the corridor?
What is the risk of an error in usage here? Compare with the risk

of simply a pair of light switches arranged in this fashion.

8.2.11 Listen to the user

• People are very inventive and creative.
• They will change things to help them cope - a sign of poor design.
• What is the design choice that led to this workaround?

Figure 8.23: Picture of a dehumidifier
control that has been marked up in
pen to make it more readable. Photo
courtesy of the authors
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8.2.12 I’ll see you to the door

• Doors are excellent design study subjects
• How do you know whether to push or pull?
• How does the door “speak” to you?

Consider the door in Figure 8.24.

Figure 8.24: Picture of a door with a
large flat (plate) handle. Photo courtesy
of the authors.

Is it even possible to use this doors incorrectly?
What is it about the design of the “handle” that makes this so

obvious? We call this an “affordance,” a word that also comes from
Norman in the book cited above.

In much the same way that we “cannot push a rope,” large flat
surfaces invite pushing.

Consider how this relates to the handles on the doors in Fig-
ure 8.25.

Figure 8.25: Picture of a door with a
graspable handle. Photo courtesy of the
authors.

What is it about these designs that afford pulling?
Is it possible to be confused about how to use this door?
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Now consider the door in Figure 8.26.

Figure 8.26: Picture a door with a
graspable handle that nevertheless
must be pushed. Photo courtesy of the
authors.

If you examine the handle, what do you expect to do with the
door? Now if you examine the frame, you can see that to open this
door, you have to push. Was that what you were expecting?

Why would someone design a door and frame this way? What
advantages might this design have? Do you think that this is a rea-
sonable tradeoff?

Regularly Frustrating Doors

On our campus, an excellent example of the impact of poorly chosen
door handle design is in the MacKinnon building.

Figure 8.2.12 shows the doors in the MacKinnon building that join
the main north-south hallway to the main east-west hallway.

I am guessing that your experience on this campus means you had
an immediate emotional reaction to seeing these doors.

What is the problem with this door? Is it the design of the han-
dles?

Now let’s consider the doors in Figure 8.2.12. This figure shows
both sides of the doors leading between the main East-West hallway
to the end nearest the main entrance (the one near the library).

Neither the “push” side of the door, shown in Figure 8.2.12(a), nor
the “pull” side of the door, shown in Figure 8.2.12(b) with a detail of
the handle in part (c) cause any confusion.

But in part (c), these are exactly the same handles as on the terrible
doors shown in Figure 8.2.12!

There, we see exactly the same handle, but suspiciously with
instructions engraved on it to tell us how to use it.

The designers of this door recognized the problem that they were
going to cause, and went ahead and did it anyway, but with some
words on the handles to “help” us. Do they help?

Designer Don Norman2 once said: 2 Donald A. Norman. The Design of
Everyday Things, page 1234567890. Basic
Books (Perseus) or MIT press (UK),
New York, 1998. ISBN 0-262-64037-6.
formerly The Psychology of Everyday
Things

Something as simple as a door should not need an instruction manual,
even if it is only one word long.

What exactly is it about these handles that is so confounding?
They do have a plate based front, for pushing, but the overall

shape of the handle clearly affords grasping. The suggestion to



collaborative design fundamentals for software engineers 86

(a) (b)

(c) (d)

Figure 8.27: A well used and almost al-
ways confused door in the MacKinnon
building at the University of Guelphgrasp and pull is so strong, in fact, that immediately after taking the

photograph in Figure 8.2.12d specifically for this book, the author
then grasped the handle and pulled in order to try to use the door.
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(a) (b) (c)
Figure 8.28: A well used and never
confused door in the MacKinnon
building at the University of Guelph
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Please see yourself out

Consider the doors in Figure 8.2.12.
How many of these are confusing? How confusing are they? Why

do you think that the designers chose the handles that they did?
Pay particular attention to the door in (e) and (f), which show

opposite sides of the same door. Is there any reason why this type of
handle might have been chosen for this glass door?
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(a) (b) (c) (d)

(e) (f) (g) (h)

(i) (j) (k) (l)Figure 8.29: Several doors from the
Reynolds building at the University of
Guelph
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8.3 Good Design

Design is hard . . . Good design is really hard . . .

8.3.1 What is Good Design?

Good design is. . .
• invisible and natural
• evolutionary and revolutionary

8.3.2 Principles of Good Design

Start with the User

• Who are they?
• What do they want?
• What do they need?
• What do they know?

Identify all users

• age
• sex
• gender
• culture
• education
• job / task

Talking to Users

• Are you talking to the real users?
– The person buying the software is not always the user

• How do you ask the users questions?
– Questionnaire, focus group, interview, observation

Immerse Yourself

• Know everything that you can about the project - its goals, the
users, their goals, their lives. . . gather knowledge. . . you cannot
know too much!

• Broaden your outlook - knowing only the technical is not enough

Learn to Communicate

• You have to speak the language of the user and the language of
the experience
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• Design is a conversation. . . with the user. . . with the implementers. . . with
other designers. . . with the market. . . with the future

Need versus Want

• It is important to distinguish between the two so that you can
arrive at a feasible list of features that are deliverable on time and
on budget.

• Under-promise or under-deliver?

Learn from Experience

• Yours or someone else’s
• Keep records. . . write things down. . . save your projects
• Always finish a project with a post mortem!

– What worked
– What did not work
– If you could do it again, what would you change?

Learn from Best Practice

• Standards
• Design Patterns
• Books
• Reading code
• People

Learn from Other Disciplines

• All designers share the same problems and goals
• We can learn approaches from other designers
• Innovation in one field can spark innovation in another!

Embrace Change

• Good designers need to be able to predict the future. . . or at least
their designs should seem like they anticipated the future

• Don’t fight the future. . . use it!

Consider the Whole Experience

• Software has a life cycle - development is only the beginning
• Software lives for many years after development and this time is

important for determining the true impact of the original design
thinking

• Your design will exist in the world - how does it fit in?
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• How do users experience your product?
• Change occurs in the environment and your design has to consider

this too

Fail Early. . . Fail Often

“The best way to have a good idea is to have a lot of ideas.” — Dr.
Linus Pauling

• Prototypes
• Brainstorming
• Mockups

8.4 Questions - Chapter 8: Design: What makes it sing, and what
makes it stink?

1. What makes a design good? What makes a design bad?

2. What personal qualities can we exercise to make us better design-
ers?

3. Give 2 examples of bad design that are not covered in this chapter.
What makes them bad? How would you use what you’ve learned
about good design to make them better?

4. What are the ways that we will be able to recognize good design?

5. Why is good design so much harder to recognize than bad de-
sign?

6. For each of the bad design examples in this chapter, list ways that
the design can be improved. Make sure that you list a clear reason
why each improvement makes things better.
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Data Design

In this chapter we will look at designing our data. We often
concentrate on the processing part of computing/software but an
important partner to processing is data. Data and data analysis are
part of our enterprises, public and private, and our personal lives.
But what do we need to know about designing data?

9.0.1 Definitions

Let’s start with a few definition to set the scene.
Data Processing is

• a series of operations on data by a computer in order to retrieve
or transform or classify information1 1 Princeton University. Def-

inition of “data processing”.
WordNet Search 3.1, 2010. URL
http://wordnetweb.princeton.edu/

perl/webwn?s=data%20processing.
Retreived Dec 23, 2019

• the systematic performance of operations upon data, e.g., han-
dling, merging, sorting, computing2

2 California Department of Gen-
eral Services. State administrative
manual (SAM). Technical report,
State of California, 2019. URL https:

//www.dgs.ca.gov/Resources/SAM.
Section 4819.2: Statutory Provisions
and Application/General; Definitions.
Retrieved Dec 23, 2019

Data itself is information that has been translated into a form that is
more convenient to move or process. Relative to today’s computers
and transmission media, data is information converted into binary
digital form. Generally, and certainly in science, data is a gathered
body of facts, usually obtained through observation.3

3 Margaret Rouse. Guide to telling sto-
ries with data: How to share analytics
insights. TechTarget, 2019. URL https://

searchdatamanagement.techtarget.com/

definition/data. Retrieved Dec 23,
2019

Now that we have an idea of what data is within the field of
computer science/software engineering, we can drill down deeper to
increase our understanding of data.

9.1 Characteristics of Data

Data can be described in many ways:
• Type / Format
• Integer
• Character
• Floating point
• Length

http://wordnetweb.princeton.edu/perl/webwn?s=data%20processing
http://wordnetweb.princeton.edu/perl/webwn?s=data%20processing
https://www.dgs.ca.gov/Resources/SAM
https://www.dgs.ca.gov/Resources/SAM
https://searchdatamanagement.techtarget.com/definition/data
https://searchdatamanagement.techtarget.com/definition/data
https://searchdatamanagement.techtarget.com/definition/data
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– how much storage do you need for a data point?
• Precision

– e.g., how many decimal places in your number?
• Organization

– how is the data point stored?

It is important to understand the characteristics of our data to explore
the data’s strengths and limitations. If we do not explore our data
and understand what it represents, we might make assumptions and
misuse it.

Even the source of the data is important; if we do not consider
where the data is coming from we can introduce bias.

For example, we cannot assume all government data is of equal
quality. Some countries have more resources than others, which
allow them to have more in-depth data. Sometimes things can be
mistranslated. Data design is more than just determining the mean,
median and mode. It is our responsibility to explore our data, think
critically and take the time to understand our datasets.

9.1.1 Size

What is the scale of your data? How many records are you examin-
ing?

People and Populations

How many people are there in Canada? In China? In India? In the
world?
Canada : 37,058,860

China : 1,392,730,000

India : 1,352,617,330

World : 7,594,270,360

Figure 9.1: Map of Pangea with Modern
International Borders. Image courtesy
of Reddit from user uLikeWolvesDo,
licensed under CC-BY 4.0

Data obtained from the World Bank4.

4 World Bank. World development
indicators. Website, 2019. URL https:

//data.worldbank.org/indicator/

SP.POP.TOTL. Retrieved Nov 28, 2019

Transactions

Google : 34,000 searches per second (2 million per minute; 121 mil-
lion per hour; 3 billion per day; 88 billion per month, figures
rounded)

Yahoo : 3,200 searches per second (194,000 per minute; 12 million per
hour; 280 million per day; 8.4 billion per month, figures rounded)

http://eatrio.net/wp-content/uploads/2013/01/10.-pangea_politik.jpg
https://www.reddit.com/r/MapPorn/comments/1ezjos/map_of_pangea_with_current_international_borders/
https://creativecommons.org/licenses/by/4.0/
https://data.worldbank.org/indicator/SP.POP.TOTL
https://data.worldbank.org/indicator/SP.POP.TOTL
https://data.worldbank.org/indicator/SP.POP.TOTL
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Bing : 927 searches per second (56,000 per minute; 3 million per
hour; 80 million per day; 2.4 billion per month, figures rounded)

Number of Facebook Users by Age and Sex

Age Female Male
13–17 2.6% 3.2%
18–24 10% 15%
25–34 13% 19%
35–44 7.2% 9.3%
45–54 5% 5.2&
55–64 3.2% 2.8%
65+ 2.3% 2%

There are 2,449 million Facebook users worldwide as of October
2019.5 5 Facebook. Number of monthly

active facebook users worldwide
as of 3rd quarter 2019 (in mil-
lions). Statista, 2019. URL https:

//www.statista.com/statistics/

264810/number-of-monthly-active-

facebook-users-worldwide/. Retrieved
November 28, 2019

9.1.2 Latency

• Does the data change?
• How often does it change?
• Are there . . . Additions? Deletions? Modifications?

9.1.3 Age / Timeliness

• How old is the data? When was it collected and by whom?

9.1.4 Location

• Where is the data stored?
• Can the data be moved? Duplicated?
• Is the data backed up at a different site?

9.1.5 Importance / Value

• Does the data have economic value?

https://www.statista.com/statistics/264810/number-of-monthly-active-facebook-users-worldwide/
https://www.statista.com/statistics/264810/number-of-monthly-active-facebook-users-worldwide/
https://www.statista.com/statistics/264810/number-of-monthly-active-facebook-users-worldwide/
https://www.statista.com/statistics/264810/number-of-monthly-active-facebook-users-worldwide/
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• To whom is the data valuable or important?
• Are there privacy or security issues?

9.1.6 Accuracy

• How and by whom was the data collected and pre-processed?

9.1.7 Verifiable

• Can all data be tracked back to its sources?

9.1.8 Accessible

• Can you find the data that you want? Search!

9.1.9 Usefulness (Utility)

• What purposes does the data serve?
• Can the data be used for these purposes (proper informed con-

sent)

9.2 Data Design Problem Solving: Data Encoding

What does encode mean?
Encoding is the transformation of data from one format to another.
But why encode data?

• Smaller storage requirements
• Eliminate or reduce data entry errors
• Easier to check for errors
• Easier to accommodate change
• More robust
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9.2.1 Smaller Storage Requirements

We will use the example in the snapshot of Canadian Census data
relating to “Levels of Education” described here:6 6 Statistics Canada. Labour force

characteristics by educational degree,
monthly, unadjusted for seasonality.
Statistics Canada Catalogue no. 14-
10-0117-01, 2018. URL https://

www150.statcan.gc.ca/t1/tbl1/en/

tv.action?pid=1410011701. Retrieved
Dec 27, 2019

1 No degree, certificate or diploma
2 Secondary (high) school graduation certificate or equiva-

lent
3 Trades certificate or diploma
4 Other non-university certificate or diploma (College,

CEGEP or other non-university certificate or diploma)
5 University certificate or diploma below bachelor level
6 Bachelor’s degree
7 University certificate or diploma above bachelor level
8 Degree in medicine, dentistry, veterinary medicine or

optometry
9 Master’s degree
10 Earned doctorate

Let’s do the math.
We have 100,000 records in the data set.

Option I: Store the Text

If we were to store the text descriptions themselves, we can estimate
our cost based on the average (mean) length, which for the above
data is 45 characters. All of the characters are Roman letters, so this
will be 45 bytes7 7 See section 4.1.1 for a description of

UTF-8 and ASCII, which explains how
we know this is the correct size.

100,000 records at an average of 45 bytes each is 4,500,000 bytes, or
roughly 4MB (at 10242 (1024 squared) bytes per megabyte).

Option II: Store as an Integer Code

We could store as two-byte integer sequence (e.g., “01” through “10”)
and then we will require only two bytes for every record.

100,000 records can then be stored with only 200,000 bytes, or 4%
of the text-based storage.

9.2.2 Eliminate or reduce data entry errors

Consider the snapshot of Canadian Census data concerning “Levels
of Perceived Health” shown here:8 8 Statistics Canada. Catalogue

number 98-316-x2016001 2016

census profile, 2016. URL
https://www12.statcan.gc.ca/

census-recensement/2016/dp-pd/

prof/index.cfm

https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410011701
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410011701
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1410011701
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm
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1 Excellent
2 Very good
3 Good
4 Fair
5 Poor

Does “excellent” match “Excellent” or “EXCELLENT”?
Programs will have to convert to all small or all caps to do the

comparisons for even this simple looking
In addition, how many different ways can you misspell “Excel-

lent”?

9.2.3 Easier to check for errors

Let us now look at how the Canadian Census defines Marital Status:
1 Married
2 Living common law
3 Widowed
4 Separated
5 Divorced
6 Single

If we used the numeric encoding to represent Marital Status, then,
for example, we could do the following:

• if you want to find all the people who are not “married” or “living
common law” then you could check for

Martial Status > 2

It is easier to check if numbers are in the proper range than to
check for strings.

The take home message is that you should not just use an encod-
ing to save space but you can also be smart about how you select
the numeric encoding so that you can make anticipated usage and
analysis of the data easier.

9.2.4 Easier to Accommodate Change

Look st the following documentation about “Levels of Education” in
the Canadian census:

Highest Level of Education Obtained

4. Other non-university certificate or diploma (College, CEGEP
or other non-university certificate or diploma)
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Prior to 2001, the college level was referred to as ’postsecondary non-
university’. The term was changed to ’college’ to more accurately
reflect the predominant institution at this level, which also includes
non-degree-granting institutions such as community colleges, CEGEPs,
private business colleges and technical institutes.

Now, realize that if a category description is changed, the category
itself does not have to be changed if it was encoded (4 stays 4).

9.2.5 More Robust

A story can help with considering how encoding can be a more
robust way to store data if used wisely.

Consider the following situation (a true story):
The scene: a restaurant in Granada, Spain . . . after an amazing

meal, a visitor to Spain (whose Spanish language skills are limited)
decides to visit the toilet.

Imagine her concern when she locates the toilets only to be pre-
sented with the choice of two doors - one is marked S and one is
marked C. Which one is the ladies?

Her limited Spanish presents a few possibilities:

Women Men
Señoras Señores
Damas Hombres
Mujeres
? ?

What to do? . . .
What is behind door “S”?
And what does “C” stand for????
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Well the missing word is . . .

Women Men
Señoras Caballeros

When it comes to Spanish terms for men: they like to celebrate
their history! For fun: put “knights” into Google

Translate and ask for the Spanish
word. . .

Oh and by the way, the tourist in our story did select the right
door — purely by luck and necessity.

9.3 Questions - Chapter 9: Data Design

1. Define: Data and Data Processing

2. In what formats can data be described?

3. How can we measure the size or scale of your data?

4. What are data characteristics and why are they important?

5. What is data encoding? What are the advantages of data encod-
ing?



Part IV

Working Together As
Designers





10
Group (Team) Work

Group work is best done by a combination of division of labour
and common goals.

Table 10 outlines some roles that provide different ways of think-
ing about and defining the work that you will need to do.

Role Responsibility
Product Owner users

Team Leader/Project Manager team itself
Process Co-Ordinator/SCRUM Master process
Architect/Conceptual Interaction Lead design

Communication Officer/Doc Lead the future
Quality Assurance/Testability Lead getting it “right”
Archivist/Revision Control Master stability and progress

Table 10.1: Table of important roles:
everyone has both a primary and
secondary role

The roles will help you think about the work of the project from
different points of view. Each person should have at least one role
that is a primary responsibility. In addition, each role should have a
person (a “second”) for whom that role is a secondary responsibility.
This person can support up the role if the primary person is having
difficulties, and can speak for the role of the primary person is un-
available (or leaves the team!). Each role is responsible for thinking
about the project from a different viewpoint, and ensuring that the needs
and goals of that viewpoint are met. By allowing different people to fo-
cus on different roles, it helps us focus on the needs of that role, and
not get distracted by falling into each of our usual modes of thinking
about software.

10.1 Product Owner:

• represents user interests to the team
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• interacts with the team to sign off on order of deliverables, cre-
ation of goals, timelines
speaks “for the user”

10.2 Team Leader/Project Manager:

• is the same person for small teams (hierarchy for larger multi-team
work)

• manages team member interactions
• keeps the team on track, and working together toward goals set

speaks “for the team”

10.3 Process Co-Ordinator/SCRUM Master:

• keeps process on track, ensures that goals do not change during
each cycle
speaks “for the development effort”

10.4 Architect/Conceptual Interaction Lead:

• must understand entire design + design’s goals
• responsible for overall design interactions and data flow

speaks “for the code” and “for the design”

10.5 Communication Officer/Documentation Lead:

• manages the document artifacts
• ensures coordination with other teams (with revision control

master) ensures history of all documents
• responsible for ensuring clarity and quality of communication

speaks “for the future” and “for those not in the room” (other
teams and interested parties)

This person is not the “note taker” — this role is responsible for
making sure that the work of the Note Taker gets done (delegates this
work)
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10.6 Quality Assurance/Testability Lead:

• keeps design open and testable ensures that clearly identifiable
pre/post conditions are identified and managed during design

• ensures that test cases can be and are constructed
• drives Test Driven Design1 1 Scott W. Ambler. Introduction to test

driven development. Agile Data Blog,
2007. URL http://agiledata.org/

essays/tdd.html. Retrieved Dec 11,
2019

speaks “for getting it (working) right”

10.7 Archivist/Revision Control Master:

• ensures that all artifacts (code, documents, paper) are logged,
dated, and available to all parties

• makes sure that people have the correct documents
speaks “for progress”

10.8 Activities that Span All Roles

There are two major activities that are not reflected above. Participa-
tion in these two activities is critical for each and every member of
the team.

10.8.1 Writing the notes from each meeting:

Quality notes from each meeting are essential. The only way that you
are going to get notes of the quality that you need is if every member
is taking good notes and sharing them with each other.

A designated Note Taker should be identified for each meeting
(and this role should rotate among all members). They are respon-
sible for collecting and collating the notes. This role reports to the
Communication Lead, who ensures that this is happening well and
that the documents contain what they need to contain.

10.8.2 Writing the code itself:

This activity is a core part of our discipline, and all members of the
team need to be contributing in this way. This is a team development
effort, so you are expected and encouraged to code together to build
your skills. This allows both improvement of your coding skills by
incorporating good ideas from others, as well as improvement of

http://agiledata.org/essays/tdd.html
http://agiledata.org/essays/tdd.html
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communications skills by helping you think about and communicate
about programming.

Note that use of these (and other) roles vary across the program-
ming world. The exact division of labour among the roles is not the
most important idea here. The critical factor is that the work is being
divided, in order that the common task is being viewed by different
people through different lenses. This will let us build a wider view of
the way we work, the way we think, and the design itself.
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10.9 Team Work: How to make things go (well)

This section gives you some things to think about, in terms of what
to watch for, and what to strive for (hint: it is success in your project
and in your goals!).

10.9.1 Don’t wait for disaster!

It is important to get your team moving.
Strive For : regular visible progress – you should have regular

demonstrable advances in your project after each meeting.
Watch For : stagnancy – if nothing seems to be happening, then it is

likely that nothing is happening. Jump in and do something about
the situation!

It is important not to wait until the end of the semester to deal
with problems. You can’t wait until the end of the semester and then
claim you have had problems with your team. Team problems need
to be dealt with as they arise.
• There is nothing that can be done in the last few weeks of the

semester.
• If there is a problem that is serious enough to discuss with the

instructor then you need to report it as early as possible.
• You may not enjoy the company of everyone on your team, but

simply not liking someone on the team is not a real problem.

Figure 10.1: “Essential Adulting” from
the O RLY? series of book covers. The
full set of covers is available in a github

repository and is released under a CC
BY-NC 2.0 license.

Unless there is an issue that requires a discussion of the Code
of Conduct2 for our course, you will need to solve personality

2 See the CourseLink website for the
Code of Conduct, as described in the
Course Outline.

problems by figuring out how to work with the person – at least
until the end of the semester.

If there is an issue that is addressed in the code of conduct, be
sure to contact the instructor when the issue arises. We want our
community to be safe and welcoming for everyone.

Don’t Wait for the Problem to Solve Itself (Because it Won’t)

10.9.2 Integrated Goals are Key

Any worthwhile software system is designed as a whole, not cobbled
together from disparate parts.

https://github.com/thepracticaldev/orly-full-res
https://github.com/thepracticaldev/orly-full-res
https://creativecommons.org/licenses/by-nc/2.0/
https://creativecommons.org/licenses/by-nc/2.0/


collaborative design fundamentals for software engineers 108

While it may seem tempting to simply break the work into parts,
give them to team members, and then glue them together at the end,
this inevitably doesn’t turn out well. There needs to be communi-
cation and coordination throughout the process. This is why you
have a Communications Officer – they are there to make sure that the
communication is happening.
• Group work involves collaborations and communications.
• If you are not doing both of these then you are not really on a

team – you are simply doing independent projects under one title.
– This produces unacceptable results that will not work, and will

be deemed to be a failure.

Simplistic Approaches Don’t Work Well in Real Projects

10.9.3 Share the Load, Share the Learning

It is important to divide the work up so that everyone has a meaning-
ful contribution.

One person does not get to do all of the work “because the other
team members are not good enough to do it.”

There are three basic issues with holding this opinion:

1. This opinion shows an amazing degree of arrogance and even
distain for team members.

Devaluing the contributions of team members is itself a problem,
so having this opinion is directly counter to successful group
work.

If it is your opinion that you have skills and experience beyond
those of your other group members, take this as an opportunity to
learn how to understand and support others rather than devalue
and ostracize. Not everyone has had the same opportunities, but
everyone is here to learn.

2. The real key point is this – we are all here at the University to
learn. If some team members are blocking other team members’
opportunity to build new skills, this is a serious problem. This
is in fact such a serious problem that the University regards it as
Academic Misconduct3 and we will therefore need to deal with 3 University of Guelph. Undergrad-

uate Calendar, chapter VIII: Under-
graduate Degree Regulations and
Procedures, Academic Misconduct,
Offences, SubSection 3: Improper
Access and Obstruction, page 27.
Campus Registrar, 2019-2020b. URL
https://www.uoguelph.ca/registrar/

calendars/undergraduate/2019-2020/

pdffiles/calendar.pdf#page=37

this accordingly.

3. Finally, arrogance and disdain are the fundamental drivers of
design failure. We talk about this further in Chapter 8. In order to
be a successful designer, these responses need to be converted into
empathy, good communication and understanding.

https://www.uoguelph.ca/registrar/calendars/undergraduate/2019-2020/pdffiles/calendar.pdf#page=37
https://www.uoguelph.ca/registrar/calendars/undergraduate/2019-2020/pdffiles/calendar.pdf#page=37
https://www.uoguelph.ca/registrar/calendars/undergraduate/2019-2020/pdffiles/calendar.pdf#page=37
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• Group work means allowing everyone to contribute.
• It may mean doing more work because others are involved.
• It is your (collective) responsibility to find a way for every member

of the team to contribute.
• Different members will bring different skills and different view-

points – just because they are different does not mean they are of
lesser value. In fact, diversity of viewpoint is itself a key benefit.
This is exactly why we have defined our Roles: to drive diverse
views.

• Note that a differing set of skills is NOT the same thing as low
engagement!
– it is the responsibility of the team to allow and facilitate participa-

tion by each member, allowing them to showcase their skills
– it is emphatically not the responsibility of the team to carry group

members who are not contributing.

Group Works Involves the Whole Team

10.9.4 Take Individual Responsibility

You cannot say that because someone else did all of the work, you
were therefore unable to do enough to get a good evaluation.
• It is your responsibility to do enough work for the team to gain a

good evaluation. If you are not engaged enough to do this then
you are not doing your part on the team.

• You may not get to do your preferred type of work, or work
in your preferred way – but this does not mean that there was
insufficient work for each member to do something meaningful.
There is lots of work to go around in the open-ended assignments
in this course.

You Are Responsible for Your Own Involvement

10.9.5 The Whole Thing is Important

You cannot claim you did a lot of work on a single part of an as-
signment and therefore deserve a good evaluation on the whole
assignment.
• Not doing part of the assignment because:
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– you don’t like it,
– don’t value it,
– aren’t interested in it, or
– “don’t have time” to do it
means that you will get a poor evaluation on that part of the
assignment.

• It does not matter how much effort you put into other parts of the
work.

It’s the Whole Assignment, Not Just A Part

10.9.6 You are Not A Mindless Cog

You cannot say that missing work was not your responsibility simply
because you were not directly told to do it, and because you did
everything you were given then you deserve a good evaluation.
• Group work is not passive. If you are waiting around for someone

to tell you what to do then you probably shouldn’t be working co-
operatively in a group. You should find a job where your manager
tells you exactly what to do, but that is not the sort of work we do
here.

It’s Not a Passive Experience

10.9.7 You are Still Not A Mindless Cog

You cannot claim that because you did only exactly what you were
told to do, that you did enough that you deserve a good evaluation.

You cannot just enumerate events and claim you have done
enough. Actual student quote: “I went to five of the six group meet-
ings. I was involved.” Just because you are present, does not mean
that you are engaged. Would you want to work with someone

with this attitude?It is important that you are engaged in the group, and that you
actively think about and work for success.

You are not hired help – you are (part of) the heart of the organiza-
tion! If the heart is not engaged, there is not going to be much going
on.

The best team members are ones that are enthusiastic and want to
do the work required to learn the skills that the project is about.

Doing What You Are Told and Just Showing Up Are Not Enough
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10.9.8 Don’t Be Complicit

You cannot reasonably claim that if someone else on your team was
caught stealing or buying work that you were somehow completely
uninvolved. The only way that this would be possible is if there is a
huge failure of communication in your group, which is itself one of
your responsibilities.
• If there is a case of academic misconduct4 of any sort, then ev- 4 University of Guelph. Undergraduate

Calendar, chapter VIII: Undergradu-
ate Degree Regulations and Proce-
dures, Academic Misconduct, page 26.
Campus Registrar, 2019-2020a. URL
https://www.uoguelph.ca/registrar/

calendars/undergraduate/2019-2020/

pdffiles/calendar.pdf#page=36

eryone on the entire team will have to go through the academic
misconduct process.

Individual members may be cleared, but everyone will have to
experience the effects of the judicial process.5

5 It is not fun. For anyone. Including
your instructors.

If your team is involved in an aca-
demic misconduct case, you can be
certain that your instructors will be
extremely annoyed at you for the large
amount of unpleasant and tedious extra
work that you have caused.

All of your bridges will be burned,
and you will be out of friends.

Please therefore: do not do this, and
prevent any of your team mates from
doing this either. Regardless what the
advantange might seem to be, it is not
worth it.

• You are responsible for all of the work that goes into a project or
assignment. Therefore if you do think that someone else is commit-
ting academic misconduct by getting software or other materials
from another person6 you must contact the instructor IMMEDI-

6 Perhaps on another team, or some-
one not in the course, e.g., girlfriend;
boyfriend; older sibling; paid program-
mer on the Internet etc.

ATELY and let them handle the situation.
If you or your team-mates are in any way unsure whether some

activity is academic misconduct, talk to the instructors right away7

7 At this point, you have lots of friends –
we want to help you understand this.

and we will make sure to clarify any situation around this topic
with you.

Cheating Affects the Entire Team

10.9.9 You Have to Be There for Your Team

You cannot claim that the evaluation was unfair because most of
the team didn’t show up on the day of the evaluation and it was
therefore done by only a few team members, and that you were
therefore excluded.
• Evaluations are announced before the day they occur. If you don’t

show up that day then you miss your opportunity to be part of the
evaluation process.

Being Absent Is Not An Excuse

10.9.10 Evaluations are Important

Part of this course are peer evaluations. We will be doing several
during the term, and the final one will form a part of your project

https://www.uoguelph.ca/registrar/calendars/undergraduate/2019-2020/pdffiles/calendar.pdf#page=36
https://www.uoguelph.ca/registrar/calendars/undergraduate/2019-2020/pdffiles/calendar.pdf#page=36
https://www.uoguelph.ca/registrar/calendars/undergraduate/2019-2020/pdffiles/calendar.pdf#page=36
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grade. See the information on Evaluations in CourseLink for more
details.

Take the evaluations seriously. Do not give only high evaluation
ratings and zeros.
• These are not representative of the team’s work in most cases.
• The only time you would give a rating of zero is if the person did

nothing.
• The only time you should give a rating of two or more is when

someone did a huge amount of work. If this is the case then there
is a problem with the team.
Think about the evaluations that you give. You want to provide

meaningful feedback to your team members.
Remember also: the evaluations are anonymous – there is no

obligation for you to share your evaluations or for teammates to
share theirs. In fact, you are discouraged from sharing. If your team
members are demanding to know the evaluation that you gave,
please see the instructors and we can help explain the evaluation
process to them.

Recognize That What You Do Affects Others

10.9.11 Evaluations You Don’t Like Are Still Evaluations

You cannot claim that the evaluation was unfair because you don’t
like how someone has evaluated you.
• If they give you a negative evaluation then they believe that you

did not do as much work as other team members. Is it true?
Clearly they think this for a reason — what is the reason?

• One negative evaluation on a large team has little effect. If other
team members evaluate you positively then it will have less effect.

• Wildly different evaluation ratings can lead to questions from the
instructor.

• You know what the process is so you should plan for it. Successful
teams often discuss their strategy before the evaluation day, which
will help avoid all sorts of unpleasant surprises. See Chapter 16

for more advice on preparing for the evaluation at the end of the
course.

Negative Evaluations Count Even If You Don’t Like It
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10.9.12 Documentation is Key

Design documents are used to describe how the program is written.
• The reverse is not true.
• If your design document is unacceptable then you will not be

allowed to implement that system. This means you can lose marks
because your implementation will not be graded. Consider the
importance of writing a good design document.

Avoiding Documentation Has A Large Cost

10.9.13 We are Not Mindless Coders

If you don’t like designing software, writing design documents and
working in groups, and instead would just like to write code then
you should consider why you are in a software engineering major.

Design is one of the primary goals of software engineering. It is
a collaborative task, and focused almost exclusively on communicat-
ing ideas. If you don’t like these then you are in the wrong place –
Software Engineering is a collaborative, human-centred activity.

Consider Where You Are

10.9.14 Don’t Put the Dead in Deadline

Do not submit your work near the deadline so the rest of the team
has no time to read it and integrate it into the project.
• Your team should be aware of the work you are doing. It should

not be a last minute surprise when you submit the work to be
integrated into the project.

• If you do not communicate with them and do not give them
the opportunity to read and comment on your work before the
deadline then it is impossible to produce a good document.

Your Deadline Is Not The Day The Assignment Is Due
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10.9.15 It’s Important to Work Together

It is obvious when a team fails to work together. As so much of the
focus of this course is the group work itself, the result is a very low
grade.

Non-Functional Teams Are Obvious

10.10 Strategies for Success

After all those “scarecrow” comments, let’s focus on some good
strategies:
• List who did what on the design and implementation. Provide per-

centages. This will help you track how contributions are working
across your milestones

• Be honest about others but most especially about YOURSELF. The
evaluations are an opportunity for reflection and self-evaluation
and this is far more important than “ratting out” other team
members. You are going to have to work with yourself for the
rest of your career, so you should take this time to watch how you
work, and learn as much as you can about your own abilities and
aptitudes.

• Be engaged with your team and if there are problems go IMME-
DIATELY to the instructor and explain the situation. The teaching
staff cannot fix what they know nothing about.

• Be PROACTIVE and not just reactive! Most definitely don’t be
passive – very little learning goes on if you are not engaged.

• Give explanations, not excuses! Focus on what happened, how you
managed the situation, and what your results are.

There are only two things in life that you can control: what you do and
what you say. Be proactive.

10.11 Questions - Chapter 10: Group (Team) Work

1. What are the main roles and responsibilities in group work?
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2. Make a plan; What are your known strengths and weaknesses
as a team member? How will you ensure that you are an active,
respectful member of the group? How will you avoid the major
pitfalls of group work? How will you deal with “difficult” group
members?





11
Agile Software Development

In this chapter we will look at that most modern of software
development methodologies: Agile.

We will look at the principles of agile software development and
how it developed. Then we will continue our look at agile by reflect-
ing on project management in general and agile project management
in particular.

11.1 Software Development Methodologies

A software development methodology is a set of rules, practices, and
processes that are used to create a software system.

11.1.1 Software Development Lifecycles Examples

Waterfall

Emphasis on planning, scheduling, tight control over every stage
using extensive documentation and formal reviews.

Requirements

Design

Implementation

Testing

Maintainence

Figure 11.1: Waterfall Methodology
Diagram, in which each stage leads
linearly to the next, with no chance of
return. Image drawn by the authors.

Spiral

Each cycle consists of the identification of stakeholders, their win
conditions, review and commitment.1 1 Barry W. Boehm, Chris Abts, A. Wind-

sor Brown, Sunita Chulani, Bradford K.
Clark, Ellis Horowitz, Ray Madachy,
Donald J. Reifer, and Bert Steece. Soft-
ware Cost Estimation With COCOMO II,
volume 1. Prentice Hall, 2000. ISBN
978-0-13702-576-3

Agile Methodologies

Agile methodologies attempt to compromise between little or no
process and an emphasis on process (heavyweight software develop-
ment).

• Agile methods are adaptive rather than predictive.

• Agile methods are people-oriented rather than process-oriented.
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11.2 Agile Manifesto

A February 2001 meeting in Snowbird, Utah to discuss lightweight
software development resulted in the Manifesto for Agile Software
Development.2. 2 Kent Beck, Mike Beedle, Arie van

Bennekum, Alistair Cockburn, Ward
Cunningham, Martin Fowler, James
Grenning, Jim Highsmith, Andrew
Hunt, Ron Jeffries, Jon Kern, Brian
Marick, Robert C. Martin, Steve
Mellor, Ken Schwaber, Jeff Suther-
land, and Dave Thomas. The agile
manifesto. Website, 2001. URL
https://agilemanifesto.org/. Re-
trieved Nov 22, 2019

11.2.1 Principles of the Manifesto

• Individuals and interactions over processes and tools
• Working software over comprehensive documentation
• Customer collaboration over contract negotiation
• Responding to change over following a plan
• Customer satisfaction by rapid delivery of useful software
• Welcome changing requirements, even late in development
• Working software is delivered frequently (weeks rather than

months)
• Working software is the principal measure of progress
• Sustainable development, able to maintain a constant pace
• Close, daily co-operation between business people and developers
• Face-to-face conversation is the best form of communication (co-

location)
• Projects are built around motivated individuals, who should be

trusted
• Continuous attention to technical excellence and good design
• Simplicity
• Self-organizing teams
• Regular adaptation to changing circumstances

Figure 11.2.13 shows the agile principles. The main idea shown in 3 Victor Hernandez. Keep it simple.
we’re still learning agile development!
CollabNet VersionOne, 2013. URL https:

//resources.collab.net/blogs/keep-

it-simple-we-re-still-learning-

agile-development. Retrieved Nov 22,
2019

this poster is the repeated, short-duration iterations of the fundamen-
tal principles of agile values to create working software:
• strategy,
• regular releases,
• iteration itself,
• daily check-ins, and
• continuous (smooth) development.

11.3 Extreme Programming

One of the first agile methodologies, Extreme Programming (also
called “XP”) is a software development process that is organized
around small releases and constant monitoring of the project’s status.

Extreme Programming emphasizes
• Pair programming
• Test first

https://agilemanifesto.org/
https://resources.collab.net/blogs/keep-it-simple-we-re-still-learning-agile-development
https://resources.collab.net/blogs/keep-it-simple-we-re-still-learning-agile-development
https://resources.collab.net/blogs/keep-it-simple-we-re-still-learning-agile-development
https://resources.collab.net/blogs/keep-it-simple-we-re-still-learning-agile-development
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Figure 11.2: A poster that captures the
guiding principles of agile development
as a “Sketch.” Poster by VersionOne,
Inc. CC-BY-SA-3.0.

• Refactoring

11.4 Scrum

The major agile methodology currently is “Scrum.”

11.4.1 What is Scrum?

Scrum is a methodology for developing software - it is a framework
for creating effective team collaboration on complex projects.

Scrum leverages human traits to allow people to work together on
software development.

Scrum provides structure to deal with the complex of the task of

https://www.creativecommons.org/licenses/by-sa/3.0
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software product development.
Scrum is defined in terms of specific roles (people), specific activi-

ties, and identifiable artifacts (things)

11.4.2 Scrum And The People: Primary Scrum Roles

Scrum has a set of roles to manage the Scrum process. These roles
are a subset of the roles we have defined:

Product Owners (POs) determine what needs to be built in the next
sprint

Development Teams build the required software (determined by Prod-
uct Owners) and then demonstrate what they have built to the
Product Owners

Scrum Masters manage the Scrum process and work towards contin-
ual improvement of the process

11.4.3 Scrum and its Activities

There are four different activities identified in Scrum:

Sprints short cycles of focused development work

Daily Standup Meetings which happen at the start of every day, and
let everyone know how things are going within the sprint

Constant review is an ongoing activity to attempt to make the process
better by paying attention to how well things are going

Flexibility and Adaptation is identified as an ongoing activity, as any
real-world project will have changes to its defining factors as we
go

11.4.4 Scrum and its Artifacts

To keep track of what is going on, there are several artifacts specific
to the Scrum process:

The Product Backlog (or Feature Backlog) is the full “to do” list of all of
the features and components required to complete the project. Af-
ter each sprint we revisit the backlog to make sure that everything
makes sense and that nothing was forgotten, and then the sprint
backlog is chosen from this.

The Sprint Backlog is the “to do” list for the next (or current) sprint.
Its items are chosen from the Product Backlog (more on this in a
moment).
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Scrum Board is a centrally viewable area with all of the information
about the entire Scrum collected together and made visible for all
parties.

11.4.5 Backlogs

The Feature/Product Backlog is an ordered list of product features
and serves as the requirements of the product.

It is the responsibility of the Product Owner.
It is dynamic and responsive to changes in the Product Owner’s

situation and needs.
Each Sprint also has a subset of the Backlog that represent the

features that are to be developed during the Sprint. This is called the
Sprint Backlog

If any of the features on the Sprint Backlog are not accomplished
and/or accepted by the Product Owner, then they are put back on
the Product Backlog to be redistributed to another Sprint.

11.5 The Sprint

A sprint is a focused period of time for a focused period of work. The This also implies that it must be short
enough that no planning needs to go on
during the sprint.

primary advantage of Scrum is that it is understood that no planning
or reconsideration takes place during the sprint, so it is free from
distractions.

• It is a chosen and pre-defined unit of time in which a product
increment is created.

• The time duration is usually one month or less4 and should be of 4 In industry! We are going to compress
several of these into a term for our own
learning purposes.

consistent duration over the development effort.

• A development project is simply a series of back-to-back sprints.
The final sprint produces the last polished version of the product.

The sprint itself has five components:

1. sprint planning — here we identify:

• deliverables to be completed this sprint

• work plan that will produce the deliverables

2. daily Scrums, a.k.a. daily standup meetings (see next section)

3. development work – the actual creation of the software

4. sprint review – focused on the development results from this
cycle.

• It is an informal meeting held at the end of the Sprint.
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• Its purpose is to to inspect and evaluate the work and adapt
the planning for what needs to be done next (Product Backlog)
concerning the work that was to be accomplished if needed.

• Its outcomes are tasks to clarify items in the Product Backlog so
that a sensible selection can be done for the next sprint

5. sprint retrospective – focused on the Scrum process itself. As
stated in “The Scrum Guide”:5 5 Jeff Sutherland and Ken Schwaber.

The scrum guide™, 2013. URL
https://www.scrumguides.org/docs/

scrumguide/v1/Scrum-Guide-US.pdf.
Retrieved Dec 27, 2019

Inspect how the last Sprint went with regards to people, relation-
ships, process, and tools;

Identify and order the major items that went well and potential
improvements; and,

Create a plan for implementing improvements to the way the
Scrum Team does its work.

The following illustration shows the organization of the Scrum
process.

Figure 11.3: Scrum process centred
around a single sprint. Figure courtesy
of the authors.

11.5.1 Daily Scrums

The Daily Scrum or Stand-up Meeting is a short stand-up meeting
where the development team creates their plan for the day’s activities.

https://www.scrumguides.org/docs/scrumguide/v1/Scrum-Guide-US.pdf
https://www.scrumguides.org/docs/scrumguide/v1/Scrum-Guide-US.pdf
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Each team member explains three things:

1. What they accomplished yesterday

2. What they are planning to do today

3. Whether they need any help or see any problems with
accomplishing their daily goal

Figure 11.4: The essence of Scrum: the
Daily Stand-Up Meeting

Why do it this way?

Why stand-up?
• To keep the meeting short

Why every day?
• To keep work on track and expose any problems

Why everyone?
• Because a team is as strong as its weakest member, and
• teams help each other and need to trust each other, so
• daily communications can help with this.

11.5.2 Using the Backlogs

In Figure 11.5.2, the set of features A through H are shown on the left
hand side. This is the overall “to-do” list of items required for the
completion of the project. This is a relatively small project, as it only
has eight items in the backlog.

In the first sprint6 features A, C, D, E and F are chosen for the 6 “Sprint 1” at the top of the second-
from-the-left column.Sprint Backlog. Work is done during the sprint, culminating in the

set of completed features consisting of A, D, E and F.7 7 Note that feature C has not been
completed, as the fixed time of the
sprint ran out.

At this point the product is validated with the Product Owner,
and preferably, the user/client. After this interaction, it is agreed
that features A, D, and E are complete. Features C and F were not
completed in this cycle, and therefore remain as to-do items on the
overall Product Backlog.

Sprint 2 begins, and the team has chosen features B, C, F, G and H.
As this is a small project, these are the only remaining items in the
backlog. After the sprint, feature H is known to be incomplete, so it
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Figure 11.5: Scrum backlogs: creating
a Sprint Backlog from the Product
Backlog repeatedly until the project is
complete

is not included in the prototype validated with the Product Owner.
Again, one feature (the troublesome feature C) is not accepted. Any
number of features may be included in a backlog, and any number
may not make it through validation. Ideally all or almost all of the
features selected for a sprint backlog should be completed in that
sprint – if this is not happening, either the features are too big (break
them into smaller tasks) or the team has unrealistic estimates of what
can be done in a sprint.

In this case, sprint 3 addresses the two outstanding features C and
H, which are identified as being completed in development, and are
accepted by the Product Owner. At this point, the project is complete.
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11.5.3 Keeping Track – Using a Scrum Board

• During a sprint it is important to know what the objectives are in
terms of tasks to be completed.

• A visual representation of this, called the Scrum Task Board, can
help the team keep track of what it is doing.8 8 staff writer. Scrum task boards.

Technical report, Mountain Goat
Software, 2016. URL https://

www.mountaingoatsoftware.com/agile/

scrum/scrum-tools/task-boards.
Retrieved Dec 23, 2019

• Before or during the Daily StandUp Meeting, the Scrum Board is
updated.

Figure 11.5.3 shows a general mockup of a task board:

Figure 11.6: Mocked Scrum Task
Board. Image origin mountaingoatsoft-
ware.com CC BY-SA

The task board is organized into columns, in a generally left-to-
right fashion, where tasks and features will progress across the board
to the “done” column.

This Scrum board has as its left-most column items describing
the user story. Descriptive items like this likely do not move, and
are simply provided to ensure that the context of other items are
understood. In this case, a description of each user story is provided
that gives context to all of the items in that row.

This general layout can be adapted for use online or in bulletin
boards, depending on the workflow of your project. Figure 11.5.3
shows a common real-world implementation, where Post-It™ notes
are used to track the items.

In this course, we will use the tool Trello to manage our Scrum https://www.trello.com

boards, so that they can easily be shared by all team members, and
also be seen by the instructors. A Trello board has been set up for
your team.

11.5.4 Scrum Task Board Components

The Scrum Task Board has the following components:

Story – the user story i.e.; requirements

https://www.mountaingoatsoftware.com/agile/scrum/scrum-tools/task-boards
https://www.mountaingoatsoftware.com/agile/scrum/scrum-tools/task-boards
https://www.mountaingoatsoftware.com/agile/scrum/scrum-tools/task-boards
https://www.mountaingoatsoftware.com/agile/scrum/scrum-tools/task-boards
https://www.mountaingoatsoftware.com/agile/scrum/scrum-tools/task-boards
https://creativecommons.org/licenses/by-sa/4.0/
https://www.trello.com
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Figure 11.7: A real Scrum Task Board,
using Post-It™ notes. Image origin
mountaingoatsoftware.com CC BY-SA

To-Do – task cards that represents tasks that are not done are placed
here.

Work in Process – tasks cards are moved here when someone chooses
to work on the task.

Product Backlog – Tasks for future sprints that are not done yet.

To Verify – cards do not just contain coding tasks, they also contain
testing tasks. This column contains testing that is not necessarily
in the testing cards. e.g., “Fix bug in Code X.”

Ready for Testing – instead of testing cards

Done – Tasks that have been finished.

Other items on the Scrum Board:

Team Pictures and other info about team members

Team Calendar to help to manage holidays and other activities

Burndown Charts to track progress against the Product Backlog

11.5.5 Burndown Charts

Burndown Charts show work remaining over time

• Y axis: work remaining

https://www.mountaingoatsoftware.com/agile/scrum/scrum-tools/task-boards
https://creativecommons.org/licenses/by-sa/4.0/
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• X axis: time

Figure 11.5.5 shows a burndown chart:

Figure 11.8: A sample Burndown Chart.
Image origin Wikimedia Commons CC0

1.0 Universal (public domain)
In this figure, the line “remaining tasks” is a simple list of the

remaining features. As there is likely a difference in the cost (due to
difficulty of implementation) of these features, a “remaining effort”
line attempts to translate these into a more realistic time estimate.

If this was completely successful, the “remaining effort” would be
close to the linear “ideal burndown” however difficulty in estimation
and unforeseen issues always make this an impossible match.

Notice that when the “remaining effort” line dips below the “ideal
burndown” line, this is due to overestimation — which is usually
preferable to underestimation, unless greatly out of tune with reality.
Everyone, including your client, will be very happy with a schedule
that rolls in slightly ahead of time. “Padding” an estimate to ensure
this risks losing the client at the outset, however.

The orange bars at the bottom are simply identified completed
sets of tasks (these will be associated with sprints). A large bar
indicates the completion of the task. The gap prior to the large bars
likely means that the team was working hard on these features for
several sprints, and then was able to deliver the final product. These
tasks should be identified with demonstrable program behaviours,
so frequently these “silent burndown periods” are associated with

https://commons.wikimedia.org/wiki/File:SampleBurndownChart.png
https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/publicdomain/zero/1.0/
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working on features that are requirements of features invisible to the
user.

11.6 Test First

Test First means that tests are developed before coding, so that the
code will always be testable. It is much easier to design testability
in from the very start, rather than changing already written code to
make it testable.

This principle concentrates on unit testing since this is the first
element that a developer encounters.

Well designed unit tests help systems design overall since they
help motivate an environment dedicated to quality for the customer.

11.7 Refactoring

Refactoring is “a change made to the internal structure of software
to make it easier to understand and cheaper to modify without
changing its observable behaviour”9 9 http://refactoring.com/

Refactoring improves nonfunctional attributes of the software,
such as quality, fragility, understandability, etc..

11.7.1 Refactoring Examples

Some examples of refactoring tasks:

Observed Issue : code seems to have been cut-and-pasted

Refactoring Solution : Create a module (subroutine, procedure,
method) from code that appears in multiple places.

• Why? Modularization makes the code more readable and easier
to modify.

Observed Issue : names in code are difficult to understand, and don’t
clearly describe the purpose

Refactoring Solution : Rename subroutines, procedures, methods,
variables

• Why? Name does not reveal its purpose

• Caveat: make sure that external entities (especially those by If there are other collaborating teams or
other entities, get your Communication
Officer involved in the discussion
before you invest time doing this.

other developers) do not rely on these names before proceeding

http://refactoring.com/
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Observed Issue : variables and subroutines exist that are not refer-
enced anywhere

Refactoring Solution : Remove variable (parameter, subroutine) that is
no longer used by the subroutine, method, procedure, etc.

• Why? Unused items add pointless clutter

Observed Issue : your input/output is all over the place in the code

Refactoring Solution : Create modules to handle I/O

• Why? Interaction can change (e.g., text-based to GUI) and you
will need to identify and change all the interactions. Also I/O
is often the first place that hackers attack - need to protect this
part of the code.

11.7.2 Refactor Mercilessly

“Refactor mercilessly to keep the design simple as you go and to avoid
needless clutter and complexity. Keep your code clean and concise so
it is easier to understand, modify, and extend. Make sure everything is
expressed once and only once. In the end it takes less time to produce
a system that is well groomed.” — Don Wells10 10 Don Wells. Refactor mercilessly. Ex-

treme Programming Blog, 1997,1999. URL
http://www.extremeprogramming.org/

rules/refactor.html. Retrieved Dec 27,
2019

11.8 Scrum: The Important Ideas

To use Scrum successfully, focus on:

sprint goals — handle distractions at the end of the sprint That is entirely what the sprint is for
– to give you time during which you
don’t need to respond to distractions so
that you can just get some work done.

working deliverable for each sprint — you should have a demonstrable
prototype that you can show to your clients/users

code quality — review and refactor if necessary

dividing the work — build your skills and confidence

• pair programming helps transfer knowledge and skills

• use roles and checklists to ensure that nothing important is
being forgotten

11.9 Questions - Chapter 11

1. Compare and contrast the three software development lifecycle
examples covered in this chapter.

http://www.extremeprogramming.org/rules/refactor.html
http://www.extremeprogramming.org/rules/refactor.html
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2. What is "XP"?

3. Why is Scrum an effective methodology for software development
teams?

4. What are the primary Scrum roles?

5. Define the following in the context of Scrum: Sprints, Daily
Standup Meeting, Constant Review, Flexibility and Adaptation,
Product Backlog, Spring Backlog, Scrum Board, Daily Scrum, Test
First, Refactoring.



12
Problem Solving

12.1 Problem Solving is a Four Step Process

Problem solving is a four step process, according to Ken
Watanabe:1 : 1 Ken Watanabe. Problem Solving 101.

Penguin Books, 2009
1. Understand the problem/current situation.
2. Identify the cause(s) of the problem.
3. Develop an effective and efficient action plan.
4. Execute the plan, analyze its effectiveness and modify it until

the problem is solved.

12.1.1 Understand the problem/current situation

Communication, Reflection, Research, and Testing and Experimentation
Has anyone else run into this problem before? Ask for advice

when applicable but do not expect others do your work for you!
Have you ever run into this type of problem before? Did you write

down what the problem was and how you solved it?
Look up information before formulating a plan – use Google, the

university library, reference books, or other books on topic. Go to
forums, post questions, email experts if appropriate — the answer
may be out there!

Do you know enough about the problem? More testing never
hurts — refer to appropriate documents like specifications, design
docs, etc.

12.1.2 Identify the cause(s) of the problem

Start with the root cause and describe to yourself (best if you write it
down if it is a big or particularly difficult problem) what the charac-
teristics of the problem are.

Place the problem in a category and make sure that you have
enough research on the topic.
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Are there other issues/problems that should be looked at as well?
Prioritize them!

12.1.3 Develop an effective and efficient action plan

Test first! Develop a testing plan first!
How will you know if your plan has worked? In a word (actually

two words) — Regression Testing! What is regression testing? It is
testing where the plan is to rerun all previous testing of the system
particularly including, but not limited to, those tests that showed the
problem in the first place.

You should also refer to the specifications — is the system still
working as expected?

12.1.4 Execute the plan, analyze its effectiveness and modify it until the
problem is solved

Do one thing at a time!
Solve problems in order — root cause first and then go down your

list of priorities. Before moving on to the next step in your plan, test
to make sure that the issue is resolved.

Keep copies! Use revision control or some other system so that
you can rollback any changes or actions that did not have the desired
effect.

Develop a work plan and stick to it. You can modify your plan
when you have results but be methodical so that you do not miss
something important.

Use checklists — professionals do! People who are experts at
their jobs realize that mistakes can be made and memories cannot
be trusted. People who are serious about not committing (poten-
tially disastrous) mistakes do this all the time, such as pilots 2 and 2 staff writer. One thing at a time: a brief

history of the checklist. Flight Safety
Australia, Nov 12 2018. URL https:

//www.flightsafetyaustralia.com/

2018/11/one-thing-at-a-time-a-

brief-history-of-the-checklist/.
Retreived Nov 22, 2019

emergency room personnel 3.

3 Mark L. Graber, Asta V Sorensen, Jon
Biswas, Varsha Modi, Andrew Wackett,
Scott Johnson, Nancy Lenfestey, Meyer
Ashley N. D., and Hardeep Singh.
Developing checklists to prevent
diagnostic error in emergency room
settings. Diagnosis, 1(3):223–231, 2014.
ISSN 2194-802X. doi: 10.1515/dx-2014-
0019

12.2 Checklists

12.2.1 What is a Checklist?

A checklist is a list of items you check when performing a task 4.

4 staff writer. One thing at a time: a brief
history of the checklist. Flight Safety
Australia, Nov 12 2018. URL https:

//www.flightsafetyaustralia.com/

2018/11/one-thing-at-a-time-a-

brief-history-of-the-checklist/.
Retreived Nov 22, 2019

Checklists help by recognizing routine procedures and itemizing
ways to achieve desired outcomes.

12.2.2 What is on a Checklist?

• Very important things
• Things that have been forgotten in the past

https://www.flightsafetyaustralia.com/2018/11/one-thing-at-a-time-a-brief-history-of-the-checklist/
https://www.flightsafetyaustralia.com/2018/11/one-thing-at-a-time-a-brief-history-of-the-checklist/
https://www.flightsafetyaustralia.com/2018/11/one-thing-at-a-time-a-brief-history-of-the-checklist/
https://www.flightsafetyaustralia.com/2018/11/one-thing-at-a-time-a-brief-history-of-the-checklist/
https://www.flightsafetyaustralia.com/2018/11/one-thing-at-a-time-a-brief-history-of-the-checklist/
https://www.flightsafetyaustralia.com/2018/11/one-thing-at-a-time-a-brief-history-of-the-checklist/
https://www.flightsafetyaustralia.com/2018/11/one-thing-at-a-time-a-brief-history-of-the-checklist/
https://www.flightsafetyaustralia.com/2018/11/one-thing-at-a-time-a-brief-history-of-the-checklist/
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• Things that are not obvious and thus can easily be ignored or
forgotten

12.2.3 Benefits of Checklists

Standardization

A typical pilot’s checklist

Checklists can be used by multiple people and can embody “orga-
nizational” knowledge and experience.

Prevent cognitive overload Checklists allow you to concentrate on your
main task and not on remembering knowledge and experiences.
This relieves some anxiety when you are working under pressure.

Continuous improvement You can keep adding to the checklist to
make it better and to accommodate new experiences and knowl-
edge.

Collective learning “Borrow” from the best — read checklists by other
designers and learn from them.
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12.3 What is Debugging?

http://www.phdcomics.com/
comics/archive/phd011406s.gif

Debugging has two parts:
• Identifying the cause of a software or system error.
• Identifying the best way to correct the problem.

But more importantly, debugging is NOT:
• A natural part of the development cycle
• A software quality activity

12.3.1 Studying Debugging

There are two major categories of bugs5: 5 John D. Gould. Some psychological
evidence on how people debug com-
puter programs. International Journal of
Man-Machine Studies, 7:151–182, 1975

Syntactic bugs errors that do not make it past the compiler.
While they can sometimes be challenging, there are many tools
(including the compiler itself) that help you find the error.

Semantic bugs errors that are not detectable by the compiler but
prevent the program from performing as intended.
These can be extremely difficult to find since they require a great
deal of knowledge about the requirements of the program, the
nature of the execution environment and an almost holistic under-
standing of how the code was designed and constructed.

12.3.2 How to Debug Software using the Debugging Cycle

Debugging Skills

There are two major skills necessary for successful debugging:
The ability to read code Writing code is always taught to programmers,

but the skill of reading code is rarely taught. Just because you can
write code does not mean that you can read code well - especially
code written by others.

Problem solving Debugging is like solving a puzzle or studying
natural phenomena using the scientific method.
Studying problem solving techniques and making observations
about how you yourself debug is essential in developing your skill.

12.3.3 Code Complete’s Devil’s Guide

McConnel’s Code Complete6 is an excellent book — buy it, read it, 6 Steve McConnell. Code Complete.
Microsoft Press, second edition, 2004.
ISBN 978-0735619678. URL https:

//stevemcconnell.com/books/

read it again! Please refer to this text for insights into code pro-
duction and debugging. Much of the material presented here are
inspired or taken directly from this book — no software designer
should leave home without it!

http://www.phdcomics.com/comics/archive/phd011406s.gif
http://www.phdcomics.com/comics/archive/phd011406s.gif
https://stevemcconnell.com/books/
https://stevemcconnell.com/books/
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Devil’s Debugging Guide

A “devil’s guide” is a list of advice not to follow, but that we observe
people doing in real life anyway. Do these things if you want to cause
yourself lots of stress and have a terrible time:
• Find the error by guessing.
• Debug by superstition.
• Don’t waste time trying to understand the problem.
• Fix the error with the most obvious fix.
• Believe that a debugging tool will solve all your problems.
• Restrict yourself just to the code.
• Do not take advice from others.
• Never write other code to test out theories or to explore issues.
• Once you find one error — congratulate yourself, take a break and

declare the debugging task finished.
• Don’t tell anyone about the bug or the fix. It’s a secret!

12.3.4 Good Debugging Strategies

• keep track of what you are doing, and what you have done
• move through your hypotheses on what the error is one at a time
• start with the most common errors first (you will learn your own

common mistakes as you go)
• look at the problem from a fresh perspective (bottom up? top

down?) if nothing is working

12.3.5 Errors To Look For

• common errors:
– loop counting (fencepost, off-by-one)
– logic mixups (‘>’ versus ‘<’ versus ‘>=’)
– mistaken variable name (‘i’ versus ‘j’)

• data type and reference errors:
– int versus float, truncation errors
– mistaken identity: wrong index, wrong data, wrong function
– mistaken arguments: wrong order, wrong value
– overwriting a value (especially in a loop)
– input/output mixups, file overwrites
– reading the wrong file — or the wrong directory!

12.3.6 Debugging To Do List

Know Thyself
• Take notes! “Future You” will thank you for it. Become friends

with your most valuable collaborator. Don’t make Future You
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wish they weren’t stuck working with Past You!
Practice, practice, practice • You can never do enough code reading

and reviewing.
Why? Experienced programmers find errors much more quickly
than inexperienced programmers.

12.3.7 Debugging Hints

• Check parts of the code that have had errors before.
• Check code that has been recently changed.
• Talk to people about the problem — confessional debugging. Your

group members are perfect for this.
• Do not focus on just one area of the code.
• Develop a checklist of common bugs and use it when debugging.

12.4 Questions - Chapter 12

1. According to Ken Watanabe, what are the four steps of problem
solving?

2. Make a "problem solving plan". Outline different types of prob-
lems you have had, how you solved them and what you would do
differently.

3. What are the two main categories of bugs?

4. What is a checklist and why are they important in the context of
problem solving?



13
Project Management

An unmanaged project seldom succeeds, but what exactly is
“project management"?

13.1 Project Management Basics

This chapter will talk about project management basics and Agile
project management principles.1 1 Scott Ambler. Agile project planning

tips. Technical report, Ambysoft: Scott
Ambler and Associates, 2005. URL
http://www.ambysoft.com/essays/

agileProjectPlanning.html. Retrieved
Dec 23, 2019

• Applies to all types of development: agile, waterfall, spiral, itera-
tive, etc.

• Develop and constantly revise a software development plan — the
plan is a living document — revise it as conditions change.

– Include risks and contingency plans2 2 A contingency plan is a well-thought
out strategy for what to do if a partic-
ular risk comes into play. It should be
detailed enough that determining how
to do critical decision making doesn’t
happen during the emergency — the
whole point is to work out how to do
panicked decision making at the time
when there is no panic. Then, when the
emergency does come, you will already
will know what to do.

13.1.1 Make sure that everyone can contribute to the project

• Find out what each team member does best and allow them to
contribute to the best of their abilities

– Remember that everyone is different, and there will inevitably
be bias in your assessment of both their skill and what is valuable

• Allow people to grow and learn as they work on the project.

– especially in an employment setting, no one will stay with a
team where they are not allowed to develop — a sure way to
lose staff is to stifle them, and unengaged staff will not care
that they are jeopardizing your deadline when the leave for
somewhere that lets them shine

http://www.ambysoft.com/essays/agileProjectPlanning.html
http://www.ambysoft.com/essays/agileProjectPlanning.html
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13.1.2 Learn how to have productive meetings

• Have an agenda – if people don’t know why they are meeting,
then you are wasting their time.

• Have an objective — and make sure that the meeting reaches it.

• Do not try to do too much at a meeting — limit the time and the
objectives. People tire in long meetings, and they then become a
pointless waste of everyone’s time.

• Limit the social aspects — stick to work and socialize afterwards.
Schedule social activity time separate from meeting time.

13.1.3 Learn how to make decisions

• Prioritize — not all decisions are important.

• Evaluate — sometimes it is better to pick a solution or direction
than to argue about which solution is best

– egoless development / coin toss decision making.

13.1.4 Make Lists

• What is still left to do?

• What issues need to be resolved? - experimentation, research,
discussion.

• Make sure that the lists get done!

13.1.5 Manage Transitions Within Your Process

• The time between finishing an iteration or phase and beginning
the next one is very important.

• Reviews and testing are the primary mechanisms for determining
if an iteration has been successful.

13.1.6 Manage Team Morale

• Important for everyone to feel that they are contributing and that
they are valued.

• Team spirit is difficult to manufacture — it has to be genuine and
is a result of respect.
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13.1.7 Real Management Starts When Things Go Wrong

• Time pressure, failures, and personnel changes can force plans to
change — this is fine as long as it does not lead to standards being
dropped, e.g., deciding to reduce testing to make a deadline.

13.1.8 Gold Plating Is A Sign Of Management Failure

• “Gold plating” is the addition of features to a product even though
these features are not part of the requirements.

• This shows a lack of discipline, lack of respect for the client and a
lack of confidence in the teams’ abilities.

13.2 Agile Project Management Principles

13.2.1 Scheduling

• You can accurately plan in detail only for nearby tasks.

• The people doing the work must be actively involved in schedul-
ing.

• People should choose their work, they shouldn’t be assigned it

• Organize the project into short iterations.

– Remember that the only measure of progress is working soft-
ware — have working software after each short iteration.

– User involvement is easier with working software.

• Schedule the development of requirements (user stories, features,
use cases) into the iterations.

• Schedule tasks involving external groups.

• Remember to include training.

• Remember to include reviews and testing.

• Choose an approach which reflects your environment.

13.2.2 Iterations

• Shorter is better.

• Start with an uncomfortable length.

• Ignore the calendar (use Wednesday to Tuesday not Monday to
Friday).
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• Produce something useful.

• Have as many iterations as you need — readjust as necessary.

• But, you can still have a firm delivery date — prioritize and always
iterate around working software.

13.3 Questions - Chapter 13:

1. What is a software development plan? Who should add and
modify this document? When should it be changed?

2. What is the difference between a software development plan and a
list?

3. Describe the importance of team meetings? Why is it important
they are productive? How do you make a team meeting produc-
tive?

4. Why is team morale important? If an individual has low morale
and is "bringing down the team", how would you approach the
situation as a team leader.

5. What are the Agile management principles?



14
Data Design Case Study

In this chapter we will examine a set of data (the most recent Cana-
dian Census, from 2016)1, and examine some code that we can write 1 Statistics Canada. Catalogue

number 98-316-x2016001 2016

census profile, 2016. URL
https://www12.statcan.gc.ca/

census-recensement/2016/dp-pd/

prof/index.cfm

to estimate population statistics.
There are no review questions for this chapter. You should work

through and understand each step in the case study, checking your
understanding as you work through.

14.1 Sample Data: Age, Sex and Income

Table 14.2 shows Canadian population data, broken down by year
and by age group.2 This is part of the large collection of publicly 2 Statistics Canada. Table 17-10-0005-

01 population estimates on july 1st,
by age and sex, 2019. URL https:

//www150.statcan.gc.ca/t1/tbl1/en/

tv.action?pid=1710000501

available data at the Statistics Canada website.

https://www.statcan.gc.ca/eng

All of this data is available for download in .csv format, and
therefore is easy for us to use in our perl programs.

14.2 Generate Names

Let us say that we have been given the problem of generating a fake
population for a typical Canadian city. i.e.; people with names, birthdays,

education, etc.To solve this problem, we will need to write a name generator,
but we need to know the proportions of the names that we want
to generate. Our first question should probably be “is the entire
population a 50/50 split between women and men?”

If we go to the linked website, we can get the data in various
forms. Table 14.2 shows the 2019 data from Table 14.2 broken down
by sex and into three age groups.

Age Group Females Males Both
0-14 years 2,941,435 49% 3,072,854 51% 6,014,289

15-64 years 12,406,989 50% 12,575,373 50% 24,982,362

65+ years 3,562,753 54% 3,029,858 46% 6,592,611

Table 14.1: 2019 Population Data by
Age Group and Sex

https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1710000501
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1710000501
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1710000501
https://www.statcan.gc.ca/eng/start
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As we can see in this table, the proportion of the population
changes as people age. Life expectancy for women is longer

than men in general, which leads to
there being more women than men
in the elderly population. The change
from youth to adulthood is, sadly,
largely due to accidents.

Canada – both sexes – age as of last birthday in years
Age group 2015 2016 2017 2018 2019

Persons
All ages 35,702,908 36,109,487 36,543,321 37,057,765 37,589,262

0 to 4 years 1,928,878 1,942,791 1,941,518 1,941,813 1,943,175

5 to 9 years 1,969,492 2,003,223 2,021,395 2,032,463 2,039,352

10 to 14 years 1,895,463 1,919,810 1,948,508 1,991,776 2,031,762

15 to 19 years 2,092,961 2,083,843 2,090,618 2,106,443 2,114,635

20 to 24 years 2,395,623 2,387,191 2,401,492 2,436,616 2,476,698

25 to 29 years 2,429,557 2,466,106 2,513,571 2,574,356 2,625,474

30 to 34 years 2,460,501 2,488,660 2,515,083 2,552,543 2,603,938

35 to 39 years 2,371,229 2,410,025 2,455,893 2,516,539 2,580,021

40 to 44 years 2,349,922 2,342,178 2,353,646 2,380,960 2,421,009

45 to 49 years 2,445,816 2,431,118 2,417,948 2,406,648 2,396,406

50 to 54 years 2,783,350 2,734,564 2,664,650 2,579,089 2,502,667

55 to 59 years 2,614,668 2,665,850 2,696,178 2,726,799 2,749,626

60 to 64 years 2,243,211 2,313,160 2,387,575 2,456,319 2,511,888

65 to 69 years 1,903,004 1,969,181 1,995,780 2,035,621 2,096,607

70 to 74 years 1,357,712 1,423,187 1,533,181 1,625,081 1,706,760

75 to 79 years 983,024 1,014,301 1,057,533 1,109,520 1,164,277

80 to 84 years 735,007 742,579 751,132 765,344 786,704

85 to 89 years 467,165 480,677 493,634 503,414 510,828

90 to 94 years 214,926 223,290 229,995 236,991 242,554

95 to 99 years 53,488 59,110 64,816 69,535 74,086

100 years and over 7,911 8,643 9,175 9,895 10,795

Years
Median age 40.7 40.7 40.8 40.8 40.8

Table 14.2: 2016 Census Data on Age

14.3 Data Design Problem: Date Representation

If we want to generate representative data with birthdays, we need to
think about how we want to store the date of birth.

There are lots of options:
yyyy.mm.dd March 2, 2000

yy/mm/dd 2 March 2001

dd-mm-yyyyy 2 Mar 1999

yyyy-mm-dd 2 Avril, 2000

mm/dd/yy 12 Listada 2011

mm/dd/yyyy 12 de noviembre 2010
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If we want to be able to tell how far apart two people are in age,
another simple encoding is to record the date as the number of days
from the beginning of the year (we call this the “Julian Day”).3

3 After Julius Cæsar, in whose honour
the 12 month calendar we use was
created, by his adopted son Augustus.
This is why we have two months
installed in the summer called “July”
and “August” (Julius’s month and
Augustus’ month), and why the months
after that have names that imply that
they should come two months earlier:
septem = 7, octō = 8, novem = 9, decem
= 10.

Leap Years

This generates us a problem with leap years, however! How can we
detect if a year is a leap year?

my $dd = $ARGV[0];

my $mm = $ARGV[1];

my $year = $ARGV[2];

my $leap = 0;

my $jd = 0;

my @table00 = (1, 32, 60, 91, 121, 152, 182, 213, 244, 274, 305, 335);

my @table01 = (1, 32, 61, 92, 122, 153, 183, 214, 245, 275, 306, 336);

if ( $year % 4 == 0 ) {

$leap = 1;

if ( $year % 100 == 0 ) {

if ( $year % 400 != 0 ) {

$leap = 0;

}

}

}

my $mmIndex = $mm - 1;

if ( $leap == 0 ) {

$jd = $table00[$mmIndex] + $dd - 1;

} else {

$jd = $table01[$mmIndex] + $dd - 1;

} print $jd."\n";

This program uses the value of the year to determine if we are in a
leap year, which occurs every four years, unless the year is divisible
by 100, but is a leap year if divisible by 400. So the year 2000 was a leap year, even

though it is divisible by 100, and 2020 is
a leap year by the simple rule of being
divisible by 4 (but not 100 or 400).

Running some tests shows us that this program works as intended:

$ perl jday.pl 28 2 2020

$ 59

$ perl jday.pl 29 2 2020

$ 60

$ perl jday.pl 1 3 2020

$ 61

$ perl jday.pl 1 3 2021

$ 60

$ perl jday.pl 30 2 2020

$ 61
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We can see here that March 1 is correctly determined to be the 61st
day of 2020, but the 60th day of 2021 (which is not a leap year).

Program Extensions

We also see that the program also reports that the nonsensical 30th
day of February of 2020 will be the 61st day of the year.

What other errors should we be checking for in this program?
Can you write a program to do the reverse computation? One that

would take the Julian day of the year and output the month and day?
What other parameters would you need for this?

Advantages of Julian Day Encoding

If you have encoded 2 dates in Julian Day format what can you do
with these two numbers?

• Easily check which date is first

• Rapidly calculate the number of days between the dates

There is an idea closely related to “Julian Day” called “Julian Date”
What is this and what can it do?

14.4 Data Design Problem: Generate a Distribution

Age ♀ ♂
0-14 7.83% 8.17%

15-64 33.01% 33.45%
65+ 9.48% 8.06%

Table 14.3: Percentage distribution of
females and males in the 2019 Canadian
population

Let’s say that we need to generate random numbers that mimic a
given distribution, for example, the distribution of sex by age.

Table 14.4 shows the percentage of the 2019 population in each of
our six groups.

Figure 14.1: A European roulette wheel,
showing the major regions as well
as the coloured squares. The major
regions include the two “Orphelins”,
as well as the “Tiers du Cylindre” and
the “Voisins du Zero.” Image source
Wikimedia Commons, CC BY-SA 3.0

If we imagine a pie made of these six slices, such that together
they make up 100% of the pie, then we can imagine it rather like the
various sections on a roulette wheel.

We simply take each percentage for each sex and each age group,
and give them a part of the pie, as in Figure 14.2:

7.83%

8.17%
33.01%

33.45%
9.48%

8.06%

Dividing up the Pie

Figure 14.2: A pie chart showing our
fractions. Image drawn by the authors

https://commons.wikimedia.org/wiki/File:European_roulette_wheel.svg
https://creativecommons.org/licenses/by-sa/3.0/deed.en
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We cannot choose random numbers by actually spinning a wheel,
but we can do so by choosing numbers within a number line. We
can therefore convert our “pie” to a line by simply tallying up each
portion towards a total, as shown in Figure 14.4.

100.00%

90.52%
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0% 16.00%

49.45%8.17%

82.46%

Figure 14.3: A bounded number line
made of segments with the same
proportional sizes as those in our pie.
Image drawn by the authors

14.5 Perl Program To Model Distributions

A program to calculate these distributions is shown here:

Here, j is a random number between 0

and 100.

my $number = $ARGV[0];

my @dist = ( 7.83, 8.17, 33.01, 33.45, 9.48, 8.06 );

my @group = ( 0, 0, 0, 0, 0, 0 );

my $range = 100;

for ( my $i=0; $i < $number; $i++ ) {

my $j = rand($range);

if ( $j <= $dist[0] ) {

$group[0]++;

} elsif ( $j > $dist[0] && $j <= $dist[1] ) {

$group[1]++;

} elsif ( $j > $dist[1] && $j <= $dist[2] ) {

$group[2]++;

} elsif ( $j > $dist[2] && $j <= $dist[3] ) {

$group[3]++;

} elsif ( $j > $dist[3] && $j <= $dist[4] ) {

$group[4]++;

} else {

$group[5]++;

}

}

In this program, the variable @dist contains the numbers defining
the distribution. The variable @group is the set of buckets that will
hold the assignments we make into each distribution range.

Not shown in this listing is the printing of the allocations, which
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takes up a good bit of space and distracts from our task in hand. The
full listing is provided in Figure 19.12 in Appendix 19.12 on page 196.

Here is the output from several runs of the program with increas-
ing numbers of assignments:

$ perl dist.pl 1

F 0-14|M 0-14|F 15-65|M 15-65|F 65+ |M 65+ |Total

0: 0: 0: 0: 0: 1: 1

0.00: 0.00: 0.00: 0.00: 0.00: 100.00: 100.00

7.83: 8.17: 33.01: 33.45: 9.48: 8.06

$ perl dist.pl 10

F 0-14|M 0-14|F 15-65|M 15-65|F 65+ |M 65+ |Total

2: 0: 1: 0: 0: 7: 10

20.00: 0.00: 10.00: 0.00: 0.00: 70.00: 100.00

7.83: 8.17: 33.01: 33.45: 9.48: 8.06

$ perl dist.pl 100

F 0-14|M 0-14|F 15-65|M 15-65|F 65+ |M 65+ |Total

5: 0: 26: 1: 0: 68: 100

5.00: 0.00: 26.00: 1.00: 0.00: 68.00: 100.00

7.83: 8.17: 33.01: 33.45: 9.48: 8.06

$ perl dist.pl 1000

F 0-14|M 0-14|F 15-65|M 15-65|F 65+ |M 65+ |Total

81: 3: 241: 7: 0: 668: 1000

8.10: 0.30: 24.10: 0.70: 0.00: 66.80: 100.00

7.83: 8.17: 33.01: 33.45: 9.48: 8.06

$ perl dist.pl 10000

F 0-14|M 0-14|F 15-65|M 15-65|F 65+ |M 65+ |Total

766: 26: 2526: 45: 0: 6637: 10000

7.66: 0.26: 25.26: 0.45: 0.00: 66.37: 100.00

7.83: 8.17: 33.01: 33.45: 9.48: 8.06

$ perl dist.pl 100000000

F 0-14|M 0-14|F 15-65|M 15-65|F 65+ |M 65+ |Total

7827044: 340477: 24839400: 438459: 0: 66554620: 100000000

7.83: 0.34: 24.84: 0.44: 0.00: 66.55: 100.00

7.83: 8.17: 33.01: 33.45: 9.48: 8.06

In the first run, we can see that when only one allocation is made,
it of course has to go into one bin, in this case males age 65 or
greater.4 4 Which is not the biggest bin, and

shows that random change doesn’t
always follow the big percentages.

The next runs, of 10, 100, 1000, and 10,000 get closer to our in-
tended distribution, and the final run of 100,000,000

5 gets very close
5 One hundred million assignments –
far larger than the actual number of
people in Canada!

indeed, but still not exact.



Part V

Higher Level Thinking





15
Regular Expressions

Regular expressions are a powerful tool for text processing.
They allow for the description and parsing of text. A regular expres-
sion allows you to describe a pattern that you want to look for in
text.

With additional support, tools employing regular expressions can
modify text and data.

Understanding the structure of a communication is called parsing,
where we consider a structure (like for instance a sentence) to be
made out of “tokens” and follow some rules before it can be said to
have some meaning. The rules that allow us to put together these
sentencesis called the syntax. You are likely familiar with “syntax
errors” from C and perl programming – these refer to situations
where the compiler or interpreter came to a “token” that it didn’t
expect or understand, which meant that (at least to the interpreter)
the “rules of syntax” were not being followed.

A common example of a syntax error is a missing “;” (semicolon)
at the end of a line in perl (or in C); the interpreter is surprised by
the appearance of the next line or code before the previous line
finishes, so it signals this by saying that it sees a “syntax error.”

One of the basic steps in parsing is therefore recognizing the
“tokens” to put together into the “syntax.” A common use of regular
expressions is to find these “tokens” – for instance variables or
constants in a programming language.

Please note that there are no questions for this chapter. You are
responsible for understanding and working through each example
that is included in this chapter.

Next we explore some examples of tasks that you would solve by
involving regular expressions
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15.1 Example Problems

15.1.1 Problem 1

• You have tons of files and you want to confirm that in each file the
word SetSize appears exactly as often as ResetSize.

• Also disregard lower and upper case.

This is similar to the problem of checking that your code has as many
closing braces “}” as it has opening braces “{”.

15.1.2 Problem 2

• Check any number of files and report any occurrence of double
words, e.g., “the the”

• Should be case insensitive, i.e.; “the The”

If you were checking HTML code then you would have to disregard
HTML tags, e.g., the <B> the </b>

15.2 Unix tools: egrep

egrep ’ˆ(From|Search): ’ email-file

egrep stands for "Extended Global Regular Expressions Print".
Given a regular expression and files to search, egrep attempts to The term “regex” is jargon for “reg-

ular expression” – sometimes called
“regexp” also.

match the regex to each line of each file.
• egrep breaks the input file into separate text lines.
• There is no understanding of high-level concepts, such as words.

15.3 A First Example

The following use of egrep will match the three letters b o t wherever
they are.

egrep ’bot’ file
While at the seashore, we

we saw a robot cleaning

up bottles from the beach.

Table 15.1: Example file thefile.txt

If a file named thefile.txt contains the lines shown in Table 15.1
then

egrep ’bot’ thefile.txt

will produce the result:

we saw a robot cleaning

up bottles from the beach.
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because the sequence of letters bot occurs both at the end of “robot”
and the beginning of “bottle” even though the word “bot” never
appears in this sentence.

So how do we talk about more interesting structure, such as the
beginnings of words, beginning and end of a line, etc.?

15.4 The Language of Regex

A metacharacter has a special meaning in some circumstances within The set of metacharacters used in regu-
lar expressions is called the “magic.”regular expressions.

A subexpression is a part of a larger expression and is usually
within parentheses or are the alternatives of a | (“or”) clause.

15.4.1 Metacharacters

Single metachararacters

The characters shown in Figure 15.4.1 are used to describe important
positions, or single characters.

Character Description
ˆ (carat, or “hat”)

matches the position at the start of the line
$ (dollar sign)

matches the position at the end of the line
. (dot, or period, or “point”)

matches any single character

Table 15.2: Regexp anchors and single
chararacter wildcard

We use the term “anchor” to indicate a
location matching metacharacter, such
as “beginning of line” and “end of
line.”A “.” matches any single character as a “wild card” however any

character that is not a metacharacter matches itself as a non-wild
card.

As we saw above“b”, “o”, and “t” are all literally matched, so
“bot” could match “bot” as in “bottle.” The pattern “b.t” will match
“bot” as well as “bit”, “bet”, “bat” and “but” and even nonsensical
patterns like “b8t” and “b@t” as “.” matches “any single character,”
not “any letter.”
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Combining metachararacters — these are used to combine single
characters (metacharacter or normal characters) up into groups, as
shows in Table 15.4.1.

Character Description
[· · · ] (character class, “boxes,” “set of”)

matches any character listed between the brackets
[ˆ ] (negated character class)

matches any character not listed between the brackets
(the caret must be the first character after the opening
bracket “[”)

[A-Z] (range of characters class)
matches any character within the range (here any upper
case character). The ranges refer to the ordering based
on the ASCII

| (or, bar, “alternate”)
matches either expression that it separates

( ) (parentheses)
used to designate scope

Table 15.3: Regexp metacharacters
for combining characters into more
complex patterns

The ASCII characters described in Table 15.4.1 only contain un-
accented Roman characters, but modern regular expressions will
support all of Unicode. We discuss this further in Section 4.1.1 in
Chapter 9.

The concept of “scope” is mentioned a lot in computing (and in
Table 15.4.1) but what does it mean? Scope refers to the portions of
a larger document where a given definition or usage applies. We
therefore talk about the scope of variables within a program (those
lines where a particular variable can be used and assumed to hold a
known value) and here we talk about the scope of a sub-expression –
the portions of the larger expression that a given pattern is used.
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We can also control how many times a given character or sequence
of characters can be repeated.

Repetition using metachararacters — these are used to describe
repeating patterns of other characters, as indicated in Table 15.4.1.

Character Min Max Name
? 0 1 (optional)

matches zero or one occurrences of the expression defined
immediately before (to the left) the question mark

* 0 ∞ (any number)
matches any number (may be zero and an unbounded
(infinite) maximum number of occurrences of the ex-
pression defined immediately before the asterisk. This
implies that the expression is optional, but also could
repeat many times.

+ 1 ∞ (any number)
the expression defined immediately before the plus sign
is required but may repeat any number of times

Table 15.4: Regexp metacharacters for
specifying how many times repetition is
allowed

The combination of “.” meaning “any single character match” and
“*” meaning “zero or more times the previous thing” means that for
a true “match anything” wildcard, we use the “.*” match pattern.1 1 Note that this is very different from

wildcards in filenames, where “*” by
itself commonly means the same thing
that “.*” means in regular expressions.

15.5 Some Metacharacter Examples

15.5.1 Example: Using Character Classes (Sets)

While on vacation we saw

a fat duck on the beach,

which went ’Quack, quack’!

The beach was in Iraq and so the

duck must have been Iraqi.

Table 15.5: Example file
negationExample.txt

If we run the regular expression “[Qq][ˆu]” against the text file
negationExample.txt shown to the right, what output will we get?

The output will be:

The beach was in Iraq and so the

duck must have been Iraqi.
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15.5.2 Example: Tricky Metacharacters

Let’s say that we have a file moreQexamples.txt with the contents
shown to the right.

Quack

Iraq

Quantas

Quack

Table 15.6: Example file
moreQexample.txt

If we run the following command, what will it produce?

egrep ’[Qq][ˆu]’ moreQexample.txt

It will produce

Quantas

What if we run this command?

egrep ’[Qq]([ˆu]|$)’ moreQexample.txt

It will produce

Iraq

Quantas

Why?

15.5.3 Example: Matching Dates

Let us say that we have been asked to match specific dates in files,
and they can come in three formats:

• 12/31/19

• 12-31-19

• 12.31.19

Attempt #1

Let’s use:

12.31.19

The dots are metacharacters, so they will match all of our cases:
any “/” or “-” or “.” characters.

This strange happening was on the following

date: 12/31/19.

This date could also be written as 12-31-19

or 12.31.19 but who’s counting!

My id number is 212 31019 234.

Table 15.7: Example file
dateTestFile.txt

So what happens if we run

egrep ’12.31.19’ dateTestFile.txt

on the data in Table 15.7?

We get:
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date: 12/31/19.

This date could also be written as 12-31-19

or 12.31.19 but who’s counting!

My id number is 212 31019 234.

Why did we get the line that isn’t a date?

Attempt #2

Okay, let’s try this:3 3 The “.” here inside the box parenthe-
ses is not a metacharacter — we have
escaped its special meaning by putting
into a set.

Also, the “-” here is also not special –
if it was not the first or last character, it
would signify a range, but at either end,
it simply means “minus sign.” If we
wrote “[.-/]” we would get “the range
of characters from “.” to “/” inclusive,
which since these characters in the
ASCII/Unicode seqence are at positions
46 and 47, would somewhat confusingly
be the set of characters “[./]” alone!

12[./-]31[./-]19

This works much better, because:

• we have restricted the set of allowable matches to only the charac-
ters that we want; and

• we have used the class (or set) to specify that any single one of
these characters is allowed at the indicated locations: no more, no
less.

15.5.4 Example: Alternation cases

Let’s say that we want to look through a document for all cases of
“grey” or “gray”.

Possible regular expressions are:
1. gr[ea]y

2. grey|gray

3. gr(e|a)y

The difference between class (“[· · · ]”) and alternation is that class
concerns only single characters while alternatives can be regular
expressions on their own.

What would the following do?

egrep ’(From|Subject|Date):’ email-file.txt

Would there be a difference if the parentheses were omitted? What
would this difference be?

15.5.5 Example: Matching Optional Text

As noted in Table 15.4.1 on page 153, the metacharacter ? appears
after an optional character.

so “colou?r” matches both color and colour.
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15.6 Problem: matching text dates

Let’s say that we are asked to match any variation on the date July 1,
such as:
• Jul 1st
• July first
• Jul first
• etc.

We can use this pattern:

July? first|1(st)?

Let’s think about this a little bit:
• The first ? makes the y in July optional, but the Jul is not part of

the single-item match that the scope of ? uses
• the parentheses are required to group together the character st

into a single entity so that the second ? makes the pair of them
optional

• the | operator makes either the first or 1(st)? portions required.
Are there other ways that we could express this? I really hope that you are saying “of

course!”

15.7 Problem: matching text dates

Let’s say that we want to match all types of “heading” tag in HTML.
The open tag for a header of level 1 is “<H1>”, for level 2 “<H2>” etc.
There are levels of header between 1 and 6.

We could try using this pattern:

<H[1-6]>

and this will match all of the open tags provided that we have no spaces,
however spaces are allowed anywhere in HTML except within a
name, which means that spaces may occurr after the < and before the
>.

We can add accommodation of optional spaces using

< *H[1-6] *>

where there is a space before each of the * characters. It isn’t very
easy to see that there is a space there, so frequently authors will use
the class notation to make the space more visible, even though there
is only one character in the class, like this:
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<[ ]*H[1-6][ ]*>

In either of the above two examples, the * character indicates
that we have zero or more occurrences of a space character allowed,
which lets us represent any of these:

<H1>

< H1>

<H1 >

< H1 >

15.8 Problem: reading regular expressions

What does

< *HR +SIZE *= *14 *>

match?

How about

< *HR +SIZE *= *[0-9]+ *>

and

< *HR( +SIZE *= *[0-9]+)? *>

15.9 Problem: Matching currency amounts

Match all dollar amounts in text including optional cents.

How about this?

\$[0-9]+(\.[0-9][0-9])?

This will match dollars and cents, such as $1.49, but will this
match $.49?
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No, it won’t, because the portion in front of the decimal place is
specified with a “+”.

Will the following work?

\$[0-9]*(\.[0-9][0-9])?

Nope!

The problem here is that both halves of the numeric parts pattern
are optional, so it will match “$1.49’, and “$.49”, and even “$1.49”
. . . but it is too permissive, and it will even match “$” by itself.

A common problem in regular expressions is to accidentally
match null patterns — i.e.; nothing at all. This is a particularly bad
thing to match, as there is an occurrence of “” in between every two
characters in every line of text — so this will match everything, all
the time.

Clearly not what we want.

So what is a working alternative?

\$[0-9]+(\.[0-9][0-9])?|\$\.[0-9][0-9]

The key here is to treat the missing right hand side (decimal point
piece) as optionally in a separate expression than the left hand side.
By using an alternative operator, we can specify separate cases.

$10.49

$0.49

$.49

$10

$.

$

$abc

Table 15.8: Example file money.txt

Try it out! Put the text in Table 15.8 in a file called money.txt and
try each of the following commands to verify what it does:

egrep ’\$[0-9]+(\.[0-9][0-9])?’ money.txt

egrep ’\$[0-9]*(\.[0-9][0-9])?’ money.txt

egrep ’\$[0-9]+(\.[0-9][0-9])?|\$\.[0-9][0-9]’ money.txt
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15.10 Common patterns

Table 15.10 shows patterns that arise for common situations.

[+-]?[0-9]+ a signed integer, e.g., “+100”

[+-]?[0-9]*[.][0-9]+

a floating point number, e.g., “2.5”

[+-]?[0-9]*[.]?[0-9]+[eE][+-]?[0-9]+

a number in scientific notation

[A-Za-z_][A-Za-z_0-9]*
an identifier (variable or function name) as com-
monly found in perl, C, Python, ruby, etc.

Table 15.9: Regular Expressions for
Commonly Encountered Items

The pattern for numbers in scientific notation here will match
numbers such as 1.9e06 and +.125e-12 but not 6e12.

How could you adapt this pattern to handle this additional case?
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15.11 Regular Expressions in Perl

Can we use regular expressions in perl? Of course we can!
We will provide the basics here, but there are many good tutorials

on the web as well.2 2 staff author. PERL regular expres-
sions. Technical report, Tutorials
Point India Limited, 2019. URL
https://www.tutorialspoint.com/

perl/perl_regular_expression.htm.
Retrieved Dec 23, 2019

Most modern programming languages have support for regular
expressions, however some are clumsier than others. Perl has a very
simple integration of regular expressions.

Let’s say that we have the perl program fragment shown here in
Table 15.11 (the line numbers are not part of the perl program).

01 print "Enter a string: ";

02 chomp ( my $line = <> );

03 print "Enter the search string: ";

04 chomp ( my $searchStr = <> );

05

06 if ($line =∼ m/$searchStr/ ) {

07 print "Found ".$searchStr." in the str ".$line."\n";

08 print "Enter the replace string: ";

09 chomp ( my $replaceStr = <> );

10 $line =∼ s/$searchStr/$replaceStr/;

11 print "The string is now: “.$line."\n";

12 } else {

13 print $searchStr." not found\n";

14 }

Table 15.10: Perl example
regexLesson1.pl

Let’s run the program and try it out:

$ perl regexLesson1.pl

Enter a string: hello world!

Enter the search string: world

Found world in the str hello world!

Enter the replace string: Guelph

The string is now: hello Guelph!

To look for a pattern (i.e.; find a match) in a string, we use the
regular expression operator =∼ and the directive m:

$line = “hello world!”

$line =∼ m/world/

What happens if the match fails?:

$ perl regexLesson1.pl

Enter a string: hello world!

Enter the search string: aa

https://www.tutorialspoint.com/perl/perl_regular_expression.htm
https://www.tutorialspoint.com/perl/perl_regular_expression.htm
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aa not found

Let’s look at an example that does case insensitive search.

01 print "Enter a string: ";

02 chomp ( my $line = <> );

03 print "Enter the search string: ";

04 chomp ( my $searchStr = <> );

05 print "Do you want this to be case insensitive? [yes or no]: ";

06 chomp ( my $answer = <> );

07 if ( $answer eq "yes" ) {

08 if ($line =∼ m/$searchStr/i ) { # note4

09 print "Found ".$searchStr." in the string ".$line."\n";

10 print "Enter the replace string: ";

11 chomp ( my $replaceStr = <> );

12 $line = s/$searchStr/$replaceStr/i; # note5

13 print "The string is now: “.$line."\n";

14 } else {

15 print $searchStr." not found\n”;

16 }

17 } else {

18 if ($line =∼ m/$searchStr/ ) {

19 print "Found ".$searchStr." in the string ".$line."\n";

20 print "Enter the replace string: ";

21 chomp ( my $replaceStr = <> );

22 $line = s/$searchStr/$replaceStr/;

23 print "The string is now: ".$line."\n";

24 } else {

25 print $searchStr." not found\n";

26 }

27 }

Table 15.11: Perl example
regexLesson2.pl

Take a look through the code in Table 15.11. This extends our
previous example, and includes two uses of the letter i at the end of
the regular expression usages.4,5

4 An “i” at the end of the match string
makes the search for the match case
insensitive.

5 An “i” at the end of the replace string
makes the search for the replacement
case insensitive, but the replaced string
is included exactly as it is specified.

Let’s run the program and try it out:

$ perl regexLesson2.pl

Enter a string: this is a hello World test!

Enter the search string: world

Do you want this to be case insensitive? [yes or no]: yes

Found world in the str this is a hello World test!

Enter the replace string: Guelph

The string is now: this is a hello Guelph test!
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Let’s build a simple search-and-replace utility.

01 print "Enter file name: ";

01 chomp ( my $fname = <> );

01 open my $linesFH, ’<’, $fname or die "Unable to open file: $fname";

01 print "Enter the search string: ";

01 chomp ( my $searchStr = <> );

01 print "Enter the replace string: ";

01 chomp ( my $replaceStr = <> );

01 my $line;

01 while ( chomp ( $line = <$linesFH> ) ) {

01 if ( $line =∼ m/$searchStr/ ) {

01 $line =∼ s/$searchStr/$replaceStr/;

01 }

01 print $line."\n";

01 }

Table 15.12: Perl example
searchAndReplace.pl

Here is an example run of the program in Table 15.11, using the
testSearchReplace.txt file shown to the right.

The date today is 19/11/2019 and

that is a Monday in December. I would

really like the date to be 9/03/2020 as

then we will see some great software demos!

Table 15.13: Example file
testSearchReplace.txt

$ perl searchAndReplace.pl

Enter file name: testSearchAndReplace.txt

Enter the search string: [0-9]?[0-9]/[0-9]?[0-9]/[0-9][0-9][0-9][0-9]

Enter the replace string: [Enter Date]

The date today is [Enter Date] and

that is a Monday in December. I would

really like the date to be [Enter Date] as

then we will see some great software demos!



16
How to Do a Product Demo

A successful software demo only happens when there has been
planning, preparation and practice.

We need to think about these factors when organizing a software
demo.

Preparation : what to do before the demo

Personnel : this answers those pesky who questions

Functionality :

• what should be highlighted in the demo

• how should functionality be approached in the demo

Design and Testing :

• There are other aspects of software production that should be
demonstrated — functionality is only the beginning!

– what exactly these aspects are depends on your audience –
and it is up to you to know your audience!

• How can you demonstrate the quality of your software?

• Choose your demo data files carefully – what will they show?

What is Missing? :

• Honesty is often rewarded — both in the context of grading, and
in professional relationships

Terrifying Test Drive : Once you have prepared and practiced repeat-
edly, you may be ready to hand over control to the client

• Letting the client drive drive shows confidence and complete
control of the process and knowledge of the system.

• Not for the faint of heart, and certainly not for the ill-prepared!
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16.1 Preparation

There are a number of things that you need to do to prepare.

16.1.1 Planning

• Your demo should not be an ad hoc affair — everything should be
planned.

• Write down:

– the order of events,

– all data that is to be typed in, and

– points that should be covered at each stage of the demo.

• Do not trust your memory! It will fail you, and it will make you look
unprofessional

– it is perfectly okay to use notes or to have something on the
screen (like a demo website or set of slides) to keep the demo
on course.

16.1.2 Time Management

• Time management: how much time do you have?

• For our demonstrations, you should expect your demo to fit into a
ten (10) minute window. This will allow some time for additional
questions.

• After 15 minutes, we will need to move to the next group. Be sure
that you allow time for questions!

– Time management is absolutely critical!

– If you don’t respect your client’s time, then you don’t respect
your client, and they won’t respect you.

– practicing to ensure that you know that you are managing your
time is very simple – it just requires enough “dry runs” that you
can walk through your demo smoothly

– not doing this and running over time shows poor planning at
best, and you can only blame yourself if your client takes this as
a sign of incompetence.
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16.1.3 Choose Your Data

• Populate all data files with decent test data (user names such as 1

and A are not acceptable for a demo) that illustrates your system
and maintains a professional tone. Realistic data is the best. Know
all the values that you have input — there should be no surprises at
the demo.

16.1.4 Rehearse

• Have demo rehearsals so that you know how long each part of the
demo is taking so that you do not run overtime.

– you should rehearse enough that you are certain that everyone
knows their parts, and everything will go smoothly

– rehearsing only until the first “smooth” trial is not likely to be
enough

* remember that you will be nervous during the demo!

* you can manage this by making sure that you are confident
in your group’s smooth and confident delivery, and confi-
dence comes with practice.

– appoint a Director who will manage the pacing and time

* this is done in theatre for a reason!

• You should plan to complete your portion of the demo to leave
sufficient time so that the reviewer(s) can take some time for
questions and maybe test drive your system.

• Always plan time for questions from the client or stakeholder or
potential client.

16.1.5 Choose Your Environment

• Carefully choose the machines that you will be using for the demo.

• How many machines do you need, which ones, and how will they
be arranged?

– Remember that the target demonstration environment is the set
of machines in the lab (Thorn 2420).

– Demonstrating on other machines (such as your own laptops)
doesn’t show your client that you got things working on the
target environment!

• Check to make sure all directories, scripts, executable files, source
code, and data files are in their proper places and are accessible.
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• If you want to rearrange anything in the demo space then plan
this, time how long it takes to make the changes, and be at there in
time to effect those changes before your demo time.

16.1.6 Props

• Do you need props for the demo?

• Things such as clipboards, books, websites on display, laptops, etc.
can greatly enhance your presentation

• Make sure that you practice with them and have them present for
the demo.

• Warning: a little comic relief can be a good thing for a demo, but
don’t get silly or lose control of the goals and objectives of the
demo!

16.2 Personnel

Make sure that everyone is present at the demo. Arrange for the
demo team to meet at least 30 minutes before the scheduled demo
time so that you can make sure all preparations are done and all
members are present.

Dress and act professionally and appropriately.

16.2.1 Rehearsal, Take Two!

• Plan all demo activities down to the last detail.

– Everyone should know when it is their turn to speak or demon-
strate the system

– when team members are not speaking they should have a place
to stand that will not interfere with the people actively involved
in this part of the demo, i.e.; the presenter and the reviewers!

• If everyone knows when they are speaking then there should be
no need to interrupt each other.

– If everything has been scripted and is written down then no one
should forget an important point.

– If a team member feels that something should be added that
was not scripted or was scripted and missed then they should
do so in a polite manner when everyone else has finished
speaking.
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– The team may wish to agree on a way for a member to politely
indicate that they wish to add something so that the flow of the
presentation is not rudely interrupted.

• It may seem like this is a lot of focus on rehearsal, but rehearsal
(both as a group and individually) is your single most effective
tool to make the demo go well.

• It is always immediately apparent when people have not practiced,
and practicing is the simplest way to move from looking like
“amateur hour” into truly polished professional work

16.2.2 Introductions and Personal Interaction

• At some point in the demo, each team member should introduce
themselves, briefly describe their major contributions to the project,
and briefly explain project methodology, (e.g., did you use pair
programming?) if this is appropriate for the audience.

• Last but not least, make the reviewer comfortable — put them in a
good mood and do not do anything to annoy or discomfort them.

16.3 Functionality

16.3.1 Realism

• Highlight all functionality in the system by demonstrating it with
reasonable and realistic inputs and requests.

• Review requirement and specification documents to see what was
promised.

• Make sure that you show all aspects of a feature/function such as
initialization, normal use, extreme use (if appropriate and doable)
and possible error conditions.

– How can you show all aspects of a feature/function if you only
have limited time?

– You will have to choose which features are important and focus
your demo on them! You won’t have time to fully showcase all
features/functions!

16.3.2 Visibility of Features

• Organize the presentation of the functions in a way that will be
easy for the reviewer(s) to evaluate - if a feature is not seen during
the demo then it does not exist!
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• One good way to demonstrate functionality is (again) to present
scenarios that mimic real usage situations.

• Explain the context of the situation and then show how a “real”
user (explain who this user is and what expertise they have) would
approach the problem using your system.

• Remember that you can always give the reviewer an outline of
your demo and all the features that they will be seeing at the start
of your demo.

• In fact, the best approach would be to give them a little “playbill”
that explains what they will be seeing and when.

16.4 What’s Missing (Academic Demo)

• Be honest - what didn’t get done?

– You have some freedoms in an academic environment to discuss
with your reviewers what worked and did not work in your
process, and receive feedback and constructive advice for next
time.

– Use this freedom to get the most out of the demo as a learning
experience – by bringing the “gaps” to light, we can talk about
them.

• Are some functions there but not fully tested?

• Do you have features that are fragile and could break if something
like bad input came its way?

• If there are missing features, why did this occur and what could
you have done to avoid this result or what will you do to compen-
sate for this issue?

16.5 What’s Missing (Professional Demo)

One of the strongest features of the Agile development methodology
is that you will demonstrate the software to your client several times.
This allows you to have a meaningful conversation about what is
present/absent in a given milestone without anyone expecting early
milestones to resemble the complete finished product.

(If this is not the case, then you have a major communication
problem with your client, as they don’t understand your process.
Your Product Owner (and potentially Communications Officer)
should be meeting with the client to manage expectations and ensure
that the proces is clear.)
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You can then phrase your demo in the contents of the product
backlog

• Be clear about which backlog items are being showcased in this
demo, and which are completed (your “playbill” can help summa-
rize the status of each backlog item)

• Do you have features that are fragile because they are “roughed in”
for this demo?

• Does the state of the product backlog seem surprising to the
client in any way? As a follow-up, the Product Owner should be
reviewing all of these questions with the client:

– are there any items that the client is expecting that are not in the
backlog?

– do each of the completed items from the backlog match the
client’s expectation?

– does the client understand what is coming next? How does this
match with their priorities?

16.6 The Most Terrifying Test Drive

Now for the unscripted part!
Be prepared to answer questions about any and all aspects of the

system. These questions might be proposed to the team in general
and so any member can answer or they can be directed at a specific
team member.

Learn your system.

• The reviewer’s inner child may be present and pressing any and
all keys, buttons, menu items, etc. and so if there is something that
will break your system and you know this, it is much better if you
confess before disaster strikes.

• A reviewer will likely never check with the documentation before
using a feature. A good designer can never blame the reviewer for
causing the system to fail.

16.7 TL;DR – The Documentation

It is important to have good documentation for your system, in part
to capture your understanding of the system. While we can never
expect users to have read the documentation (and a stable and well
designed system should be at least minimally usable without it),
good documentation is invaluable.
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16.7.1 The User Manual

At minimum, this should include:

• How to use the system

• Use this document to structure your demo and to help with the
Test Drive phase

• Only needs to be a page or two and should be handed in at the
start of the demo

16.7.2 The Testing Document

• During the demo, refer to the testing of each part of the system

16.7.3 The Data Design Document

This needs to describe:

• Data Management

• Data Analysis

• Data Visualization

Describe how the data, questions and outputs are generated and
organized and how it impacted the design.

16.7.4 Questions - Chapter 16:

1. What are the main steps in a software demo?

2. How will you manage your time in a demo? How does rehearsing
and preparing help with this?

3. What is the difference between a demo in an academic setting and
a demo in a professional setting?

4. Something goes unexpectedly in a test drive of your product. How
will you manage surprises in this realm of software engineering?

5. What should be included in the user manual or documentation?



17
Software Testing Fundamentals

. . . testing can demonstrate the presence of bugs, but not their absence.
— Edsger Dijkstra

Testing software is the most powerful tool that we have to
ensure that we did what we intended in our design.

Much of the material in this chapter is based on advice from Brian
Kernighan and Rob Pike.1 1 Brian Kernighan and Rob Pike. The

Practice of Programming. Addison-Wesley,
1999. ISBN 0-201-61586-X• Debugging and testing are not the same thing!

• Testing is a systematic attempt to break a program.

– Bug-free programs by construction are the goal but not possible
so we must test!

• It is not unusual for developers to spend 40% of the total project
time on testing.

– For life-critical software (e.g., flight control, medical systems,
power infrastructure, military systems, nuclear reactor monitor-
ing), testing can cost 3 to 5 times as much as all other activities
combined.

• Since testing is basically destructive in nature, it requires that
the tester discard preconceived notions about the software being
tested.

17.1 Objectives of Software Testing

Objective 1: Find errors. Testing is the process of executing a program
with the intent of finding an error.

Objective 2: Create good test cases. A good test case is one that has a
high probability of finding an error.
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Objective 3: Determine the success of your test. A successful test is one
that uncovers an undiscovered error.

Objective 4: Be deliberate in the creation of your test cases. Testing should
systematically uncover different classes of errors in a minimum
amount of time and with a minimum amount of effort.

Objective 5: Compare the software to the specifications. A secondary
benefit of testing is that it demonstrates that the software appears
to be working as stated in the specification.

17.2 The Nature of Software Defects

• Typographical errors are random.

• Logic errors and incorrect assumptions are inversely proportional
to the probability that a program path will be executed.

• General processing tends to be well understood while special case
processing tends to be prone to errors.

• We often believe that a logical path is not likely to be executed
when in fact, it may be executed on a regular basis.

• Our unconscious assumptions about control flow and data lead to
design errors that can only be detected by testing.

17.3 “Black Box” and “White Box” Testing

The names “black box” and “white box” testing simply refer to the
different testing strategies we use depending on whether we can
“see” into the system or component we are testing.

We use the term “black box” testing to describe when we are
testing based on what the component is supposed to do (i.e.; does it
meet the stated requirements we have of it). We use the term “white
box” testing when we are examining the internals. Neither is “better”
and each is critically valuable.

Black box testing is the most easily understood, as we are simply
walking through the list of stated requirements and making sure that
the system conforms to each.

White box testing is a test case design method that uses the control
structure of the procedural design to derive test cases. (We look at
the code itself to be sure that each internal component is getting
exercised in our tests.)

Successful white box testing can be performed if we create test
cases that:
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1. guarantee that all independent paths within a module have been
exercised at least once,

2. exercise all logical decisions on their true and false sides,

3. execute all loops at their boundaries and within their operational
bounds, and

4. exercise internal data structures to ensure their validity.

17.4 Steps to Testing Nirvana

1. Think about potential problems as you design and implement.

• Make a note of them and develop tests that will exercise these
problem areas.

2. Document all loops and their boundary conditions, all arrays
and their boundary conditions, all variables and their range of
permissible values.

• Pay particular attention to parameters from the command line
and into functions — and what their valid and invalid values
are.

3. Test systematically, starting with easy tests and working up to
more elaborate ones.

4. Document (and/or automate) this testing so that it can be re-
peated (regression testing) constantly as the code grows and
changes.

5. Test as you write – the earlier that errors are detected, the easier
they are to locate and fix.

17.5 Tricks of the Trade

There are specific patterns in program design that are frequently
associated with errors, either due to coding issues, or slight misun-
derstanding of the requirements.

17.5.1 Boundary Conditions

• loops and conditional statements should be checked to ensure that
loops are executed the correct number of times and that branching
is correct

• if code is going to failure, it usually fails at a boundary
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• check for off-by-one errors, empty input, empty output

17.5.2 Pre- and Post-Conditions

• before and after a critical piece of code, check to see if the neces-
sary pre- and post-conditions (value of variables, etc) exist

• remember a famous divide by zero error:

On the USS Yorktown (guided-missile cruiser), a crew member en-
tered a zero, which resulted in a divide by zero, the error cascaded
and shut down the propulsion system and the ship drifted for a
couple of hours.2 2 Gregory Slabodkin. Software glitches

leave navy smart ship dead in the water.
GCN, 1998. URL https://gcn.com/

Articles/1998/07/13/Software-

glitches-leave-Navy-Smart-Ship-

dead-in-the-water.aspx. Retrieved
Dec 23, 201917.5.3 Program Defensively

• Test for cases which “can’t occur” just in case!

if ( grade < 0 || grade > 100) { /* impossible grades */
grade_letter = ’?’;

} else if ( grade >= 80 ) {

grade_letter = ’A’;

} else . . .

• Test for extreme values - negative values, huge values, etc.

• Always check for:

– NULL pointers

– out-of-range subscripts

– division by zero

17.5.4 Check error returns

• Always look at the values returned from library functions and
system calls.

• Remember to check for output errors and failures as well as input
failures.

https://gcn.com/Articles/1998/07/13/Software-glitches-leave-Navy-Smart-Ship-dead-in-the-water.aspx
https://gcn.com/Articles/1998/07/13/Software-glitches-leave-Navy-Smart-Ship-dead-in-the-water.aspx
https://gcn.com/Articles/1998/07/13/Software-glitches-leave-Navy-Smart-Ship-dead-in-the-water.aspx
https://gcn.com/Articles/1998/07/13/Software-glitches-leave-Navy-Smart-Ship-dead-in-the-water.aspx
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17.5.5 Testing Strategies

Following these strategies will help you find problems faster, and
understand them more easily. While this advice seems like “more
work” it actually will reduce the time wasted fruitlessly searching for
errors.

Test Incrementally

• Avoid disaster: write, test, add more code, test again, repeat.
And repeat. And repeat.

Test the Simple Parts First

• Focus on testing the simplest features and only move on when
these are working.

• Enumerate the possible scenarios for the code and design tests for
all of them.

• Test individual functions (another good reason to modularize)
using scaffolding code to rigorously and automatically test a
function or piece of code.

17.5.6 Scaffolding

• Software scaffolding is built for the purpose of making it easy to
exercise code.

• It consists of temporary programs and data that give programmers
access to system components.

• It is indispensable during testing and debugging but is usually
never delivered to the customer.

• If an error is detected in the code, then its scaffolding can be
reused.

• Scaffolding also allows code (routines, modules) to be tested
without the risk of it being affected by interactions with other
routines.

• Scaffolding is a particularly useful technique when it takes several
minutes to execute each test case because the code being tested is
embedded in other code.
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• Scaffolding allows you to exercise code directly.

• Scaffolding is often big – estimates range from half as much code
in scaffolding as there is in the product to as much scaffolding as
delivered code.

Types of Scaffolding: The Stub

• A stub is a low-level routine that is really just dummy code so that
it can be called by a higher-level routine that is being tested.

• A stub commonly does one or more of these things:

– take no action at all and return control immediately,

– test the data fed to it,

– print a diagnostic message, perhaps just echoing the input
parameters,

– return a standard answer regardless of the input,

– provide timing – burn up the number of clock cycles allocated
to the real routine, or

– function as a quick and dirty version of the real routine.

* commonly this is done by returning a hard-coded value, or a
value looked up from a small table, based on the input3 3 This allows code to be written that

works for some specific test cases,
but avoids the need to enter complex
calculation.

*

Types of Scaffolding: The Driver

• A driver is a fake routine that calls the real routine being tested. It
is sometimes called a test harness.

• A driver can:

– call the routine to be tested with a fixed set of inputs,

– prompt for input interactively, or take arguments from the com-
mand line, or read arguments from a file and call the routine,
or

– run through predefined sets of input data in multiple calls to
the routine.



collaborative design fundamentals for software engineers 177

Types of Scaffolding: The Dummy File

• A dummy file is a small version of the real file that has the same
types of components as that file.

• Advantages include:

– its small size allows you to know its exact contents, and

– more chance of it being error-free.

– Since it is designed for testing, the contents can be designed to
make any error conspicuous.

Scaffolding Construction

• Write one or more routines and separately compile them.

– Even if the routines are not meant to stand by themselves.

• Write a main scaffolding routine and include calls to the other
routines.

– The main routine reads arguments from the command line
(interactive program, file) and passes them to the routines being
tested.

– This exercises the routines on their own before integrating them
with the rest of the system.

– When the code is integrated, save the routines and the scaffold-
ing.

* This code can even be left in the actual code and prepro-
cessor commands or comments can be used to deactivate it
during the actual operation of the system.

* If you need to use it again, time is saved in recovering the
test framework since you know where it is.

17.6 Strategies

17.6.1 Know What to Expect

• It is obvious that you cannot know if your program is correct
unless you know what output it should produce in all situations.
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• As programs become bigger and more complicated, this becomes
harder and harder to do.

17.6.2 Use Tools

• Use programs like cmp (compare files for identity) and diff (report
differences) to compare against known results.

• Get to know all the shell commands and “little languages” that can
help you construct test scripts. A useful resource here is the intro-

duction to the shell available at the
Software Carpentry website. URL:
http://swcarpentry.github.io/shell-
novice/

17.6.3 Measure Test Coverage

Test coverage is a description of how much of a program has been
tested.

• All lines in the code should be executed by one of your tests.

• This is a very difficult thing to achieve or, indeed, to even know if
you have achieved it!

• The bottom lines is, “if you haven’t tested it, you don’t know if it
has a bug in it!”

Beyond “lines of code” we can also discuss coverage in terms of
functions, modules, program files etc.

17.7 Review Questions - Chapter 17:

1. Review the quote by Edsger Dijkstra at the beginning of the
chapter. Using your knowledge explain what Dijkstra means?

2. Why is software testing important?

3. Give some examples of the types of software defects that software
engineers may encounter during the testing phase?

4. What is the difference between "Black Box" and "White Box"
testing?

5. Describe software scaffolding. Make reference to the different
types of scaffolding discussed in this chapter.

6. Create an example of a potential software design project. Describe
how you would test this using what you have learned from this
chapter.

https://software-carpentry.org/
http://swcarpentry.github.io/shell-novice/
http://swcarpentry.github.io/shell-novice/


18
Design By Failure

Failure is inevitable. The best thing to do when failure happens
is learn from it, and the best thing to do to prepare is to plan for it.

18.1 What do you do when things go wrong?

18.1.1 What went wrong?

Figure 18.1: Cartoon of soon-to-be
extinct dinosaurs, obtained from
https://www.steamcommunity.com,
licensed under CC BY-NC-ND 4.0

• Was it Timing?

– deadlines were missed?

• Is there missing functionality

– couldn’t make something work

• Is there fragility in the code?

– testing is incomplete

– we may know that bugs exist in the code

18.1.2 When did things go wrong?

Was it at the beginning?

• Planning was flawed

• Wrong assumptions were made

– especially “anything that I don’t completely understand must
be easy”

• Information gathering was inadequate

• Not enough was done to learn about the Team

https://steamcommunity.com/sharedfiles/filedetails/?id=734391673
https://creativecommons.org/licenses/by-nc-nd/4.0/
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Was it in the middle?

• Deadlines were missed

• Teamwork problems

– any problems with the team should be addressed immediately as
they can be so dangerous to success

• Process was not understood

• Technical problems

Was it near the end?

Figure 18.2: Illustration of a misaligned
bridge construction project. Obtained
from www.snopes.com, original image
from Zurich American Insurance
Company, which placed this image in
the public domain.

• Testing and reviewing were abandoned

• Teamwork problems

– Panic about time remaining before deadline/ship date

• Standards abandoned

– caused by lack of focus?

– or by lack of communication?

• Known bugs left in

18.1.3 What do you do when things go wrong?

Figure 18.3: A surprised looking cat.
Obtained from Tomi Tapio K , CC
BY-NC-SA 3.0

• Why did things go wrong?

• Inexperience

• Poor process and methodology

• Team problems

• No corrective action taken

• Panic!

https://www.snopes.com/fact-check/misaligned-bridge-photo/
https://www.flickr.com
http://creativecommons.org/licenses/by-nc-sa/3.0
http://creativecommons.org/licenses/by-nc-sa/3.0
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18.2 Case Study : the Project from HELL

Figure 18.4: A team of professional
people obtained from publicdomain-
vectors.com, CC0 1.0 Universal (public
domain)

In this section, we will discuss what can be done when things go
wrong.

18.2.1 The Project

• The boss has asked the team to produce an application that allows
employees to enter their resumes.

• A set of requirements is given including information to be entered
and functions that manipulate the data.

18.2.2 Initial Results

• The team adopts Scrum as their methodology. They work in pairs
and have standup reviews every morning.

• Development iterations are 3 weeks long and initial deadlines and
goals are met.

• One group is working on the database (stores records in table-
based files) and one group is working on the user interface.

18.2.3 But then . . .

Figure 18.5: Warning sign: “banana
peel,” obtained from publicdomain-
vectors.com, CC0 1.0 Universal (public
domain)

• The GUI development is going fine,

• all of the database tables (files) have been designed and pro-
grammed,

• but then . . .

• the team runs into a problem providing one of the required func-
tions . . .

– Information Editing!

https://publicdomainvectors.org/en/free-clipart/Professional-people-silhouette/81904.html
https://publicdomainvectors.org/en/free-clipart/Professional-people-silhouette/81904.html
https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/publicdomain/zero/1.0/
https://publicdomainvectors.org/en/free-clipart/Danger-banana-skin-sign-vector-image/17953.html
https://publicdomainvectors.org/en/free-clipart/Danger-banana-skin-sign-vector-image/17953.html
https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/publicdomain/zero/1.0/
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18.2.4 What is the Problem?

• The specification states that a user can partially fill in their resume
information and then save this and at a later time go back and edit
or complete the resume.

• The pairs working on the GUI and database are confused about
how to do this and time is running out!

– The database team has designed a system where whole records
can be stored and recalled

– The GUI team has a design where each field can be edited
independently

18.2.5 What should they do?

• failure approaches . . .

• but there are choices!

18.2.6 Failure Mode

Figure 18.6: A question mark formed
of people obtained from publicdomain-
vectors.com, CC0 1.0 Universal (public
domain)

• What questions should the team be asking?

• How can they get back on schedule?

• Can the solutions lead to a better product now and in the future?

18.2.7 Approaches

• Form a new team composed of people from the GUI and DB teams
to work on the problem.

• Reduce functionality to meet the deadline.

– How do we reduce the spec?

https://publicdomainvectors.org/en/free-clipart/Human-confusion/47334.html
https://publicdomainvectors.org/en/free-clipart/Human-confusion/47334.html
https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/publicdomain/zero/1.0/
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18.2.8 Consider Priorities

Brainstorm to determine what the priorities are in completing the
project. This will likely include re-evaluating some of the components
of the project. The following questions should be asked:

• What are the most important features?

• What are minor features?

• Can we simplify something instead of eliminating it?

18.2.9 First Design Decision

Figure 18.7: Picture of a person with
a top hat in anguish obtained from
publicdomainvectors.com, CC0 1.0
Universal (public domain)

• We possibly could recover the (partial) data available so far from
the database using a “button” on the GUI that says “Load” with
maybe the employee number as input.

• But the harder step is what follows:

– The user adds or modifies data and then presses “Save” —
what happens next?

• If you just use the same “Save” code that assumed that the entry
was new then there might be a problem because the records
already exist in the database.

• There are two approaches to this:

– One is elegant and complex

– One is simple and fast

18.2.10 The Elegant Plan

• Figure out what is new or modified and create specific database
update commands to enter this into the database.

• This is good for the database — might have to issue very few
actions if not much was done.

• Could be safer for the user because the system can identify the
changes

https://publicdomainvectors.org/en/free-clipart/Man-covering-his-ears/40998.html
https://creativecommons.org/publicdomain/zero/1.0/
https://creativecommons.org/publicdomain/zero/1.0/
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– (why is this important?)

• The big question: do we have time for this solution?

18.2.11 The Not-So-Elegant Plan

• Perform a “Delete” of all of this user’s information in the database
and then use the original “Add” code that already exists.

• Deletion (even temporarary deletion) is always dangerous but very
little new code has to be written

– not a great solution but one that can be up graded in the next
version of the system.

– Why is this “not a great solution?”

18.2.12 What Can We Learn?

• Better analysis would have shown that we needed to plan for
“Edit” mode and not just rush to “Add” mode.

• The original “Add” code could be made more modular to facilitate
reuse in “Edit” mode.

• There are many ways to solve a problem

– This is probably the most important takeaway — don’t leap for
the first solution that you think of; take the time to see if there
are alternative strategies. There almost always are.

18.2.13 What Can We Do To Avoid These Problems

The mappings in Table 18.2.13 provide some strategies to deal with
problems that otherwise cause failure.
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Poor planning −→ Plan for review and testing
Inexperience −→ Keep notes on development,

and on issues that arise, and
how they were addressed

Overly ambitious planning −→ Observe your own (and your
team’s) ability

Lack of teamwork −→ Build team expertise
Improper preparation −→ Consciously plan for prepara-

tion activities and time
Poor time management −→ Get time management tools

and use them

Table 18.1: Table showing links between
problems and solutions that will
otherwise lead to failure

18.3 Questions - Chapter 18:

1. If you see your project failing, what are some strategies you can
practice so you can meet deadlines?

2. If you decide reduce the functionality of your software why
should you carefully consider the implications of your revised
strategy on the security of a users data.

3. Add more detail to the "problem" section of the chapter. Go
through the steps that were outlined and modify them based on
the new problem. How will you avoid failure?





19
The Lean Software Movement

The Lean Software Movement is a response to, and a plan to
move beyond, Agile Software Development. It builds on the ideas
and successes of Agile, and attempts to use these to discuss business
practices

19.1 The Three Lean Foundations

• Design Thinking

• Agile Software Development

• The Lean Startup Method

– Build-Measure-Learn

– Minimum Viable Products (MVPs)

19.2 What is the Lean Startup Method?

The Lean Startup Method1 is a scientific approach to creating and 1 Eric Ries. Lean startup prin-
ciples. Technical report, The
Lean Startup, 2011b. URL http:

//theleanstartup.com/principles.
Retrieved Dec 23, 2019; and Eric Ries.
The Lean Startup. Currency, 2011a. ISBN
978-0-30788-789-4

managing startups and increasing the speed of getting a desired
product into customers’ hands.

It is a principled approach to new product development.

Figure 19.1: Venn diagram showing that
Lean encapsulates the ideas of Agile.
Image provided by the authors.

It is about putting a process around the development of a product.
The cycle between ideas, code and measurement is shown here in

Figure 19.2.

http://theleanstartup.com/principles
http://theleanstartup.com/principles
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Figure 19.2: Lean methodology dia-
gram, showing the cyclic relationship
of ideas, code, and data, with build-
ing describing the transition from
ideas to code, measuring describing
the transition from code to data, and
learning describing the transition
from data to ideas. Image courtesy of
theleanstartup.com, CC BY-NC-ND 4.0

http://theleanstartup.com/principles
https://creativecommons.org/licenses/by-nc-nd/4.0/
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19.2.1 What Questions Does the Lean Startup Methodology Ask?

• “Should this product be built?”

• “Can a sustainable business be built around this set of products
and services?”

In the Lean methodology, product development is viewed as an
experiment.

19.3 Build – Code Faster!

• Continuous Integration

• Incremental Deployment

• Refactoring

• Testing: unit, usability

• Free and Open Source Components

• Cloud Computing

19.4 Measure – Faster!

• Testing

• Product ownership

• Continuous deployment

• Real-time monitoring

• Customer liaison

• Formal analysis

• Search engine monitoring
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19.5 Learn – Faster!

• Cross functional teams

• Customers

– interviews

– development

– advisory board

– archetypes

19.6 The Process

Four steps:

1. identify the problem to be solved

2. develop a minimum viable product (MVP)

3. start measuring

4. employ am investigative development method, e.g., “Five Whys”2 2 dommcg. 5 whys analysis & root
cause analysis - a lean six sigma
tool for problem solving. Technical
report, HubPages, 2013. URL https:

//hubpages.com/business/Root-

Cause-Analysis-Using-the-5-Whys-

Approach-A-Lean-Six-Sigma-Tool-

For-Problem-Solving. Retrieved Dec 23,
2019

• Initially developed by the Toyota Production System in the
1970’s to identify key issues in a manufacturing process to
increase productivity by minimizing rejects.

• By asking the question “why did this happen?,” then when you
have identified a cause you ask “why did that cause happen?”
and you keep asking why the cause happened until you reach
a fundamental cause or reach a cause that you have no control
over.

• why five? Usually it is enough!

19.7 MVP – the Minimum Viable Product

• The minimum viable product is the bare basics of what you are
building that is still enough to test with customers.3 3 MORGAN. Startup monday: Lean

startup basics – minimum viable
product (mvp). Technical report,
Morgan Linton, 2011. URL https:

//morganlinton.com/startup-monday-

lean-startup-basics-minimum-viable-

product-mvp/. Retrieved Dec 23, 2019

• The function of an MVP is to deliver your concept or ideas to get
feedback from users as quickly as possible.

https://hubpages.com/business/Root-Cause-Analysis-Using-the-5-Whys-Approach-A-Lean-Six-Sigma-Tool-For-Problem-Solving
https://hubpages.com/business/Root-Cause-Analysis-Using-the-5-Whys-Approach-A-Lean-Six-Sigma-Tool-For-Problem-Solving
https://hubpages.com/business/Root-Cause-Analysis-Using-the-5-Whys-Approach-A-Lean-Six-Sigma-Tool-For-Problem-Solving
https://hubpages.com/business/Root-Cause-Analysis-Using-the-5-Whys-Approach-A-Lean-Six-Sigma-Tool-For-Problem-Solving
https://hubpages.com/business/Root-Cause-Analysis-Using-the-5-Whys-Approach-A-Lean-Six-Sigma-Tool-For-Problem-Solving
https://morganlinton.com/startup-monday-lean-startup-basics-minimum-viable-product-mvp/
https://morganlinton.com/startup-monday-lean-startup-basics-minimum-viable-product-mvp/
https://morganlinton.com/startup-monday-lean-startup-basics-minimum-viable-product-mvp/
https://morganlinton.com/startup-monday-lean-startup-basics-minimum-viable-product-mvp/
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• The minimum viable product is that version of a new product
which allows a team to collect the maximum amount of validated
learning about customers with the least effort.

19.8 More on Process

Process may be described by a Vision supporting your Strategy, and
your Strategy supporting your Product, as in Figure 19.3.

Figure 19.3: Pyramid showing that
Strategy rests on Vision, and the
Product rests on Strategy. Image
provided by the authors.

• your Vision – to create a thriving and world-changing product-
/business/service.

• the Strategy – is employed to accomplish the vision

– business model

– product road map

– view on partners & competition

– ideas about customers

• Product – the end result of your strategy

– optimizing or tuning constantly changes the product

– a pivot is when strategy has to be changed

19.9 The Pivot

• As a minimum viable product is tested, it may reveal that a hy-
pothesis about the product is wrong — a new hypothesis must be
developed and test — this is the pivot.4 4 Yuki Sekiguchi. Lean startup

- what is pivot. Technical report,
LinkedIn: Slide Share, 2012. URL https:

//www.slideshare.net/YukiSekiguchi/

lean-startup-what-is-pivot. Re-
trieved Dec 23, 2019

• After a “Build-Measure-Learn” loop there is a “Pivot or Persevere”
decision to be made.

• This decision is critical and often hard to accept!

Types of pivots:

Zoom In : a single feature becomes the whole product

Zoom Out : the whole product becomes a single feature of a larger
product

https://www.slideshare.net/YukiSekiguchi/lean-startup-what-is-pivot
https://www.slideshare.net/YukiSekiguchi/lean-startup-what-is-pivot
https://www.slideshare.net/YukiSekiguchi/lean-startup-what-is-pivot
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Customer Segment : a need for change based on the realization that
the product solves a problem for customers in general — just not
the customers that you were planning to serve!

Customer Need : realization that the customer has a real need that
has to be solved but it is not the one that you were originally
anticipating!

19.10 The Lean Question

The question of our time is not “Can it be built?” but “Should it
be built?”

19.11 The Impact of Lean

Promoting the principle that the scientific method can be used to
answer the pressing innovation question:

How can we build a sustainable organization around
a new set of products or services?

19.12 Review Questions - Chapter 19

1. What are the three lean foundations?

2. What is different about product development using the Lean
methodology compared to other methodologies for product devel-
opment?

3. What are the steps of the Lean process?

4. Define the following: Minimum Viable Product, "Build-Measure-
Learn" loop, "Pivot or Persevere" decision.

5. What are some examples of questions the Lean methodology asks?

6. What are the types of pivots.



Appendices





Perl with Formatting

Figure 19.12 shows the complete program discussed in section 14.5
on page 145.

As you can see, perl has a sprintf() function that behaves accord-
ing to the rules of the C printf() family of functions. The result of a
call to sprintf() is a string, which can be used in a print statement,
variable assignment, etc.
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my $number = $ARGV[0];

my @dist = ( 7.83, 8.17, 33.01, 33.45, 9.48, 8.06 );

my @group = ( 0, 0, 0, 0, 0, 0 );

my $range = 100;

for ( my $i=0; $i < $number; $i++ ) {

my $j = rand($range);

if ( $j <= $dist[0] ) {

$group[0]++;

} elsif ( $j > $dist[0] && $j <= $dist[1] ) {

$group[1]++;

} elsif ( $j > $dist[1] && $j <= $dist[2] ) {

$group[2]++;

} elsif ( $j > $dist[2] && $j <= $dist[3] ) {

$group[3]++;

} elsif ( $j > $dist[3] && $j <= $dist[4] ) {

$group[4]++;

} else {

$group[5]++;

}

}

print "F 0-14" . "|" . "M 0-14" . "|" . "F 15-65" . "|" . "M 15-65" . "|"

. "F 65+ " . "|" . "M 65+ " . "|" . "Total " . "\n";

print sprintf(" %6i", $group[0]) . ":" . sprintf(" %6i", $group[1]) . ":"

. sprintf(" %6i", $group[2]) . ":" . sprintf(" %6i",$group[3]) . ":"

. sprintf(" %6i", $group[4]) . ":" . sprintf(" %6i", $group[5]) . ":"

. sprintf(" %6i", $number) . "\n";

print sprintf(" %6.2f", ($group[0] * 100.0)/$number) . ":"

. sprintf(" %6.2f", ($group[1] * 100.0)/$number) . ":"

. sprintf(" %6.2f", ($group[2] * 100.0)/$number) . ":"

. sprintf(" %6.2f", ($group[3] * 100.0)/$number) . ":"

. sprintf(" %6.2f", ($group[4] * 100.0)/$number) . ":"

. sprintf(" %6.2f", ($group[5] * 100.0)/$number) . ":"

. sprintf(" %6.2f", ($number * 100.0)/$number) . "\n";

print sprintf(" %6.2f", $dist[0]) . ":" . sprintf(" %6.2f", $dist[1]) . ":"

. sprintf(" %6.2f", $dist[2]) . ":" . sprintf(" %6.2f", $dist[3]) . ":"

. sprintf(" %6.2f", $dist[4]) . ":" . sprintf(" %6.2f", $dist[5]) . "\n";

Figure 4: Perl random distribution
program with formatted output
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Daily StandUp Meeting, 125

Daily Standup Meetings, 120

daily standup meetings, 121

database, 181, 182

database update, 183

Deadlines, 180

debug, 3

deletion dangerous, 184

dependencies, 58

derivative, 51

design, 1, 45

design challenge, 5

Design Thinking, 187

developer, 55

Development Teams, 120

development work, 121

dictionaries, 24

Director, 165

disdain, 70, 108

distain, 108

distractions, 129

dividing the work, 129

Done, 126

driver, 13, 176

dynamic typing, 23

ego, 18

egoless development, 138

empathy, 70, 108

encode, 96
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errors, 13, 64

escape, 155

evaluate, 3

evaluates, 52
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executable, 25–27

experience, 69

expression, 152

extension, 27
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file extension, 27
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flow of control, 56
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function names, 56
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ghost, 20
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Information gathering, 179
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iterative, 3
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jargon, 150
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key terms, 1

Known bugs, 180
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Lean Startup Method, 187

libraries, 23, 56–58

library, 57, 58

library functions, 174

license, ii
lines (of a file), 41

list, 138
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loops, 56
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maintenance, 55
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manager, 55
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memory management, 24
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minor features, 183
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module, 57, 58

modules, 56

needs, 69
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pair programming partner, 4
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Perl, 24
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Planning, 179
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Product, 191
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Product Owners, 120

productivity, 13
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programming partner, 21

project management, 137

project team, 4
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quality, 13, 51

quality assurance, 55
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read, 3, 40, 72

Ready for Testing, 126

records, 94
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regex, 150

regular expressions, 149

rehearse, 6

requirements, 181

respect, 69

review, 3

reviewing, 180

risk, 83, 137

risks, 137
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schedule, 182
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scripting languages, 23
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Scrum Board, 121, 125

Scrum Masters, 120

Scrum Task Board, 125
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Should it be built?, 192
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simplify, 183
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software development plan, 137

software engineering, 45
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sprint, 120, 121, 125

Sprint Backlog, 120, 121

sprint goals, 129

sprint planning, 121

sprint review, 121

Sprints, 120

Stand-up Meeting, 122

Standards, 180

standards, 63

standup reviews, 181

startups, 187

Story, 125

Strategy, 191
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stub, 176

student, 56

subexpression, 151

syntax, 149
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Team, 179
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team work, 3

Teamwork, 180

teamwork, 4

Technical problems, 180

test, 57

test coverage, 178

Test Driven Design, 105

test harness, 176
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Testing, 180
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third-party tools, 57

Timing, 179

tiny programs, 57

To Verify, 126

To-Do, 126

topic, 51
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UN*X, 24

understanding, 70, 108

Unicode, 40, 42, 43

user interface, 181

user story, 125
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Vision, 191

Work in Process, 126
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working deliverable, 129

writing implements, 16
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